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Chapter 1

1.1. THE DIGEORGE AND VELO-CARDIO.FACIAL SYNDROME :

35 YEARS EVOLUTION

Ontogenesis of the clinical syndronte

Approximately l0 years ago, it was discovered that a submicroscopic deletion

in chromosome 22qll causes a number of related syndrotnes including the

DiGeorge and the Velo-Cardio-Facial syndromes (VCFSXl' 2).

In 1968, A. DiGeorge, a pecliatric endocrinologist, described a syndrome of

congenital absence of the thyrnus with congenital hypoparathyroidisrn (3). In

the following years, several additional symptolns were recognized such as the

facial dysn-rorphism (minor ear defects, micrognathia) and, more importantly'

congenital heart defects. Congenital heart defects, typically interrupted aortic

arch or truncus artedosus, were seen in tnost infants with this condition (4).

The diagnosis of DiGeorge synclrome was therefore mainly made by pediatric

cardiologists. The prognosis of these children was very poor, due to both the

severity of the heart defect and the associated immune disturblnce (4). Howe-

ver, the variability in clinical expression was already noted at an early stage

(5) and this has led to the distinction of different categories including comple-

te and partial DiGeorge syndromes (6).

In 1978, Shprintzen, working in an ENT-clinic, described " A new syndrome

involving cleft palate, cardiac anomalies, typical facies, and learning disabili-

ties: Velo-Cardio-Facial synclrome" (7). The cardiac defects in these children

were less severe and thus compatible with survival into adulthood. Additional

manifestations inclu<ling the velopharyngeal insufficiency as well as learning

disabilities became thus apparent. A wide variability in expression was also

eviclent (8). The similality with the DiGeorge syndrome was noted in some

instances, resulting in nosological discussions (9)

Two years earlier, a Japanese author had reported on a condition cornprising a

dysrnorphic facial appearance, outflow tract defects of the heart and develop-

mental clelays (10). Later, this entitity became known as the conotruncal ano-

maly face syndrome (CTAF). And still later it was noted that this syndrome

had similarities to the Shprintzen and the DiGeorge syndromes (11).

As often is the case, these entities probably have been described before in the

older literature, but did not gain general acceptance. For instance, in 1955,

Sedlackova, a Czeck phoniatrician, described the velofacial hypoplasia. The

main feature was congenital shortening of the soft palate, causing hypernasal

speech, iissociated with facial dysmorphism (12). Likewise, the family repor-

ted by Strong et al. with familial right-sided aortic arch, mental deficiency,

and Íacial dysmorphism probably is irnother example of the same entity (13).

l2

lntroduction

Genetic basis of the syndronte

The unravelling of the etiology of these syndromes started in 1981, with a

report of a family with four siblings with the DiGeorge syndrome cerrrying a
partial monosorny of proxirnal chromosorne 22q. This was the unbalanced
result of a reciprocal translocation (20q11;22qll) in one of the parents (14).
Subsequently, several additional patients with the DiGeorge syndrome and
cytogenetically visible partial monosomies of chromosome 22qll were no-
ted. With the developrnent of molecular biological tools, it was possible frorn
the end of the 1980's to characterize the gene(s) involved in this syndrome.
Soon, a minimal region of deletion overlap for DiGeorge syndrome was deli-
neated on chromosome 22q11 through the study of several patients with visi-
ble chromosome22q deletions (1). The major breakthrough was the observa-
tion that over 90c/o of DiGeorge syndrome patients have a submicloscopic
deletion in this region (15, 16, 17, 18). Equally important was the discovery
that the same deletion was also present in the rnajority of patients with the
Velo-Cardio-Facial deletion syndrome ( l9). Later studies demonstrated that
Sedlackova's velofacial syndrome and Takao syndrome were also car-rsed by
a submicroscopic deletion in chromosome 22qll (11,20). More recently, it
was shown that some cases of Cayler'(21, 22) and Opitz BBBG syndrorne (23,

24) can also be caused by adel22q11 (Table 1). It is Írow generally accepted
that all these disorders represent the variable expression of the sarne genetic
disorder. Of the severerl proposed naffres, we preÍèr "Velo-Caldio-Facial syn-
drome", since this refers to some of the major features of the del22q 1 1 (Fig I ).

Table 1

clinical entities associated with a del2Zqll

IttitiaI dcscriptiort

DiGeolge, l9ó8

Shprintzen.1978

Kinouchi.1976
Sedlackova.1955

Cayler'. l9ó9

opirz JM, 1969

DiGeor'-te syndlome

Velo-caldio-facial syndrome

Takao/CTAFS

Secllackova's velofacial syndlome

Cayler

Opitz BBBG

De La Chapelle. 198 I

Scambler'. 1992

Burn. 1993

Fokstuen. 2001

Giannnotti. 1994

McDonalcl-McGinn. I 995

Tlre deletion on chromosome22 is in most instances due to atle novo muta-
tion occurring during gametogenesis, but in a smaller percentage, the deletion
is inherited from one of the parents.
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Chapter 1

In sea'ch of tlrc responsible gene(s)

Once the genetic cause of the Velo-Cardio-Facial syndrome was established'

ancl a locns was iclentiflecl. the mqor challenge was to identify the gene ot'

genes responsible for the phenotype. ln the majority of patients, the deletion is

iniforrn rn size (3 Mb in over 80%, 1.5Mb in the remainder) (25). ThereÍore'

the size of tl-re cleletion cannot explain the valiability in clinical expressiott.

Basecl on exceptional patients with srnaller and overlapping deletions but with

a VCFS-phenotype, a stniiller critical cleletion region could be delineated.

However., in this region, rnole than 24 genes have been identified. It is still not

clear whether the disorcler is a mono-Qenic disclrder or a contiguous gene dele-

tion syndrome. Several candidate genes have been propclsed, but despite ex-

tensive efforts, no mutations in any of these genes h:lve been detected in pa-

tients with the DiGeorge synclrome or Velo-Cardio-Facial syndrome lacking a

cytogenetic aberration. Efforts, therefore, focussecl on uice tnodels tbr DiGe-

oig. ,ynatome, using engineered cleletions in the orthologllotls chromosomal

,"gintr Q6,211. Recently, haploinsufficiency Íbr the Tbxl-gene in mice was

founcl to mimic the carclinal Íèatures of the DiGeorge/Velo-Cardio-Facial syn-

drome, inclr.rcling hypoplasia of the thymus and parathyroid glancls, cardiac

outflow tract abnoruralities. abnormal facial stt'uctures and cleft palate {28,

29, 30).

Figure I
Schematic representation of chromosome 22

1t
lt
I l.!

lll
1r.t Del22qll.2
Ill
1t ï
1:'i. I
tJ I
I ,_r. I.

I .-r. i

Chromosome 22
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A genetic diugrtostic test

Atter the introduction of the Fluorescence in Situ Hybridisation (FISH) tech-
nique in the early 1990's. the t'outine diagnosis of a clel22c1 I I became possible
(Fig 2 ) (3 l. 32)
This routine dia-qnostic test Íbl a clel22c1l I has lead to the identification of ir
large nuntbet' of patients with a wide spectrum of clinical manifestations. As a
result, this has signiÍïcantly alteled our knowled-9e on this disorder. The rnost
constiint f'eatures seen ir.t these individnals ale congenital heart defects, lear-
ninir clifficLrlties, velopharyngeal insufficiency with ol without cleft palate,
and dysmorphic facial appearance. Many aclditional lèatures, however, have
been described. The dia-enosis of more piitients with atypical manif'estations
or with a pafiial syndrome lecl to the reco-enition that this syndrorne is much
mole frequent than previously thought. lt is now clear that the Velo-Caldio-
Facial syndrome is one of the most tieqr,rent genetic disclrders. with an estima-
tecl incidence at birth of 1/40(X) (33). In Flanders. therefore. it can be expected
that fifteen patients with this concliticlr-r are born every year .

The clelineation of this entity can be considerecl as one of the urajor advances
in clinical geneiics in the 1990's. witli important practical consequences for
other rneclical specialties includin-u E,ar-Nose-anc1 Throat (ENT)-surgeons,
pediatric calcliolo_tists, psychiatlists ancl others (8.34.35.36,37,313).

Figure 2
Fluorescence in Situ Hybridisation (FISH)

for the detection of a del22q11.

S*'

be LSI ??q11

conhole 22

t.=):

normal del22q11
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Chapter 1

1.2. THE OTO.RHINO-LARYNGOLOGICAL MANIFESTATIONS IN
THE VELO.CARDIO.FACIAL SYNDROMB

1.2. 1. Clinical manifestations

The clinical spectrum associated with 22qll micro-deletion is broad (8,37-

43). Srudies reporting large numbers of vcFS patients (Table 2) show that

most patients have one or more major manifestation associated with the disor-

der, including a high incidence of cleft palate, velopharyngeal inadequacy or

hearing loss. The incidence figures in the literature most likely overestimate

the true incidence. In many centers, only those patients who present with the

typical manifestations of the syndrome (e.g. major congenital malformations

such as cleft palate or conotruncal heart defect) or with clinically significant

anomalies (e.g. severe velopharyngeal insufficiency) will be diagnosed.

Moreover, patients with vcFS will be refened to the ENT clinic mainly when

velopharyngeal insufficiency, a delay in speech and language development or

hearing loss are present. This certainly introduces an ascertainment bias in

studies reported from ENT departments. Therefore, incidence figures should

be considered with caution.

ENT-manifestations including velopharyngeal inadequacy, feeding difficul-
ties, speech and language delay or hearing loss are among the most frequent

features of VCFS.
Vetopharyngeal inadequacy may occur for a variety of reasons. In case of
structural abnormalities of the palate, the term velopharyngeol insfficiencl,
(VPI) is more appropriate. A cleft of the second palate is seen in 8 Va to 85 Vo

of VCFS patients (8,37,38,40,41). An open cleft is easily recognised whereas

a submucous cleft can be only diagnosed after careful examination (40,44).

The term velopharyngeal incontpetency i3 the result of an underlying neurolo-
gical disorder. In case of functional velopharyngeal inadequacy, the tenn ve-

loplrctryngectl dysfiutction is more appropriate. Poor mobility of the soft palate

can result in the patients' inability to close the velopharyngeal aperture.

The velopharyngeal inadequacy and the general hypotonia seen in VCFS lead to

an increased frequency of feeding problems inthe first months of life, mainly as a

result of frequent nasal regutgitation and a poor sucking rcflex. Nipple compres-

sion (= positive ptessure) and suction (= negative pressure) allow the infant to

obtain nourishment by breast or bottle. In VCFS children these two components of
sucking may not be prcsent (45). In most neonates, these feeding problems settle

after a few weeks. In VCFS children in whom safe oral feeding can not be establis-

hed, altemative feeding such as tube feeding is mandatory.

In older children, the velopharyngeal inadequacy can result in hypernasality

und nassl escape creating a poor speech intelligibility.

t6

Feature

O Í o - rli r rc - I culn g o I o g i c ol
cleft
VPI
hearing loss

Thomas J.A.
(review-1997) (38)
(7o)

85-98

?

75 (conductive)

lntroduction

Ryan A.K.
(558 patients-1991) (31)
(vo)

15

l8

9 (3-18 years)

l8 (>18 years)

36

60

83 (<P50)

36 (<P3)

Table 2
VCFS features with their incidence in VCFS patients

as reported in the literature

9

32

-t -J

Carcliovcrscular

CerÍral trcrvous

learning disabilities
mental retardation

behavioral problems

80-85

100

40-50
10-20

hypotonia

rerrcil

paraÍln,roicl
hypocalcemia

inunurtological
absent thymus

.gkeletal

scoliosis

growtlt

l5

glowthretaldation 35-40

microcephaly 40

70-80

l0-20

l0

J
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Chaoter 1

The receptive-expressive speech and language developrnent is frequently
delayed in VCFS (46). This can be part of a more general abnormetl develop-
mental progress or can be related to the behavioral and learning problerns
(47). Younger children with VCFS demonstrate greater speech impailment
than older children with VCFS. Further studies are required to describe the

course of speech and language iurpairments and to explore the relationship to
learning disabilities (46, 48).

The hearing /ass is usually of the conductive type as a result of chronic otitis
media with effusion. The reported incidence of middle ear disease varies arnong

different authors, probably as a result of an ascertainment bias. Shprintzen et

al. reported an incidence oï JJ c/a (43), Digilio et al. demonstrated an inciden-
ce of 45c/o (49) while Finkelstein et al. mentioned that only 22 % of his pa-

tients had middle ear problems (40). A rninority of the patients with VCFS has

a sensorineural hearing loss (43, 49). Audiological evaluation is recorlmen-
ded in patients with del22ql I in order to reduce the risk of speech deficit (49).

However, specific and systematic knowledge regarding the ear disease in this
syndrome is still scarce.

Besides these common manifestation in VCFS, rare anornalies such as laryn-
geal and gloÍÍic malfbrmations have also been reported. Fokstuen et al. obser-

ved three patients with type III laryngeal atresia (glottic web) and 22qll.2
microcleletion (50). Stoler et al. report on two children with laryngeal webs

and 22qll deletions (51). The presence of familial laryngeal web in associa-

tion with deletion 22qll.2 is for the first tirne mentioned in 1998 (52). Re-

cently, McDonald-McGinn described the presence of a laryngeal web in one

parent with a 22qll deletion, identified following the diagnosis in a relative
(s3)

1.2.2. Diagtnstic ENT procedures

The velopharyngealftutction can be evaluated by the classic combination of
indirect and direct techniques. These investigations, commonly used in every
case of velopharyngeal dysfunction, are not specific fol VCFS. When evalua-
ting the velopharyn-ueal Íirnction, the patient has to repeat standard words and

sentences, so cooperation of the patient is essentlal. Because of mental retar-
dation and behavioral problems, known to be present in almost all VCFS child-
ren, these diagnostic procednres are often difficult to perform under the age of
5 years.

The iruliracÍ tecluticlues attempt to describe quantitatively and qualitatively
the perceptual sequellae of velopharyngeal inadequacy such as hypernasal
resonance, nasal escape and compensatory speech related behavior (54, 55,

18
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-56). This evaluation can be pedormed from age three and must be done by
experienced speech :rnd language pathologists. Resr"rlts are often difficult to
interpret and difficult to compare because most methods rely on subjective
measurelnents (57). To objectify and quantify the nasal escape, nasal airflow
meters (nasal anemorneters) have been introduced. These devices ale expensi-
ve, need a large technical equipment and give no information on the quality of
speech (58).
Direct ossesstnetÍ of the velopharyngeal function is viewing of the velopha-
ryngeal isthmus and pharynx by combining nasopharyngoscopy and multi-
view videoflLroroscopy (54-51,59-62).

Nasopharyngoscopy provides predominantly good qualitative inÍbrmation
when assessing velopharyngeal function. Infonnation on the size, shape and
location of the velopharyngeal opening is obtainecl while the patient is lepel-
ting key phrases to stimulate velopharyngeal closure (54-56,61,63). It should
be mentioned that nasopharyngoscopy underestimates the lateral pharyngeal
wall movements (61,62). Nowadays the Í'lexible endoscope is likely to be of
more interest than the rigid endoscope, particLrlarly in young children, alt-
hough the image resolution of the flexible scope is inferior (61, 62). Nasopha-
ryngoscopy performed without sedation is difficult and almost impossible in
children under age fbur'.

The radiological irnage provides predominantly quantitative infbrmation when
assessing velopharyngeal function synchronous with patients' speech (54-

56,61,64). The videofluoroscopic session should inclucle at least two radio-
graphic views to obtain a three dimensional assessl.nent. The lateral view pro-
vides useful information on velar displacement, or.r posterior pharyngeal wall
movements and on tongue movements. A basal view can assess the relative
movernents of the palate, lateral and posterior pharyn-eeal wall. This basal
view gives urore reliable information on the degree of velopharyngeal inade-
quacy compared with the lateral view. Movements of the lateral pharyngeal
wall during phonation are visnalized on a frontal view. Because coopelation is

needed, this radiological examination is best perÍbrmed after the age of four
to obtain useful and reliable inÍbmration.
Golding-Kushner et al. (60) attempt to develop a protocol for standardizing
the reporting of nasopharyngoscopy and multi-view videofluoroscopy. in trr-
der to provide an objective basis for diagnosis and treatment. This standardi-
zation is based on a ratio rather than absolute measurement (64, 60).
Nasopharyngoscopy in combination with multi-view videoÍ'luoroscopy iden-
tifies the type of velopharyngeal closure pattern based on variable contribu-
tions from the velum, lateral pharyngeal wall and posterior pharyngeal wall
(51,59,65,66) (Fig 3;. In the coronal pattern the velum is the most active com-
ponent with relatively no or little lateral or postelior phalyngeal wall move-
ments. This coronal patteln occul's in just over half of the patients, regardless

t9



Chapter 1

whether they have insr-rfficiency or not (66). The sagittal valving pattern is the

result of predominantly lateral pharyngeal movements with little contribution
of the velnm and no movements of the posterior wall. When equal contribu-
tion to closure occurs from the velum and the lateral pharyngeal wall, a circu-
lar pattern will be found. In the circular pattern with Passavant's ridge there is

an additional movement of the posterior pharyngeal wall resulting in an sp-

hincteric closure. Accurate assessment of these valving patterns in velopha-

ryngeal inadequacy is essential prior to tl'eatment.

The hearing /oss can be evaluated by the different audiometric tests depen-

ding on the age of the child. In very young children, the hearing is tested in
free field condition and by Oto-Acoustic-Et-t-tission (OAE). If hearing loss is
suspected and otoscopy is normal, fulther assessment of hearing ability is

performed by Auditory Brainstem Response (ABR). In older children, the

hearing is assessed using classical headphones in a nois-isolated room.

Figure 3

The different valving patterns (Croft et al. 1981) (59)

Velopharyngeal closure patteffI
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rnuscular weakness in VCFS patients rnay negatively influence the outcome.
The feetliltg problems in the neonatal period usually settle after a few weeks.
In VCFS children in whom safè oral feeding can not be established, alternati-
ve feeding such as tube feeding is mandatory (68).
In patients with rnild hypernasality and rnild articulatory problerns, speeclt
thera1tl, is started as soon as possible. The therapeutic sessions in the very
young children must rely on sound stimulation, on systematic articulation the-
rapy for developping colrect sound production and improvement of the velar
function by using nasal versus oral air-strearn exercises, and on palatal exerci-
ses like blowing if combined with sound production. This speech therapy will
rnake the child more intelligible, enhancing the child's self-confidence and
avoiding frr-rstlation. The speech therapist must be aware of the learning disa-
bilities and concentration problems present in the majority of these VCFS
children. Their cognitive ability tends to stay at a concrete level causing pro-
blems with abstract thinking and organization or planning (41,69). Their con-
centration problems and behavior problems will in some cases negatively in-
fluence the outcome of the speech therapy (47).
In VCFS patients not requiring a pharyngoplasty, an qclerroiclecíonr\' is ctn ob-
solttte coníra-itrcliccttiort because removing the adenoid will enlarge the ve-

lopharyngeal opening. This will result either in the sudden appearance of hy-
pernasality in cases with no hypernasality before adenoidectomy, or in a more
pronounced hypernasality in cases with already present hypernasality.
A plrur\uryopla.rÍr' is recommended in cases with moderate or severe velopha-
ryngeal insufficiency where speech therapy did not result in obvious improve-
ment of speech. This severe velopharyngeal insufficiency should be conected
as early as possible but may be delayed until after the cardiovascular slrrgery.

Some centers prefer not to treat surgically before the age of 4 years because

complications seem to occur less fi'equent after the age of four (70). Golding-
Kushner stresses the irnportance of articulation therapy before pharyngeal flap
surgery in older to col'rect compensatory speech disorders if present and to
obtain con'ect articulatory placement and production (71).

Different surgical procedures are described depending on the dia-enosed ve-

lopharyngeal closure pattern (67,'70,72,73). Often a combination of surgical
techniques is used to correct the velopharyngeal insufficiency. In patients with
good velar elevation (coronal pattern), a sphincter pharyngoplasty is recorn-
mended (61,10,12-16). Lateral flaps are created and inserted transversally
into the posterior pharyngeal wall so that during speech the velopharyngeal
port can be closed. Where velar movement is poor and lateral pharyngeal wall
movement is good (saginal pattern), a superior or inferior based flap is ap-
propriate (61,13). This flap is elevated from the posterior pharyngeal wall
and is inserted into the velum. During speech the lateral polts will be closed

by rnesial movements of the lateral pharyngeal walls (77). In cases where

2l
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1.2.3. Treatment of ENT manifestcttiorts

The objective of treatment for velopharyngeal instfficiency is the elirnina-
tion of nasal escape and hypernasality (67). There exists no one single thera-
py. The treatment is identical to that of any patient with velopharyngeal insuf-
ficiency. However, the mental retardation, the behavior problems and the
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velar and lateral pharyngeal wall movements afe poor or absent, a palatal leng-

thening can be the first choice to obtain velopharyngeal closure (67,73).

Pharyngeal flap surgery may produce immediate postoperative complications
(l6.4%a) like hemoraghe, airway obstruction, wound dehiscence, fistula for-
mation, pneumonia and cardiac arrest (67, 78). Late postoperative complica-
tions (12.37a), occuming more than three weeks after surgery, include hypona-
sality and snoring with obstructive apnoe's (61,78).In some VCFS patients
medial displacement or tortuosity of the internal carotid arteries is found which
complicates pharyngeal flap surgery (79). Because there is not a strong coÍre-
lation between the endoscopic observation of pulsations and the medial dis-
placement of the internal carotids, some authors advocate to perform routine-
ly magnetic resonance angiography (MRA) preoperatively (79,80).
Surgical treatment can not improve articulation and language as an immediate
result. Postoperative intensive speech therapy remains necessary (67).

Specific and systematic knowledge regarding the treatment of ear pathology
in VCFS is scarce. Treatment is similar to that of other conditions associated
with hearing impairment. In childen with recunent middle ear infections or
with longstanding effusion otitis, the placement of ventilation tubes is indica-
ted. If sensorineural hearing loss is present, the prescription of a hearing aid
should be considered. As VCFS children are known to have delayed speech
and language development and are at risk to present learning difficulties, a
thorough audiological screening is strongly recommended so that appropriate
treatment of the hearing loss can be started as soon as possible in order to
reduce the risk of further speech deficit (46,48).
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Chapter 2

2.1. AIMS AND OUTLINE

After the introduction of a routine diagnostic test for the submicroscopic dele-

tion in chromosom e 22qll, a large number of VCFS patients were diagnosed.

It soon became apparent that the ENT aspects of this disorder raised many

questions regarding diagnosis, treatment and follow-up by the patients them-

selves, their parents and the physicians.

The overall aim of this study therefore is to gain better insight in the various

ENT manifestations associated with the velo-cardio-Facial syndrome.

1. First, our aim is to inclease awareness and knowledge of the VCFS, espe-

cially by the ENT specialists. This will lead to a more rapid recognition

and diagnosis of children with this syndrome, which is essential for ap-

propriate treatment and follow-up of the VCFS patient. To achieve this

goal, we reviewed the entire group of patients diagnosed in our center'

with regard to the different clinical manifestations and presenting symp-

toms. Moreover, such a comprehensive delineation of a study group is ne-

cessary for future studies.

2. Second, the airn is to create a better insight in the ENT problems associa-

ted with the VCFS. Therefore, we concentrated on the different ENT mani-

festations in patients with a proven deletion 22q11 (FISH). These studies

included analysis of the velopharyngeal inadequacy, feeding difficulties,

laryngeal manifestations and hearin-e loss.

3. Our final goal is to achieve a better diagnosis, treatment and follow-up of
the different ENT manifestations associated with the VCFS, and thus try to

formulate guidelines for the ENT specialists.

2.2. MATBRIAL AND METHODS

At the Centre for Human Genetics in Leuven, there is a long standing tradition

of rnultidisciplinary follow-up of patients with well-defined genetic syndro-

mes. Since oto-rhino-laryngological manifestations are a major component of
the Velo-Cardio-Facial syndrome, a rnultidisciplinary team for VCFS was for-

med in 1994, including an ENT-surgeon, a speech- and feeding therapist, an

educational psychologist, a geneticist, a pediatric cardiologist and a psychia-

trist.
All patients diagnosed with a del22ql1 were seen by this multidisciplinary

team and in many instances, a longitudinal follow-up was organized. Depen-

ding on the presence and severity of specific problems, this follow-up was

personalized. Besides an up-to-date clinical care for these patients and their

families, this follow-up project also provided a r-rnique framework for clinical

research on different aspects of this syndrome. The patients included in this
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study were all recruited from this multidisciplinary research project fol VCFS,
and the characteristics of this study group will be described in chapter 3. In
the literature, there are some patients with clinically diagnosed VCFS, but
without del22q11. In our experience, these patients differ clinically from rho-
se with a del22qll and, in our opinion, these individuals do not have the
Velo-Cardio-Facial syndrome. Therefore, all patients included in this study
have a proven deletion in chromosome 22q11, as demonstrated by means of
Flnorescence In Situ Hybridisation (FISH - cfr introduction), using the probe
DO832 (a gift flom Prof. Dr. P. Scambler, ICH, London). This probe is within
the critical deletion region for Velo-Cardio-Facial syndrome (Wadey).
Many patients with the Velo-Cardio-Facial syndrome present complex medi-
cal and developmental problems (Swillen). This is a major limiting factor in
the systematic study of all aspects of this syndrome in all patients. Therefore,
only those patients presenting clinically significant ENT manifestations could
be evaluated and these results are included in this work.
A different number of patients are included in different stages of this study.
This is a reflection of the increasing number of patients diagnosed with a

deletion 22q11 over the six years of our study (Tablel).

Tablel
Cumulative number of diagnosed patients

\urll\r (,l l.rti.rlt.
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Summary ol the diffelent number of patients thloughout the study
+ 1996: 97 patients: 'Familial deletions of chrorr.rosone 22qll' (Chapter 3.2)hapter 3.2)

' 1998: I30 patients: 'Presenting symptorns and clinical featules' (Chapter 3.1)

- 1998: 130 patients: 'Retrospective analysis offeeding and speech disorders' (Chapter'4.3)
+ 1999: 148 patients: 'The velopharyngeal and laryngeal manifestations' (Chapter 4. l)
- 1999: 148 patients: 'Audiological en otoscopic results' (Chapter 4.5)
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CHAPTER 3

THE VELO.CARDIO.FACIAL SYNDROME :

DESCRIPTI
t'

ON OF THE LEUVEN STUDY GROUP

* Vantrappen G Devriendt K, Swillen A, Rommel N, Vogels A, Eyskens B,
Gewillig M, Feenstra L, Fryns JP. Presenting symptoms and clinical features

in 130 patients with the velo-cardio-facial syndrome. The Leuven experience.
Genet Counsel 1999;10: 3-9
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* Swillen A, Devriendt K, Vantrappen G, Vogels A, Rommel N, Eyskens B,
Gewillig M, Dumoulin M, Fryns JP. Familial deletions of chromosome22qll:
the Leuven experience. Am J Med Genet 1998;80:531-532
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Chapter 3

3.1. PRESENTING SYMPTOMS AND CLINICAL FEATURES IN 130

PATIENTSWITHTHEVELO-CARDIO-FACIALSYNDROME.
THE LBUVBN EXPERIENCE

Vrntrttppert G, Det'riendt K, Su:íllen A, Rortunel N, Vtgcls A, Et"sketts B'

Gewittig M, FeensÍrtt L, Fn'tts JP - Genet Cttmrsel 1999:10:3-9

Summary

Between 1994 and 1998, we cliagnosecl in Leuven 130 patients with a 22q11

cleletion. The deletiotr was familial in l4 out of 110 index patients (.l2Vc),

wl-rich is significantly less compared to previotls studies. ln l0 patierlts, the

cleletion wit^s materllal, in 4 patients paternal. A cardiac defect was the main

presenting symptom in 49c/c of patients. The other patients were íiscertained

ihrough clevelopmental clelay (l6V;), behavioral disturbances (77o), otorhino-

laryngological manilèstations (6%). psychiatric disorders (3%) and mental

retardation (2(/o).In one patient hypocalceuia was the presenting Í'eature, in

another patient the severe iumuue cleficielcy lead to dia-llosis'

Most patients ptesented a wide varietY of the cliissical Íèatures of the Velo-

Cardió-Facial syndrolne. Velopharyngeal incompetence. learuin-Q clifficulties

or mostly milcl mental retardation were allnost always present' whel'eas clini-

cal si-tnificant hypocalcelnia o[ iltttt-tLttte clisturbances were rare. Previottsly

unlclei')r'ecognisecl features inclucle polyhydramnios. renal malfornations and

lary n gotracheamalaciit or I aryn-geal stetlos is.

Introduction

The recognition that the velo-cardio-facial syndrome (VCFS) and r.nost cases

witl-r the DiGeorge synclrome (DGS)are caLlsed by a rtticrodeletion in chroucl-

some 22qll is one of the irnportant disct'rveries in clinical dysmorphology in

the last years. Previously, the clinical diagnosis of these syuchomes could only

be rnacle with a reasonable clegree of certainty in patients with a typical clini-

cal pt'esentation. However. with the aclvent of uolecular cytogenetics, patients

with nilcl Íèatlres and atypical presentatiolts catt llow be diagnosed. It is clear

that the Íi'eclr.rency of the synclrolne is much higher than previortsly recognizecl

and is r-row estirnatecl at arouncl 1/4000 live births (5). It became also clear that

the DiGeorge synclrorne iincl the Velo-Cardio-Facial syndrotre are the variable

expression of a single disorder.

As a colseqltence, the natnral history and clinical spectrulrl of the DiGeorge

synclrome iincl the Velo-Cartlio-Facial syndrome, which wet'e previously ba-

slcl on patients with the cornplete ancl thet'efore more severe maniÍèstations.

have also changed significantly. We here repot't the Letlven experience on the
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clinical miinifestitiiclns in a group of 130 consecutive patients with a cleletion
22c111.

Study group
Patients were referred Íbr valious inclications, inclLrcling velophalyn-ueal in-
competence or cleft palate. clevelopmental delay, hypocalcemia. behavioral
problems ancl mental retarclation. No specific inclusion criteria wele set. A
second gror"rp of patients were identified through the paecliatric carcliolo-uy
unit, where all patients presenting with a conotrllncaI healt deÍèct are syste-
matically investigated fol the presence of a cleletion 22ql I (1).

In all patients, a high resolution G-bandec'l kalyotype was per'Ítrrmecl. Fluo-
rescence in sitr.r hybridization (FISH) r-rsing probe DO832 to cletect a submi-
croscopic 22qll cleletion, was introclucecl in 1992 (16). All patients rvith a
cleletion 22qll were exauinecl clinically ancl both piirents were testecl Íirl li
cleletion 22q11.
Since 1992. we have identified 130 inclivicluals with a cleletion 22qll. Of
these, 18 had been dia-gnosed previously with the DiGeor,se syndlorne. SeveL-

al other patients hacl been examinecl before. ancl tentative syncl'omic clia-gnoses

inclucled Mitocliondrial Myopathy. Myotonic Dystrophy. Cohen synclrome.
Kabuki syndmme. 3C syndroure and Stickler syndrome.
The a-ee at dia-enosis iis well as the main plesentiug syurptonr vuried wiclely
(Fi-e l). In a cht'onolo-eical order. the clil'ferent pleseuting synrptou.ls ancl most
inportant clinical features at the diÍÍerent a-ses ale discussecl.

Fig. I
The various presenting symptoms at the different ages

in the Velo-Cardio-Facial syndrome
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Chapter 3

Results and discussion

Prenatal diagnosis

A prenatal diagnosis of a deletion 22qlt was made in 5 patients (Fig.1)' In one

foetus, the deletion was detected by amniocentesis performed because of the

familial occuÍrence of the 22qll deletion in the mother. The other patients

presented anomalies initially detected by prenatal ultrasound. In two patients,

à 
"onot*n. 

al heart defect was present. Until now, no systematic studies on

the incidence of a deletion22qll in prenatally diagnosed cardiac defects are

available. The two other patients were diagnosed because of the presence of

an abnormal amount of amniotic fluid. Otigohydramnios i'e. a decreased

amount of amniotic fluid, has been observed in one foetus presenting the Pot-

tersequence (4). This foetus had bilateral non-functional kidneys i'e' unila-

teral ienal agenesis with contralateral multicystic renal dysplasia, leading to

absence of urine production and lack of amniotic fluid. This observation is not

unexpected sincé urological malformations are seen in at least I}Vo of the

VCFS patients (2).

In contrast, polyhydramnios was the presenting symptom in one patient. This

foetus had also a conotruncal heart defect. Retrospectively, polyhydramnios

was present in approximalely 9Vo of all patients with a deletion 22qII, some-

timei with onset in the beginning of the second trimester (6). The exact cause

of the polyhydramnios is not known. However, one possible explanation is

that the decreased swallowing contributes to this, since in many patients pre-

senting with severe polyhydramnios, major feeding problems were observed

in the iirst years of life. Therefore, testing for the presence of a deletion 22qlI

could be considered in unexplained polyhydramnios, especially when other

malformations associated with a deletion 22qll are present'

Neonatal presentation

Nowadays, all patients with a 22qll deletion and a heart defect should be

diagnosed in the neonatal period. A congenital heart defect is present in appr-

oximately 85Vo of the VCFS patients (10,12). In the patients with a heart de-

fect and born during the last 5 years, the diagnosis of a deletion 22q11 was

made in the weeks following the diagnosis of the heart defect. In the vast

majority of patients, this diagnosis was suspected on clinical grounds, since

all patients had one or more additional clinical features of a deletion 22qIl'ln
contrast, when no additional clinical features were present, a deletion 22qll
was never demonstrated. This is in agreement with other studies (11). In view

of these results, it appears that testing for a deletion 22qll in patients with a

congenital heart defect can be restricted to those patients presenting additio-

nal features of the VCFS. However, this depends strongly on the experience
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of the cardiologist with the clinical manifestations of 22q1ldeletion (10,12).
In the neonatal period, the diagnosis of 22qll deletion is usually also evident
when other major VCFS malformations are present, such as hypoparathy-
roidism or cleft palate (Fig.l). Hypoparathyroidism is a frequent finding but
in the majority of patients it was asymptomatic.In 3Vo of the neonates, the
main presenting symptom was an ENT problem,including velopharyngeal in-
competence, severe feeding problems and laryngotracheamalacia.
In contrast, the diagnosis can be delayed when only atypical or minor conge-
nital malformations are present (Table I). One patient was first seen in the
neonatal period with a large, unilateral multicystic kidney, which was surgi-
cally removed. During follow-up, a severe developmental delay was evident,
but remained uáexplained. CT-scan of the brain revealed a left cerebellar he-
misphere hypoplasia (3). Adeletion22qll in this boy was diagnosed atalaÍer
age when the V-CFS was diagnosed in his sister. Also, minor signs can cause a

delay in diagnosis. The velopharyngeal incompetence, present in almost all
patients, leads to feeding problems. This is hardly ever recognized as a medi-
cal problem, especially when other features are absent. This is also true for
failure to thrive, a typical feature for the Velo-Cardio-Facial syndrome, but
aspecific. On the other hand, these minor signs may aid in the selection for
testing for a deletion 22qll in patients who have no or a major manifestation
of a deletion 22qll.

Childhood

Between the age of 3 to 6 years, a second group of patients is diagnosed,
namely those presenting with developmental delay (Fig.1). Development de-
lay is one of the most common manifestations of a deletion 22qII (9). De-
layed gross motor development is frequently seen, but often attributed to the
heart defect or frequent respiratory tract infections. Often, speech and langua-
ge development is severely delayed (13) and almost all VCFS children need

speech therapy. In addition, a number of children have behavioral disÍurban-
ces (14). These problems of developmental delay and behavior do not always
prompt a genetic evaluation. Since many of these children lack major conge-
nital malformations, they probably are underdiagnosed, resulting in an overesti-
mation of the incidence of major congenital malformations e.g. cardiac de-
fects in larger series of patients with a deletion 22qll.
In one patient, the diagnosis of VCFS was made during childhood because of
severe immune deficiency. Clinical evident immune deficiency with negative
adverse reactions after a blood transfusion or routine childhood vaccination is
very rare. Most children have clinical recuffent airway infections, however,
without proven underlying disturbances in T-cell or B-cell immunity.
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Table I
Atypical or minor congenital manifestations associated

with the Velo-Cardio'Facial syndrome

the deletion is 507o. When no 22qII deletion is found, the risk for a congenital
heart defect in first degree relatives is much lower (3 Eo) (7).

Additional clinic al feature s

Besides these more coÍlmon presenting symptoms, additional clinical featu-
res associated with the VCFS may be recognized. In some patients skeletal
malformations are seen including scoliosis (n=11), camptodactyly, syndacty-
ly and clinodactyly (n=7). Another group of patients present with gastrointe-
stinal problems like obstipation (n=11), ectopic anus (n=2) and achalasia of
the oesophageal sfincter (n=1). Hearing problems are mostly related to dys-
function of the-Eustachian tube resulting in otitis media with effusion. A smal-
ler group has sensorineural hearing loss (n=4).

J.
Prognosis r

With regard to prognosis in this VCFS group, 8.5Vo died, mostly during the
neonatal period. Seven patients died because of complex heart defects and
one patient because of severe immune deficiency.
Prenatal death was noted in three patients.

Conclusion
Adults

Adults presenting a deletion 22qll can be attributed to 4 different categories

(Fie 1.).

The Iargest group consist of adults who have a child with a deletion 22qll and

are found tó be ianier of the deletion themselves. of the 110 index patients

diagnosed with a del2}qll, afamilial deletion was found in 14 (I27o). The 14

faÀities comprised a tótal of 34 persons with the deletion 22qlI. Maternal

inheritance was present in 10, paternalin4families' In two families, the index

patient was a foètus. Swillen et al. (15) suggested that these par€nts have the

mild manifestations of VCFS. This is true with regard to the major congenital

malformations: none of the parents had the typical major malformations' Ho-

wever, all parents had the idditional features including the ENT manifesta-

tions like fàeding difficulties in infancy, recurrent otitis media and hypernasal

speech. All parents had also learning difficulties and social functioning is poor

wittrout appropriate support. In none of these parents a genetic condition had

been diagnosed previously or even suspected (15)'

Mental retardation or psychiatric disturbances can also be a presenting symp-

tom in adults. As in ctritáren, the mental retardation usually is mild to mode-

rate (15). The most frequent observed psychiatric disorder is paranoid schi-

zophrenia (8). The fourth group consists of adults that had a congeniÍal heart

defect.In these parents *ttn zzqtt deletion, the risk for having a child with
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It is clear that the clinical sprectrum of a deletion 22qll is extremely wide.
Besides the more coÍrmon major malformations, many patients have only mild
or atypical features. This stresses the importance of a multidisciplinary ap-
proach: patients with a deletion 22qII deserve an individual approach by a
multidisciplinary team experienced with the syndrome.
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Atypical malformations
. urological malformations
o anus: ectopy, imperforate anus
. club foot
. oesophageal atresia
. central nervous system malformations
. larynx: stenosis or web

Minor malformations
. feeding difficulties

' dysmorphic features
. failure to thrive

' hypotonia
. constipation
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3.2. FAMTLTAL DELETTONS OF CHROMOSOME 22Q11. TrrE LEIIVEN
EXPERIENCE
LETTER TO THE EDITOR

Swillen A, Devriendt K, Vantrqppen G, Vogels A, Rommel N, Eyskens B,

Gewillig M, Dumoulin M, Fryns JP -Am J Med Genet 1998;80:531-532

To the Editor:

In this journal, Leana-Cox et al. (1) and Marino et al. (2) reported on familial
deletions of chromosome 22qll. Both studies revealed a high percentage of
familial 22qll áeletions, 25 and 2lvo, Íespectively, and a high percentage of
maternal transmispion. It should be noted that the frequency of familial cases

attributed to thdíeport by Leana-Cox et al. (25Vo) is a summary of five separa-

te studies: the frequencies ranged from a low of lTVo (3) to a high of 637o (I).

We would like to add our experience based on clinical and molecular evalua-
tion of 97 families with a del22qll. All parents of the 97 index patients dia-
gnosed with a'del22q11 were examined for the presence of a del22ql1, and a
familial deletion was found in 12 (I2.3Vo). The 12 families comprised a total
of 32 persons with the delZZqIl (Table I). Maternal inheritance was present in
eight, paternal in four families. In two families the index patient was a fetus,
presenting the Potter sequence (Family 10) (4), or stillbirth with Di George

sequence present at autopsy (Family 3). In this Family 3, prenatal diagnosis in
a subsequent pregnancy showed an affected fetus. Fetopathological examina-
tion showed absence of thymus and parathyoid glands. No heart defect was
present.

This figure of I2.3Vo familial 22qll deletions is significantly less than pre-

viously reported. One possible explanation could be that we have underdia-
gnosed familial cases. Patients with an inherited del22qII differ from patients

with a de novo del22qIl by a more pronounced developmental delay (5).

However, in our series of 97 index patients a high proportion of patients (23Vo)

was referred for evaluation of unexplained developmental delay. Alternati-
vely, a preferential diagnosis of familial cases in the other studies could have

occurred. This is supported by our experience: Amongst the first 25 index
patients the deletion was familial in six of them (24Vo). Subsequently, the
proportion of familial cases gradually decreased in time from 9/50 (187o), l0l
75 (I3.3Vo), reaching the current figure of 12197 (I2.3Vo).

We have also studied our data from a prospective study comprising all neona-

tes with a conotruncal heart malformation referred to the pediatric cardiology
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unit at the University Hospital Leuven. This is a referral center for Flanders,

reducing possible biases regarding referral patterns of familial versus nonfa-

milial áses. All of these patients have been screened systematically for a

del22ql| since 1994. So far, 19 patients were diagnosed with a del22qll, and

only in one of them was the deletion found in one of the parents (5.27o). From

the literature, there is no evidence for a correlation between the familial oc-

currence of deI22qll and the presence (or absence) of a heart defect' Also in

our series, a congenital heart defect was present in 8120 (407o) familial cases

(excluding the parents), which does not differ from an estimated 50Vo inciden-

ce of heart defects in VCFS.

We therefore conclude that the familial occuÍrence of del22qll may be less

than reported so far, and the high proportion of familial cases reported could

possibly be attributed to ascerlainment bias.

a r..ono point raised by Leana-cox et al. (1) and Marino et al. (2) is that the

parents ascertained through their children with a del22qlI represent the mild

end of the clinical spectrum.

In our experience, tÀis is true with regard to major medical manifestations of

the deleti,on 22qll as shown in table I. None of the parents had a congenital

heart defect or other medical complication of the del22qIl. Velo-pharyngeal

insufficiency was the most constant medical finding in adults. On the other

hand, psychosocial functioning was a major problem for the majority of pa-

rents. Most of them had learning difficulties in the past, and 6112 adults (50Vo)

were mildly to moderately mentally retarded. Poor social functioning and in

,o-" .ur", a psychiatric disorder was present. In this regard, adults did not

differ from their children with del22qIl.

TABLE I
Phenotypic and Developmental Findings in Familial Cases of del22q11

Family Patient Behavior/ Social functioning

Father
Daughter(+)

Son (+)

Son

depressive disorder

2 Mother shy, timid
shy, withdrawn
ADHD

Son

Son

3 Mother
Daughtêr(+)

poor social functioning

4 Father
Son

Daughter

depressive disorder, anxious
ADHD
normal

5 Mother
Son(+)
Daughter

poor social functioning

Son

social problems, attention
problems, aggressive behavior
aggressive behavior

6 Mother
Daughter

normal
attention problems

7 Mother withdrawn, shy

attention problems, withdrawnDaughter

8 Mother
Daughter
Daughter

psychiatric illness
(schizophrenia)

normal
attention problems, rvithdrawn

9 Mother normal
social problemsDaughter

l0 Father normal
Fetus (+)

ll Mother poor social functioning
pervasive developmental

disorder
Son

t2 Father normal
social problemsSon

MR: mental retardation: where indicated, the IQ-scores are given between 0; when IQ-scores

were not available, MR was based on the fact that the person followed special school for the

mildly and moderately mentally retarded persons.

(+): died; -: anomaly absent; +: anomaly present; TF: tetralogy of Fallot; VSD: ventricular

septum defect; ASD: atrial septum defect; PA: pulmonary valve atresia
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MiId MR
Mild MR (68)

Moderate MR
Mild MR (61)

Borderline
Borderline (85)

Borderline (77)

Borderline
Mild MR (62)

Borderline

Moderate MR (45)

Mild MR (71)

Borderline
MiId MR

Mental level (lQ)

Borderline
NT
NT
MiId MR

Borderline
Mild MR (s9)

Moderate MR (<50)

Moderate MR (50)

MiId MR
Moderate MR (55)

Mild MR (60)

MiId MR

Mild MR (59)

Severe MR (24)

ASD

TF

Cardiac defect

TF+PA
TF+PA

VSD

TF+PA

TF

TF
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Chapter 4

4.1.. THE VELOPHARYNGEAL AND LARYNGEAL MANIFESTA'
TIONSIN4TPATIBNTSWITHTHEVELO-CARDIO.FACIAL
SYNDROME

Vantrappen G Rontmel N, Cremers CWRJ, Fryns JP, Devriendt K
Clin Otolaryngol, submitted

Abstract

The velo-cardio-Facial syndrome (vcFS) is a leading cause of velopharyn-

geal dysfunction and cleft palate. It is caused by a submicroscopic deletion in

fh" long arm of chromosome 22 (band 22qII). During the last 6 years, 47

patients underwent an ENT-examination. We describe the different ENT ma-

nifestations in these 47 patients with VCFS and evaluate the need for surgical

intervention. Most patients presented a wide variety of the classical features

of the Velo-Cardio-Facial syndrome. Velopharyngeal dysfunction was almost

always present whereas an isolated cleft lip/palate and laryngeal manifesta-

tions were observed in a minority of patients.

Introduction

The Velo-Cardio-Facial syndrome (VCFS) was delineated by Shprintzen in

1978 (1). Since then, the phenotypic spectrum has broadened to include ve-

lopharyngeal dysfunction with or without cleft palate, conotruncal heart mal-

foimations, characteristic facies, mental retardation, learning disabilities' cog-

nitive and behavioral disorders, hearing loss, urogenital malformations,

hypocalcaemia, immunological disorders and musculoskeletal abnormalities

(2,3,4,5,6,7).

The Velo-Cardio-Facial syndrome (VCFS) is caused by a submicroscopic de-

letion in the long arm of chromosome 22 (band 22qll). Previously, the clini-

cal diagnosis of this syndrome could only be made with a reasonable degree

of certainty in patients with a typical clinical presentation. Nowadays, the

diagnosis of this syndrome can be confirmed by a routine genetic test, detec-

ting this submicroscopic deletion in chromosome22qll, commonly based on

fluorescent in gitu hybridization (FISH) (8,9). This diagnostic procedure has

greatly enlarged the clinical spectrum of the VCFS so that very mild cases

with only a few clinical characteristics and cases with new features -such as

malformations of the kidneys, cerebellum, limbs, or oesophagus- can be in-

cluded. It is now evident that the incidence of VCFS is much higher than

previously thought and is estimated at 1:4000 live births (i0,11)'

We here report our expefience on the velopharyngeal and laryngeal manifes-

tations in 47 paÍients with a proven deletion 22q11 (FISH).
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Study group and Methods

Patients
Between 7994 and 7999, a deletion 22qll has been diagnosed in 148 parients
refened for molecular diagnosis of the velo-cardio-Facial syndrome to the
center for Human Genetics. Most patients (56vo) were referred because of the
presence of a conotruncal heart defect. A smaller group of patients presented
with features such as developmental delay, velopharyngeal dysfunction, beha-
vioral problems, hypocalcemia, immune disturbances and laryngeotracheamala-
cia.
In all patients the submicroscopic 22qlr deletion was demonstrated by Fluo-
rescence In Situ Hybridization (FISH) using probe Do832 (8). Because of the
possible autosomal dominant inheritance, both parents were also tested for a
deletion 22qll.

We have selected a cohort of 56 patients with age between 4 to 12 years (figu-
re 1). This age group was chosen because in our experience, the ENT pro-
blems needing a more thorough work-up in children with VCFS, usually pre-
sent after the age of four years. Moreover, at younger age, ENT examination is
difficult, especially in children with VCFS who can be very anxious (12). Of
this cohort-group, 35 patients could be clinically assessed. The other 2l VCFS
patients could not be examined for various reasons: 9 patients were lost to
follow-up; 5 patients were being followed in an institute or school for child-
ren with mental retardation; 7 patients presented no clinically significant ENT-
problems and therefore, there was no opportunity for a more extensive work-
up.
In addition, 12 VCFS-patients who did not belong to this cohort-group were
examined at the ENT-deparlment because of significant ENT manifestations.
This group includes 4 patients younger than 4 years of age and 8 individuals
older than 12 years (figure l).

Methods
In each of these 47 patients, a thorough clinical ENT examination of the nose
and throat was performed. An experienced speech-language therapist evalua-
ted the velopharyngeal function by listening to spontaneous speech and by
using standard speech samples (13). Due to the (albeit minor) radiation hasard,
investigation of the velopharyngeal dysfunction by videofluoroscopic asses-
sment of the velopharyngeal isthmus was only performed on indication. The
main indication consisted of children with obvious clinical velopharyngeal
dysfunction who did not respond to speech therapy over a period of at least 6
months. They were referred for further radiological examination to obtain
objective quantitative information concerning the velopharyngeal dysfunc-
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51148 or 2Vo. One patient had tracheamalacia that resolved spontaneously.
Two children presented glottic stenosis. In one of them the stenosis was so
severe that a tracheotomy had to be performed in the neonatal period because.
After repeated laser surgery of this glottic stenosis without definitive success,
a laryngofissure with placement of a temporary laryngeal stent was performed
at the age of 7 years. A few years later, at the age of I I years, the tracheotomy
was closed. Laryngoscopy demonstrated a smaller anterior-posterior diameter

'but with good mobility of both arythenoids. Now, at the age of 17 years, his
voice remains hoarse and weak but there are no problems with breathing. The
other child with glottic stenosis presented in the neonatal period with high
pitched voice and stridor evoked by excitation. Recently, at the age of 5 years,
this glottic web was dissected and Mitomycine C was locally administered.
Currently, 6 months postoperative, her voice and breathing are normal.
One child preseríted with persistent swallowing problems, recunent lung in-
fections during infancy, and massive nasal reflux of solid food. A videofluoro-
scopic investigation of the swallowing act revealed achalasia of the upper
esophageal sphincter, which was surgically treated by myotomy of the upper
esophageal sphincter.

Table I
Structural anomalies in 47 patients with the VCFS

Clinical manifestation number

Fig I
Study group of VCFS patients according to age
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10

o

E
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96t88t'42 fl ÉNT eval!alion (not cohod: 12Pl)

ll No ENÍ evaluation
year oí birth

tion. To visualize the velopharyngeal isthmus' a small amount of radio-opa-

que contrast fluid (bariumil, oiipp"o into the nose. A frontal, lateral and base

view is taken during pnoíution ip',m,s'a1' Because cooperation is needed and

because children with vcFS are^anxious (12), these children are well prepa-

redbytheirownspeechlanguagepathologistduringatleast3weeksbefore
this radiological investigation (14'15)'

Results

From 1995 till 2000, we have identified 148 individuals with the velo-cardio-

Facial syndrome having a deletion 22qll' Forty-seven patients,underwent a

detailed ENT examinuiion. The age of these 47 patients varied from age 2 to

age 35 (mean age: of 10 years). TÉe largest group is situated between the age

of 4 years and 12 years (= cohort-group: 35 patients)' There was an equal

distriÈution between males (n=23) and females (n=24).

Structural anomalies of the palate, pharynx and larynx were seen in 9 patients

(Table 1): 5 children fr"r"nt.a u 
"t"rt 

of the soft palate. Two of them had a

submucous cteft wniL the other 3 patients presented an overt cleft palate'

None of the other patients with a aeTZZqtl in the total group of i48 patients

had a cleft palate, and therefore, the incidence of cleft palate in our group is
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Cleft soft palate

Tracheamalacia

Glottic stenosis

Achalasia UES

5

I

2

I

(l)
(1)

(1)

(1)

UES = Upper Esophageal Spltirtcter

(.) inrlicates utnilter oÍ pdtietts n'ith tlis ttrturiJ'estctÍion assessetl oursitle tlrc cohorí

(colnrt rt=35 aul outsitle n=12)

The most common manifestation necessitating further ENT assessment was
velopharyngeal dysfunction. The clinical presentation of velopharyngeal dys-
function varies with age, and common symptoms include feeding difficulties
in the neonatal period, middle ear problems during childhood and hypernasal
speech later in life (16,17). We examined speech problems i.e. hypernasal
speech and articulatory disturbances related to velopharyngeal insufficiency.
Most patients (887o) presented with velopharyngeal insufficiency but the se-

verity varied widely. Compensatory articulation was present in 3lVo. All of
them received speech therapy and were reassessed after 6 months. In those
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Different types of surgery were performed in 22 patients for various indica-
tions (Table 3). These include the patient with achalasia of the upper esopha-
geal sphincter,2 patients with laryngeal stenosis and 5 patients with a cleft
palate. A pharyngoplasty was performed in 14 patients without a cleft palate.
Only in one patient, there was no radiographic assessment of the velopharyn-
geal dysfunction prior to surgery. All the other 13 patients underwent this
videofluoroscopic investigation.

Table 3
Different types of surgery performed in 22 VCFS patients

patientswherenoprogressioncouldbedetectedbyclinicalspeech-language
evaluation, fur.ther vijeofluoroscopic assessment was performed as a means

to objectivety 
"uutuut"it 

e u"toptraryngeal function. Wá established a standar-

dizedprotocolfortheassessmentofvelopharyngealfunctionusingvideo-
fluoroscopy. Twenty-one patients underwÀt this radiographic investigation

(TableZ).In2ofthem,therewasnocooperationofthechildsothatfurther
results could not ue obiained. Because of clinically significant velopharynge-

al dysfunction, o pttu'Vngo;i;:tY was performed in both of them' In another 2

children, a good tun.iíoríng of ihe velàpharyngeal istmus was seen and further

speechtherapy*u""to-"tended'IntheremaininglTpatientsvelopharyn-
geal dysfunction wasïemonstrated by videofluoroscopy: in most of them

(n=12), the velopha,yng"ut dysfunction r1as.cau11d ïy "" llilpropriate 
ele-

vation of the soft pfi;;:i" a Áinority (n=4) rhe videofl-uoroscopic assessment

ofthevelopharyngealisthmusdemonstratedaninsufficientelevationofthe
softpalatein.o.nuinutionwithaninsufficientapproximationofthelateral
pharyngeal tuff,. Oniy in on" patient the velopharyngeal dysfunction was the

result of insufficient "i,p--i-L,ron 
of the lateral pharyngeal walls while the-

fe was a good 
"r"uution 

of the soft palate. In all of these 17 patients, surgery

was proposeO, wt'ictr *as declined by the parents in 4 of them' So' thirteen

children out of this group of l7 underwent à pharyngoplasty:2 patients had a

submucous cleft of ihe soft palate while the other-l ipatients had no cleft' All

puti"nt, needed speech therapy postoperatively'

Surgery

Cleft palate with lenghtening

Pharyngoplasty without cleft

Glottic stenosis

Achalasia UES : myotomy UES

Number

5

t4

2

I

(1)

(2)

(1)

(1)

Table 2

Videofluoroscopicassessmentin2lVCFSpatients

Number TheraPY

(.) ittdicates tuuttber of putíents witlt this nmifestutiort ussessed outsitle the colrcrt
(coltort rt=35 antl outside cohort tt=12)

Discussion

One of the classical features of the Velo-Cardio-Facial syndrome is cleft pa-
late (1,17). However, in our series, only 5 patients had a cleft palate with two
having a submucous cleft. In the total group of 148 patients no additional
individuals had a cleft palate, resulting in an incidence of 2Vo.This is some-
what lower compared to other series, but this may be explained by a different
ascertainement. For instance, the series of Shprintzen report an incidence of
overt cleft palate of l00Vo (l,ll), but there probably is an ascertainement
biased towards patients with ENT problems. In the series of 558 patients pre-
sented by Ryan et al. (5), 9Va of the patients had cleft palate, but there might
be an overrepresentation of patients with the typical clinical spectrum which
includes overt cleft palate. Alternatively, in our series, a relative large propor-
tion of patients is refened for congenital heart disease resulting in a relative
lower percentage of patients refened for ENT manifestations.

A more frequent manifestation is velopharyngeal insufficiency (VPI). In our
series, velopharyngeal insufficiency was present in88Vo but the severity vari-
ed widely. Compensatory articulation as a result of VPI could be found in
3l%o of the patients. Ryan et al (5) reported an incidence of velopharyngeal
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(22). Stoler et al. reported on two children with laryngeal webs and 22q11
deletions. (23). The presence of familial laryngeal web in association with
deletion 22q11.2 was for the first time mentioned in 1998 (24). Given the
rarity of this type of laryngeal malformation, and its apparent association with
the VCFS, it has been recommended to investigate for 22qll deletion in pa-
tients presenting with lalyngeal manifestations, especially in cornbination with
congenital heart defects.

One child in our group of patients with VCFS presented with achalasia of the
upper esophageal sphincter and underwent a mytomy of this sphincter. To the
best of our knowledge, this has never been reported in VCFS to date.

Conclusion

This study reports on the ENT defects and disorders observed in 47 patients
with VCFS and evaluates the need for surgical intervention. The present re-
port ftrrther illustrates that VCFS must be suspected in each patient with ve-
lopharyngeal dysfunction, which is much more common than an overt cleft
palate. In addition, rare anomalies such as tracheamalacia, glottic stenosis, or
achalasia of the upper esophageal sphincter may occur as part of this syndro-
tne.
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insufficiency oï 32c/o. Taken together, this suggests that VPI is a more fre-

quent manifestation of VCFS than overt cleft pa;;, and deletion testing should'

therefore, especially be considered in patients with velopharyngeal dysfunc-

don. In concordance with this conclusion is the observatiou that a higher inci-

ilence of a rlel2kqll is found in persons with VPI than with in persons with

cleft palate. zoi etal. (18) documented a high frequency oÏ 22q1t deletions

(FISH) in patients pr"s"ntíng with velopharyngeal insufficie'cy (VPI) of un-

known cause (6/16 patientslwhile the frequency in patients with rernaining

vpl following primary cleft palate surgery was rather low ( 1/7 patients)' Minga-

relli et al. (1g) demonst,.ut"á tnat amotrg the 38 patienrs with isolated cleft (33

posterior cleft + S .o-fftt" cleft) no single case of 22qll delet\on was found

using FISH'
The clinical presentation of this velopharyngeal dysfunction can vary widely'

At the age when tt,. Àolority of our patien$ were investigated, hypernasality

and articulation disturbàn.", *"r" the most colrlrron manifestations'

Twenty_one patients unáerwent a radiological investigation i.e. a videofluoro-

scopic session of ,f-,. u"f'ophalyngeal istÀrnus to objectively evaluate the ve-

lopharyngeal function. rË1, ,áaiographic examination was only pefofmed

whenindicatedonclinicalgrounds.Inmostpatientsthev^elopharyngealdys-
function was related io un iíuppropriate elevation of the soft palate' In a mino-

rity the videoflttolostoplt u"t"me-nt-of the velopharyngeal isthmus demon-

strated an insufficient elevation of the soft palate in combination with an

insufficientapproxinrationofthelateralpharyngealwalls,Inonepatientthe
Velopharyngealdysfunctionwasrelatedtoaninstrfficientapproximationof
thelateralpharyngealwallswithgoodelevationofthesoftpalate.Whenre.
viewing the literature, no recent data concerning the type of Velopharyngeal

closure paftefn o..oroing ro croft (20) in vcFS could be found. The differen-

ces in results among stráies are due to a number of different methodological

variables and the aflsence of strict standardization of diagnostic procedures'

However, a standaràization for the reporting of velopharyngeal valve function

usingnasopr-'u,yngo,.opyandmultiui"*uideoflLloroscopywaspublishedin
1990 in order to firrtherlàevelop a common methodology (21)'

Sincethediscoveryofadel22qllasthecauseofVCFS,anobjectivediagno.
sis of this syndrome has become possible. This resulted in a marked expan-

sionoftheclinicalSpectl.umofttlissyndroneandallowedtoincludeinthis
entity some rare ENT zrnomalies' 

-r--^-*^
LaryngealmanifestationsoftheVelo-Cardio-Facialsyndromewerepresentln
3 patients: tr"o .1,iiàr..n presented with glottic stenosis and one child had la-

ryngeotracheamalaciathatresolvedspontaneously'Laryngealrnanifestations
have been occasionally reported in v-cFs. Fokstuen et al' observed three pa-

tienrs with tvp. rri ioríngeal atresia (glortic web) and 22qll.2 microdeletion
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4.2. METHODOLOGY FOR PEDIATRIC VIDEOFLUOROSCOPIC
ASSESSMENT OF THE VELOPHARYNGBAL FUNCTION

Rontrnel N, Vantrappen G, Vcutder Poorten V Henncuts R, Fryrts JP,

Devrienclt K - FolkL PltonicLtr et Logop, subndttecl

Background

The velopharyngeal valve consists of two major components : the nasopha-
ryngeal and the velar component. The nasopharyngeal component has the su-

perior pharyngeal constrictor as anatomical substrate and is shaped as an in-
complete muscular cylinder with an anterior opening where the velum is
inserted. The velar component, also a muscular structure, is attached to the
posterior side of the hard palate and interdigitates with the nasopharyngeal
component. There is a direct conelation between the harmonic cooperation of
these components, called "velopharyngeal valving", and articulation. Hence,

multiview videofluoroscopy of this valve reveals clinically important infor-
mation. The aim of pediatric videofluoroscopy is imaging the velopharyngeal
valve in motion during speech.

Indications

The indication for radiological assessment of the velopharyngeal function is

the patient with velopharyngeal dysfunction, when an initial course of speech

therapy during 6 months has not resulted in further improvement of speech.

This videofluoroscopic evaluation quantifies and reveals the mechanism of
velopharyngeal failure and helps in clarifying whether further speech therapy
or rather surgery is the most optimal subsequent treatment strategy.

One single patient should not have more than one fluoroscopic examination,
unless absolutely critical to treatment planning !1. Parameters to be conside-
red in the decision whether or not to proceed to videofluoroscopy include age,

mental status, consistency of velopharyngeal dysfunction, status of the articu-
lation and treatment options.
A common disorder associated with velopharyngeal dysfunction is the Velo-
Cardio-Facial syndrome (VCFS). This syndrome is caused by a deletion on

the long arm of chromosome 22 (del22qlI) 12,31. Feeding difficulties and

speech- and language problems, commonly described symptoms in these VCFS
patients l4), can be related to velopharyngeal dysfunction.
The aim of the current paper is to describe an useful clinical protocol for
videofluoroscopy designed for children with the Velo-Cardio-Facial syndro-
me.
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important. On the lateral view, the external acoustic meatus is bilaterally su-
perimposed, and in this way rotation or tilting of the head is avoided. The
head is in a neutral position, avoiding flexion or extension of the neck. The
base view is obtained with the child in prone position and the neck in hyperex-
tension; the X-ray tube is angled to obtain an as good as possible axial view of
the velopharyngeal sphincter region.
All studied sounds, visually supported by symbols, are pronounced twice du-
ring fluoroscopy in each radiological view. When possible, the child is reque-
sted to swallow about 3 ml of barium to assess velopharyngeal function du-
ring swallowing. Deglutition of a liquid bolus enables visualisation of bolus
propulsion by the anterior-posterior movement of the tongue and its influence
on the velopharyngeal closure.

Clinical relevance

Understanding the anatomy and physiology of the velopharyngeal valve in a

patient with velopharyngeal dysfunction, helps us to predict the possible out-
come of further speech therapy on one hand, or to decide upon the need for
and the possibility of success of surgical therapy. Therefore, the velopharyn-
geal closure type i.e., coronal-sagittal-circular-circular with Passavant's ridge

[7], and the presence and location of a gap is of major importance in the deci-
sion making on the type of surgical intervention. In this respect, the major
point of interest is the degree of lateral pharyngeal wall movement prior to
surgery. This is because the success of the most frequently performed opera-
tion for restoration of velopharyngeal competence, the superiorly based pha-
ryngeal flap procedure, depends on the degree of medial movement of the
lateral pharyngeal walls against the edges of an adequately tailored flap [8].

Conclusion

Pediatric videofluoroscopy plays a major role in the identification of the de-
gree and the mechanism of a velopharyngeal disorder and its effect on speech.

Apart fi'om the low dose of radiation and the limited discomfort of the instilla-
tion of barium in the nose, it is a non-invasive methodology applicable in
young children. The obtained information elegantly complements clinical eva-
luation of nasality. When used in association with a thorough preparation of
the child, this technique reveals clinically relevant and essential information
for the treatment of the child with velopharyngeal dysfunction, especially in
the subgroup of children with the Velo-Cardio-Facial syndrome (del2}qll).
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Child preParatiort

As children with VCFS are limited in coping with new situations [5], it is of

major importance ro pr"put" the child foithis radiological examination. After

a thorough clinical e*arninution of the velopharyngeal function during speech'

instructionsur"giu.ntotheparentsorthespeechtherapistinvolved'Allme-
thodological steps are sumnrarized on a proiocol, written specifically for pa-

rents (suppl 1). An 
"0"á""'" 

amount of time is provided to go through the

procedure with the ofte;mentally restricted children, using drawings specifi-

cally designed for them (suPPl 2)'

The preparation of tn" àftifà begins already four weeks.before the video-

fluoroscopy.Thefirststepistoinstillatephysiologicalsolutioninbothnos-
trils using a syringe. rne ànita is in supine position when 2-3 ml.of solution is

injected. This handling ,rroíro ue repeateo uy preference on a daily basis' This

enables the child to hïndle the riquids without disrress during the study.

Secondly, the parents or the speàch-pathologist are requesJed to rehearse a

speech sarnple. The following sound are studËd : [a' m' p' s] and when possi-

ble diadochokinesis is assessed. The proposed speech sample is covering the

mostdistinctivephonemiccontextsinasfewaspossiblesounds,astheatten-
don span of this VCFS patient group is limited'

The parents repeatedly explain the course of the procedure to the child in

order to familiarize tnó cnliO with the course of the examination'

Ra cl iolo gic ctl e xatnirtnti ott

The child is in supine fosition on the horizontal fluoroscopic table and, alt-

hough videofluoros.opy t"quites only a low dose of radiation' proper shiel-

ding is applied [6]. Ai videofluoroscopy is established to assess the physio-

logyofthesofttissuesofthepharynxwhicharenotclearlyvisibleunder
radiographic assessment, it is nËcessary to coat the nasopharynx and oropha-

rynxwithbarium,whichisopaquetoionisingradiation.Approximately2ml
of barium is squirted into each nàstril' The 

'adiologist 
instillates barium in the

nose,comparabletothesalineinjectiontrainingsituationathome.Afterin-
stillation, the fiuoroscopi. ,uut" is turned into a vertical position' the child is

seated between the imàge intensifier and the fluoroscopic table' Depending

on the child,s moror skilis, the child is placed in a MAMA@ chair (&#61650),

aspeciallydesignedchairconsideredtobetheoptimalseatforvideofluoro-
scopicstudiesininfantsandchildren.Aleadrulerwithknowndimensionsis
placed laterally on the skin covering the mandibular body in a horizontal posi-

tion, to enable later assessment of the magnification factor for the image' The

studies are perform"J uring continuous digitat fluo'oscopy pictures are obtai-

ned successively in laterai frontal and baie view, the latter being extremely
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Suppt L: Course of the videofluoroscopic assessment of the velopharyn-
geal function

L Radiological examination
The child with maximum two persons i.e., one parent and/or speech therapist,
enters the radiological investigation room. The child is laying down on the
table.
A small amount of white radio-opaque barium is with a syringe instilled into
the nose. After this, the child may sit up. A small lead ruler is attached laterally
to the skin of the cheek.
To obtain reliable information, the radiological images are taken successively
in a lateral, frontal and basal view. All studied sounds, visually supported by
symbols, are pronounced twice during fluoroscopy in each radiological view.
Following sounds are tried to be pronounced:

* lateral view: [m] (also holding on the sound)

[a] (also holding on the sound)

tpl
lsl (also holding on the sound)

* frontal view: [m] (also holding on the sound)

[a] (also holding on the sound)

tpl
[s] (also holding on the sound)

*basal view: [m] (also holding on the sound)

[a] (also holding on the sound)

tpl
[s] (also holding on the sound)

Depending on the aim of the radiological investigation, the child is requested
to swallow about 3ml of barium.
These studies of speech and swallowing are recorded on continuous digital
videoscopy so that afterwards appropriate interpretation and analysis can be
performed.

2. Preparation of the VCFS child during tlrc speech therapy four weeks befo-
re the radiologícal exarnination

. Explain to the child that a little amount of white fluid will be squirted into
each nostril. This can be trained daily by instilling physiological solution
in the nose using a syringe.

. The following sounds are studied: [a,m,p,s] and whenever possible the
sounds [a] and [s] should be holding on for some time.

. Explain the child that he/she will have to drink a small amount of white
fluid.
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Suppl 3: Speech sample (Dutch) covering the most distinctive phonemic
contexts

Aap

Paard

Papa

Kat

Rood

Pot

Zwarte piet

6T

suppl 2: Drawings to support the child when pronouncing the studied

sounds during videofluoroscopy

Preparation ofthe child tluring the speech therapy

Laying tlorvn Drops in
thc noseI

:l
lj
II
AI

I

I

Sitting uP
l)rirrking a
*'hite llui<l

s^og
.'á

tu
Lang

The snulierl sounds tried to be pronoutrced during videofluoroscopy

m p

\rc
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4.3. RETROSPECTIVE ANALYS$ OF FEEDING AND SPEECH DIS'

ORDERSIN50PATIENTSWITHVELO-CARDIO.FACIALSYN.
DROME

Rommel N, Vantrappen G swillen A, Devriendt K, Feensta L' Fryns JP

Genet Counsel 1999 ; 10 :7 I -78

Summary

This paper summarizes and analyses our observations on feeding and speech

disoràeis in 50 patients with the Velo-Cardio-Facial syndrome. In order to

contribute to a better delineation of type and etiology of these feeding and

speech problems, our clinical findings in these patients are compared with

those reported in the literature.

Introduction

The chromo some 22qI\deletion syndrome is associated with a wide variety

of phenotypic abnormalities previously recognized as DiGeorge syndrome and

Veio-Caràio-Facial syndrome (13, 2l).Feeding, speech and language problems

are commonly described symptoms in these patients. In the literature prolon-

ged feedings ánd nasal regurgitation are reported as the most frequent feeding

iroblems. Speech problems include hypernasality and compensatory speech

pu,r"rn.. fyiically, children with VCFS also have a significant delay in onset

àt tn"i. tanguage development. All these manifestations can be directly or

indirectly retateà to velopharyngeal dysfunction. Until now only few quanti-

tative daia on feeding and speech in VCFS have been reported. The purpose of

this study was to better specify feeding, swallowing, speech and language

disorders in patients with a deletion 22qll'

Materials and methods

Data were obtained retrospectively by reviewing hospital charts and parents

questionnaires from 50 patients (24M,26F) out of a total of 130 patients dia-

gnosed with a deletion 22qll.In all patients a G-banding karyotype was per-

Iormed on a peripheral blood lymphocyte culture and FISH analysis using

probe Do832 confirmed the presence of a 22qlldeleÍion. Their age ranged

from 1 month to 29 years of age. All patients presenting feeding and speech

disorders have been óxamined by a multidisciplinary team consisting of a cli-

nical geneticist, a pediatric otolaryngologist, an educational therapist and a

speech pathologist.
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Results

Presenting symptoms
To assess whether the presenting symptoms of feeding, speech or language
problems can lead to the diagnosis of VCFS, the referral pattern of these 50
children was analyzed. Since 13/50 patients presented multiple pathologies,
relative frequencies are given. Results are shown in figure 1. The patient was
referred for cardiopathy in more than half of the patients (34/63), velopharyn-
geal insufficiency in 6/63, developmental delay in 11163, dysphagia in 4163,

cleft palate in 3163, behavioral problems in 2/63, uronephrological pathology
in 2163 and respiratory dysfunction in 1/63.

Figure 1
Symptoms in this series of 50 patients

nmba oí rynptom

prenthg symptom

The medical history revealed palatal or pharyngeal flap surgery in 13/50 pa-
tients. Of these, 8 had a cleft palate. Detailed information on the pregnancy
was available in 22 patients and polyhydramnios was noted in 12. Three of
these patients needed palatal surgery.
Hospitalization was related to the primary medical pathology i.e. mostly be-
cause of the congenital heart defect, in 41 of the 50 patients. 47Vo of the child-
ren were hospitalized because of respiratory problems, 32Vo because of fee-
ding problems such as insufficient intake and sucking problems.
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Feeding & swallowing
Babies born with a cleft palate or velopharyngeal insufficiency present major

feeding problems for normal feeding, especially nursing. This is explained by

the fact that the oral cavity can not be separated from the nasal cavity and, as

a result the baby is unable to suck (16).

Ninety-six percent of the patients with VCFS had feeding disorders starting

from birth on. Nasal regurgitation due to velopharyngeal insufficiency occur-

red in l3Vo. Also suck-swallow-breath coordination was disorganized in 40%

of the children with VCFS. This incoordination makes the baby at the risk for

aspiration of food. Disorganized feeders have no abnormal oral motor patte-

rns, but have a lack of rhythm and coordination during sucking (12). Fifty

eight percent of this group of patients had a poor suck. For optimal therapeutic

advice, one has to evaluate two components of sucking (20) i.e. compression

(positive pressure) and suction (negative pressure) ; 257o of the VCFS pa-

tients in this series experienced difficulties to create intraoral positive pressu-

re which means insufficient compression component of sucking when the baby

is closing the lips and the mandible is moving upward 33Vo had a insufficient

suction component of sucking, meaning that no adequate intraoral negative

pressure can be created or maintained, either due to the veluminsufficiency or

through inadequate downward movement of the mandible'

It is important for the infant to be able to maintain normal respiration during

feeding. As already mentioned above, the respiratory problems seen in child-

ren with VCFS should not be underestimated. As the respiratory function is

closely related to feeding and swallowing, it seems logical that poor respira-

tion can result in decreased endurance and insufficient intake' In3IVo of the

patients, this problem manifested itself by habituation to the nipple and fati-

gue resulting in long feeding periods. Habituation has been defined (12) as the

inability of the infant to continue sucking when the intraoral sensory cue of

the nipple is no longer novel. Although the suck is initially intact and appears

to be within normal limits, rapid deterioration occurs with subsequent discon-

tinuation of the suck. If the nipple is wiggled or removed from the mouth and

reinsefted, the infant will begin to suck again.

Children with VCFS experience problems not only in the oral phase of swal-

lowing, Also the pharyngeal phase of swallowing needs to be evaluated. One

patient, a 10 month old boy with major nasal regurgitation on semisolid and

mixed consistencies, but not on fluids, was found to have achalasia of the m.

cricopharyngeus of the upper esophageal sphincter.

The third important phase of swallowing, is the esophageal phase. In 38Vo of
the children, parents reported vomiting. No further esophageal specifications

were found.
In those children in whom safe oral feeding cannot be established, alternative

feeding needs to be started. In this group, IJVo needed tubefeeding. However,
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this population includes many older patients, dating from a time when speci-
fic feeding assessment and treatment were not yet generally known.
only few data on constipation in VCFS are published (19). In the present
population, l1% presented with severe constipation which needed specific
medical treatment. In clinical practice, constipation often contributes to the
feeding problems because of the gastrointestinal dysmotility.

Speech and resonance
All children born with cleft palate or veluminsufficiency are at risk for com-
munication impairment. In general, children with a cleft lip and/or palate as
part of a syndrome are at greater risk to develop complex communication
impairment than those with cleft lip and/or palate only (22).
The general judgment of speech, i.e. how well a listener can understand speech,
is called inrelligíbiliry (22).Intelligibility is influenced by many variables in-
cluding articulation, resonance, nasal air emission, laryngeal phonation, rate
and fluency of speech stress, accent and intonation. Intelligibility is decreased
by both articulation and hypernasality. of these two factors, arliculation seems
to have a more direct influence than hypernasality (9, 18, 22).Inchildren with
VCFS, intelligibility represents a significant problem. In the present study-
group, only 347o of the patients could be well understood during early child-
hood by parents and environment.

ARrrculerroru
Articulation errors can be classified as phonetic or phonologic.
Phonetic errors are enors in the formation of the speech sounds and are rela-
ted to abnormalities in anatomy, function and/or oral motor control. A distinc-
tive category of erors of place of articulation is described as compensatory
speech (22). This is a secondary disorder and may occur in patients who have
inadequate closure of the velopharyngeal valve or a cleft or a fistula in the
hard palate. (10, 20, 22). Compared with normal oral consonants, the sounds
are then produced more posterior and inferior in the vocal tract, by posterior
positioning of the tongue associated with true and false vocal fold adduction
(glottal stop), or abnormal positioning of the arythenoid cartilage and epiglot-
tis (laryngeal stop, fricative, or affricate)(6).
Typical primary phonetic disorders could not be recognized in the present
VCFS patient population, whereas the use of compensatory speech patterns
was seen in l3150 patients. 7l13 patienls used pharyngeal stop sounds, glottal
stops were used in 5/13 patients and middorsum palatal fricatives in 1 patient.
Phonologic errors indicate a difficulty in the child's organization, learning
and representing of the sound units and sound system of its language (22). A
descriptive study of phonologic processes in preschool children with cleft
palate, with or without cleft lip, indicated early delays in phonologic develop-
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ment, particularly for the processes of deletion of final consonants' syllable

reduction and backing (1). These delays wefe less apparent by the age of 4 to

5 years, when the phonologic skills of the children with cleft palate were simi-

lar to noncleft counterparts. The data of children with VCFS showed similar

results :22150 patients had a phonological disorder. Figure 2 shows the diffe-

rent types of phonological disorders recognized and their occuÍïence.

Figure 2
Phonological disorders in 22150 patients with VCFS

E number oÍ patients with VCFS

Velopharyngeal

Rssoruarucr,

Persistent airway impairment can affect later speech quality in a variety of
ways. Resonance disorders refer to hypernasality and other disturbances that
occur supraglottally. Most commonly, hypertrophied adenoids and tonsils or
nasal obstruction create hyponasal resonance or cause the child to become a
habitual mouth breather (3).
In the present study, 43150 patients had abnormal resonance. of these 1l pre-
sented with hyponasal speech i.e. a reduction in normal nasal resonance. In
only 2 of them, this resulted from partial blockage of the airway. 32/43 pa-
tients had hypernasal speech which is the perception of inordinate nasal reso-
nance during the production of vowels. This results from inappropriate cou-
pling of the oral and nasal cavities (3).
Habitual mouth breathing was described in 9/50 parients. As only 2143 of the
patients presentp'd with partial blockage of the naial airway which resulting in
hyponasality, this cannot be the sole explanation for habitual mouth breathing
in the child with vcFS. The general hypotonia seen in patients with vcFS
may also contribute. only 5 of the 50 patients presented oral motor hypotoni-
city.

Language
Delayed onset of language in children with cleft lip or palate has been repor-
ted in many studies over the past years. Although many of these studies have
revealed a high incidence of language-related deficits in this population com-
pared with normal developing peers (11, l7), some of these children develo-
ped communication and language skills at arate comparable to their peers (4).
Nevertheless, there exists a subgroup of children with cleft lip or palate pre-
senting a risk of a transitory or perïnanent impairment in receptive and expres-
sive language functionin g (2, 4,7). Ninety percent of the patients in this series
presented with a delayed onset of language development. First words were
developed at a mean age of 18 months and the age when the first two word
sentences developed ranged from 13 months to 7 years of age. No data on
standardized testing were available.
In patients with clefting or conditions associated with clefting, information on
the features of language i.e. semantics, syntax, morphology and pragmatics, is
almost nonexistent (22).rn the area of syntax it has been reported that mean
sentence length is shorler in those with clefts compared to noncleft peers (7).
The present study also revealed a preferential use of short sentences, one or
two word sentences, without the use of function words. Regarding morphology,
most problems are reported in conjugations.
children with gross articulation errors who rely on spoken language experien-
ce less problems with expressive language compared to children who rely on
an alternative language system (15). In this population, 12/27 patients were
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Patients with borderline velopharyngeal closure or cleft palate are thought to

be at risk for hoarseness, secondary to hyperfunctional use of the vocal cords

thereby resulting in vocal cord edema, nodules or other pathology (22).It is

hypothesized that this occurs as the patient uses laryngeal hyperfunction to

compensate for borderline valving (8). Abnormal pitch in patients with VCFS

has already been documented by Shprintzen et al.(14). Also in this study po-

pulation, phonation was found to be high pitched (6114), hoarse (5114) or was

used at low intensity @nD. The use of a soft voice can be related to the

patients' inability to create sufficient oral pressure during speech, or may be

an attempt to reduce the perception of hypernasality or nasal air emission

(22).
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using signs, 11 of them were using non-universal signs. Parents were advised

to combine the self-made signs with spoken language in order to stimulate the

expressive language and reduce frustration. Universal sign-language was not

recommended.

Conclusion

In conclusion, in the present group of 50 patients, feeding and swallowing

disorders less commonly lead to the diagnosis of the velo-cardio-facial syn-

drome compared to other major presenting symptoms, although they are pre-

sent in 90Vo of the children. We found Íhat 477a of the patients were hospitali-

zed for respiratory problem. Whether this is related to an undefined dysphagia

remains to be demonstrated.

Furthermore, it can be concluded that the phonological disorders need more

specification. A more detailed report of the phonological abilities may offer

the clinician an additional framework for planning and conducting treatment

of speech problems in VCFS children.

This study noted a high prevalence of compensatory speech.The finding of a

low prevalence of oral hypotonia supports the rational of Golding-Kushner

(5) that nonspeech and labial exercises or activities intended to increase the

strength or range of motion, are not recommended for patients with compen-

satory speech. Compensatory speech is usually due to an error in learning

rather than to muscle paralysis or weakness (5).

The results from this retrospective study will form the basis for a prospective

study, which should allow us to better clarify the type and etiology of severe

feeding and speech disorders in children with VCFS.
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4.4. POLYHYDRAMNIOS AS A PRENATAL SYMPTOM OF THE DI-
GEORGE/VBLO. CARDIO.FACIAL SYNDROME

Devrienclt K, Wut Schoubroeck D, Eyslaglls B, VcuÍrappert G Swillen A, Gewil-
lig M, Dwrtoulirt M, Moenncut P, Vartdenberglrc K, Fryrts JP
Prenat Dictgrt I 998; I 8:68-72

Summary

Prenatal diagnosis of the DiGeorge/Velo-Cardio-Facial syndrome has become
possible since it was recognizedthat this syndrome is caused by a submicro-
scopic deletion in chromosome22qll. In a sporadic patient presenting a co-
notruncal heart defect and polyhydramnios, the del22ql1 was made prenatal-
ly by fluorescence in sitrt hybridization (FISH) after amniocentesis. Seven
additional patients with a delZ2qll were identified, who presented during preg-
nancy with polyhydramnios. In one of them, unilateral hydronephrosis was
present. These findings further add to a growing list of clinical presentations
of a del22qIl and suggest that in patients with polyhydramnios and a conot-
runcal heart defect or uropathy, fetal karyotyping should be complemented by
FISH for adelZZqll.

Introduction

The DiGeorge syndrome (DGS) is characterizedby the association of a conot-
runcal heart defect, thymus hypoplasia, hypoparathyroidism and a specific
facial dysmorphism (l). Many patients present a partial DGS, often with fea-
tures overlapping with the Velo-Cardio-Facial or Shprintzen syndrome (VCFS).
vcFS is characterizedby a conotruncal heart defect, cleft palate, facial dysmor-
phism and learning difficulties (2). Recently, it was found that a submicrosco-
pic deletion in chromosome 22qll is present in the vast majority of patients
with the DGS or VCFS (3,4). Accordingly, DGS and VCFS became regarded
as a variable expression of the same genetic defect, and these conditions beca-
me collectively known as the DG/VCF syndrome (5). Fluoresence ln situhy-
bridisation (FISH) for the detection of a del22q1l became available, identi-
fying the region commonly deleted in chromosome22qll (6). The phenotypic
spectrum of DG/VCFS and often mild symptoms and new clinical features
became recognized (7, 8). Del22qll is therefore much more frequent than
initially realized, with an incidence of approximately I in 4000 to I in 5000
(9). We report here the prenatal diagnosis of a del22ql I in a patient presenting
a heart defect and polyhydramnios, and report on seven additional patients
with a del2Zqll who retrospectively were found to present polyhydramnios.
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Case report

Patient 1 is the first child of healthy, unrelated parents. The pregnancy was
complicated by polyhydramnios, clinically detected at 30 weeks and by ultra-
sound at 33 weeks. At that time, a conotruncal heart defect was found, most
likely tetralogy of Fallot (TOF), with 50 per cent oveniding of rhe aorra and
hypoplastic pulmonary arteries. There was a single umbilical artery. Karyoty-
ping in cultured amniotic fluid cells established a normal female karyotype,
46,XX (T-banding). FISH using probe DO832 (6) showed a del22qt1 in all
metaphases, in two different flasks, Infectious serology (cytomegalovirus, toxo-
plasmosis and Parvo 819) in the mother remained negative. Karyotype and
FISH for a del22qIl in the parents were normal.
Delivery was at term, with birth weight 2.8 kg (p3-25),length 51.5 cm (p75-
97), and head circumference 34.6 cm (p25-50). In the neonatal period, there
were respiratory and circulatory problems. Truncus arteriosus type I, with a
right aortic arch was found by ultrasound and catheterization. No thymus could
be visualized by ultrasound or on chest X-ray.
Clinically, dysmorphic features typical of DG/VCFS were pl'esent, with mild-
ly dysplastic ears, a small mouth, retrognathia and slender fingers. In addition,
an ectopic anus was present. Renal ultrasound was normal. No hypocalcaemia
was recorded under continuous intravenous calcium supplementation. On day
7, acuÍe heart failure with irreversible cardiocirculatory collapse occured,
probably related to an insufficiency of the truncal valve. Autopsy confirmed
the congenital heart defect. Additional findings include an absence of the
isthmus of the thyroid gland, severe hypoplasia of the thymus, bilobar right
lung, and absent right umbilical artery. A karyotype on peripheral white blood
cells showed a normal female karyotype, but no del22ql1 could be detected in
white blood cells by FISH, indicating mosaicism for a del2\ql l. No cells
were left to check their identity through DNA analysis, and comparison with
parental chromosome polymorphisms was not infonnative. A fibroblast cultu-
re failed.

These observations prompted a review of the available medical records of
patients with a del22ql I identified at our centre. Records containing informa-
tion with regard to pregnancy were available from 51 additional patients. The
presence of polyhydramnios during pregnancy was recorded in seven additio-
nal patients. The clinical findings are summarized in table I.
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Table I
Clinical features in eight DG/VCFS patients with polyhydramnios

ID ONSET

n.rec = not recorded; tube f. = Nasogastric tube feeding (number of months); FD = feeding
difficulties; TA = truncus arteriosus; PA - pulmonary atresia; ASD = atrial septal defect; PS =
pulmonary stenosis; TOF = tetralogy of Fallot; MAPCA's = major aorto-pulmonary collateral
arteries

The severity of the polyhydramnios ranged from mild and transient in patient
3 to severe in patients 2, 4 and 7. One patient (patient 2) was referred for
expert ultrasound investigation, whereas routine ultrasound examination did
not detect any associated anomalies in the others. Patient 2 is the second child
of young, healthy parents. Massive polyhydramnios was detected at a gesta-
tional age of 33 weeks. Ultrasound showed the presence of unilateral hydro-
nephrosis. A heart malformation was suspected, but could not be demonstra-
ted with certainty. Amniocentesis showed a normal female karyotype. The
polyhydramnios remained unexplained. The girl was born at a gestational age
of 38 weeks, with birth weight 2.850 kg. A hearl malformation, tetralogy of
Fallot was diagnosed. Hydronephrosis, caused by a pelvi-ureteral.junction
obstruction, was present but regressed spontaneously. The child had severe
feeding difficulties, with pronounced nasal reflux of milk and poor sucking.
Nasogastric tube feeding was required until the age of 15 months. Now, at the
age of 4 years, the diagnosis of DG/DG/VCFS has been made, based on the
presence of the conotruncal heart defect, hypernasal speech and typical facial
features. A de novo del22ql7 was demonstrated.
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Intrauterine growth retardation, defined as birth weight below the tenth centi-
le for gestational age, was found in eight of the 51 patients (15.6 per cent).
Five patients were born prematurely (gestational age below 37 weeks, range
29-36weeks), including two of the patients with polyhydramnios. A low birth
weight, defined as birth weight below 2500 g, irrespective of gestational age,
was found in 12 of the patients (per cent).

Discussion

The prenatal diagnosis of DG/vcFS has become possible since the recogni-
tion that most patients with this syndrome have a deletion in chromosome
22qll (3,4).In pregnancies at high risk for a del22ql1, i.e., when one of the
parents carries the deletion, prenatal diagnosis has already been reported (4,10).
However, early'prenatal diagnosis of a del22ql1 in sporadic cases is impor-
tant, since it could improve management of the pregnancy, including counsel-
ling of the parents with regard to prognosis as well as avoiding other investi-
gations. A second benefit lies in the possible prevention of severe complications
that may occur during the neonatal period, such as hypocalcaemia or graft-
versus host reactions (11). Neonates requiring intensive care or invasive dia-
gnostic or therapeutic procedures are particularly at risk for those complica-
tions, and this applies to many patienrs with a del22q11. A high degree of
suspicion of DG/VCFS is therefore mandatory in the neonatal period. Howe-
ver, many features of DG/vcFS are lacking in neonates and the facial dysmor-
phism can be minimal. Neonates with a conotruncal heart defect are therefore
routinely screened for the presence of adel22qr1 in our centre. A logical ex-
tension of this would therefore be to screen those patients presenting prenatal-
ly with features of DG/VCFS for the presence of a del22qII.

Heaft and urological malformations and cleft palate are the major structural
anomalies in DG/VCFS, with retrognathia and hypertelorism as the main
dysmorphic features (2). rn one of the patients presented here, the prenatal
finding of a conotruncal heaft defect led to the diagnosis a del22q1l. In another
patient, unilateral hydronephrosis was detected prenatally, at a time when FISH
for del22q11 was not routinely available. other malformations are rare, but
many different structural abnormalities have been occasionally detected in
patients, such as central nervous system anomalies, e.g., cerebellar hypoplasia
and spina bifida (12,13); upper limb malformations (11,14); club feet (15);
oesophageal atresia (16); and cleft lip (17).

A previously unreported symptom of DG/VCFS is polyhydramnios, as found
in eight out of 52 patients (16 per cent) in the present study. The severity and
time of onset of the polyhydramnios was variable, but in one patient it was
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already present before 20 weeks. The most likely explanation for the polyhy-

dramnios is a decreased swallowing of amniotic fluid. In DG/VCFS, feeding

difficulties, with poor sucking, long-lasting feeds, and nasal reflux, are fre-
quently observed during infancy and are related to the velopharyngeal insuffi-
ciency or cleft palate and hypotonia (2,17). All eight patients presenting with
polyhydramnios had major feeding difficulties. The feeding problems were

extreme in three of them, requiring gastric tube feeding during several months.

Pronounced hypernasal speech was found in all six patients above the age of 3
years. Patient I never received oral feedings, and feeding behaviour could
therefore not be evaluated,

Since polyhydramnios can be the presenting symptom of DG/VCFS, the questi-

on arises in which instances of polyhydramnios is prenatal diagnosis with
FISH for a delZ}qIl indicated. Polyhydramnios with associated fetal malfor-
mations is considered an indication for fetal karyotyping, given the signifi-
cant risk of a chromosomal anomaly (18,19), In the present series of eight
patients with polyhydramnios and a del22q11, five had a significant structural

anomaly. However, only two of the eight patients were refered for a level II
ultrasound investigation, and in these two, associated malformations were

detected prenatally (heart defect with single umbilical artery, and hydronephro-

sis with the suspicion of a heart defect). Three other patients had a conotrun-

cal hearl malformation missed on routine ultrasound investigation. This un-

derscores the need for expert ultrasound examination in cases of unexplained
polyhydramnios (20). We therefore propose that a standard chromosome ana-

lysis should be complemented by FISH for a del22ql1 in otherwise unexplai-
ned polyhydramnios associated with malformations frequently found in DG/
VCFS. In contrast to this, unexplained polyhydramnios in an echographically
normal foetus is not an indication for fetal karyotyping (21,2O), and probably
also not for the detection of a del22q1l. Even though the diagnosis of DG/
VCFS in these fetuses could improve obstetrical and neonatal management,

the condition is probably not sufficiently frequent to advocate FISH for a

del22qll as a routine investigation in all cases of unexplained polyhydram-
nios. Moreover, prenatal diagnosis of a del22ql1 is less critical in patients

without structural anomalies, who have a lower risk for neonatal complica-
tions. Additional studies are necessary to confirm our findings and evaluate
the incidence of a del22q11 in polyhydramnios.

In one patient in this study, with typical features of DG/VCFS/DiGeorge se-

quence, a de122q71 was detected prenatally in amniocytes but not in white
blood cells postnatally. This indicates somatic mosaicism, which has been

reported before in DG/VCFS (22). Germline mosaicism, the presence of a

mutation in a proportion of germ cells but not in other somatic tissues, has
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been described for several genetic disorders and can explain the recunence of
a dominant disorder in siblings of unaffected parents without a detectable
mutation. For del22ql1, this has been reported in two instances, suggesting
that even when the parents have no del22qll there is a recurrence risk highei
than the population risk (23,24).

In conclusion, the recent recognition that DG/vcFS is a frequent disorder
with variable clinical expression and the fact that it can now be routinely
diagnosed prenatally prompt an increased awareness of DG/vcFS. Further
studies are needed to address the precise incidence of a del22qll in polyhy-
dramnios and in specific malformations detected prenatally. The available
evidence suggests that prenatal diagnosis with FISH for a del22ql1 is indica-
ted in addition to routine karyotyping in a fetus with a conotruncal heart de-
fect and in unexplained polyhydramnios associated with a urological malfor-
mation and/or other malformations frequently found in VCFS.
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4.5. AUDIOLOGICAL AND OTOSCOPIC RBSULTS IN THB VBLO-
CARDIO.FACIAL SYNDROME

Vantrappen G, Rommel N, De Smeclt B, Fyns JP, Devriendt K, Cremers CWRJ
Otol & Neurotol, subtnitted

Abstract

Objective: The Velo-Cardio-Facial syndrome (VCFS) is a leading cause of
velopharyngeal dysfunction, often leading to otitis media and hearing loss.

Hearing was evaluated in a cohort of 32 VCFS patients younger than l2 years.

The results of otoscopy and tone-audiometry in these patients are presented in
combination with other manifestations of the VCFS. Study Design.. A retro-
spective analysi's of the audiometric data and otoscopic findings in 32 pa-
tients. Setting: A multidisciplinary 22qll deletion clinic at the University
Hospitals Leuven. Patients: A cohort of 32 VCFS patients with age between 4
to 12 years was selected (Mean age 83 months, SD=26.31). The submicrosco-
pic 22qI1 deletion was demonstrated in all patients by FISH using probe
DO832. Main outcome measure.' Otoscopic and audiometric data were re-
corded and analyzed in combination with other manifestations of the VCFS
including cleft palate, performed pharyngoplasty, congenital heart defect and
intelligence profile. Results: Hearing impairments at young age of more than
25 dB are documented in one third of the tested ears and are mostly conducti-
ve. Pure sensorineural hearing impairments are rare. Cleft palate is associated
with a higher prevalence of effusion otitis compared to the non-cleft VCFS
patients of our study group. In the pharyngoplasty group, normal hearing was
significantly more observed in comparison to children without palatal sur-
gery. Two facts may account for this observation. First, all the children wit-
hout palatal surgery and with effusion otitis had a serious congenital heart
defect which may have contribute to a decision to postpone the placement of
tympanic ventilation tubes. Secondly, tympanostomy tubes were routinely pla-
ced during velopharyngeal surgery. A hearing loss over 25 dB was more fre-
quently observed in the group of VCFS children with a congenital heart defect
compared to children without congenital heart defect, There was a significant
difference in otoscopic findings between these two groups: effusion otitis and
tympanic drains were more frequently noted in children with congenital heart
defect, while in children without congenital heart defect a normal otoscopy
was more often observed. This finding might be related to a less efficient
ventilatory function of the Eustachian tube in patients with congenital heart
defect. No differences were found between developmentally delayed and nor-
mal children. Conclusions.' As most VCFS children have delayed speech and
language development and are known to be at risk for learning difficulties, a
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thorough audiological screening is recommended in these patients in order to
reduce the risk of speech problems and to prevent worsening of the learning
difficulties.

Introduction

The Velo-Cardio-Facial syndrome (VCFS) was delineated by Shprintzen in
1978 as a syndrome with cleft palate, conotruncal heart defects, characteristic
facial features and learning difficulties (1). About 10 years ago, it was shown
that this syndrome is caused by a submicroscopic deletion in the long arm of
chromosome 22 (band 22qll). Using Fluorescence In Situ Hybridization
(FISH), this submicroscopic deletion can now routinely be demonstrated so
that even patients with mild and/or atypical presentations can be diagnosed.
Since the introduction of this diagnostic test, the phenotypic spectrum of VCFS
has broadened to include velopharyngeal dysfunction with or without cleft
palate, cognitive and behavioral disorders, hearing loss, urogenital malforma-
tions, hypocalcaemia, immunological disorders, growth retardation, muscu-
loskeletal abnormalities and various other malformations. (2-8).
ENT:manifestations including velopharyngeal dysfunction and speech- and
language delay are the most constant features of VCFS (9-12). In the treat-
ment and follow-up of these two manifestations, assessment of the hearing is
of primordial importance. For this reason, we have evaluated hearing in a
cohort of 32 patienrs with a del22qll.

Study group and Methods

In total, 148 patients have been diagnosed with a deletion 22qIl after refenal
to the center for Human Genetics for molecular diagnosis of the velo-cardio-
Facial syndrome. Most patients (56vo) were refened because of the presence
of a conotruncal heart defect. A smaller group of patients presented with fea-
tures such as developmental delay, velopharyngeal dysfunction, behavioral
problems, hypocalcaemia or immune disturbances and laryngotracheamala-
cia.
In all patients the submicroscopic 22qlr deletion was demonstrated by Fluo-
rescence In Situ Hybridization (FISH) using probe DO832 (13). Because of
the possible autosomal dominant inheritance, both parents were always tested
for a deletion 22qII.

We have selected a cohoft of 56 patients aged between 4 Ío 12 years. This age
group was chosen because in our experience, the ENT problems needing a
more thorough work-up in children with VCFS, usually present after the age
of four years. Moreover at younger age, reliable ENT examination is often
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difficult to obtain in children with vcFS who can be very anxious (14).rn32
patients (Mean age 83 months; SD = 26.31) of this cohort-group the hearing
could be assessed. The other 24 vcFS patients could not be examined for
various reasons: 8 patients were lost to follow-up; 5 patients were being follo-
wed in an institute or school for children with mental retardation; 11 patients
presented no clinically significant otological problems and therefore, there
was no opportunity for a more extensive work-up.

In each of these 32 vcFS patients, the hearing was assessed using the classic
hearing tests. All hearing tests were performed with headphones in a noise-
isolated room. To obtain reliable and comparable audiometric data, the mean
air-conduction value for 0.5, L0, 2.0 kHz (= Fletcher-index) for both ears
separately was determined. This resulted in 64 average hearing levels. Prior to
this audiological investigation, both ears were inspected by microscope to
evaluate the external meatus, the tympanic membrane and the aeration status
of the middle ear. children were classified into 5 categories according to the
otoscopic result (normal otoscopy, Eustachian tube dysfunction, tympanic drain,
otitis media with effusion, tympanic perforation). Hearing loss was classified
in seven groups according to Forton (l5X ANSI 1969) (Table 1)

Table 1
the degree of hearing loss (ANSI 1969 - Forton G.)

Average AC HL (dB) Heartng bss

-10 ro 15

16 to 25
26 to 40
4l to 55
56 Ío 70
7l to 90

>91

normal
discrete
mild
moderate
moderately serious
serious
profoundly deaf

We also evaluated the relationship between hearing loss and the presence of a
cleft palate, soft palate surgery, congenital heart defect and intelligence pro-
file .

Intelligence was evaluated using appropriate intelligence tests such as the
WPPSI (Wechsler Primary Preschool Scale of Intelligence) and WISC-R
(Wechsler Intelligence Scale for Children-Revised) according to the age of
the individual (14). AFull Scale IQ GSIQ) was calculated (M = 100; SD = 15)
and mental retardation was defined as FSIQ < 71.
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Data analysis

Statistical analysis was performed using the SAS system (Release, 6.12, the
SAS Institute, Cary, NC, USA). For the comparison of hearing levels between
right and left ear, we used non-parametric procedures (Wilcoxon Rank Sum
Test) because of non normal sample distribution. In order to evaluate the rela-
tionship between the audiological and otoscopic findings, and presence of a
cleft palate, soft palate surgery, congenital heart defect (CHD) or FISQ, we
used Chi-square tests and Fisher's Exact tests. Statistical significance was
defined as a p-value < 0.05.

Results

The audiological results of both ears separately are presented. In our group of
32 VCFS children, the difference in average hearing tresholds at low frequen-
cies and the difference in Fletcher-index (0.5-I-2 kHz) was not significantly
different between the left and right ear (Wilcoxon Rank Sum test; p = 1.000
resp p = 0.925).
only in three patients the difference in average hearing loss between the left
and the right ear exceeded 15 dB. In two of these children the more pronoun-
ced hearing loss in one ear was due to sensorineural hearing loss. In one pa-
tient the difference in average hearing threshold between left and right ear,
with the worst ear presenting a conductive hearing loss, could not be explai-
ned. In all the other vCFS children (n= 29 patients) the difference in average
hearing threshold between both ears was less than 15 dB.
Hearing was assessed in 32 VCFS patients resulting in 64 otoscopic and audi-
ometric findings. The results of this hearing assessment in our cohort are pre-
sented in fig l. In more than two thirds of the examined ears (45/64), hearing
ability was better than26 dB. In one third (19/64), a hearing loss over 25 dB
was found mainly related to otitis media with effusion (12119). A moderate
sensorineural hearing loss was present in one ear of two different patients (2/
19). Two ears with a tympanic drain and one ear with normal otoscopy presen-
ted a conductive hearing loss (3119). Besides the recunent middle ear infec-
tions in the past and the possible lack of attention during the hearing tests, no
other plausible explanation could be found for this conductive hearing loss. In
the remaining two ears (2/I9), the tympanic membrane was perforated due to
recur:rent middle ear infections. None of the studied patients presented a hearing
loss over 56 dB.

Because cleft palate and velopharyngeal dysfunction are common findings in
VCFS, we evaluated the audiological results in VCFS patients with cleft pa-
late, with pharyngoplasty and those without palatal surgery. These results are
presented infig2, fig3, fig4.
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Clinical ENT examination revealed a cleft palate in four patients: two patients
with an overt cleft and two with a submucous cleft. In most ears (5/8 ears) a

mild conductive hearing loss was present as a result of otitis media with effu-
sion. In one ear (1/8) with effusion otitis, the hearing was discretely decrea-
sed. A moderate unexplained conductive hearing impairment was present in
one ear (l/8) with normal otoscopy. In one ear (1/8) hearing and otoscopy
were normal (Fig2).

A pharyngoplasty for velopharyngeal dysfunction was performed in thirteen
patients. In most ears (23126) the hearing was normal or discretely diminished
with a normal otoscopy in eight ears (8/23) and tympanic drain in seven ears
(7/23). Otoscopy in the remaining eight ears (8123) demonstrated effusion
otitis in three ears and tympanic perforation in five ears. In three ears (3126),

the audiological assessment demonstrated a mild conductive hearing loss: two
ears with otitis media with effusion and one ear with tympanic drain but wit-
hout explanation for the associated conductive hearing loss (Fig3).

In sixteen VCFS children yvithottt cleft palate and without pharyngoplasty,
nearly two thirds of the tested ears (20132) had a hearing better than 26 dB. In
one third (12132) the hearing loss exceeded 25 dB and was in most ears (7112)
due to otitis media with effusion (Fig4).

Audiological and otoscopic findings of the group of VCFS patients with pha-
ryngoplasty (n=26 ears) weÍe compared to the group of VCFS patients wit-
hout palatal surgery (.n=32 ears). The pharyngoplasty was performed because
of severe velopharyngeal insufficiency not responding to speech therapy.
A hearing loss over 25 dB was significantly less frequently observed in child-
ren with pharyngoplasty than children without palatal surgery (y2 = 5.043, df
= 1, p = 0.025). Otoscopy proved to be normal in nearly one third in both
groups. On otoscopy, effusion otitis was found to be relatively more frequent
in the patients without palatal surgery (13/32 or 4IVo versus 5126 or IgVa)
while tympanostomy tubes for treating middle ear diseases were more fre-
quently placed in the group of children with pharyngoplasty (8126 or 3l%o
versus 5132 or 167o). A perforation of the tympanic membrane as a result of
recur:rent middle ear infections, was a more frequent finding in the group of
pharyngoplasty (5126 or I9Vo versus 2132 or 6Vo). However, these differences
in otoscopic findings are not statistically significant (Fisher's Exact Test, p =
0.129). There is a tendency towards more tympanic drains and perforations in
the group of children with pharyngoplasty, explaining the less frequent effu-
sion otitis and the better hearing levels in this group of children with pharyng-
oplasty.

82

Fig 3
Otoscopic and audiometric findings in VCFS patients
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We also compared children with a cleft palate to children without a cleft pa-

late or pharyngoplasty. However, the sample size of the cleft palate group was
very small (n = 8 ears), so conclusions should be interpreted with caution.
Although there was a high incidence of hearing loss and effusion otitis in the
cleft group, compared to the non-cleft group, we did not find any statistical
differences in the presence of hearing loss (Fisher's Exact Test, p = 0.1 10) nor
in otoscopy (Fisher's Exact Test, p = 0.416) between those two groups.

As a conotruncal congenital heaft defecr (CHD) is a common finding in VCFS,
we compared the audiological and otoscopic results in VCFS patients without
CHD (n=34 ears) to those with CHD (n= 30 ears). These results are presented

in fig 5 and fig 6. Children with a CHD present more frequently with a hearing
loss of more than 25 dB (12130 ears) compared to children without aCHD (71

34 ears) although the difference does not reach statistical significance (12 =
2.877, df = 1, p = 0.090). With regard to the otoscopic findings, we found a

statistically significant difference between children with a CHD compared to
those without CHD (Fisher's Exact Test, p<0.001). We observed more tympa-
nostomy drains (11/30 versus 2134) and more effusion otitis (13130 versus 9/
34) in children with CHD, while perforations of the tympanic membrane (0/
30 versus 7134) and normal otoscopy (6/30 versus 14134) were more present

in children without CHD.

Mental retardatiort is a frequent finding in VCFS. Therefore, we assessed the
intelligence profile in all VCFS children included in the cohort. More than
60Vo of the patients (n=20 patients) had a normal or borderline intelligence
(FSIQ>7O) while nearly 40Vo (n=I2 patients) presented with mild mental re-
tardation (FSIQ 55-70). Their hearing results are presented in fig 7 and fig 8.

In the group of children with normal or borderline IQ (n=40 ears), hearing was
normal or discretely diminished in 29 of the 40 ears examined. The hearing
loss was more pronounced in the remaining I I ears (IIl40) mainly as the
result of otitis media with effusion (9/11) (Fig7).
In the group of children with mild mental retardation (n=24 ears), 16 ears (16/
24) showed a normal or discretely diminished hearing loss. The hearing loss
was mild in six of them (6124) due to otitis media with effusion (316), a perfo-
ration of the tympanic membrane (216), and unclear underlying pathology (1/
6). Two ears (2124) presented moderate sensorineural hearing loss (Fig8).
The hearing results in the VCFS group of children with FSIQ>70 were com-
parable to those with FSIQ<71 (y2 = 0.245, df = 1, p = 0.62I). There were no
differences in otoscopic findings between the FISQ<71 group and the FISQ>7O
group (Fisher's Exact Test, p = 0.352).
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Fig.5
Otoscopic and audiometric findings in VCFS patients
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Fig.7
Otoscopic and audiometric fïndings in VCFS patients with FISQ > 70
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Discussion

Hearing ability and otoscopy in a cohort of 32 vcFS children were assessed.
We selected a cohort of patients aged between 4 to 12 years because in our
experience, the ENT problems needing a more thorough work-up usually pre-
sent in this age category. Only those patients of the VCFS cohort who were in
follow-up at the Leuven Department and who were otological at risk could be
examined. This creates a certain bias in the current research.
The results of both ears separately are presented resulting in 64 audiometric
and otoscopic findings. Pirila et al. analyzedin 1992 the average asymmetry
between the hearing thresholds levels in the left and right ears in a normal
random population. They noted a slight statistically significant average supe-
riority of the left ear at low frequencies in all age groups (16). Statistical ana-
lysis of the audiólogical data in our cohort could not demonstrate a significant
difference in average hearing thresholds at low frequencies nor in Fletcher-
index (0.5-1-2kHz) between the left and right ear. Only in rhree patients the
difference in average hearing loss between the left and the right ear exceeded
15 dB. In two of these children the more pronounced hearing loss in one ear
was due to sensorineural hearing loss. In one patient the difference in average
hearing threshold between left and right ear could not be explained. In all the
other VCFS children (n= 29 patients) the difference in average hearing thres-
hold between both ears was less than 15 dB.

This current study assessing hearing ability in VCFS children indicates that
nearly one third of the patients (19164 or 30Vo) present with hearing impair-
ment of more than 25 dB, mainly (17/19) of a conductive nature and due to
otitis media with effusion (l2l17). A sensorineural hearing loss was found in a
minority of the patienÍs (2164 or 37o). These findings differ compared to the
VCFS literature. Shprintzen eÍ.aI. (2,I7) reported a77Vo incidence of conduc-
tive hearing /oss in their 39 patients with VCFS without further delineation of
the degree of this conductive hearing impairment. Reyes et al. (18) documen-
ted conductive hearing impairment in 5l%o of the VCFS patients, the majority
of which was situated between 20 an 40 dBHL. The lower prevalence of con-
ductive hearing loss in our cohort might be explained by the lower presence of
cleft palate in our study group. Shprintzen et al. (2) and Reyes et al. (18)
reported a prevalence of cleft palate in respectively I00Vo and 82Vo of their
VCFS patients. It is generally known that Eustachian tube function in cleft
palate patients is poor, resulting in a higher incidence of middle ear diseases
(I9,20). Digilio etal. (2I) documented conductive hearing impairment in457a
of their 27 VCFS patients of which two thirds was situated between 2l and 40
dBHL. Interestingly, a cleft palate was found occasionally in l5%o, a finding
similar to the prevalence of cleft palate in our cohort (l2Vo). The lower preva-
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lence of conductive hearing loss in our cohort might be explained by the pre-

sence of tympanostomy drains in more than20Vo, which is an otoscopic fin-
ding not presented in the group of Digilio et al. (21).

Sensorineural lrcaring /oss in VCFS was documented in l\Va of the patients

reported by Digilio et al.(21). They mentioned cerebral ischaemia and cere-

bral malformations in three patients with bilateral and serious (> 80 dBHL)
sensorineural hearing impairment. Reyes et al. (18) documented sensorineu-

ral hearing loss in 4Vo of their patients with a del22ql1. None of their patients

underwent advanced radiographic imaging to determine possible inner ear or
cerebral malformations. No brain malformations were documented in the two
patients with unilateral moderate sensorineural hearing loss included in our
cohort.

The prevalence of hearing loss (19/64 or 30Vo) and otitis media with effusion
(22164 or 34Vo) in VCFS children is higher when compared to Íhe'normal'
population. However, it is difficult to draw conclusions because relatively
few epidemiologic studies of otitis media have been reported and because a

lot of factors such as age, sex. socioeconomic status and season of fhe year are

affecting the occurence of otitis rnedia.

An extensive study of 7.5-8-year-old Dutch children documented aJEa preva-
lence of unilateral otitis media with effusion and a 4Vo prevalence of conduc-
tive hearing loss of at least 15 dB in the better-hearing ear (22). The high
frequency of nildclle eur problenrs in our cohort (34Va) can be attributed to

velopharyngeal insufficiency, which is almost always present to some degree

in children with a del2Zql l. Middle ear disease i.e., recunent otitis media and

chronic otitis media with conductive hearing loss, frequently occurs with ve-

lopharyngeal dysfunction as a result of eustachian tube dysfunction (23).
The prevalence of unilateral sensorinem'ctl hecu'ing /os.l of more than 26 dB in
'normal' children is reported in the literature to be 13 per 1000 (I.37a) (24),

which is less compared to our study (37o). This means that, although the rela-
tively low prevalence of sensorineural hearing impairment in our study com-
pared to other VCFS studies, sensorineural hearing loss must be considered in
the evaluation of children with a del22qll.

The high incidence of middle ear effusion i.e., six ears (6/8), inthe four cleft
palate patients is in accordance with the literature. Eustachian tube dysfunc-
tion resulting in chronic ear disease and conductive hearing loss, is now gene-

rally accepted as a virtually universal complication in infants with cleft palate
(25-27). Also, Reyes et al. demonstrated that the prevalence of conductive
hearing loss secondary to middle ear disease in VCFS is comparable to the
prevalence found in isolated cases of cleft palate (18).
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Apharyngoplasty for velopharyngeal insufficiency was performed in thirteen
children. Although it is known that middle ear disease frequently occurs with
velopharyngeal insufficiency as a result of Eustachian tube dysfunction (23),
hearing ability was normal or discretely diminished in most ears (23126).The-
refore, we compared the otoscopic findings of the group of VCFS children
with pharyngoplasty (n=26 ears) to the group of VCFS children without pala-
tal surgery (n= 32 ears).
A perforation of the tympanic membrane was more frequently observed in the
group of VCFS children with pharyngoplasty compared to those without: lg%o

(5126) versus 67o (2132). Tyrnpanic perforations are mainly the result of recur-
rent middle ear infections. The higher prevalence of recunent middle ear in-
fections in the 'pharyngoplasty' group might be associated with the more pro-
nounced velar dysfunction and thus less efficient ventilatory function of the
Eustachian tube. EJfusiort otitis is surprisingly a more frequent otoscopic fin-
ding in our group of children without palatal surgery compared to the 'pha-
ryngoplasty' group (13132 or 417o versus 5126 or l9%a).This might be explai-
ned by two facts. On one hand, nearly all the children without palatal surgery
and with effusion otitis had a serious congenital heart defect. In this particular
patient group, placement of tympanic ventilation tubes requiring a general
anesthesia, might have been postponed because of the underlying extensive
risk which results in a higher prevalence of effusion otitis. On the other hand,
tympanostomy tubes were routinely placed during velopharyngeal surgery
resulting in a lower prevalence of effusion otitis in the 'pharyngoplasty' group.

Another common associated pathology in VCFS is a conotruncal congenital
heart defecl (CHD). We compared the audiological and otoscopic results of
VCFS patients with a CHD (n=30 ears) to those without CHD (n= 34 ears).
A hearing loss over 25 dB was more frequently observed in the group of VCFS
children with a CHD compared to children without a CHD. There was a signi-
ficant difference in otoscopic findings between these two groups. In children
with a CHD, effusion otitis and tympanic drains for the treatment of effusion
otitis or recuffent middle ear infections, were more noted. Otitis media with
effusion was mainly present in these children with a serious CHD without
palatal surgery while tympanic drains were mainly present in children with a
CHD who needed a pharyngoplasty. In children without a CHD, normal oto-
scopy was more observed. The higher prevalence of effusion otitis and tympa-
nic drains in the group of children with CHD might be related to a less effi-
cient ventilatory function of the Eustachian tube in these patients. This
relationship between conotruncal heart anomalies and Eustachian tube ano-
malies is also mentioned in the literature. Todd JL et al. reported a twofold
increased occuÍïence of otitis media proneness in children with isolated con-
otruncal cardiac anomalies, in contrast to children with nonconotruncal ano-
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malies (28). The supports the concept that a neural crest determined branchial
field defect influences the development of the cardiac outflow tract and the
Eustachian tubes.

No differences in hearing levels nor in otoscopy were found between children
with mental retardation and children with normal intelligence profile.

Conclusion

Hearing loss and middle ear problems in VCFS are frequent in VCFS and are

related to velopharyngeal insufficiency. Hearing loss of at least 25 dB was
found in nearly one third of the ears, the majority of which was conductive
and due to otitis media with effusion. A sensorineural hearing loss was present
in a small minority of the patients.
Cleft palate is associated with a higher prevalence of effusion otitis compared
to the non-cleft patients. Children who needed a pharyngoplasty for velopha-
ryngeal insufficiency presented significantly more with normal hearing com-
pared to children without palatal sur€ery. This might be explained by two
facts. First, nearly all the children without palatal surgery and with effusion
otitis had a serious congenital heart defect which might have been postponed
the placement of tympanic ventilation tubes. Secondly, tympanostomy tubes
were routinely placed during velopharyngeal surgery.
Hearing loss over 25 dB was more frequently observed in the group of VCFS
children with a congenital heart defect compared to children without congeni-
tal hearl defect. There was a significant difference in otoscopy between these
two groups: effusion otitis and tympanic drains were more frequently noted in
children with congenital heart defect, while in children without congenital
heart defect a normal otoscopy was lnore observed. This finding might be
related to a less efficient ventilatory function of the Eusatchian tube in pa-
tients with congenital heart defect.
No differences were found between developmentally delayed and normal
children.

As VCFS children are known to have delayed speech and language develop-
ment and are known to be at risk for learning difficulties, a thorough audiolo-
gical evaluation is recommended in order to reduce the risk of speech pro-
blems and to prevent worsening of the learning difficulties. Early and
appropriate otologic management to prevent long-term sequelae is advised.
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Chapter 5

5.1. MOSAIC TRISOMY 8 AS A CAUSE OF VBLOPHARYNGEAL IN.
SUFFICIBNCY

Vantrappen G Rommel N, Cremers CWRJ, Fryns JP, Devriendt K
Am J Med Genet 2002;108:337-338

Letter to the Editor:

Congenital velopharyngeal insufficiency (VPI) is the result of a structural
malformation of the nasopharyngeal structures. Common symptoms are fee-
ding difficulties, nasal regurgitation of milk, recurrent middle ear infections
and, at an older age, hypemasal speech (1,2). During the last years VPI has

received much interest of clinical geneticists, since it is a major symptom of
the Velo-Cardio-Facial syndrome (VCFS) (3). VPI resistant to speech therapy
is an indication for a surgical correction i.e. a pharyngoplasty. During the last
10 years, 41 persons underwent this procedure at the Department Otorhinola-
ryngology - Head and Neck Surgery of the University Hospital, Leuven, Bel-
gium. Of these, seven were diagnosed with a del22qll (17 Eo).Interestingly,
two patients were diagnosed with mosaic trisomy 8.

Patient 1 was refered for delayed speech and language development. Clinical
examination demonstrated a hypernasal speech due to an anatomical dispro-
portion of the nasopharyngeal structures, confirmed by pharyngography (Fig.
1). There was no overt or submucous cleft of the soft palate. She showed
several additional physical anomalies, such as camptodactyly of several toes,
deep plantar and palmar grooves, congenital dyslocation of the elbows, fron-
tal bossing. Weight at the age of 6 years was 16.9kg (<3rd centile), length
ll2.lcm (3rd-25th centile) and head circumference 51.8cm (50-75th centile).
Mental development was normal, and she was in a normal school setting.
Karyotype analysis on white blood cells revealed mosaic trisomy 8, with
47 ,XX+8 in eight cells and normal 46,XX in three cells. Since speech therapy
did not lead to a satisfactory improvement, a pharyngoplasty (i.e. pharyngeal
flap surgery combined with pushback - incision according to Wardill) was
done at age 8 years. This resulted in a marked reduction of hypernasal speech
and thus better intelligibility.

Patient 2, now 6 years old, was seen at age 2 weeks for facial dysmorphism.
He was born at 41 weeks of gestation, with weight 3.4kg,length 52cm, and
head circumference 34cm. There was a facial dysmorphism, with ptosis of the
left eye and low set ears, a short neck, camptodactyly of fingers and toes,
prominent palmar grooves, and limited movements of the hips and knees. The
trunk was long and naÍrow. Karyotype analysis showed mosaic trisomy 8,
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with 47,XY+8 in 11 cells and 46,XY in 7 cells. Mild developmental delay was
evident during follow-up, but motor and speech development was specifically
delayed, with the first words at age 3 years. The speech was hypernasal and
consisted mainly of vowels reducing the intelligibility. Clinical examination
revealed an anatomical disproportion of the nasopharyngeal structures, with
poor mobility of the soft palate and lateral pharyngeal walls. There was no
submucous cleft of the soft palate. videofluoroscopic examination of the na-
sopharyngeal area confirmed these anomalies. A pharyngoplasty was perfor-
med at age 5 years. Clinical evaluation after 12 months revealed a significant
improvement in intelligibility with reduced hypernasality.

Thus far, VPI has not been reported in the mosaic trisomy 8 syndrome. Howe-
ver, the prevalence of cleft palate or high-arched palate in patients with trisomy
8 is reported in the literature to vary from 43va to 66vo (4). Ir may be rhat vpl
without structural defect and cleft palate represent the spectrum of the same
malformative process. similarly, in the vcFS, both oveft or submucous cleft
palate as well as VPI without anatomical defects can be observed (5).
The suspected duplication region of chromosome 8 responsible for the cleft
palate has been-located to 8q21 (6).

Fig I
Pharyngography (lateral view) in patient I

A: Velopharyngeal isthmus in rest position.
B: Velopharyngeal insufficiency when pronouncing the vowel 'ie'
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The two children with mosaic trisomy 8 reported here have a nearly normal
mental development, but presented with severe expressive language and speech

delay. An early diagnosis of VPI is essential, since it may lead to a more ratio-
nal treatment of the speech problems. Also, most children with VPI are prone
to recuffent middle ear infections and common colds. Adenotomy is one of
the most frequently performed interventions in children with recurrent upper
airway infections. However, in children with VPI, an adenotomy will result in
a more pronounced hypernasality and therefore in reduction of intelligibility
(1).
Treatment of the VPI starts in all patients with speech therapy. In those pa-

tients with no or little improvement, surgical intervention is indicated, leading
to significant improvement of the VPI symptoms in most cases, as was seen in
our two patients.
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5.2. AUTOSOMAL DOMINANT ISOLATED VELOPHARYNGBAL IN-
SUFFICIBNCY

Vantrappen G, Rommel N, Wellens W, Crenters CWRJ, Fryns Jp, Devrienclt K
Clin Genet 2002:61: 74-76

To the Editor:

In 1981, in this journal, Andres et al. (l) described a three generation family
with autosomal dominant isolated velopharyngeal incompetence. This disor-
der was assigned an entry in Mendelian Inheritance in Men, MIM 167500.
velopharyngeal insufficiency is a major feature of the velo-cardio-facial syn-
drome (2), and this anomaly has therefore gained more interest in the clinical
genetics specialty. It is surprising that despite this renewed interest, no addi-
tional families with autosomal dominant isolated velopharyngeal insufficien-
cy have been reported since its original description. We here describe another
family with this velopharyngeal disorder.
The index patient, (Fig.1: IV:9) was referred for severe velopharyngeal insuf-
ficiency without overt or submucous cleft of the soft palate. She presented
delayed speech development, with hypernasal speech. She received speech
therapy from the age of 3 years until l0 years, without clinical improvement.
clinical examination revealed a short and totally immobile soft palate with
anatomical disproportion of the velopharyngeal structures. These findings were
confirmed on a pharyngographic investigation (Fig.2). A pharyngoplasty (i.e.
pharyngeal flap surgery combined with pushback - incision according to War-
dill) was performed at the age of l0 years, without significant clinical im-
provement.
Her younger brother (Fig.l: IV:10) had the same anomaly. He also presented
delayed speech development and hypernasal speech, due to the same radiolo-
gically confirmed short and immobile soft palate. Speech therapy between the
ages of 5-8 years did not result in major improvement. Subsequently, at the
age of 9 years, a pharyngoplasty was performed, with moderate improvement.
Their father, a healthy individual of 50 years (Fig.1: III:5) has also suffered
from marked hypernasal speech since childhood. Besides speech therapy, no
other investigations or therapies were done. The father and his two affected
children have had normal mental and physical development, and clinical exa-
mination did not reveal any additional anomalies. Cardiac ultrasound was
normal in all three of them. Karyotype was normal, and a deletion in chromo-
some 22q11 was excluded.

Family history revealed that several other individuals had marked hypernasal
speech (Fig.1). In some of them (III:7, III:8 and IV:5) this was precipitated by
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adenotonsillectomy (Fig.1). Individual III-3 has a small ventrikal septal defect
(VSD) and III:6 has an unexplained mild developmental delay. But otherwise,

all these individuals are reported to be healthy. In individuals III:3 and IV:5, a
deletion in chromosome 22qIl was also excluded.

Fig 1

Genealogy of the family

New genetic aspects oÍ velopharyngeal insufÍiciency

Fig.2
Pharyngography (lateral view) in the index patient

Fig.2.a: velopharyngeal structures in rest position
Fig.2.b: velopharyngeal insufficiency when pronouncing the vowel 'ie'
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In this family velopharyngeal insufficiency is present, caused by an immobile,
short soft palate. None of the individuals had manifestations of the velo-car-

dio-facial syndrome, and a deletion in chromosome 22q11 was excluded. The

inheritance, with affected males and females in multiple generations, as well
as male to male transmission is compatible with autosomal dominant inheri-
tance. Velopharyngeal insufficiency was not associated with a submucous cleft
palate, suggesting that this may represent a distinct condition, with a different
pathogenesis compared to clefting. However, it is not certain whether this
holds for all cases of velopharyngeal insufficiency, since in the Velo-cardio-
Facial syndrome, individuals with a deletion in chromosome 22q11 may pre-

sent an overt cleft of the soft palate or may present velopharyngeal insuffi-
ciency with submucous cleft of the soft palate, as well as velopharyngeal
insufficiency without cleft (3).

In retrospect, it is not precluded that in the family reported by Andres et al.

( I ), affected individuals have the velo-cardio-facial syndrome since some pers-

ons in this family presented mental retardation. However, no individual of
that family exhibited a congenital cardiopathy, a common clinical feature in
the Velo-cardio-Facial syndrome (4). It could be interesting to check the af-
fected family members for a deletion 22q11.
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6.1. VELO-CARDIO-FACIAL SYNDROME: GUIDELINES FOR DIA-
GNOSIS, TREATMENT AND FOLLOW-UP OF ENT-MANTFES-
TATIONS

Vantrappen G, Romrnel N, Svvillen A, Cremers CWRJ, Fryns JP, Devriendt K
Acta ORL Belgica, in press

Abstract

The Velo-Cardio-Facial Syndrome (VCFS), caused by a submicroscopic dele-
tion in the long arm of chromosome 22, has a broad clinical spectrum of ENT
manifestations including velopharyngeal dysfunction, hearing problems and
laryngotracheal anomalies and several other defects and disorders. In the cur-
rent report we present guidelines for diagnosis, treatment and follow-up of the
ENT manifestations in patients with a deletion 22qll, based on our experien-
ce and on data from the literature.

Introduction

During the past decade, it has become clear that the Velo-Cardio-Facial Syn-
drome (VCFS) is one of the most frequent genetic syndromes associated with
ENT manifestations. The syndrome, with an estimated annual incidence of 1/
4000 to l/5000 ( I ), is caused by a microdeletion in chromosom e 22 (del2}ql l).
A putative clinical diagnosis can be confirmed using a specific cytogenetic
test demonstrating this deletion (2,3). This has lead to the recognition of a
wide variety of symptoms in VCFS (4,5,6,7,8). Congenital conotruncal heart
defects, velopharyngeal dysfunction, leaming disabilities and facial dysmor-
phism are the most frequent features. with regard to the ENT manifestations
in the VCFS, velopharyngeal dysfunction in varying degrees of severity is
almost always present. In our study-group , 88Vo of the VCFS presented with
velopharyngeal dysfunction. Many children with a del22ql1 have also hearing
problems, mainly as a result of otitis media with effusion or tympanic mem-
brane perforations while a minority of the VCFS patients have laryngotra-
cheal problems (9).
In this study we propose guidelines towards the ENT specialist for diagnosis,
treatment and follow-up of VCFS children (rable 1).

Guidelines for diagnosis, treatment and follow-up according to age of the
patient

In the neonatal period, feeding dfficulties are frequently observed in infants
with adel22q11. As the children with the velo-cardio-Facial syndrome (vcFS)
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often present with multiple medical problems, the feeding difficulties may be
secondary to the associated medical pathology such as congenital heart disea-
se or nephro-urological malformation.

When feeding difficulties are observed, an accurate clinical assessment of the

oral cavity should exclude the presence of a congenital anomaly such as (sub-

mucous) cleft palate. The oral feeding and swallowing evaluation should be
performed by a speech-language pathologist familiar with VCFS or with pe-

diatric feeding difficulties. This involves assessment of tongue and jaw move-
ments during nutritive and non-nutritive sucking, using the Neonatal Oral Motor
Assessment Scale (NOMASX10). This scale classifies the oral motor skills of
babies from birth to 3 months of age into normal, disorganized and dysfunc-
tional sucking. During observation, respiratory functions and clinical symp-
toms of orophaïyngeal dysmotility such as aspiration or nasal regurgitation
are assessed. Additional radiological assessment of the oropharyngeal phase

of swallowing is performed when indicated (11). In infants presenting with
feeding and/or swallowing problems after the age of three months oral motor
skills and oral sensory functions are evaluated using the milestones for nor-
mal oral motor development (11).

Most infants with the Velo-Cardio-Facial Syndrome have transient feeding

difficulties, which can be overcome by adequate advice to the parents (12). In
those neonates with persistent feeding difficulties, nasogastric tube feeding
may be necessary. Gastrostomy feeding is advised in case the nasogastric tube

feeding exceeds a period of six months. In the mean time oral stimulation is
provided (12).
Congenital hearing /oss in VCFS appears to be rare (13). At the present time,

there is insufficient evidence that this group of children should be treated

differently from other children during early infancy. However, in Flanders,

neonates with VCFS, as well as all other neonates, may benefit from a syste-

matic evaluation of the hearing by the AlGO-screening-test, performed by

the Health Department. This is an automatic version of the Auditory Brain-
stem Response (ABR). This so-called AABR (Automatic ABR) is based on

the classic clinical ABR (14,15). When the hearing is normal, no further in-
vestigations are necessary. When repeated ALGO-screening indicates a hearing

loss, further evaluation of the hearing is performed i.e. hearing tests in free

field condition, oto-acoustic-emission (OAE) and Auditory Brainstem Res-

ponse (ABR) under general anesthesia. Appropriate treatment and follow-up
is recommended conform to other children with hearing loss.

Between 1 and 3 years of age, recuÍrent respiratory infections and speech &
language development are the main interest of the ENT-field.
Similar to the children presenting with an overt cleft palate, recurrent ear'
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atxd nose infections are also common in VCFS. In the children with a congeni-
tal heart defect, treatment with antibiotics is recommended. The placement of
tympanic drains is indicated in children with frequent ear infections. An ade-
noidectomy, however, is contra-indicated in the Velo-Cardio-Facial Syndro-
me because most children with a del22qI\ have inadequate velopharyngeal
closure (16). Only in those children with planned pharyngoplasty, an adenoi-
dectomy 2 months prior to the surgical correction can be performed (17).
Since young children with VCFS frequently have delayed language and speech
development, and since they are at risk for conductive hearing loss, regular
assessment of the hearing is recommended in all children. Hearing in this age
group can be tested in free field condition. The placement of tympanic drains
is indicated in children with a longstanding serious hearing impairment as a
result of an otitis media with effusion.

Under the age of 2 years, speech and language development can be assessed
by the N-CDI (Nederlands-Communicative Development Inventories). This
test for Dutch speaking children from 8 to 30 months of age, evaluates speech
comprehension and production as well as the understanding of signs (18,i9)
Another option is the 'Nederlandstalige Nonspeech Test' (NNST). This test
can be used in children from 12 to 2l months of age and evaluates prelingual
and early lingual aspects as well as verbal and non-verbal communication
( 18,20).
At the ages of 2 and3 years, the speech and language development is evalua-
ted by an experienced speech-language pathologist using the RTOS-test for
Dutch speaking children (Reynell Taalontwikkelingsschalen) (21,22).In child-
ren with obvious delay in speech and language development, speech therapy
is initiated. We recommend, as suggested in the literature, individual speech
therapy during short time periods (e.9. 20 - 30 minutes a day) at frequency
rate of 3 to 5 times a week (23). In children with the Velo-Cardio-Facial Syn-
drome, speech production (active language skills) is delayed while speech
comprehension (passive language skills) usually is in accordance with gene-
ral mental development. For this reason, signing with verbal stimulation
(SMOG) may be encouraged to avoid frustration in young children with ob-
vious delay in speech production (24).

When evaluating speech and language development, the general medical con-
dition, mental development and behavioral problems must be considered sin-
ce these factors may influence the outcome of the speech therapy (25). There-
fore, we recommend an annual evaluation of the general cognitive development
and behavior, as well as a medical check-up. These evaluations will gain in
efficiency when performed simultaneously by the speech pathologist and the
educational psychologist, and discussed with the physicians.
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Between the age of 3 to 6 years, the speech and language problents can be
specified more precisely into problems with language development, velopha-
ryngeal function and articulation. A speech-language evaluation is performed
annually in all children with vcFS in order to allow the appropriate therapeu-
tic measures to be initiated.

l. Language

The language skills are determined by the RTos (21) and the articulation
adequacy is evaluated by UAO-(Utrechts Articulatie Onderzoek)(26) orAAO-
(Antwerps Articulatie Onderzoek) (27) tests.

2. Resonance

The velopharyngeal function can be assessed using indirect and direct techni-
ques (28,29,30,3.1). The perceptual assessment of the nasal resonance using
spontaneous and standardized speech material is preferably done by an expe-
rienced speech.language pathologist. Additional standardized tests are perfor-
med, e.g. the Gutzmann [a]-[i] test, the Bzoch test and the Czermak mirror
test [a], [s], [m] (32,33). The nasometer is an instrument that registers changes
in resonance during standardized speech samples. The appeal of nasometry is
its computerization and its objectivity (34,35). The ENT-specialist evaluates
the velopharyngeal anatomy and function by inspection of the oral cavity and
by assessment of the velopharyngeal port using the flexible nasopharyngola-
ryngoscope (36). A videofluoroscopic investigation (frontal, lateral and base
view) for assessing the velopharyngeal function in rest and during standardi-
zed speech samples is performed by the radiologist and speech pathologist
(37). Videofluoroscopic evaluation of the velopharyngeal valve is indicated
for the child presenting with abnormal nasal resonance not responding to speech
therapy or for preoperative evaluation of the velopharyngeal function .

3. Articulation
In most children with VCFS a compensatory speech is present such as glottal
or pharyngeal stops and pharyngeal fricatives. Treatment should emphasize
correct place and manner of articulation, but compensatory eÍrors may require
techniques such as overaspiration, use of sustained [h] to establish strong arti-
culation contacts (23). Nonspeech lingual and labial exercises, NDT (Neuro
Developmental Treatment) techniques, exercises to increase the range of mo-
tion or to strengthen tongue or lips are therapic modalities which are to be
avoided (23).

In children with delayed speech-language development, speech therapy is ini-
tiated, and evaluated every 6 months. Speech therapy can be continued in
children showing good progress. In children without obvious improvement
after speech therapy, objective evaluation of the velopharyngeal function by
videofluoroscopic investigations will be indicated. A pharyngoplasty is pro-
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posed in those children with anatomical disproportion of the velopharyngeal
isthmus or with velopharyngeal dysfunction. speech therapy remains neces-
sary postoperatively. To our knowledge and experience, the outcome of the
speech therapy and/or pharyngoplasty will be negarively influenced by the
presence of mental retardation, a significant congenital heart defect or the
recurrent airway infections frequently seen in VCFS.
speech and language problems often persist during further life (38). older
children may benefit from continued speech and language therapy in order to
maintain the obtained level of speech and language. For children following
special education in Flanders, the speech therapy can usually be provided at
school. To our knowledge, no standardized studies on the efficacy of speech
therapy or surgery for vèlopharyngeal dysfunction have been published (39).

,:!

At the age of 4-{ years and at any time before the initiation of speech therapy,
the hearing caó be tested using the classical headphones. If hearing loss is
documented, a regular 6 monthly check-up of the hearing is recommended.

Conclusion

An appropriate diagnosis, therapy and regular follow-up are essential in VCFS
children. Because of the broad clinical spectrum, a multidisciplinary approach
is strongly recommended. It is only on this regular and multidisciplinary base
that a child with a del22qll can profit best from the individual adapted thera-
pv.
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Chapter 7

7.1. CLINICAL IMPORTANCB OF THE VELO.CARDIO-FACIAI,
SYNDROME

7.1.1. The Velo-Cardio-Facial Syndrome: an important syndrome for the
ENT-specialist to recognize

7.1.1.1. The Velo-Cctrdio-Facial syndronte is o frequent disorder
since the start in the early 1990's, it became obvious that the vcFS has an
unprecedented variability noÍ only in the presence of the different clinical
manifestations but also in the severity of the clinical expression. The most
constant features ofthis syndrome are congenital heart defects, velopharynge-
al insufficiency with or without cleft palate, facial dysmorphic features and
learning difficulties. Many patients have only partial syndromes, often with
very mild manifestations, or may even present with atypical anomalies such
as esophageal or urological malformations (see chapter 3). It is now clear that
the VCFS is one of the most frequent genetic disorders (Table l), with an
estimated incidence at birth of 1/4000. It can be therefore expected that in
Flanders, with an annual birth rate between 60.000 and 70.000, at least fifteen
patients with this condition are born every year. In our experience, over the
past l0 years, between I and 4 ofthese children did not survive infancy due to
a severe congenital heart defect.

Tablel
Incidence at birth of other well known genetic disorders

Genetic disorder Incidence at birth

General discussion and perspectives

more recent years, the number of patients diagnosed is more than 15 per year,
because of the diagnosis of older patients, not recognized before.

Table 2
Number of patients diagnosed during the last 10 years

at the Leuven Center for Human Genetics

40

30
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93 94 95 96 97 98 99 00 01 02

I Age <1 year
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7. 1. L2. Major Mafonnations
The variability in clinical expression can be appreciated by looking at the

diverse presenting symptoms and different ages at which the diagnosis is made
(chapter 3). When major malformations such as a congenital heart defect and

cleft palate are present, the diagnosis is usually made neonatally or during the

first years of life.
At the Leuven Center, with a large congenital cardiology clinic, congerital
heart defects as presenting symptom represent a large part of the group of
VCFS patients. This is not unexpected, since over 50Vo of patients with a

del22ql1 have a congenital heart defect, and for this reason, all infants with a
conotruncal heart defect are screened for the presence of a del22q11 at the

time of diagnosis of their heart defect. Since l57o of the patients with a conot-
runcal heart defect have a del22ql1 (6) and since the clinical appreciation of
the minor dysmorphism can often be very difficult (7), one could advocate

routine testing of these children by means of FISH for a delZZqll.
The number of infants diagnosed with a cleft palate as presenting symptom is

lower compared to those patients with a congenital heart defect. Karen Bron-
dum-Nielsen reported a2lVo incidence of del22ql1 in patients with cleft pa-
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Branchio-Oto-Renaal
Treacher Collins
Isolated cleft lip/palate

l/1000 (1)
u4000 (2)
l/40.000 (3)
l/s0.000 (4)
11.13/10.000 (5)

Table 2 shows the number of patients diagnosed every year at the Leuven
Center for Human Genetics. Since the advent of a routine diagnostic test in
the 1990's, at the beginning of the curent study, a lot of new patients were
diagnosed every year. This can be explained by two facts. on the one hand, all
patients with clinical suspicion of the vcFS/DiGeorge syndrome were tested
for a del22ql I by FISH. on the other hand, all patients with a conotruncal
heart defect were systematically screened for a del22ql l. However, even in
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late and congenital heart defect or/and mental disabilities (8). Mingarelli et al.
demonstrated that among the 38 patients with isolated celft (33 posterior cleft
+ 5 complete cleft) no single case of 22qll deletion was found using FISH
(9). Routine testing for del22ql l in patients with an isolated cleft palate is not
done in most Centers, unless the children present with additional manifesta-
tions of the Velo-Cardio-Facial syndrome. A high prevalence of 22q11 dele-
tions should be expected among cases with a combination of cleft palate and
congenital heart defect orland mental disabilty. In our experience, ENT mani-
festations rarely lead to the diagnosis during infancy. For instance,by 1999,
only 3Vo of neonates were primarily diagnosed through an ENT-problem, in-
cluding severe velopharyngeal insufficiency (VPI) and laryngotracheamala-
cia. This is not unexpected, since the classical ENT-manifestations which are
usually milder, mainly become evident at an older age.
Hltpoparatltyroiclism and ÍlDtntic hypoplasfu are relatively frequent malforma-
tions but remain asymptomatic in rnost patients. However, it is important to be
aware of the possibility of hypoparathyroidism. Since (latent) hypocalcemia
entails a risk during surgical interventions, calcium levels should be monito-
red in every child with VCFS undergoing a surgery or during major illness.
The immune disturbances theoretically may result in severe immune deficien-
cy and in adverse reactions during child routine vaccinations with live vac-
cins, but in our experience, this is exceptional.
Early diagnosis of VCFS is important so that appropriate management of as-
sociated malformations or manifestations can be started as soon as possible.

7. I. 1.3. Milnr rnarifestatiorts
Table 2 and chapter 3 clearly show that many VCFS patients are only dia-
gnosed aÍ an older age.These individuals usually do not present with major
malformations, but were diagnosed because of a combination of other minor
manifestations. From these studies, it was also apparent that it will remain a
challenge to diagnose those patients presenting only minor features of the
delZZqIl.
Besides psltcllo,,rotor delay and belrcn,ioral clifficulties, ENT problems such
as velopharyngeal insufficiency, laryngeal anomalies or sensorineural deaf-
ness are important features to be recognized. The clinical presentation of ue-
loplrurl,ngectl irtsufficiencl, varies with age and includes feeding difficulties in
the neonatal period, middle ear problems during childhood or speech pro-
blems such as hypernasal speech during adolescence. Lorltngsal anomalies
such as laryngotracheamalacia or glottic stenosis are ral'e. Sensorineural
hecrring loss is found in a minority of the patients. It is essential that each ENT
specialist is familiar with the vCF- syndrome, since these children will often
present to the ENT department. Through a number of lectures in Flanders, this
syndrome has gained more interest amongst ENT specialists, which in turn
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resulted in a change of referral pattern. During the past years, the importance
of VPI in relation to this syndrome also has become better recognized by ENT
surgeons and a larger proportion of patients were diagnosed with an ENT
problem as a presenting symptom of the VCFS: of the last 50 patients dia-
gnosed since 1998, l5Vo were refemed because of ENT manifestations com-
pared to 67a of the first 130 diagnosed patients in our series.

Table 3
Major and atypical or minor congenital malformations associated

with the Velo-Cardio-Facial syndrome

Major malformations presenting at birth
Congenital conotruncal heart defect
cleft palate
thyrnus aplasia or hypoplasia

Atypical malformations presenting at birth
urological malformations (multicystic renal dysplasia, renal agenesis .

anus: ectopy, imperforate anus

club foot
oesophageal atresia

central nervous system malformations
larynx: stenosis or web

Minor manifestations
feeding difficulties
dysmorphic features : long and slender fingers, retrognathia, small ears,

failure to thrive
hypotonia
constipation

7.L1.4. Veloplruryrtgeal iltstffici€nc)tt 6sp ittrportffilt sigrt lo recogrtize

Therefore, over the last years, VPI has become an important sign to recognize
in the clinical practice. During the evaluation of children with syndromic or
familial forms of VPI, we recognized that VPI can also occur as an isolated,

uutosomal dominant disorder (chapter 5). The VPI in the described family
was not associated with a submucous cleft palate but was caused by an immo-
bile, short soft palate. None of the individuals had manifestations of the VCFS,

and a deletion in chromosome 22q11 was excluded. It is surprising that despi-

te the renewed interest for VPI in the clinical genetics specialty, no additional
families with autosomal dominant isolated VPI have been reported since its

original description.
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In addition, we described VPI as a clinically irnportant sign in two children
with mosaic trisomy 8 (chapter 5). These two children had nearly normal
mental development, but presented with severe expressive language and speech
delay. Videofluoroscopic examination revealed an anatomical disproportion
of the nasopharyngeal isthmus, with poor rnobility of the soft palate. There
was no (submucous) cleft of the soft palate. Since speech therapy for severe
hypernasality did not lead to a satisfactory improvement, a pharyngoplasty
was performed. This resulted in a marked reduction of hypernasal speech and
thus better speech intelligibility. Thus far VPI had not been reported in the
mosaic trisomy 8 syndrome. However, the prevalence of high-arched palate in
patients with trisomy 8 is |eported in the literature to vary from 437o to 667o
(10). To the best of our knowledge, the presence of a cleft palate in trisomy 8

mosaicism has been mentioned in the literature in only one boy (10).

7.1.1.5. Multitlisciplinary approuch of the VCFS patierlt: tL tlxust
Given the associated findings in VCFS, these children have to be followed in
specialized multidisciplinary teams consisting of a pediatlic cardiologist, an
ENT-specialist, a speech and language pathologist, a clinical geneticist, a child
and adolescent psychiatrist and an educational psychologist (Table 4). Each
of them has expertise in his field allowing correct diagnosis, appropriate tlea-
tment and individual follow-up. Since children with a del22qll are at risk of
having behavior problerns, learning difficulties, mental retardation and speech

-and language delay, it is extremely important to support the child in all these
different aspects.

7.1.2. Genetic background of the Velo-Cardio-Facial Syndrome

The deletion on chromosome22 is in most cases due to ade novo mutation
occuning at gametogenesis. In a smaller percentage, the deletion is inherited
from one of the parents. In our experience, afarnilial deletion was found in
l2.3Vo. Other studies ( I I , I 2) reporting on Íamilial deletions of chromosome
22qll, found a percentage of 25Vo and 2IVo respectively. The figure of 12.37a
familial 22qll deletions in our series is significantly less than previously re-
ported. A possible explanation could be that we have underdiagnosed farnilial
cases; on the other hand, it is also possible that the higher proportion in the
other reports is to be attributed to ascertainment bias. Recently, McDonnald-
McGinn reported a 10vo familial incidence of the deletion22qll which is clo-
se to olrr figure of 12.3vo ( 13). Because parents ascertained through their child-
ren with a del22qll represent the mild end of the clinical spectrum, it has
been advised to systematically investigate the parents of a child with the vcFS
for a deI22ql1. However, in our experience, all adults with a del22ql l have
typical (minor) manifestations of VCFS which are easily recognized by anyo-

l16

General discussion and perspectives

Table 4

specialized multidisciplinary team

pediatric cardiologist

ENT-specialist:

congenital heart defect

velopharyngeal dysfunction
cleft palate

ear en hearing problems
laryngotracheal mal [ol'mations

speech and language pathologist: feeding difficulties
speech -and language development

clinical geneticíst: dysmorphic features

anthropometric data
genetic counseling
minor/atypical malformations

child and adolescent psychiatrist: anxiety
behavior problems
psychiatric disturbances

educational psychologist behavior problerns
mental retardation

ne having experience with the syndrome (chapter 3). For instance, velopha-

ryngeal insufficiency was the most constant medical finding in these adults.

Also in these adults, history was typical for VCFS: this VPI presented as fee-

ding difficulties in the neonatal period, recurrent airway infections during

childhood and hypernasal speech later in life. Also, psychosocial functioning

was a major problem for the majority of parents. Most of them had experien-

ced learning difficulties in the past and also in this group of indivuduals, 507o

had a mild to moderate mental retardation. In some of them, a psychiatric

disorder was present. These data are confirmed by a recent study by McDo-
nald-McGinn (13).

In case of an inherited deletion, the risk for the parents to have a child with
VCFS is 50Vo (atÍosornol clontinant inheritance). One of the major difficulties
is that the severity of the disorder cannot be predicted. There exists not only a

wide interfamilial but also a wide intrafamilial variability. For instance, a par-

ent with a delZ2qll but without major malformations can have a VCFS child
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with serious congenital malformations such as a serious, even lethal conot-
runcal heart defect. Another remarkable observation in our VCFS series, but
also made by others (13), is the finding of a discordanÍ clinical picture in a
monozygote twin. one of them presented a cardiac malformation which was
absent in the other. This indicates that the clinical picture of vcFS can not be
explained by genetic or environmental factors only, but that stochastic factors
during develompent may play a role as well. when the parents do not have a
del22ql1, there is a recunence risk higher than the population risk due to
gennline ntosaicism. This risk is estimated at about 11200 and is explained by
the presence of a mutation in a proportion of germ cells but not in other soma-
tic tissues (14).
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7.2. TIJE MULTIDCISPLINARY VCFS TEAM IN LEUVEN

7.2.1. The rationale and progress of the current study

The very broad clinical spectrum and the relatively high incidence of this

syndrome were the motivation to start a multidisciplinary team in 1994. In the

beginning, the syndrome with all his different aspects, was not well delinea-

ted in the literature and new manifestations were continuously reported on.

So, we started to study and evaluate the different clinical manifestations of the

disease in the Leuven VCFS group in order to gain more insight in the clinical
picture. Later we concentrated our efforts on the main ENT-features of the

syndrome i.e. velopharyngeal inadequacy and hearing impairment and ana-

Iyzed the different diagnostic and therapeutic procedures decribed in the lite-

rature. As we got more expertise with the ENT manifestations related to a

del22q1l, we evaluated the velopharyngeal function, hearing, feeding pro-

blems and laryngeal malformations in a cohort of VCFS patients. The evalu-

tion was done according to existing diagnostic procedures, but adapted to VCFS

based on our initial experience. Moreover, the diagnostic protocols and the

treatment modalities had to be adjusted to the rnany other medical, psychoso-

cial or educational problems these individuals are confronted with. These stu-

dies performed over the last several years allowed us to formulate practical

guidelines for the diagnosis, treatment and follow-up of ENT manifestations

in individuals with the VCFS. These guidelines are intended to aid the ENT-

specialist and speech-language pathologist. Nowadays, the VCF-syndrome is

well delineated and is more rapidly recognized and diagnosed so that approp-

riate and personalized treatment can be initiated as soon as possible. Further

research will be directed at refining existing plotocols, mainly for the diagno-

sis and treatment of the most common anomaly velopharyngeal insufficiency.

7.2.2. The limitatiotts and bias in the current study

The patients included in this study were all recruited from this multidiscipli-
nary research project for VCFS. In the literature, there are a number of reports

in which the diagnosis of VCFS is based on clinical grounds, without confir-

mation by del22ql1. Al1 patients included in this study have a proven deletion

in chromosome 22q11 , as demonstrated by means of Fluolescence In Situ

Hybridisation (FISH - cfr introduction), using the probe DO832 (a gift from

Prof. Dr. P. Scambler, ICH, London). This probe is within the critical deletion

region for Velo-Cardio-Facial syndrome and is deleted in the vast majority of
cases with a del22qlI(15,16,1'7).
Many patients with the Velo-Cardio-Facial syndrome present with complex

medical and developmental problems (18). This is a major limiting factor in
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the systematic study of all aspects of this syndrome in all patients. Therefore,
only those patients presenting with clinically significant ENT manifestations
could be evaluated and were included in this study. Another bias of this study
is the referral pattern: a large part of the patients were referred by the depart-
ment of pediatric cardiology.
A different number of patients were included in different stages of this study.
This is related to the length of the study and the ever increasing number of
patients diagnosed with a deletion 22qIl over the years.
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7.3. THE VARIOUS AND VARIABLE ENT MANIFESTATIONS IN THE
VELO. CARDIO.FACIAL SYNDROME

7.3.1. Structural ENT anomalies in the VCFS

In our series, five patients had a cleft pslate, two having a submucous cleft. In
the total group of 148 patients no additional individuals had a cleft palate.

Therefore, in our series, cleft palate has an incidence of 2Vo. This is lower
compared to other series, but this may be explained by a different ascertain-

ment. For instance, the initial series of Shprintzen reported an incidence of
overt cleft palate of l00%o (19). This almost certainly can be explained by the

fact that all these patients were assessed at an ENT-clinic, and that initially,
only those cases with the full clinical spectrum were recognized. In the series

of 558 patients presented by Ryan et al. and in a recent review of 102 VCFS
patients by Dyce et al., respectively 9Vo and ll%o of the patients had cleft
palate, but again, there might be an overrepresentation of patients with the

typical clinical spectrum which includes overt cleft palate (20,21). Alternati-
vely, in our series, a relatively large part of the patients was refened on the

basis of congenital heart disease, resulting in a relatively lower percentage of
patients refened for ENT manifestations.
Children with cleft palate have significantly higher frequency of speech symp-

toms related to velopharyngeal function than children without cleft palate.

However, children with a cleft in the soft palate only, with no additional mal-
formations, have satisfactory speech, while children with a cleft palate ac-

companied by additional rnalformations or as part of a syndrome should be

considered to be at risk for speech problems (22).The cleft repair in VCFS

children is identical to the cleft repair in children without de122ql1. At the

Leuven department, closure of the cleft palate is planned at age one and per-

formed according to Wardill-Kilner incision with in the same procedure also a

palatal lengthening (push-back). Residual velopharyngeal insufficiency after

palatal repair is found in children with and without del2Zqll and varies from
10 to 20 percent in most centers (23). At the Leuven department, one child out
of the group of five VCFS children with palate repair needed secondary ve-

lopharyngeal surgery to conect residual velopharyngeal insufficiency. The

presence of mental retardation and behavioral problems as frequently found
in children with del22q 1l will negatively influence the outcome of either speech

or reconstructive therapy.

In rare cases, laryngeal anomalies were found such as glottic stenosis and

laryngotracheomalacin (chapter 4). This suggests that children with conge-

nital laryngeal malformations should undergo an evaluation for the presence

of VCFS, certainly when other malformations of the syndrome are present.
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Achalasia of the upper esophageal sphincter was present in one neonatus
with del22q1l. Because of serious feeding problems and recurrent aspiration
pneumonia's, a myotomy of the upper esophageal sphincter was performed.
To the best of our knowledge, this rare anomaly has never been reported in the
VCFS literature so far. Only esophageal malformations such as esophageal
atresia or tracheoesophageal fistula have been mentioned in the literature to
be present in sporadic cases with adel22qlI (24,25). However, in the other
reported cases of infantile achalasia of the upper esophageal sphincter, no
mention was made about testing for a del22qll.

7.3.2. Velopharyngeal insufficiency as the most frequent ENT manifesta-
tion of the VCFS

Velopharyngeal insufficiency without cleft palate is a frequent manifestation
of VCFS. This velopharyngeal insufficiency may be due to various abnorma-
lities that cause a disproportion of the velopharyngeal isthrnus and result in
the patients' inability to adequately close the velopharyngeal aperture.
Testing for a del22ql I should be considered in all individuals with velopha-
ryngeal insufficiency. In concordane with this conclusion is the observation
that a higher incidence of a del22ql1 is found in persons with VPI than in
persons with cleft palate. Zori et al. documented a high frequency of 22q11
deletions (FISH) in patients presenting with VPI of unknown cause (6/16 pa-
tients) while the frequency in patients with remaining VPI following primary
cleft palate surgery was very low (l/7 patients) (26).

The clinical presentation of this velopharyngeal insufficiency varies with age,
and common symptoms include feeding difficulties in the neonatal period,
middle ear problems during childhood and hypernasal speech later in life.

7.3.2. l. Tlte rrcortcttus tvith feeding clfficulties
In our experience, in the neonatal period, ninety-six percent of the neonates
with a del22q|l have major feeding dfficulties srarring from birth on. Be-
cause of VPI, the oral cavity can not be adequately separated from the nasal
cavity and, as a result, the baby is unable to suck. Ncrsol regur-gitation due to
velopharyngeal insufficiency occun ed in 737a of our patients. Besides, sacft-
svvullovv-breath coordination was disorganized in 407o of the children with
VCFS. This incoordination puts the baby at the risk of food aspiration. Disor-
ganized feeders do not have abnormal oral motor patterns, but have a lack of
rhythm and coordination during sucking. rn 3l7o of the patients, hubituatiort
to the nipple and fatigue, resulting in long feeding periods was noted. Habi-
tuation has been defined as the inability of the infant to continue sucking
when the intraoral sensory cue of the nipple is no longer novel. Although the
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suck is initially intact and appears to be within normal limits, rapid deteriora-
tion occurs with subsequent discontinuation of the suck. If the nipple is wig-
gled or removed from the mouth and reinserted, the infant will begin to suck
once again.
In most neonates, these feeding problems settled after a few weeks. In lTVo of
the VCFS children in whom safe oral feeding could not be established, alter-
native feeding such as tube feeding was mandatory.

Most likely, the feeding difficulties are mulffictorial in origin and, besides

the VPI, the lrypotortla in combination with a congenitcLl hecLrt defect may
also play a role.
As described in chapter 4, a significant proportion of children presented with
polyhydramnios. This probably is a manifestation of reduced swallowing in
utero, as suggested by the observation that those children presenting with se-

vele polyhydrarirnios had more severe feeding difficulties during neonatal
period compared to the others.

Based upon our experience, we formulated guidelines for diagnosis and trea-

tment of these feeding difficulties (chapter 6). An accurate clinical ossessment

of the oral cavity must exclude the presence of a congenital anomaly such as

(submucous) cleft palate. The oral feeding and swallowing evaluation should
be perfonned by a speech-language pathologist familiar with VCFS and pe-

diatric feeding difficulties. This involves assessment of tongue and jaw lnove-
ments during nutritive and non-nutritive sucking, using the Neortctlal Orol
Motor AssessnterÍ Scale (NOMAS). Additional raclíological assesvnent oï the
oropharyngeal phase of swallowing is performed when indicated. Most VCFS
infants have transient feeding difficulties, which can be overcome by adequa-

te aclvice to the parents. In those neonates with persistent feeding difficulties,
nctsogastric rube ïeeding may be necessary. Gastrostouty feeding is advised in
case the nasogastric tube feeding exceeds a period of six months. In the mean

time oral stimulation is provided.

7.3.2.2. The clild vvith recurrent middle eor infections cutcl hecu'irtg loss

During childhood middle ear problems such as recurrerxt middle ear infec-
tions and otitis media with effusion are a frequent finding. We analysed the

otoscopic and audiological findings in a cohort of 32 children with a proven

del22qll. Hearing /oss and middle ear problems are frequently found in VCFS

and are related to the velopharyngeal dysfunction. A hearing loss of at least 25

dB was found in nearly one third of the ears, the majority of which was con-

ductive and due to otitis media with effusion. These figures are lower compa-
red to the VCFS literature. Shprintzen et al. (2000) and Reyes et al. (1999)

reported on an incidence of conductive hearing loss of JJVa and 5lolo respec-

tively of their VCFS patients (27 ,28). Recently, Dyce at aI. (2002) mentioned

that 52Vo of their VCFS patients had chronic or recur-rent otitis media (21).
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The lower prevalence of conductive hearing /oss in our cohort may be related
to the lower prevalence (2Vo) of cleft palate in our study group. Shprintzen et
al. and Reyes et al. mentioned a prevalence of cleft palate in respectively
l007a and 827o of their VCFS patients (21,28).It is well known rhar Eusta-
chian tube function in cleft palate patients is poor and results in a higher inci-
dence of middle ear diseases.

A sensorineural lrcaring /oss occuned in a small minority (3Vo) of our cohort.
Digilio et al. (1999) documented sensorineural hearing loss in I5Vo,inmost of
them as a result of cerebral ischemia and cerebral malformations (29). In our
children with unilateral moderate sensorineural hearing loss, no brain malfor-
mations were documented.
Because a cleft palate, conotruncal congenital heart defect (CHD) and mental
retardation are common findings in vcFS, the influence of these factors was
analysed.
We found that patients with cleft palate have a tendency to develop a higher
prevalence of effusion otitis compared to the non-cleft patients. In the plm-
ryttgoplasty group, normal hearing was significantly more frequent in compa-
rison to children without palatal surgery. This result is surprising because a
pharyngoplasty, performed for severe velopharyngeal insufficiency, is accom-
panied with a more pronounced Eustachian tube dysfunction and should thus
result in a higher prevalence of hearing impairment due to effusion otitis.
Therefore, we compared the otoscopic findings of the group of VCFS child-
ren with pharyngoplasty to the group of vcFS children without palatal sur-
gery. Effusion otitis, resulting in hearing loss, was a more frequent otoscopic
finding in the group of children without palatal surgery. This can be explained
by two facts. First, nearly all the children without palatal surgery and with
effusion otitis had a serious congenital heart defect. In this particular patient
group, the placement of tympanic ventilation tubes, requiring a general anes-
thesia, might have been postponed because of the underlying anesthesia risk,
thereby resulting in a higher prevalence of effusion otitis. second, tympanos-
tomy tubes were routinely placed during velopharyngeal surgery resulting in a
lower prevalence of effusion otitis in the pharyngoplasty group.
A relationship between conotrtmccil heart cutontcrlies (cHD) and Eustachian
tube anomalies is mentioned in the literature (30). Therefore, we compared
the audiological and otoscopic results in vcFS patients with a cHD to those
without cHD. A hearing loss over 25 dB was more frequently observed in the
group of children with a CHD. There was a significant difference in otoscopic
results between these two groups. In children with a CHD, effusion otitis and
tympanic drains for the treatment of effusion otitis or recurrent middle ear
infections, were noted more often. otitis media with effusion was mainly pre-
sent in these children with a serious cHD without palatal surgery, while tym-
panic drains were mainly present in children with a CHD who needed a pha-
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ryngoplasty. In children without a CHD, normal otoscopy was lrrore frequent-
ly observed. The higher prevalence of effusion otitis and tympanic drains in
the group of children with CHD rnight be related to a less efficient ventilatory
function of the Eustachian tube. Todd JL et al. reported a twofold increased

occunence of otitis media proneness in children with so-called isolated conot-
runcal cardiac anomalies, in contrast to children with non-conotruncal ano-

malies (30). A major criticism of this study is the fact thaÍ del22ql I was not
excluded in this cohort of patients.

Mentnl retarclatiort is a frequent finding in VCFS. We found no differences in
hearing between developmentally delayed and normal children.

Based on our experience, we formulated guidelines for the diagnosis and trea-

tment of these middle ear problems in VCFS (chapter 6). Hearing assessment

is recommended in all VCFS children not only because they are at risk for
conductive hearing loss due to Eustachian tube dysfunction but also because

they frequently have delayed language and speech development. Hearing in
Belgian neonates is systematically evaluated by the Health Department by the

ALGo-screening test.In those neonates with hearing loss, further investiga-

tions such as hearing tests in free field condition, oto-acoustic-emission (OAE),
Auditory Brainstem Response (ABR) are performed. In older children, aged 4

to 5 years, hearing can be assessed using the classical hearing tests with ltecLcl-

plnnes in a noise-isolated room and should be preferentially done at any time
before the initiation of speech therapy. As VCFS childlen are known to have

delayed speech and language development and are known to be at risk for
learning difficulties, a thorough audiological evaluation is recommended in
order to reduce the risk of speech problems and to prevent worsening of the

learning difficulties. Early and appropriate otologic management to prevent

long-term sequelae is advised. In children with recunent middle ear infections

or with longstanding otitis media with effusion, the placement of 4,ntltcutic
droilts is indicated. General anesthesia in patients with a del22qll is not wit-
hout risk because of the often associated congenital heart defect, hypopara-

thyroidism, immune disturbances and airway malformations. So might hyper-

ventilation reduce serum ionized calcium to values where seizures are possible.

An inhaled anesthetic in patients with Tetralogy of Fallot or truncus arteriostts

might reduce cardiac output. The presence of micrognathia or laryngeal mal-

formation might create problems during intubation and the immuun distur-
bances make the VCFS patient more susceptable to infections. Therefore, it is
important to continually evaluate the patient for possible hyopcalcemia, pos-

sible airway difficulties and sepsis and to prevent problems by taking special

interventions such as the use of irradiated blood or strict aseptic pt'ecautions

(31,32). Besides, endocarditis prophylaxis during surgical interventions is re-

commended in children with a CHD. Sirnilar to children with a cleft palate,
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recurrent nose infections are also common in VCFS. An adenoiclectonty is
contro-irulicatecl in VCFS because most children with a delL2qll have inade-
quate velopharyngeal closure. An adenoidectomy can only be performed in
those VCFS children 2 months prior a planned pharyngoplasty. The treatment
and follow-up of a child with VCFS may be very difficult because of the
associated anxiety and behavioral problems these children often present.

7.3.2.3. Tlte adolescent yvith speech and lcmguage problems
Later in life, the velopharyngeal insufficiency may result in speech problems
such as lrypentasal speech and articulatory 6lie7y7"6ffirces. The severity of VPI
can varies widely: some patients have pronounced VPI compromising the
speech intelligibility while in others it is minimal and without clinical conse-
quences.

To evaluate the velopharyngeal function during speech, different techniques
can be performed which are commonly used in every case of VPI and which
are therefore not specific for VCFS. Because of mental retardation and beha-
vioral problems, known to be present in almost all VCFS children, these dia-
gnostic procedures are often difficult to perform under the age of4 to 5 years
since cooperation of the VCFS child is essential to obtain valid and reliable
results.
An experienced speeclt-lunguage porhologist evaluates the language deve-
lopment, the articulation and the nasal resonance. Nasal onenlonTetets objec-
tively quantifies the nasal escape. These devices are expensive, need a large
technical equipment and give no information on the quality of speech. Nctso-
plnryngs5gop.l, provides predominantly good qualitative information when
assessing velopharyngeal inadequacy. Information on the size, shape and lo-
cation of the velopharyngeal opening is obtained while the patient is repeating
key phrases to stimulate velopharyngeal closure. The raclioloelcal assessment,
in at least two radiographic views, provides predominantly quantitative and
objective information when assessing velopharyngeal inadequacy synchron-
ous with patients' speech. This videofluoroscopic investigation identifies the
type of velopharyngeal closure pattern based on variable contributions from
the velurn, lateral pharyngeal wall and posterior pharyngeal wall. It plays a
major role in the identification of the degree and the mechanism of a velopha-
ryngeal disorder and its effect on speech.
When reviewing the literature, no recent data concerning the type of velopha-
rlutgeal closm'e pottent according to Croft in VCFS could be found (33). Also
the differences in results among studies are due to a number of different me-
thodological variables and the absence of strict standardization of diagnostic
procedures. However, understanding the anatomy and physiology of the ve-
lopharyngeal valve in a patient with velopharyngeal inadequacy, is very use-
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ful to predict the possible outcome of further speech and to decide on the need
for and the possibility of success of surgical therapy. Thelefore, the velopha-
ryngeal closure type i.e., coronal-sagittal-circular-circular with Passavant's
ridge, and the presence and location of a gap is of major importance in the
decision making on the type of surgical intervention.

We examined speech problems in a cohort of 47 children with a proven
deIZ2qlL Most patients presented velopharyngeal insufficiency with lry1ter-

nasal speech (88Va) but the severity varied widely. Cornpertsatot')t orticulo-
tion was present in 317o. All children initially received speech therapy and

were reassessed after 6 months. In those patients where no progression could
be detected by clinical speech-language evaluation, further vicleofluoroscopic
assessment was performed as a means to objectively evaluate the velopharyn-
geal function. Twenty-one patients underwent this radiographic investigation.
In two of thern, there was no cooperation of the child so that further results
could not be drawn. Because of clinically significant velopharyngeal insuffi-
ciency, a pharyngoplasty was performed in both of them. In another two child-
ren, a good functioning of the velopharyngeal isthmus was seen and further
speech therapy was recommended. In the other seventeen patients velopha-
ryngeal insufficiency was demonstrated by videofluoroscopy: in most of them
(n=12), the velopharyngeal insufficiency was caused by an inappropriate ele-

vation of the soft palate. In a minority (n=4) the videofluoroscopic assessment

of the velopharyngeal isthrnus demonstrated an insufficient elevation of the

soft palate in combination with an insufficient approximation of the lateral
pharyngeal walls. Only in one patient the velopharyngeal insufficiency was

the result of insufficient approximation of the lateral pharyngeal walls while
there was a good elevation of the soft palate. In all of these seventeen patients,

surgery was proposed which was declined by the parents in four of them.
Finally, thirteen children out of this group of seventeen children underwent a

pharyngoplasty: two patients had a submucous cleft of the soft palate while
the other eleven patients had no cleft. All patients needed speech therapy po-

stoperatively.

We established a standardized protocol for the assessment of velopharyngeal
function in children using videofluoroscop)t. As children with VCFS are limi-
ted in coping with new situations, it is of major irnportance to prepare the

child for this radiological examination. The preparation of the child begins
already four weeks before the videofluoroscopy. After a thorough clinical exa-

mination of the velopharyngeal function during speech, instructions are given

to the parents or the speech therapist involved. All methodological steps al'e

summarized on a protocol, written specifically for parents. The parents repea-

tedly explain the course of the procedure to the child in order to familiarise
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the child with the course of the examination. An adequate amount of time is
provided to go through the procedure with the often mentally restricted child-
ren, using drawings specifically designed for them. Only in this way, we can

obtain an optimal and reliable radiological assessment of the velopharyngeal
function during speech in children with a delZ2qll

Based on our experience, we formulated guidelines for diagnosis and treat-
ment of these speech problems (chapter 6). The speech and language develop-
ment can be assessed by different standardized tests depending on the age of
the child. The RTOS-test for Dutch speaking children (Reynell Taalontwikke-
lingsschalen) is a test frequently used by our experienced speech-language
pathologist to evaluate the speech and language development from the age of
2 years. In children aged between 3 to 6 years, the speech and language deve-

lopment can be evaluated more precisely. The speech and language problems
can be specified into language development, velopharyngeal function (reso-

nance) and articulation. The language skills are determined by standardized
test such as the frequently used RTOS. The velophctryngecLl fi.utcÍion can be

assessed using different techniques: perceptual assessment of the nasal reso-

nance by an experienced speech-language pathologist, nasometry to objecti-
vely register changes in resonance during standardized speech samples, na-

sopharyngoscopy and videofluoroscopy to evaluate the velopharyngeal closure
pattern during speech. The articulation is assessed by the speech therapist
using standardized testmaterial. In most children with VCFS a compensatory
speech is present such as glottal or pharyngeal stops and pharyngeal fricati-
ves. In VCFS children mainly the speech production is delayed while the speech

comprehension is in accordance with general mental development. In these
children with obvious delay in speech and language development, speech the-
rapy is initiated. For children following special education in Flanders, the
speech therapy can usually be provided at school. A six monthly assessment

of the speech and language development is recommended to adjust further
therapy. Speech therapy can be continued in children showing good progress.

Speech and language problems often persist during the further life. Older child-
ren may benefit from continued speech and language therapy in order to main-
tain the obtained level of speech and language. In children without obvious
improvement after speech therapy, objective evaluation of the velopharyngeal
function by videofluoroscopic investigations will be indicated. If this radiolo-
gical investigation demonstrates velopharyngeal insufficiency, a phuryngo-
plasty is proposed. Speech therapy remains necessary postoperatively. To our
knowledge, no standardized studies on the efficacy of speech therapy or sur-
gery for velopharyngeal insufficiency in patients with a del22qll have been
published. A recent study on speech in VCFS patients only report on the fre-
quency and the severity of articulation difficulties, velopharyngeal impair-
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ment and the level of speech intelligibilty (34).

Besides this regular assessment of the speech and language developÍIent, we

also recommend an annual evaluation of the general cognitive development

and behavior, as well as a medical check-up because these factot's may in-

fluence the outcome of the speech therapy. In some VCFS children the proto-

col needs to be adapted because of mental retardation or behavior problems.

In those patients, the educational psycholgist and the psychiatrist play an im-

portant role.
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7.4. PERSPECTIVES

During the past ten years, the foundations have been laid for a better diagno-
sis, treatment and follow-up of ENT manifestations in individuals with the
VCFS. This was mainly achieved through a better description and categoriza-
tion of these manifestations, and has resulted in a number of standardized
protocols. These protocols will form the basis for future research, to answer
remaining questions such as the optimal timing and most suited type of surgi-
cal intervention.
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SUMMARY

The Velo-Cardio-Facial syndrome is caused by a submicroscopic deletion on

the long arm of one of the chromosornes 22 in band 22qll (.de122q11). The

l-nost constant features of this syndrome are velopharyngeal dysfunction with

or without cleft palate, congenital heart defects, leaming and behavioral diffi-
culties, and characteristic facial features. However, the clinical expression is

highly variable, and many additional features have been described. Fortunate-

ly, a suspected clinical diagnosis call nowadays be confirmed by means of a

specific cytogenetic test based on Fluorescence in Situ Hybridization (FISH)'

to demonstrate the rnicrodeletion in chromosome 22q11.

During the last 10 years, it has become clear that the Velo-Cardio-Facial syn-

drome is one of the most frequent genetic disolders, with an estimated inci-

dence at birth of 1i4000. Given its frequent occulrence and the multiple clini-

cal problerns of individuals with VCFS, a rnultidisciplinary team for the

Velo-Cardio-Facial syndrome was formed in 1994 at the University Hospital

Leuven, in order to provide optimal cale. The team included an Ear-Nose and

Throat (ENT)-sur.geon, a speech- and feeding therapist, an educational psy-

chologist, a geneticist, a pediatric cardiologist and a psychiatrist. All patients

diagnosed with a del22qll at the Leuven department were seen by this rnulti-

disciplinary team and in many instances, a longitudinal follow-up could be

organized. Depending on the presence and severity of specific problems, this

follow-up was personalized.

The multidisciplinary team also provided a framework for furthef research

into the clinical and genetic aspects of this syndrome. The cutrent thesis is the

result of research in the various ENT manifestations of the Velo-Cardio-Fa-

cial syndrome.

Chapter I presents the evolution of out'knowledge on the Velo-Cardio-Facial

and DiGeorge syndrome since their original description up to the identifica-

tion of their common genetic cause. Based on the literature, the oto-rhino-

laryngological manifestations of the Velo-Cardio-Facial syndrome at'e t'evie-

wed.

Chapter 2 describes the aims and outline of the study
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chapter 3 describes the refenal patterns, age and sex distributions and major
clinical manifestations of the patients with a del22qll diagnosed at the Cenrer
for Human Genetics in Leuven from 1993 to 199g.

In chapter 4, we address the ENT rnanifestations in the velo-cardio-Facial
syndrome, more specifically the velopharyngeal function, the speech and fee-
ding difficulties, the laryngeal malformations and the hearing problems. we
propose guidelines for videofluoroscopy which should help in obtaining relia-
ble and standardized information on the velopharyngeal valve function.

chapter 5 describes novel genetic aspects of velopharyngeal insufficiency,
including a family with autosomal dorninant velopharyngeal insufficiency, and
velopharyngeal insufficiency associated with mosaic trisorny 8.

In chapter 6, we propose a protocol for the ENT follow-up of persons with the
velo-cardio-Facial syndrome based on our experience obtained during the
last 8 years. These guidelines will allow a more rational approach in the dia-
gnosis and treatment of these problems, and provide the basis for a long term
follow-up of ENT manifestations in the Velo-Cardio-Facial syndrome.

Finally, in chapter 7, we summ arize the findings of this work and present the
final conclusions and prospects for future research in this field.
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Het Velo-Cardio-Faciaal syndroom wordt veroorzaakt door een submicrosco-

pische deletie in de lange arm van één van de chromosomen22 in band 22qII
(del22qI1). De meest frequent voorkomende kenmerken van dit syndroom
zijn velopharyngeale stoornissen al dan niet gekoppeld aan een gespleten ver-

hemelte, congenitale hartafwijkingen, leer- en gedragsstoornissen, alsook ka-

rakteristieke gelaatstrekken. De kliniek is echter zeer gevarieerd en verschil-

lende ander minder frequent voorkomende kenmerken werden beschreven.

Tegenwoordig kan het klinisch vermoeden bevestigd worden door specifieke

cytogenetische testen waarbij gebruik wordt gemaakt Fluorescence in Situ
Hybridizatie (FISH) technieken die de microdeletie in chromosoom 22qlI
aantonen.
De laatste 10 jaren, behoort het Velo-Cardio-Faciaal syndroom, met een inci-
dentie van 1/4000 levend geborenen, tot één van de meest frequent voorko-
mende genetische aandoeningen. Gezien de relatieve hoge incidentie en de

grote verscheidenheid in klinische problemen bij personen met het Velo-Car-

dio-Faciaal syndroom, werd in 1994 een multidisciplinair team voor het Velo-

Cardio-Faciaal syndroom opgestart om zo te kunnen voorzien in een optimale
zorgverlening. Verschillende specialisten met elk hun eigen deskundigheid

maken delen uit van dit team: naast een Neus-Keel-en Oorarts en logopediste,

maken een orthopedagoge, klinisch geneticus, kindercardioloog en kinderpsy-
chiater deel uit van dit team. Alle patiënten waarbij in Leuven de diagnose

gesteld werd van een del22q11 werden door dit multidisciplinair gezien en

meestal kon voorzien worden in een longitudinale follow-up. Gezien de mul-
tidisciplinariteit kon deze follow-up, afhankelijk van de aard en de ernst van

het specifieke probleem, individueel aangepast en bijgestuurd worden.

Het multidsiciplinaire team is een ideale uitvalsbasis voor verder onderzoek

naar de verschillende klinische en genetische aspecten van dit syndroom. Zo
is deze doctoraatsthesis het resultaat van onderzoek naar de verschillende Neus-

Keel- en Oorsymptomen die deel uitmaken van het Velo-Cardio-Faciaal syn-

droom.

In hoofdstuk 1 beschrijven we de evolutie van het Velo-Cardio-Faciaal syn-

droom en het DiGeorge syndroom vanaf hun oorspronkelijke beschrijving tot
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de ontdekking dat beide syndromen een identieke genetische basis hebben.

Een literatuur overzicht beschrijft de verschillende Neus-Keel- en Oorsymp-

tomen typisch voor het Velo-Cardio-Faciaal syndroom.

In hoofdstuk 2 wordt de doelstelling en de opzet van de studie uiteengezet

In hoofdstuk 3 beschrijven we het verwijspatroon, de leeftijd- en geslachts-

verdeling alsook de klinische symptomen van patiënten waarbij de diagnose

van een del22ql1 gesteld werd te Leuven in de periode van 1993 tot 1998.

Hoofdstuk 4 belicht de Neus-Keel- en Oor manifestaties van het Velo-Cardio-
Faciaal syndroom meer in detail. Zo worden de velopharyngeale stoornissen,

de spraak- en voedingsproblemen, de laryngeale afwijkingen en de gehoor-

problemen verder uitgediept. We hebben richtlijnen voor de videofluorosopie
uitgewerkt zodat dit radiologisch onderzoek betrouwbare en gestandardizeer-

de informatie omtrent de velopharyngeale klepfunctie geeft.

Hoofdstuk 5 haalt nieuwe genetische aspecten van velopharyngeale stoornis-

sen aan. Zo beschrijven we een familie met een autosomaal dominante velo-
pharyngeale insufficientie en een andere familie met velopharyngeale insuffi-
cientie geassocieerd met mosaic trisomie 8.

In hoofdstuk 6 wordt, op basis van onze ervaring de laatste 8 jaren, een proto-

col met betrekking tot de opvolging van patiënten met het Velo-Cardio-Fa-

ciaal syndroom geformuleerd. Deze richtlijnen beogen een meer uniforme en

betrouwbare benadering in de diagnose en behandeling van patiënten met het

Velo-Cardio-Faciaal syndroom en dienen als basis voor een lange termijn fol-
low-up van de Neus-Keel- en oor problematiek in het velo-cardio-Faciaal

syndroom.

Tot slot, in hoofdstuk 7 , vatten we onze bevindingen samen en geven tips naar

verder onderzoek in deze topic.
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