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Genetics of Common Congenital
Syndromes of the Head and Neck

Tara L. Wenger, Donna M. McDonald-McGinn, and

Elaine H. Zackai

Abstract

This chapter introduces the reader to the more common congenital syn-
dromes of the head and neck. The chapter begins with a general overview
of genetic sequences, associations, and syndromes. In-depth descriptions
and photographs of patients with the more common syndromes are then
presented including Pierre Robin sequence, CHARGE association,
22q11.2 deletion syndrome, Treacher Collins syndrome, craniosynostosis
syndromes, and oculo-auriculo-vertebral spectrum (Goldenhar, hemifacial
microsomia).

Keywords

Pierre Robin sequence * CHARGE association ¢ 22q11.2 Deletion
syndrome © Treacher Collins syndrome ¢ Craniosynostosis syndromes
¢ OAVS (Goldenhar, hemifacial microsomia)

General Information and
Definitions

General Information

When approaching a patient with congenital
malformations, it is important to take a detailed
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family history and pregnancy history and perform a
detailed physical examination observing associated
abnormal features. Pregnancy history should
include any illnesses, environmental exposures,
medications, and use of illicit drugs as well as any
complications of chronic medical illnesses (e.g.,
gestational diabetes). Taking note of both major
structural defects and minor dysmorphic features
may help to establish a unifying diagnosis. Birth
defects can be isolated or can occur as part of a set
of features which can be broken down by embryo-
logic etiology into the following groups: syndrome,
sequence, deformation, malformation, dysplasia,
and disruption. There are important implications for
etiology and inheritance for each category.
Multiple abnormalities can be caused by
genetic defects, environmental exposures, or

L.M. Elden and K.B. Zur (eds.), Congenital Malformations of the Head and Neck, 1
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disruptions of embryologic development.
Abnormal embryologic development may occur
because of (a) malformation of a precursor struc-
ture, (b) damage to a properly formed structure
(e.g., amniotic band sequence), or (c) abnormal
fetal movement resulting in structural differences
(e.g., high arched palate and micrognathia in neu-
romuscular disorders due to limited chin move-
ment in utero).

Definitions

Major dysmorphic feature: A structural difference
noted at birth that (a) will cause significant effect,
(b) may require immediate medical or surgical
intervention, and (c) is not considered to be part of
normal variation. Examples include congenital
heart disease, cleft palate, and hypospadias.

Minor dysmorphic feature: A physical difference
that is not common in the general population but
may be seen at a higher rate in individuals with
identifiable syndromes. Examples include trans-
verse palmar crease, clinodactyly (medially curved
finger of the fifth digit), and hypertelorism.

Syndrome: A collection of well-defined major
and minor anomalies that occur because of a
common underlying cause often due to genetic
causes or exposure to teratogenic agents. The
anomalies are independent in that they arise in
embryologically distinct structures.

Sequence: A group of abnormal features that
result from a single embryologic major anomaly
and affects the development of adjacent or related
structures.

Deformation: An extrinsic physical force that
impairs proper embryologic development.
Multiple gestation, oligohydramnios, and uterine
structural defects such as fibroids can impose
physical developmental constraints.

Malformation: An abnormal formation of an
embryologic structure due to genetic, environ-
mental, or epigenetic causes.

T.L. Wenger et al.

Dysplasia: Defects attributed to abnormal cellu-
lar architecture in underlying tissue (e.g., skeletal
dysplasia resulting from defect of collagen
formation).

Disruption: A normally developing structure that
has been damaged by an extrinsic force (i.e.,
amniotic band syndrome is the result of an appro-
priately forming limb, which became severed by
a piece of amion).

Associations: Abnormal features that often occur
together perhaps as the result of an insult at a spe-
cific time during embryogenesis.

Specific Disorders
Sequences

Pierre Robin Sequence

Definition

Pierre Robin sequence is described as the asso-
ciation of micrognathia, wide U-shaped cleft pal-
ate, and upper airway obstruction [1, 2]. The
diagnosis of Pierre Robin is sometimes made
when only two out of three features are present,
micrognathia and glossoptosis, which represent a
common final phenotype for patients with a vari-
ety of primary disorders. Approximately 40 % of
patients have isolated Pierre Robin, with 60 %
having additional syndromic features. The most
commonly associated syndrome is Stickler syn-
drome [3]. There are over 30 other syndromes in
which Pierre Robin is a common finding.
Therefore, a diagnosis of Pierre Robin should be
considered only as a starting point in the diagnos-
tic work-up.

Clinical Features

The primary features of Pierre Robin sequence

are micrognathia, wide U-shaped cleft palate,

and respiratory compromise secondary to glos-

soptosis. These features are typically evident

soon after birth and are sometimes identified on

prenatal ultrasound.

(a) Respiratory distress: Respiratory distress
often occurs immediately after birth and may
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be exacerbated by feeding. Glossoptosis,
pharyngeal hypotonia, and tracheomalacia
are common causes of respiratory distress in
Pierre Robin sequence [4, 5]. Endotracheal
or nasotracheal intubation and eventual
placement of a tracheostomy may be neces-
sary in severe cases. As a first step, many
children undergo glossopexy (tongue-lip
adhesion) and/or mandibular distraction to
relieve upper airway obstruction.

(b) Feeding difficulties: Feeding difficulties
related to the micrognathia, cleft palate, and
respiratory distress often necessitate place-
ment of nasogastric tube for feeding. Failure
to thrive can be seen and has been attributed
to expenditure of excess energy for respira-
tion and difficulty feeding.

(c) Developmental delay: Delay of milestones
and learning difficulties in Pierre Robin
sequence can be acquired as a result of neo-
natal hypoxia or it may be intrinsic to an
underlying genetic syndrome.

(d) Middle ear disease: Many children with
Pierre Robin sequence have recurrent otitis
media as the presence of a cleft palate alone
increases their risk of having middle ear dis-
ease. In addition, in many of the associated
syndromes hearing loss may also be present.

Heredity and Etiology

Pierre Robin sequence can be a result of micro-
gnathia, which may be due to a variety of causes.
Fusion of the palate occurs between the 9th and
11th week of embryogenesis. Prior to this, at 8
weeks gestation, the tongue rests against the skull
base. As the mandible grows and descends, the
tongue is pulled down and away from the palatal
shelves. In Pierre Robin sequence, a variety of
primary abnormalities prevent this from occurring
and the tongue remains between the palatal
shelves, preventing proper orientation and fusion
of the palate. If descent of the tongue occurs late,
a cleft may persist. Lateral head growth causes
mechanical separation of the palatal shelves until
after programmed cell growth has ended. Animal
studies have demonstrated that mandibular con-
straint results in cleft palate [6—8]. After birth, the
micrognathia and sometimes retrognathia persist

with glossoptosis as a consequence. Since infants
are obligate nose breathers, a posteriorly dis-
placed tongue can cause airway obstruction [5].

The inheritance pattern of Pierre Robin
sequence is entirely dependent on its primary eti-
ology. In some cases such as Stickler syndrome,
there is autosomal dominant inheritance, result-
ing in a 50 % recurrence risk. Alternatively, in
cases resulting from deformation of the fetus
such as multiple gestation or uterine anomalies,
the risk of recurrence is extremely low. As a
result of this wide variability, identification of an
underlying cause for Pierre Robin sequence is
critical before providing recurrence risk
counseling.

There are several primary abnormalities that
result in a common final phenotype of Pierre
Robin sequence [6]. These include disorders of
collagen (e.g., Stickler syndrome, cerebrocosto-
mandibular syndrome); deformation (e.g., oligo-
hydramnios, multiple gestations, uterine
anomalies); chromosomal abnormalities (e.g.,
Trisomy 13, Trisomy 18; 22q11.2 deletion syn-
drome); and facial hypotonia causing improper
movement of the mandible (e.g., myotonic
dystrophy).

Diagnosis

Pierre Robin sequence is a clinical diagnosis
based on physical findings (Fig. 1.1). Careful
examination of a child with Pierre Robin sequence
is essential in determining which associated
genetic conditions should be excluded. Additional
work-up should include a careful neurologic
examination (to rule out primary central nervous
system or neuromuscular disorder), ophthalmo-
logic examination (to rule out myopia associated
with Stickler syndrome), cardiac evaluation (to
rule out congenital heart disease), and a chest
X-ray (to evaluate for rib gaps as seen in cerebro-
costomandibular syndrome or vertebral anoma-
lies as seen in 22q11.2 DS), as abnormalities of
these systems can greatly assist in diagnosis. For
example, children with primary neuromuscular
abnormalities can develop micrognathia second-
ary to poor fetal movement. Children with a
cardiac defect should be evaluated for signs of
22q11.2  deletion.  Cerebrocostomandibular
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Fig. 1.1 Pierre Robin sequence in a child with Stickler Association

syndrome should be considered in children with
abnormalities on chest X-ray (such as posterior
rib gaps). Genomic microarray analysis should be
considered in most cases, but sequencing of addi-
tional genes, such as COL2A1 (collagen, type II,
alpha I gene) for Stickler syndrome, may be
warranted.

Associations

CHARGE Association

Definition and Clinical Features

From the 1950s to 1970s, case reports began
to emerge of children with combinations of
coloboma, choanal atresia, and congenital



1 Genetics of Common Congenital Syndromes of the Head and Neck 5

Table 1.1 Clinical features of children diagnosed with CHARGE syndrome

Comments

Colobomas of iris, retina, or optic disk. May be unilateral or

bilateral

Include patent ductus arteriosum (PDA), ventricular septal

defect (VSD), atrial septal defect (ASD), endocardial
cushion defect, coarctation of aorta, vascular ring,
hypoplastic left heart, and tetralogy of Fallot

Acronym  Feature Frequency (%)
C C=coloboma 80-90
H H=heart defects 60-85
A A =atresia choanae 55-85
R R =retardation 70-85
of growth
R =retardation of 60-100
development
G G =genital defects 53-100
E E =ear anomalies 85-100

and/or deafness

May be unilateral or bilateral

Usually normal birth weight with secondary failure to thrive,
often falling below the third percentile

Wide range of intellectual impairment, from normal to severe
mental retardation

Hypogonadism in 80-90 % of males and 15-20 % of females

Characteristic appearance—short, wide, low-set, protruding,
lop or cup shaped, with an unusual antihelix and often

asymmetric. Mixed progressive hearing loss in 60-90 %.
Abnormalities of semicircular canals often noted on
computer tomography (CT)/magnetic resonance imaging
(MRI)

heart disease. Pagon [9] reported an additional
21 cases and coined the moniker “CHARGE
association” for the pattern of abnormalities
most commonly seen in afflicted patients
(Table 1.1) (Fig. 1.2).

Children with a diagnosis of CHARGE typi-
cally have at least four of the features, and colo-
boma or choanal atresia are considered requisite
parts of the diagnosis. Other abnormalities seen
in CHARGE include structural brain defects [10,
11], cleft lip or palate [12], cranial nerve abnor-
malities which may be asymmetric [13, 14],
esophageal atresia and/or tracheoesophageal fis-
tula, renal abnormalities including horseshoe
kidney and ureteral abnormalities [14], and
delayed tooth eruption [15].

Heredity and Etiology

CHARGE association results from multiple
genetic etiologies (including genetic mutations of
CHD7, a gene also known as ‘“chromodomain
helicase DNA-binding protein 7,” which is thought
to play a role in remodeling chromatin) and based
on concordance studies in monozygotic twins and
discordance in dizygotic twins is not caused by
environmental factors [14, 16, 17]. For children
with all major features of CHARGE, CHD7 muta-
tions will be detected in 90 %. For children with

suspected CHARGE where some features are
absent, a mutation in CHD7 will be identified in
fewer patients (60-70 %). Advanced paternal age
at the time of conception compared with that of the
general population may increase the risk of having
a child with CHARGE association. Most cases
occur sporadically, and the risk of recurrence in
siblings of affected children is about 1 % [18].
There are case reports of children with normal
CHD7 sequencing who have mutations in
SEMA3E (a member of the semaphorin family of
genes that encodes a protein with an immunoglob-
ulin-like domain, a PSI domain, and a Sema
domain) [19, 20]. In addition, some children with
mutations identified in CHD7 and SEM3AE have
also been found to have a deletion at 22ql11.2.
However, it is likely that additional mutations have
not yet been discovered, which may account for
the small number of patients with CHARGE who
do not have an identified mutation.

Diagnosis

The clinical features of CHARGE are usually
identified at birth with some abnormalities evi-
dent on prenatal ultrasound examination. In addi-
tion to a careful physical exam, a child with
suspected CHARGE should undergo hearing and
ophthalmologic examination to aid in diagnosis.
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Fig. 1.2 Patient with CHARGE Association

Head imaging with CT or MRI can identify
abnormalities of the semicircular canals as well
as structural brain abnormalities. Molecular test-
ing is clinically available and can assist in the
diagnosis of CHARGE cases due to CHD7 muta-
tion. Because of the number of cytogenetic

abnormalities that can result in a similar pheno-
type, genomic microarray analysis should be per-
formed for all suspected cases who have normal
CHD7 sequencing. Children that are negative for
CHD7 mutation can be diagnosed clinically
based on the above criteria.
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Syndromes

22q11.2 Deletion Syndrome

Definition

The 22q11.2 deletion syndrome (22q11.2 DS) is
the most common microdeletion syndrome, with
an estimated incidence of 1/4,000 live births [11,
21-26]. Prior to the recognition of its genetic
basis, children with different features of the
disorder were described with a variety of terms:
DiGeorge syndrome, velocardiofacial syndrome,
conotruncal anomaly face syndrome, autosomal
dominant Opitz/GBBB syndrome, and Cayler
cardiofacial syndrome [27-34]. The prevalence
of 22q11.2 deletion is even higher, having been
identified in 1/68 children with congenital heart
disease [35]. This deletion syndrome is the most
common cause of syndromic palatal defects and
a frequent cause of developmental delay [36].

Clinical Features

Children with 22q11.2 DS have recognizable
facial features as well as somatic and functional
abnormalities (Fig. 1.3). There are several fea-
tures that occur frequently in children with
22q11.2 DS, and dozens of other features that
have been reported in smaller number of chil-
dren. The most common abnormalities [37] are
listed in Table 1.2.

Each of these features occurs at a much greater
rate than the general population.

Characteristic facial features in 22q11.2 DS
include malar flatness, hooded eyelids, hyper-
telorism, downslanting or upslanting palpebral
fissures, auricular anomalies including over-
folded helices, attached earlobes, prominent
nasal root with fullness to the nasal tip and hypo-
plastic alae nasi, nasal dimple or crease, small
mouth, and asymmetric crying facies [38—43].
These facial features are variable in any individ-
ual child and are less consistently seen in non-
Caucasian children [44].

Many other somatic birth defects and func-
tional problems have been reported in children
with 22q11.2 deletion, including but not limited
to limb defects [45-49], neural tube defects [50],
genitourinary anomalies [44], craniosynostosis
[39], laryngeal abnormalities [51], autoimmune
disorders [52-54], and hearing loss [55].

Fig. 1.3 Patient with 22q11.2 Deletion syndrome

Table 1.2 Clinical features of children diagnosed with
22 q11.2 deletion syndrome

Feature Frequency (%)
Developmental delay >90
Congenital heart defect 76

Palatal defects 76
Immunodeficiency 77
Hypocalcemia 49

Renal anomalies 36

Dysphagia 35
Schizophrenia Approximately 25
Polydactyly 4

Congenital diaphragmatic hernia 1

Heredity and Etiology

The vast majority (85 %) of individuals have the
same 2.54 Mb deletion, encompassing about 30
functional genes [37]. Ten percent of cases are
familial with a parent usually demonstrating
some signs of the disorder. A smaller subset of
individuals has smaller deletions within this
region [37, 56]. Congenital heart defects in



22q11.2 deletion have been linked with the TBX1
gene (T box transcription factor), as children
with smaller deletions that include deletion of
TBXI1 have a high rate of congenital heart dis-
ease [37]. No other clear genotype—phenotype
correlations have been made to date [57].

Most deletions are de novo and occur because
the structure of the 22q11.2 region is vulnerable
to mutations. There are segmental duplications
that flank the typical breakpoints, which make it
susceptible to rearrangements [58-62]. Like all
contiguous gene deletion syndromes, the risk of a
child inheriting the deletion from an affected par-
ent is 50 %. However, because of phenotypic
variability, the severity of features in a child born
to an affected parent cannot be predicted based
on the parent’s own phenotype.

Diagnosis

Deletion of the 22q11.2 region can be identified
using single-nucleotide polymorphism (SNP) or
comparative genomic hybridization (CGH)
genome-wide microarray or use of multiplex
ligation-dependent probe amplification (MLPA).
Although standard fluorescent in situ hybridiza-
tion (FISH) can be used to detect a deletion of
22q11.2, this technique may miss patients with
smaller atypical deletions in 22ql1.2 [37,
63-65].

Pregnant women who have a family history of
22q11.2 DS may be offered genetic testing using
chorionic villous sampling or amniocentesis.
Fetuses with somatic defects noted on ultrasound
can be tested utilizing amniocentesis. Sonographic
abnormalities identified in pregnancies of fetuses
with 22q11.2 DS include congenital heart defects,
cleft palate, renal anomalies, polyhydramnios,
polydactyly, congenital diaphragmatic hernia,
clubfoot, and neural tube defects [44, 57].

Treacher Collins Syndrome

Definition

Treacher Collins syndrome, also known as man-
dibulofacial dysostosis, is an autosomal domi-
nant disorder with characteristic facial anomalies
resulting from malformations of structures aris-
ing from the first and second pharyngeal arch,
groove, and pouch [66].

T.L. Wenger et al.

Clinical Features (Fig. 1.4)

(a) Development: Children with Treacher Collins
usually display normal intelligence; however,
occasional cases of developmental delay have
been attributed to hearing loss [67].

(b) Ears: Malformations of the internal and
external ear, include atresia of the external
auditory canal, as well as, ossicle abnormali-
ties of the middle ear, and pinnae. Hearing
loss is common, secondary to noted defects.

(c) Eyes: Prominent downslanting of the palpe-
bral fissures; coloboma or notching of the
lateral portion of the lower eyelid with
absence of eyelashes medial to the notch.
Cataracts have also been reported [68].
Face: Central face appears prominent because
of deficiency of zygomatic arch and micro-
gnathia. Micrognathia is the result of man-
dibular hypoplasia or the condyle, coronoid
process, and the body of the mandible with
abnormal ramus [66]. The condyle may have
abnormalities of the cartilage and is covered
with hyaline rather than fibrocartilage.

(e) Palate: Cleft palate—submucous cleft, often
of Robin type (U-shaped cleft with micro-
gnathia and glossoptosis). Cleft lip is rare.

(f) Skull: Skull anomalies including brachy-
cephaly with bitemporal narrowing, absent
or underdeveloped malar bones with nonfu-
sion of the zygomatic arches, hypoplastic
zygomatic process, lateral pterygoid plates
and muscles, non-pneumatized mastoids,
small or absent paranasal sinuses, and
absence of infraorbital foramen.

(g) Othercharacteristic features: Brachycephaly,
tongue-shaped extension of hair protruding
in front of ear, preauricular ear tags, or fistu-
lae externalizing between tragus and corner
of mouth.

(d)

Heredity and Etiology

Treacher Collins is autosomal dominant with vari-
able penetrance. Approximately 40 % of cases are
familial. Mutations of 7TCOF-1, also known as
Treacle, are identified in 70-93 %. Somatic mosa-
icism has been reported [69—72]. Treacle mutations
lead to haploinsufficiency of a nucleolar phospho-
protein involved in ribosomal RNA production.
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Fig. 1.4 Patient with Treacher Collins syndrome

Animal models of Treacher Collins have been pro-
duced by inducing haploinsufficiency of this gene.
In mice, haploinsufficiency of Treacle is associated
with apoptosis of neural crest cells and prefusion of
the neural folds, although the mechanism of these
events remains unclear. Occasional cases of
Treacher Collins with normal TCOF-1 have been
associated with mutations of polymerase (RNA) 1
polypeptide C (POLRIC) [73]. Exposure to isotret-
inoin in utero can also reproduce craniofacial
abnormalities similar to Treacher Collins.

Associated Malformations
Treacher Collins has clinical overlap with Nager

syndrome, Miller and Robin

sequence.

syndrome,

Diagnosis

Sequencing and deletion analysis of TCOFI are
diagnostic in 70-93 % of affected individuals
[69-71]. Somatic mosaicism has been reported
[72]. Prenatal sonogram successfully identified
many cases [74-78].
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Fig. 1.5 Infant with Apert syndrome

Craniosynostosis Syndromes

Definition

Craniosynostosis, the premature fusion of cranial
sutures, occurs in approximately 1/3,000 births. It
is most often an isolated finding, affecting the sag-
ittal or coronal sutures. Craniosynostosis can also
occur as part of a syndrome, with additional find-
ings such as limb defects and developmental delay.
The most common craniosynostosis syndromes are
Apert syndrome, Crouzon syndrome, Pfeiffer syn-
drome, Muenke syndrome, and Saethre—Chotzen
syndrome, although more than 100 syndromes
associated with craniosynostosis have been
described. Figures 1.5, 1.6, and 1.7 demonstrate the
typical facial features of children with Apert,
Pfeiffer, and Crouzon syndrome respectively.

Clinical Features

Apert syndrome: Apert syndrome is easily distin-
guished from other craniosynostosis syndromes
by the presence of bilateral severe syndactyly of
the hands and feet. The thumb is typically spared,
with most severe involvement of the second
through fourth fingers. This gives the hand the

appearance of a mitten. The feet typically involve
all toes, with relative sparing of the hallux. The
skull has a short anterior—posterior diameter
which causes the child to have a high forehead
due to bicoronal synostosis. There are often
irregularities of the synostosis. Children with
Apert syndrome have typical unusual facial fea-
tures including supraorbital grooves, ocular
hypertelorism and downslanting palpebral fis-
sures, depressed nasal bridge with short, broad
nose, and long upper lip with thin vermillion bor-
der [79]. Most affected individuals have cogni-
tive impairment. Other clinical features in Apert
include cardiac defects (10 %), genitorurinary
abnormalities (10 %), cleft palate (43 %), cho-
anal stenosis, agenesis of the corpus callosum,
and ventriculomegaly [79-81].

Crouzon syndrome: Children with Crouzon
syndrome also typically have bicoronal synostosis
but lack involvement of the hands or the feet. Facial
features include hypertelorism, proptosis, midfa-
cial hypoplasia, and a beaked nose. Occasionally,
radiographic abnormalities of the carpal bones may
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Fig. 1.6 Patient with Pfeiffer syndrome

be seen. Children with Crouzon do not typically
have involvement of other organ systems, and cog-
nitive development is normal [79].

Pfeiffer syndrome: Children with Pfeiffer syn-
drome can be distinguished from those with other
craniosynostosis syndromes because they also
have broad and medially deviated great toes and

broad thumbs. The craniosynostosis in these chil-
dren results in bicoronal synostosis, but they may
also have deformities that result in a cloverleaf-
shaped skull. The severity of the phenotype can
vary in children with Pfeiffer syndrome, with
some being severely affected. Children with
Pfeiffer syndrome should also be evaluated for
choanal stenosis and tracheal sleeve.
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Fig. 1.7 Patient with Crouzon syndrome

Muenke syndrome: Muenke syndrome is charac-
terized by bicoronal or unicoronal synostosis.
Macrocephaly, hearing loss, and brachydactyly
have also been reported. Abnormalities of the
hands, such as thimble-shaped phalanges, may be
seen radiographically. There are mild learning
disabilities and variable hearing loss associated
with this syndrome [79].

Saethre—Chotzen syndrome: Although Saethre—
Chotzen is a craniosynostosis syndrome, the

presence of craniosynostosis is not an obligate
finding for diagnosis. There are a variety of minor
clinical features that can be seen in family mem-
bers, which may lead to genetic testing and diag-
nosis. There is variable presence and involvement
of cranial sutures. The coronal sutures are typi-
cally involved in Saethre—Chotzen, but other
sutures may be affected resulting in skull and
facial asymmetry. Ocular abnormalities in
Saethre—Chotzen include ptosis and tear duct ste-
nosis. The ears have characteristic findings
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including prominent crus and helical roots. The
hands are often short and have a single palmar
crease and mild syndactyly. The feet have broad
or bifid halluces and syndactyly of the toes,
which deviate laterally, though not as severely as
seen in those children who have Apert syndrome.
The cognitive development of these children is
normal in most individuals.

Heredity and Etiology

Most craniosynostosis syndromes, including
those discussed here, are caused by mutations in
FGFRI1, FGFR2, FGFR3 (fibroblast growth fac-
tor genes), and TWIST (a transcription gene
affecting DNA binding and helix—loop-helix
domains).

Apert syndrome: Apert syndrome is caused by
one of two point mutations (S252W or P253R) in
FGFR?2 leading to an amino acid change [82].
This leads to increased signaling activity due to
reduced dissociation of the receptor/ligand com-
plex. Apert syndrome is transmitted autosomal
dominantly with complete penetrance, but most
cases represent new mutations, and this is
reflected in that the affected individuals are more
severely affected. The incidence of Apert syn-
drome increases with advanced paternal age.

Crouzon syndrome: Crouzon syndrome has been
associated with a variety of mutations in FGFR2.
In addition, there is some overlap of mutations of
genes that cause Crouzon syndrome and other
craniosynostosis syndromes. These mutations are
thought to be “gain-of-function mutations”
because they confer new or enhanced activity on
proteins such as the fibroblast growth factor
receptor 2 protein as seen in Crouzon syndrome;
however, about half of the cases of Crouzon are
not a result of an identified mutation. Inheritance
is autosomal dominant, and many cases are
familial as there is no effect on reproductive
fitness.

Pfeiffer syndrome: Like Crouzon, numerous
mutations in FGFR2 can lead to Pfeiffer syn-
drome. All mutations in familial cases of Pfeiffer
are thought to be autosomal dominant. Mutations

are generally de novo in severe cases where
reproductive fitness is reduced. Occasional mild
cases with mutation in FGFRI have been noted.

Muenke syndrome: Muenke syndrome is caused
by a Pro250Arg mutation in FGFR3. This too is
thought to be a “gain-of-function mutation” and
is transmitted in an autosomal dominant pattern,
and the syndrome may be unrecognized in mildly
affected family members.

Saethre—Chotzen syndrome: Saethre—Chotzen is
caused by mutations in TWIST, a developmen-
tally regulated transcription factor [83-85]. A
translocation at the TWIST locus has also been
reported to result in Saethre—Chotzen [86].
Deletion of TWIST can also lead to Saethre—
Chotzen. Inheritance of Saethre—Chotzen is auto-
somal dominant.

Diagnosis

The diagnostic evaluation of children with cra-
niosynostosis should begin with a careful physi-
cal exam and attention to associated features as
there is molecular overlap in some of the
craniosynostosis-related syndromes. Clinical
testing is available for FGFRI, FGFR2, FGFR3,
and TWIST. Special considerations and individ-
ual testing recommendations are given below:

Apert syndrome: FGFR2 sequencing only.

Crouzon syndrome: FGFR2 sequencing should
be done, but mutations are only identified in 60 %
of cases, so a negative result does not rule out a
diagnosis.

Pfeiffer syndrome: FGFR2 sequencing is recom-
mended. If negative, consider sequencing of
FGFRI. Sequencing of FGFRI can also be con-
sidered as part of the original work-up in mild
cases.

Muenke syndrome: FGFR3
Pro250Arg mutation.

sequencing for

Saethre—Chotzen syndrome: TWIST sequencing
and microdeletion analysis. If these results are
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normal and the diagnosis is suspected, chromo-
some analysis for balanced translocations should
be performed.

Oculo-Auriculo-Vertebral Spectrum
(Hemifacial Microsomia, Goldenhar
Syndrome)

Definition

Goldenhar syndrome, part of the oculo-auriculo-
vertebral spectrum (OAVS), is characterized by
variable degrees of underdevelopment of the ear,
mouth, and mandible of one or both sides of the
face as well as vertebral anomalies, epibulbar
dermoids, cleft palate, and/or hearing loss.
Hemifacial macrosomia, in which no epibulbar
dermoids are noted, is also part of the OAVS.
This group of disorders has also been termed
“first and second branchial arch syndrome”
based on the embryologic etiology [87-90].
Other disorders in the OAVS include craniofa-
cial microsomia, Goldenhar-Gorlin syndrome,
first arch syndrome, facio-auriculo-vertebral
syndrome, and lateral facial dysplasia. The dis-
tinction of specific disorders along the OAVS
has been an area of debate, but cases classified as
Goldenhar are thought to represent 10-35 % of
cases. The incidence of OAVS is estimated to be
1/5,600 [91]. The male:female ratio is approxi-
mately 3:2.

Clinical Features

There is considerable variability in the type and

severity of abnormalities in OAVS. Facial fea-

tures of hemifacial microsomia can be seen in

Fig. 1.8, and features typical of Goldenhar can be

seen in Fig. 1.9. The phenotypic appearance of

the facial findings has been used for further clas-
sification within the spectrum, but many other
organ systems can also be involved.

(a) Facies: Facial asymmetry is seen in the
majority of cases, even in children who
may have bilateral involvement. Mild cases
are often not noticed in infancy but are usu-
ally obvious by the age of four [87]. The
appearance of asymmetry is produced by a
combination of abnormalities of the bony
structures, musculature, and soft tissue.
Kaban et al. [92] published a revised
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classification of this disorder based on
facial bone abnormalities:
* Type I, miniature mandible with normal
morphology
* Type IIA, mandibular ramus abnormal in
size and shape
* Type IIB, mandibular ramus abnormal in
size, and shape and location requiring cos-
tochondral graft construction
» Type III, absent ramus, condyle, and tem-
poromandibular joint
In all cases, the temporal bone, orbit, zygoma,
nasal bones, and maxilla may be distorted. Those
with types IIB and III have the most severe dis-
tortion, and affected children often have absent
zygomatic arch and hypoplastic or inferiorly dis-
placed orbit.

(b) Eyes: A variety of ocular abnormalities are
evident. Epibulbar dermoids are the most
common ocular abnormality, occurring in up
to 35 % of individuals with OAVS [93, 94].
Epibulbar dermoids are white or yellow solid
masses that appear on the globe or the orbit,
most commonly on the inferotemporal quad-
rant at the limbus. Typically, children with
epibulbar dermoids are classified as having
Goldenhar syndrome. Bilateral lesions occur
in 25 % of patients and often appear at the
same location in each eye. Vision may be
impaired as a result of obstruction of the pap-
illary axis, astigmatism, or lipid infiltration of
the cornea. Other structural ocular abnormali-
ties may include unilateral colobomas of the
upper lid (20 %), bilateral colobomas (3 %),
blepharoptosis (narrowing of the palpebral
fissure) (10 %), elevation of the orbit (7 %)
[95], and, in severe cases, anophthalmia and
microphthalmia [93, 94, 96-100]. Patients
with epibulbar dermoids have a higher rate of
other ocular abnormalities such as blepharop-
tosis, microphthalmia, and anophthalmia [93,
101, 102]. Ocular motility defects are seen in
25 % of cases, including Duane syndrome,
esotropia, and exotropia.

(c) Ears: Ear anomalies are found in 65 % of
cases and range from anotia to mild underde-
velopment of the pinna [97]. There is often a
mass of tissue located anteriorly and inferiorly
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Fig. 1.8 Patient with Hemifacial microsomia

to the location where the ear should have been.
Bilateral involvement may be evident.
Preauricular skin and cartilage tags or sinuses
are seen in at least 40 % of cases [87]. Ear tags
are found anywhere between the tragus and
the angle of the mouth. Isolated microtia is
considered to be part of the OAVS [103], and
some consider ear involvement to be a manda-
tory feature required for diagnosis. Hearing
loss may be caused by a variety of structural
abnormalities of the ear, including a variable

(d)

degree of atresia of the auditory canal, ossicle
malformations, or skull base abnormalities.
Hearing loss is commonly conductive but may
include a sensorineural component in 15 % of
patients, caused by cranial nerve anomalies
[87, 104].

Mouth: An appearance of a large mouth may
be evident in some individuals either as a
result of true macrostomia or because a lat-
eral facial cleft is present. Unilateral agenesis
of the parotid gland has been reported in



Fig. 1.9 Patient with Goldenhar syndrome

addition to displaced salivary glands and sal-
ivary fistulas. Palatal abnormalities may
result from defects in the development of
bone, musculature, and/or soft tissue.
Unilateral or bilateral cleft lip and/or cleft
palate occur in 7-15 % of patients. Cleft pal-
ate occurs twice as frequently as does cleft
lip. The muscles of the tongue or the palate
may be hypoplastic or function abnormally,
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and this may result in velopalatine insuffi-
ciency (35 %) because the lateral pharyngeal
wall and palate move asymmetrically [105].
Structural palatal abnormalities and dysfunc-
tion may cause feeding difficulties in infants
with OAVS.

(e) Neurologic: Developmental delay is seen in

5-15 % of patients [99]. Cranial nerve
involvement is common, and the facial nerve
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is most often affected [106]. Abnormalities
of cranial nerves 1, II, III, IV, VI, VIII, IX,
and X have also been reported [94, 96, 107,
108]. Though most patients with OAVS have
structurally normal brains, a small propor-
tion of cases have a wide variety of structural
brain abnormalities, including frontal and
occipital encephaloceles, hydrocephalus,
lipoma of the corpus callosum, dermoid cyst,
teratoma, Arnold—Chiari malformation, lis-
sencephaly, arachnoid cyst, holoprosenceph-
aly,  porencephalic  cyst,  unilateral
arhinencephaly, anomalies of the pons, pseu-
dotumor cerebri, and hypoplasia of the cor-
pus callosum [87, 109].

Trachea and lung: Tracheoesophageal fistula
is seen in 5 % of children with OAVS [110].
Incomplete lung lobulation or agenesis is
sometimes noted and is usually ipsilateral to
the facial anomalies [111].

Cardiac: Cardiac defects occur in approxi-
mately 35 % of patients (ranging in incidence
from 5 to 60 %). Ventricular septal defect or
Tetralogy of Fallot with or without right aor-
tic arch accounts for 65 % of defects, but
many other structural cardiac defects have
been reported. These include Transposition
of the Great Vessels, tubular hypoplasia of
the aortic arch, coarctation of the aorta,
abnormal situs, cardiomegaly, isolation of
the left innominate artery with bilateral pat-
ent ductus arteriosus, pulmonic stenosis,
dextrocardia, double-outlet right ventricle,
hypoplasia of the internal carotid artery, and
external carotid artery [112].

Skeletal abnormalities: In addition to skull
and facial anomalies discussed above, there
are a variety of other skeletal abnormalities
and some are common, such as cervical spine
malformations. Fusion of the cervical spine
is seen in up to 60 %. Platybasia and occipi-
talization of the atlas are seen in 30 % [113].
Instability of C1-C2 has also been reported
[80]. Structural abnormalities of the verte-
brae (spina bifida, hemivertebrae, butterfly
vertebrae, Klippel-Feil anomaly, scoliosis)
and rib abnormalities are seen in a third of
patients with OAVS [89]. A variety of radial

17

limb defects are seen in 10 %, including
radial or thumb hypoplasia or digitalized
thumb [87, 114].

Other: Other abnormalities include renal
malformations, including absent kidney,
double ureter, crossed renal ectopia, anoma-
lous blood supply to the kidney, renal artery
stenosis, hydronephrosis, and hydroureter
[115]. Additionally, imperforate anus, recto-
vaginal fistula, situs inversus, tracheoesopha-
geal fistula, duodenal atresia, and portal vein
cavernoma have been described in these
patients [116-120].

®

Heredity and Etiology

Abnormalities seen in OAVS originate between
days 30 and 45 of gestation. The seemingly
unconnected abnormalities in OAVS are thought
to be the result of abnormal development of a
“developmental field,” a set of cells in the embryo
that are susceptible to the same genetic, toxic, or
vascular insult [121]. Animal and human studies
have shown that vascular disruption during this
time period is sufficient to result in an OAVS
phenotype [88, 122—124]. Other insults to the
developing embryo such as exposure to thalido-
mide [125], primidone [126], and retinoic acid
[127] and maternal diabetes [128, 129] can result
in damage to the first and second branchial arches
and an OAVS-like appearance.

OAVS has been diagnosed in cases of children
with a variety of cytogenetic abnormalities,
including del 1p22.2-p31.1 [130], del(5p) [131,
132], del(6q), del(8q) [133], trisomy 10p [134],
trisomy 18 [135], recombinant chromosome 18
[136], del(18q) [137], ring 21 chromosome, del
(22qter) [138], dup(22q) [139], trisomy 22 [140],
22q11.2 DS [112, 141, 142], 45, X [143], 49,
XXXXX [144], 49 XXXXY [145], 47, XXY
[146], mosaic trisomy 7 [147], mosaic trisomy 9
[148, 149], and mosaic trisomy 22 [148].

Most cases are isolated, and empiric recur-
rence risk is 2-3 %. There is a higher rate in twins
as compared with singleton pregnancies, but
there is no difference in the concordance rate in
monozygotic and dizygotic twins, suggesting
that most cases are sporadic [150]. However,
there have been occasional reports of recurrence
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in subsequent generations and occasional cases
of affected siblings born to unaffected parents
[87]. Eye and vertebral anomalies were rare in
these familial cases. Using segregation analysis,
Kaye et al. [151] suggested autosomal dominant
inheritance with variable expressivity for these
families. Genetic counseling for recurrence
would be beneficial in familial cases and when
cytogenetic abnormalities have been identified as
noted above.

Diagnosis

Diagnosis is based on clinical features, as most
cases are sporadic with no genetic abnormality
identified. Genomic microarray analysis should
be included as part of the work-up because of the
high prevalence of abnormalities but is normal in
most cases of OAVS.
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Abstract

Malformations affecting the ear encompass a wide spectrum of clinical
entities. Interestingly, 50 % of all congenital malformations of the head
and neck involve the ear. These malformations may present themselves as
cosmetic and/or functional defects and can occur in isolation or as part of
a constellation of features that define various associations and syndromes.
They can affect the outer, middle, and/or inner ear, frequently in combina-
tion. The embryologic development of the outer and middle ear differs
from that of the inner ear; this is reflected in the clinical presentation of ear
malformations and forms the basis for many of the classification systems
employed in clinical practice. This chapter reviews the embryology of the
ear as well as the diagnosis and management of the most common
malformations.
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Embryology of the Ear and
Associated Congenital
Malformations

Malformations affecting the ear encompass a
wide spectrum of clinical entities. Interestingly,
50 % of all congenital malformations of the head
and neck involve the ear. These malformations
may present themselves as cosmetic and/or func-
tional defects and can occur in isolation or as part
of a constellation of features that define various
associations and syndromes. They can affect the
outer, middle, and/or inner ear, frequently in
combination. The embryologic development of
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the outer and middle ear differs from that of the
inner ear; this is reflected in the clinical presenta-
tion of ear malformations and forms the basis for
many of the classification systems employed in
clinical practice. This chapter reviews the embry-
ology of the ear as well as the diagnosis and man-
agement of the most common malformations.

Outer Ear
Embryology

The first signs of auricular development are
apparent at 4 weeks gestation as tissue condensa-
tions of the mandibular and hyoid arches. These
condensations appear at the distal portion of the
first pharyngeal groove; within 2 weeks, they
give rise to six small buds of mesenchyme,
known traditionally as the hillocks of His. The
mandibular arch gives rise to hillocks 1-3, and
the hyoid arch gives rise to hillocks 4-6 [1-3]
(Fig. 2.1). The specific contribution of each arch
to the formation of the auricle varies amongst
published studies. However, a reasonable devel-
opmental scheme proposes that hillock 1 gives
rise to the tragus, hillocks 2 and 3 the helix, and
hillocks 4 and 5 the antihelix and hillock 6 even-
tually differentiates into the lobule. Other theo-
ries suggest that the hyoid arch contributes
approximately 85 % of the auricle, with most of
the central ear formed from hillocks 4 and 5,
while the tragus is formed from hillocks 1-3 [4].
Regardless of the proposed auricular develop-
mental model, the lobule is the last component of
the external ear to develop. The concha is derived
from the ectoderm forming the external auditory
canal (EAC) [5, 6]. Initially, the auricle begins
development in the anterior neck region. As the
mandible develops during weeks 8—12, the auri-
cle migrates dorsally and cephalad and lies in its
relative adult location by week 20 [7].

The EAC develops from the dorsal portion of
the first pharyngeal groove, which progressively
deepens during the second month (Fig. 2.2). The
ectoderm of the groove eventually abuts the
endoderm of the tubotympanic recess, which is
derived from the first pharyngeal pouch. This
contact is brief and at the sixth month is broken
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by a mesodermal ingrowth. At 8 weeks, the infe-
rior portion of the first pharyngeal groove deep-
ens again. This forms the primary EAC, which
corresponds to the cartilaginous canal in the
adult. At 9 weeks, a cord of epithelial cells at the
bottom of the primary EAC grows medially into
the surrounding mesenchyme to terminate in a
solid epithelial plate, which is known as the
meatal plug. It is not until after the fifth month
that the plug splits open, initially at its medial ter-
minus, forming the bony EAC by the seventh
month. The cells remaining at the periphery form
the epithelial lining of the bony EAC, whereas
those remaining medially form the superficial
layer of the tympanic membrane (TM). These
developmental changes in the EAC occur at a
time when the outer, middle, and inner ear are
already well developed.

The TM is trilaminar. The primordium of the
TM is the pharyngeal membrane, which sepa-
rates the first pharyngeal groove from the first
pharyngeal pouch. At 9 weeks, the mesenchyme
adjacent to the meatal plug gives rise to the lam-
ina propria of the TM. This mesenchyme is sur-
rounded by the four ossification centers of the
tympanic ring. By the tenth week, the tympanic
ring elements fuse except for a small region supe-
riorly where a defect remains; this becomes the
notch of Rivinus. These elements then expand,
accompanied by the growth of the solid epithelial
cord of cells of the meatal plug. Thus, the TM
develops from three sources that correspond to its
trilaminar structure. Its lateral surface arises from
ectoderm of the first pharyngeal groove; its
medial surface from endoderm of the tubotym-
panic recess, a derivative of the first pharyngeal
pouch; and its middle layer, a fibrous stratum of
connective tissue, from mesenchyme of the first
and second pharyngeal arches.

Preauricular Sinus

Definition

A preauricular sinus is a congenital malformation
that manifests as an external small opening in the
preauricular region. It has been variably termed
preauricular pit, preauricular fistula, preauricular
tract, and preauricular cyst.
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first and second branchial arches
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Fig. 2.1 Schematic demonstrating the hillocks of His that develops into the mature auricle (reprinted with permission
from Moore KL, Persaud TVN. The Developing Human: Clinically Oriented Embryology. 5th ed. Philadelphia: W.B.

Saunders; 1993:438)

Incidence

Preauricular sinuses have an estimated incidence
of 0.1-0.9 % in the United States, 0.47 % in
Hungary, 0.9 % in England, 2.5 % in Taiwan, and
as high as 4-10 % in some parts of Africa
[8-13].

Etiology

The most accepted theory attributes the develop-
ment of a preauricular sinus to incomplete or
defective fusion of the six hillocks of His [10].

Associated Malformations

The preauricular sinus has been described as part
of a number of syndromes, most commonly
branchio-oto-renal (BOR) syndrome [14, 15].
Others include brancho-oto-costal syndrome
[16], cat eye syndrome [17], Waardenburg’s syn-
drome [18], and trisomy 22 [19, 20].

Some studies have found an association
between hearing loss (conductive and sensori-
neural) in newborn infants with isolated preau-
ricular tags and pits. This incidence has been
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reported as high as 15-30 % [21]. Interestingly,
the hearing loss may evolve after a few years.
However, many studies have found no statisti-
cally significant associated hearing loss with iso-
lated preauricular sinuses and tags compared to
control groups [10, 22]. The incidence of external
or middle ear anomalies does not appear to be
higher in patients with an isolated preauricular
sinus. Conversely, individuals with congenital
branchial cleft anomalies may have a higher inci-
dence of concomitant preauricular sinus, reported
as high as 60 % in the literature [23]. It is well
known that patients with syndromic preauricular
sinuses may have associated hearing loss as part
of the clinical spectrum [24, 25].

Studies have shown an association between
preauricular sinus and renal structural abnormali-
ties. The percentage of children with isolated pre-
auricular sinus and associated major renal
structural abnormalities is reported to be 2.2-4.3
% [14, 26]. A prospective study of over 32,000
live births suggested a slightly increased risk
(odds ratio 1.3) of renal anomalies in children
with ear anomalies [21].

Clinical Features

Over 50 % of cases overall are unilateral [27],
although some studies have found the incidence
of bilateral lesions to be 25-50 % of cases [9].
They occur more commonly on the right side [8,
10]. They are frequently noted during routine
physical examination as a small pit adjacent to
the external ear, usually located at the anterior
margin of the ascending limb of the helix,
although the opening has also been reported
along the posterosuperior margin of the helix, the
tragus, or the lobule [8, 28]. The extent of the
depth of the pit may vary, and can be shallow,
limited to the visible portion of the pit, or may
form a sinus tract that can extend to a variable
depth or branch or follow a tortuous course. A
preauricular sinus may also result in the forma-
tion of a subcutaneous cyst. These cysts are inti-
mately related to the tragal cartilage and the
anterior crus of the helix, whereby they are
always adherent to the perichondrium of the
auricular cartilage [29]. Unlike the tract of first
branchial arch anomalies, a preauricular sinus
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tract is lateral and superior to the facial nerve and
parotid gland.

Patients may present with discharge from the
sinus either as a result of desquamating epithelial
debris or infection. The latter may manifest with
erythema, swelling, pain, and discharge. The
most common culture pathogens implicated in
infection are Staphylococcal species and, less
commonly, Proteus,  Streptococcus, and
Peptococcus species [9].

Classification

A preauricular sinus can be inherited or can occur
sporadically. Most cases are sporadic. Bilateral
cases are more likely to be inherited [9]. When
inherited, the pattern is of incomplete autosomal
dominance with reduced (around 85 %) pene-
trance [27, 30]. Research studies have mapped a
possible locus for congenital preauricular fistula
to chromosome 8q11.1-q13.3 [31].

Diagnosis

Most patients are asymptomatic, and a sinus pit
in a typical site is highly suggestive of the diag-
nosis (Fig. 2.3). A thorough history and head and
neck examination are mandatory in all cases,
seeking evidence of associated anomalies that
may lead to the diagnosis of a syndromic etiol-
ogy. Assessment of bilateral involvement, facial
nerve function, and external ear development is
important.

Management

Assessment of a child with a preauricular sinus,
pit, or tag entails a thorough head and neck exam-
ination as well as systems review to elicit any
obvious syndromal association. Assessment of
the auricle as well as otomicroscopic examina-
tion of the external auditory canal and tympanic
membrane are carried out to assess for any con-
comitant outer ear malformations.

The necessity of performing a renal ultra-
sound in patients with an isolated preauricular
sinus has been controversial. Some authors have
recommended that renal ultrasounds be per-
formed on all patients with isolated preauricular
sinuses [14], although this view is not shared by
others [28]. Compelling arguments for attaining a
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Fig. 2.3 Child with two ear pits (the more common pre-
auricular pit and a less common helical pit adjacent to the
notch in the helix)

renal ultrasound include the low cost and risk
associated with the test as well as the significant
clinical implications of a detected renal anomaly.
Wang et al. [21], based on a retrospective review
of 42 children with external ear anomalies who
had undergone renal ultrasound in two genetics
medical centers between 1981 and 2000, sug-
gested that renal ultrasound should only be per-
formed on patients with a preauricular sinus and
one or more of the following:
1. Another malformation or dysmorphic feature
2. A family history of deafness
3. An auricular and/or renal malformation
4. A maternal history of gestational diabetes
Routine audiometric testing in patients with
an isolated preauricular sinus has also been con-
troversial. Most of the conducted studies consti-
tuted small patient cohorts. Moreover,
confounding factors, including otitis media with
effusion in the young age group, make data inter-
pretation difficult. There has been no definitive
evidence that hearing assessment should be car-
ried out in the routine evaluation of the newborn

with an isolated preauricular sinus, at least no
more so in these children than in those without
preauricular pits.

Management of an acutely infected preauricu-
lar sinus entails administration of appropriate
antibiotics active against the causative pathogen.
In the case when an abscess is present, incision
and drainage are commonly undertaken. This can
however result in scarring that may make subse-
quent definitive surgical excision of the sinus
more challenging. Coatesworth et al. [32] have
described a technique for drainage of a preauricu-
lar abscess using a lacrimal probe, in an attempt
to minimize trauma to the underlying sinus,
potentially reducing the impact of fibrosis on
subsequent surgical excision if needed.

Management of recurrent or persistent preau-
ricular sinus infections usually requires surgical
excision of the sinus and its tract, preferably at a
time of quiescence. Various surgical techniques
have been described, with the primary surgical
goal of obtaining complete excision to reduce the
risk of recurrence. In reviewing the literature,
recurrence rates have been reported between 0
and 42 % [33, 34]. The classic approach to surgi-
cal excision involves an elliptical skin incision
with removal of the skin and sinus opening and
medial dissection of the sinus tract. Wide local
excision in the form of a radical supra-auricular
approach has also been described [34]. This
approach involves a postauricular extension of
the elliptical incision around the sinus opening,
with subsequent medical dissection to the tempo-
ralis fascia and continued over the cartilage of the
anterior helix. Tissue superficial to the temporalis
fascia is removed together with the preauricular
sinus as well as a portion of the cartilage or peri-
chondrium of the helix at the base of the sinus.
Studies have shown that the supra-auricular
approach has a lower recurrence rate compared
with simple sinus and tract excision (3.7-5 % vs.
32-42 %, respectively) [35, 36].

Currie et al. [33] carried out a retrospective
review over a period of 8 years to assess risk fac-
tors that influenced recurrence rates following
surgical excision of preauricular sinuses. Factors
found to reduce the risk of recurrence were the
use of the supra-auricular approach with clear-
ance down to the temporalis fascia, avoidance of
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sinus rupture, and closure of wound dead space.
To facilitate complete surgical excision, many
techniques have been employed to aid in the visu-
alization of the sinus tract and its branches. These
include preoperative sonographic imaging, pre-
operative sinograms, intraoperative methylene
blue injection, and the use of a lacrimal probe
[37, 38]. These have proven to be of variable ben-
efit, and their use is mostly dictated by surgeon
preference.

Aural Atresia

Definition

Congenital aural atresia (CAA) refers to a spec-
trum that involves varying degrees of failure of
development of the EAC.

Incidence

The prevalence rates reported for CAA have been
variable, reasons for which include variable reg-
istration systems and lack of a standardized defi-
nition and diagnosis [39]. Furthermore, CAA is
often associated with microtia; accurately captur-
ing CAA data from this overlapping dataset has
been difficult. According to the Swedish Board
of Welfare statistics, the frequency of isolated
EAC malformations in 1980 was reported as 0.92
per 10,000 live births.

Etiology

Failure of canalization of the EAC canal during
the seventh gestational month results in membra-
nous and/or bony CAA. The etiology of CAA, as
with microtia, is multifactorial. A number of fac-
tors have been implicated in the pathogenesis,
including teratogens, vascular insults, and genetic
aberrations [40, 41].

Associated Malformations

Microtia is commonly associated with CAA, and
the degree of auricular malformation usually
correlates with the degree of CAA as well as the
middle ear deformity. However, even though
segments of the auricle, EAC, and ossicular
chain originate from the same pharyngeal arches,
they are from different segments of neural crest
cells and evolve at different times in embryonic
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development. As such, a severe microtia with
accompanying CAA is not always accompanied
by a disruption in the development of the ossicu-
lar chain or middle ear cavity. Likewise, cases of
a normal auricle with CAA or, albeit rarely, of
microtia with normal EAC and middle ear cavity
have been reported [42]. Given the separate
embryologic origin of the inner ear, the inci-
dence of inner ear abnormalities is relatively low
in patients who have CAA (about 8 %) [43].
CAA has been reported in patients with chromo-
somal anomalies, especially terminal deletions
at chromosome 18q23. A study by Veltman et al.
found that atresia occurs in approximately 66 %
of all patients who have a terminal deletion of
18q [44].

Clinical Features

CAA is more commonly unilateral (70-90 %)
[45]. When bilateral, the deformity on either side
can vary in complexity. For unknown reasons,
males are affected more commonly than females,
at a 2.5:1 ratio. In addition, the right ear is more
commonly involved (~60 %) [46]. CAA is more
often bony than membranous, and it can be com-
plete or incomplete. The latter may result in a
stenotic cartilaginous canal laterally, with a
medial osseous canal of normal caliber and a nor-
mal TM.

Classification

Several classifications have been proposed based
on various parameters including clinical, radio-
logical, surgical, and histopathological findings.
A commonly used classification of CAA is that
described by Weerda [47], which categorizes
these malformations into three types (Table 2.1).

Altmann was the first to describe a histopatho-
logical classification correlating the severity of
CAA [48] (Table 2.2). He divided three catego-
ries: mildly, moderately, and severely malformed
types. Many authors have since modified this
classification system, further subclassifying type
II based on the surgical findings and functional
outcome [49] (Table 2.3).

Schuknecht described a classification system
(types A-D) based on a combination of high-
resolution computed tomography (CT) scan and
surgical findings (Table 2.4) (Fig. 2.4a—d).
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Table 2.1 Weerda classification of congenital aural
atresia

Type A Marked narrowing of the EAC with an intact
skin layer
Type B Partial development of the EAC with an
atresia plate at the medial part
Type C Complete bony EAC atresia
Table 2.2 Altmann classification of congenital aural
atresia
Group 1 Some part of the EAC, although
(mild) hypoplastic, is present. The tympanic
membrane is hypoplastic, and the eardrum
is small. The tympanic cavity is either
normal in size or hypoplastic
Group 2 The EAC is completely absent, the
(moderate)  tympanic cavity is small and its contents
deformed, and the “atresia plate” is
partially or completely osseous
Group 3 The EAC is absent, and the tympanic
(severe) cavity is markedly hypoplastic or missing

Table 2.3 Modified Altmann classification of CAA

Type I: Tympanic membrane is smaller in area

Mild than normal; various kinds of ossicular
malformations may be present

Type 1I: Moderate: atretic plate; tympanic cavity is

Moderate within normal limits

Ila Tympanic bone hypoplastic; course of the
facial nerve usually normal

IIb Tympanic bone absent; abnormal course
of the facial nerve

Type III: No canal, and a severely hypoplastic

Severe tympanic cavity

Adapted from Declau F, Offeciers F, Van de Heyning P.
Classification of the non-syndromal type of meatal atre-
sia, in Proceedings of the XVth World Congress of
Otorhinolaryngology Head and Neck Surgery: Panel
Discussions, Devranoglu I, Editor. 1999: Istanbul, Turkey.
p. 135-7

Diagnosis

CAA is typically evident on initial neonatal
examination. The presence of microtia may draw
attention to a possible associated CAA. In many
countries and in all states within the United
States, universal newborn hearing screening is
mandatory. This has enhanced the early identifi-
cation of children with more subtle presentations
of CAA (e.g., unilateral CAA) who might not
have been diagnosed until later in life.

N.M. Shoman et al.

Table 2.4 Schuknecht classification of CAA

Type A: Meatal Limited to a stenotic

atresia fibrocartilaginous portion of the
EAC
Type B: Narrowing and sometimes

tortuousities of both the
fibrocartilaginous and bony parts of
the EAC. The TM size is often
reduced and replaced at least in part
by a bony septum, and there is
usually middle ear deformities
including ossicular malformations

Partial atresia

Type C:
Total atresia

Totally atretic canal, but well-
developed pneumatization of the
tympanic cavity. Characteristically,
the TM is missing, the head of the
malleus is slightly deformed with
fixation to the atresia plate, and the
head of the malleus and body of the
incus are fused. The facial nerve
occasionally takes a more anterior
course, in which case it may
partially overlap the oval window
Type D:
Hypopneumatic
total atresia

Displays the same dysmorphic
features found in type C as well as
reduced pneumatization of the
temporal bone. There is usually an
abnormal course of the facial nerve
as well as abnormalities of the bony
labyrinth

In the absence of other major congenital mal-
formations, it is most important to evaluate the
status of the child’s hearing. Even if the contralat-
eral ear is normal on newborn screening, a diag-
nostic auditory brainstem response (ABR) test is
typically recommended in order to assure that the
child has at least one normal hearing ear for
access to sound and speech. Aside from audio-
metric assessment, any patient with CAA in
whom surgical repair is contemplated should
undergo high-resolution CT scanning of the tem-
poral bones (Fig. 2.5).

Management

In cases of unilateral CAA, hearing is typically
normal in the contralateral ear [50]. Some syn-
dromes, such as Goldenhar syndrome or hemifa-
cial microsomia, present an important exception
to this, because the uninvolved ear may demon-
strate a conductive, sensorineural, or mixed hear-
ing loss. CAA typically results in conductive
hearing loss (CHL) in 80-90 % of the cases with
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the remaining patients demonstrating a sensori-
neural hearing loss (SNHL) component [5]. The
CHL is typically in the moderate hearing loss
range of 40-60 dB.

Current literature suggests that there are many
benefits to binaural stimulation, and children
with a unilateral hearing loss are at a greater risk
of delayed language development, attention-defi-
cit disorders, and poor school performance. As
such, patients with unilateral CAA are currently
managed with various rehabilitative options,
including a hearing aid, assistive listening
devices, as well as surgical correction of the atre-
sia. In patients with complete CAA who opt to
use a hearing amplification device, a bone-con-
duction hearing aid must be used, while in cases
of incomplete CAA, an air-conduction hearing
aid is also an option, but can be problematic due
to difficulties in effectively fitting a stenotic ear
canal. In the classroom setting, an FM system can
also be an extremely effective option for children
with CAA and unilateral hearing loss.

In bilateral CAA, the degree of hearing loss is
usually significant enough to cause delay in speech
and language acquisition and overall psychological
development. It is recommended that the medical
and audiologic evaluation and management of
infants with CAA should follow the American
Academy of Pediatrics 1-3—6 newborn hearing
loss guidelines: screen by 1 month, diagnose by 3
months, and begin intervention by 6 months of age.

If surgical correction is contemplated, preop-
erative CT scanning provides valuable informa-
tion to help in the decision-making process. In
1992, Jahrsdoerfer et al. [51] proposed a CT
grading system for CAA that was shown to cor-
relate with postoperative hearing outcomes
(Table 2.5). With respect to surgical management
of unilateral CAA, the risks of atresia repair
should be carefully discussed with the family and
weighed against the alternatives of a bone- or air-
conduction hearing aid or implantation of a bone-
anchored hearing aid. CAA repair carries the
risks of canal restenosis, facial nerve injury, sen-
sorineural hearing loss, and postoperative chronic
otorrhea. The degree of audiometric improve-
ment is also somewhat unpredictable following
atresia surgery. Delaying surgery until after ado-
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Table 2.5 Jahrsdoerfer grading system of candidacy for
CAA repair

Parameter Points
Stapes present 2
Oval window open 1
Middle ear space 1
Facial nerve normal 1
Malleus—incus complex present 1
Mastoid well pneumatized 1
Incus—stapes connection 1
Round window normal 1
Appearance of external ear 1
Rating Type of candidate
10 Excellent

9 Very good

8 Good

7 Fair

6 Marginal

<5 Poor

lescence, when patients can share in their own
decision-making process, is advocated by some
otologic surgeons. The goal of surgery in patients
with bilateral CAA is to restore sufficient hearing
such that amplification is no longer needed. This
typically translates to a hearing threshold of 25
dB or better. The choice of which ear to operate
on is based on imaging evaluation rather than
audiometric assessment. Using the Jahrsdoerfer
CT grading system, in cases of unilateral CAA, a
good surgical candidate scores 8 or more points.
In bilateral CAA, the better ear (higher score) is
chosen for repair first. With proper patient selec-
tion in cases of aural atresia, it is possible to
achieve a hearing level of 25 dB or better in
50-70 % of patients. If microtia is present, its
repair is first carried out as the child approaches
school age (typically 5 years of age). CAA repair
follows thereafter at about 67 years of age.

The risk of cholesteatoma development with
CAA is about 4-7 % [40]. A CT scan of the tem-
poral bones should routinely be obtained around 4
years of age. It is not recommended that a CT scan
be obtained at an earlier age, as it would have to
be repeated closer to the time of surgery given the
ongoing growth and maturity of the temporal
bone. Furthermore, the risk of cholesteatoma
development under 3 years of age is minimal.
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This approach further minimizes unnecessary
radiation exposure in the pediatric population. If
cholesteatoma does exist, surgery is planned, in
the form of either canal and middle ear surgery if
the CT scan is favorable or canaloplasty alone.

Microtia

Definition

Microtia describes a spectrum of malformations
that span a wide range of clinical presentations
that can affect the size, orientation, position, and
morphology of the auricle. Complete absence of
the auricle can also occur (anotia).

Incidence

In Europe, a prevalence of 1.07 in 10,000 births
for microtia and anotia was found in the period of
1980-2003 [39]. Jahrsdoerfer reported a preva-
lence of 1 in 5,800 births based on the Health
Department statistics of the City of New York for
a 10-year period (1952-1962) [52].

Etiology

The etiology of microtia is often multifactorial.
Only 15 % of patients have a positive family his-
tory. In a minority of patients, a genetic or an
environmental cause can be found; in these cases,
microtia is usually part of a specific pattern of
multiple congenital anomalies.

Associated Malformations

Microtia is commonly associated with CAA, and
the degree of auricular deformity correlates with
the degree of middle ear deformity and conduc-
tive hearing loss. Microtia occurs in association
with several single-gene disorders, such as
Treacher Collins syndrome, as well as chromo-
somal syndromes, such as trisomy 18. It is fre-
quently associated with the oculoauriculovertebral
dysplasia spectrum of congenital anomalies,
including Goldenhar—-Gorlin syndrome [53].
Furthermore, microtia is a component of isotreti-
noin and thalidomide teratogenicity and can be
part of fetal alcohol syndrome and maternal dia-
betes embryopathy [33]. Women with four or
more pregnancies are at increased risk for having
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Table 2.6 De la Cruz classification of congenital aural
atresia

Minor malformations Major malformations
Normal mastoid

pneumatization

Poor pneumatization

Abnormal or absent oval
window/footplate

Normal oval window/
footplate

Abnormal course of the
facial nerve

Reasonable facial nerve—
footplate relationship
Abnormalities of the inner
ear

Normal inner ear

a child with microtia, especially its most severe
form (anotia) [54].

Clinical Features

As with CAA, microtia occurs more often on the
right and in males. The occurrence of microtia is
more common in Japanese, Hispanic, and Native
American populations, but less common in the
black and Caucasian populations [1, 6, 55].

Classification

Many classification systems have been proposed
and modified over the years. In essence, all of the
classification systems classify a normal or near-
normal auricle as Grade I, with increasing grades
signifying increasing deformity. Commonly used
classification systems include the De la Cruz and
Weerda classification systems. The De la Cruz
classification divides malformations into minor
and major categories (Table 2.6). In 1988, Weerda
compiled all the classification systems into one
scheme that is useful for clinical grading as well
as basic management principles (Table 2.7)
(Fig. 2.6a—c).

Anotia

Complete absence of any recognizable external
ear structures. Management is similar to that of
third-degree dysplasia.

Diagnosis

Microtia is evident on initial neonatal assess-
ment. A thorough physical examination is
important to accurately describe the auricular
deformity, determine the status of the EAC, and
assess for any associated malformations (preau-
ricular pits/sinuses, cervical cysts, or sinuses),



Table 2.7 Weerda’s combined classification of auricular defects, including surgical recommendations

First-degree dysplasia. Average definition: Most structures of a normal auricle are recognizable (minor deformities)
Surgical definition: Reconstruction does not require the use of additional skin or cartilage

a. Microtia

b. Protruding ear (synonyms: prominent ear, bat ear)

c. Cryptotia (synonyms: pocket ear, group IV B (Tanzer))

d. Absence of upper helix

e. Small deformities: Absence of the tragus, satyr ear, Darwinian tubercle, additional folds (Stahl ear)

f. Colobomata (synonyms: clefts, transverse coloboma)

g. Lobule deformities (pixed lobule, macrolobule, absence of lobule, lobule colobamata (bifid lobule))

h. Cup ear deformities

Type I: Cupped upper portion of the helix, hypertrophic concha, reduced height (synonyms: lidding helix,
constricted helix, group IV A (Tanzer), lop ear)

Type II: More severe lopping of the upper pole of the ear; rib cartilage is used as support when a short ear must
be expanded or the auricular cartilage is limp

Second-degree dysplasia
Average definition: Some structures of a normal auricle are recognizable

Surgical definition: Partial reconstruction requires the use of some additional skin and cartilage. Synonym: Second-
degree microtia (Marx)

a. Cup ear deformity, type III: The severe CUP ear deformity is malformed in all dimensions (synonyms:
cockleshell ear, constricted helix, group IV (Tanzer), snail-shell ear)

b. Mini-ear
Third-degree dysplasia
Average definition: None of the structures of a normal ear is recognizable

Surgical definition: Total reconstruction requires the use of skin and large amounts of cartilage. Synonyms: complete
hypoplasia group II, peanut ear, third-degree microtia (Marx); normally concomitant congenital atresia is found

a. Unilateral: One ear is normal; no middle ear reconstruction is performed on any child; auricle reconstruction is
begun at age 5 or 6 years
b. Bilateral: Bone-conduction hearing aid before the first birthday; middle ear surgery at age 4 years without
transposition of the vestige; bilateral reconstruction of the auricle at age 5 or 6 years
Anotia—Complete absence of any recognizable external ear structures. Management is similar to that of third-degree
dysplasia

Fig. 2.6 (a) Photograph of child with first-degree  underdeveloped upper half of pinna. (¢) Photograph of
dysplasia of pinna, demonstrating cupped ear, absent child demonstrating third-degree dysplasia. Note that the
antihelical fold, and Darwinian tubercle. (b) Photograph  normal structures of the ear are not recognizable

of child with second-degree dysplasia demonstrating
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craniofacial malformations (ocular, zygomatic,
mandibular, palatal abnormalities), as well as
other organ systems. This information will be
helpful in determining a possible syndromic
etiology. Microtia, as with CAA, is recognized
by the American Academy of Pediatrics as a
high-risk factor for congenital hearing loss. It is
paramount that the hearing status of a neonate
with a diagnosis of microtia be promptly deter-
mined. With bilateral microtia, early referral
for audiologic evaluation is critical so that
proper bone-conduction hearing aid use can be
implemented. With unilateral microtia, a diag-
nostic ABR test is typically recommended to
ensure that the child has at least one normal
hearing ear. If there is associated CAA and sur-
gical correction is contemplated, a preoperative
CT scan is recommended.

Management
Management of microtia is commonly a multidis-
ciplinary approach. If other congenital anomalies
are present, either in association with a syndrome
or as isolated findings, consultation from the
appropriate services is indicated. From an oto-
logic perspective, one must initially determine
what type of auditory habilitation is required and
feasible. Patients with microtia associated with
CAA follow the algorithm previously discussed
under CAA, as auditory habilitation of the associ-
ated CHL takes precedence in these cases. If sur-
gery is contemplated, microtia repair is undertaken
at approximately 5-6 years of age, with atresia
repair following at approximately 6-7 years.
Using the Weerda classification, first-degree
dysplasia encompasses many common and fre-
quently isolated auricular malformations, includ-
ing macrotia, protruding ears, and cup ear
deformity. Reconstruction normally does not
require the use of additional skin or cartilage.
Instead, many otoplastic techniques have been
described that attempt to achieve some auricular
reduction. These techniques for the most part
involve manipulation of the cartilage framework
by using sutures or by cutting, abrading, or scor-
ing. Examples of the former include the Mustarde
and the Furnas techniques. Examples of the
cartilage-cutting techniques include the Converse,
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Farrior, and Pitanguy techniques. These tech-
niques make use of the observation that cut carti-
lage bends away from its cut side. Cartilage
cutting is useful for manipulating cartilage that is
stiff and thick but can cause scarring, irregulari-
ties along the cut edges, and a diminished auricle
size. They are also generally more difficult to
undertake and require an experienced surgeon for
their maximal benefit and utilization.

Second-degree dysplasia, or atypical microtia,
has most of the auricular structural components
recognizable; there is however distinct tissue
deficiency that necessitates the transposition of
skin and cartilage. The main deficiency often lies
in the vertical height of the affected ear.
Augmenting this deficiency can be achieved by
various techniques depending on the difference
in height between the two ears. If the height dif-
ference is more than 20 mm, a cartilage graft is
considered. Donor sites include the contralateral
conchal bowl or a rib graft for large deficiencies.
A staged skin graft in these instances is often
required and may be advanced from a postauricu-
lar donor site.

Reconstruction for third-degree dysplasia
(classic microtia) or anotia requires the use of
skin and large amounts of cartilage. This is best
initiated at the age of about 6 years, especially for
unilateral cases, and the best donor tissue is
autogenous costal cartilage. By this age, suffi-
cient cartilage is present for the auricular recon-
struction, and the patient is more able to cooperate
with the necessary postoperative care. The recon-
struction is multistaged and incorporates CAA
repair.

Middle Ear
Embryology

The tympanomastoid compartment first appears
at the 3-week stage as an outpouching of the first
pharyngeal pouch (the tubotympanic recess)
(Fig. 2.7). This is a stalklike diverticulum, which
expands in a lateral direction until it comes in
contact with the epithelial lining of the first pha-
ryngeal cleft. The distal part of this diverticulum
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widens into a saclike structure, which is the prim-
itive tympanic cavity. Expansion of the pouch
begins at the inferior aspect of the definitive tym-
panic cavity and progresses by invasion of the
adjacent mesenchyme. By 7 weeks, concomitant
growth of the second branchial arch constricts the
importation of the tubotympanic recess. The pri-
mary tympanic cavity lies lateral to this constric-
tion, while the proximal part of the tubotympanic
recess medial to this constriction remains narrow
and develops into the Eustachian tube. The distal
end of the first pharyngeal pouch buds into four
sacci (anticus, posticus, superior, and medius),
which expand to progressively pneumatize the
middle ear and the epitympanum. Expansion of
the sacci envelops the developing ossicles, which
remain embedded in mesenchyme until the eighth
month, when the surrounding tissue dissolves.
The interface between two sacci gives rise to
mesentery-like mucosal folds, which transmit
blood vessels. Mesenchymal resolution may con-
tinue as late as 1 year postnatally (or even later in
some rare cases). Persistence of this embryonic
connective tissue in the adult may be evident as
connective tissue strands draped over the oval
and round windows.

By birth, the antrum approximates that of the
adult. Mastoid pneumatization is evident as early
as 33 weeks gestation and proceeds along well-
established tracts. There is considerable variabil-
ity amongst individuals in the degree and pattern
of temporal bone pneumatization, and multiple
factors are thought to play a role in this, including
heredity, environmental, nutritional, infectious,
and anatomic factors relating to the adequacy of
ventilation by the Eustachian tube. Overall, the
mastoid continues to grow for up to 19 years after
birth.

The ossicular chain largely has its origins
traced back to the pharyngeal arch apparatus, and
studies have established that it is the phyloge-
netic equivalent of the jaw joint in all nonmam-
malian jawed vertebrates [56]. In these animals,
the jaw joint is established between mesenchy-
mal components of the first and second pharyn-
geal arches, namely, the quadrate and articular
portions. In the typical living reptile, sound is
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transmitted through the columella auris from a
primitive tympanic membrane to the inner ear
[57]. During evolution, the jaw joint was modi-
fied, and the articulo-quadrate joint evolved to
constitute the mammalian middle ear [58]. The
articular became the malleus and the quadrate the
incus. These ossicles, through their respective
contacts with the tympanic membrane and stapes
(the phylogenetic homolog of the columella
auris), were incorporated into the sound-
transmitting apparatus [59, 60].

The first evidence of ossicular development
occurs at approximately 4 weeks. An interbran-
chial mesenchymal bridge appears between the
first and second pharyngeal arches. Specifically,
the bridge connects the upper end of a part of the
first arch (referred to as the mandibular visceral
bar) with the central region of the second pharyn-
geal arch (hyoid) visceral bar. Thus, this con-
densed mesenchymal bridge consists of both first
and second pharyngeal arch elements, which ulti-
mately undergoes cartilaginous differentiation
that gives rise to the primordial malleus and
incus. As for the stapes, all of its blastula derives
from the hyoid visceral bar except for the medial
surface of the footplate and the annular ligament,
which are of otic capsular (lamina stapedialis)
origin. Thus, the ossicles are derived from neural
crest mesenchyme of the first and second bran-
chial arches, with the only exception being the
medial aspect of the stapes footplate and the
annular ligament, which are derived from the
mesenchyme of the otic capsule.

Over the following 11 weeks, the ossicles
develop and grow as a cartilaginous model of
the mandibular and hyoid arches. This process
is bone formation from a cartilaginous frame-
work and is referred to as endochondral ossifi-
cation. The anterior process of the malleus is
unique in that it develops by membranous o0ssi-
fication without a cartilaginous model. Although
controversy exists as to the exact contribution of
each arch to the ossicular chain, it is believed
that the head of the malleus as well as the body
and short process of the incus are formed from
Meckel’s cartilage. Meanwhile, the long process
of the incus, handle of the malleus, stapes super-
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Fig. 2.7 Schematic diagram demonstrating the origin of ossicles and their relationship to the branchial arches

structure, and tympanic surface of the stapes
footplate are derived from Reichert’s cartilage.
As previously mentioned, the medial surface of
the footplate and the annular ligament are of
otic capsular origin. Development of the stapes
blastema involves progressive encirclement of
the stapedial artery. The obturator foramen rep-
resents the completed ring left empty after the
stapedial artery involutes.

By 15 weeks of gestation, the ossicles have
already attained adult size, and the process of
endochondral ossification soon begins. This pro-
cess starts first in the incus, then in the malleus,
and finally in the stapes. As the footplate attains
adult size, the annular ligament is formed from
the developing otic capsule. Paralleling this devel-
opment, the tensor tympani and stapedius muscles
develop. The tensor tympani muscle is innervated
by the mandibular branch of the trigeminal nerve,
the nerve of the first pharyngeal arch, while the
stapedius muscle is innervated by the facial nerve,
the nerve of the second pharyngeal arch. By 20
weeks gestation, the ossicles have assumed their
adult configuration, and the endochondral bone of
the ossicles, as with that of the otic capsule,
undergoes little change over the lifetime of the
individual. The exception to that is the stapes,
which continues to lose bulk from its large struc-

ture well into the 32nd week of gestation. The sta-
bility of the ossicular bone explains the poor
reparative capacity in response to trauma.

Although the ossicles appear during the first
half of fetal life, they remain embedded in mes-
enchyme until the eighth month, when the sur-
rounding tissue dissolves. As the mesenchyme
surrounding the ossicles dissolves and the devel-
oping tympanic cavity expands, the endodermal
epithelial lining of the primitive tympanic cavity
then extends along the wall of the newly develop-
ing space to the epitympanic space and antrum
and envelopes the developing ossicles. The tym-
panic cavity is now at least twice as large as
before. When the ossicles are entirely free of sur-
rounding mesenchyme, the endodermal epithe-
lium connects them in a mesentery-like fashion
to the wall of the cavity. The supporting liga-
ments of the ossicles develop later within these
mesenteries.

During late fetal life, the tympanic cavity
expands dorsally by vacuolization of surround-
ing tissue to form the tympanic antrum. After
birth, epithelium of the tympanic cavity invades
bone of the developing mastoid process, and
epithelium-lined air sacs are formed (pneumati-
zation). Later, most of the mastoid air sacs come
in contact with the antrum and tympanic cavity.
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Fig. 2.8 Schematic of normal anatomy of middle ear

Ossicular Chain Malformations

Definition

Ossicular chain malformations describe a spec-
trum of anomalies that may include absence or
maldevelopment of any of the ossicles (Fig. 2.8).

Incidence

Overall, isolated congenital ossicular anomalies
are rare, with an incidence of less than 1 per
15,000 births [61]. In a study of 565 children with
congenital hearing loss, 54 children (9.5 %) had
CHL unrelated to otitis media and only 3 children
(0.5 %) were found to have an isolated middle ear
anomaly [62]. In a similar study of 687 children
with congenital hearing loss, 8 children (0.1 %)
had an isolated middle ear defect [42]. The most
common congenital isolated ossicular anomalies
in many series remain stapes fixation and incudo-
stapedial discontinuity [63, 64], with isolated con-
genital stapes fixation representing 20-50 % of
ossicular malformations [64—67].

Etiology

Etiologic factors related to ossicular chain abnor-
malities remain unclear. It would appear that
most of these isolated anomalies arise from the
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lower part of the ossicular chain and are related to
the second pharyngeal arch. It is yet unclear as to
why anomalies are often restricted only to the
stapes, or why other structures derived from the
second arch are not affected with these ossicular
anomalies. Congenital X-linked mixed deafness
is a rare anomaly that occurs in males and is typi-
fied by progressive mixed hearing impairment
from stapes fixation with perilymphatic gusher. It
is inherited in an X-linked recessive pattern, and
male patients tend to have severe mixed hearing
loss at all frequencies, while female carriers have
normal hearing or mild hearing loss. The condi-
tion is associated with anomalies of the vestibule
and internal auditory canal (IAC). The gene
defect has been localized to the Xql3—q21.1
region, which encodes the POU3F4 transcription
factor [68]. The etiology of epitympanic fixation
of the head of the malleus is rooted in the incom-
plete pneumatization of the epitympanum.

Associated Malformations

Because of the shared embryologic derivative,
external ear abnormalities are often associated
with middle ear abnormalities, and CAA can be
associated not only with auricular but also with
middle ear abnormalities. However, it is important
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to remember that the auricle, EAC, and ossicular
chain originate from different segments of neural
crest cells of the first and second pharyngeal
arches and develop at different times in embryonic
development. As such, a normally developed
ossicular chain may be present despite a severe
microtia with accompanying CAA.

Ossicular abnormalities may be associated
with altered anatomy of middle ear structures.
Jahrsdoerfer found the incidence of having an
aberrant facial nerve course in ears with a con-
genital middle ear malformation was 24 % [69].
Ossicular chain abnormalities may also be seen
in association with craniofacial anomalies. Many
reports have found associations with congenital
syndromes in approximately 20 % of middle ear
malformations [70, 71]. The more common cra-
niofacial syndromes involving conductive hear-
ing losses are Treacher Collins, Crouzon, Apert,
Goldenhar, BOR, Pfeiffer, Beckwith—Wiedemann
and Klippel-Feil syndrome, as well as, CHARGE
Association (coloboma, heart defects, atresia of
the choanae, retarded growth or development of
the central nervous system, genitourinary anoma-
lies, and ear anomalies) syndromes.

Clinical Features

Congenital stapes fixation (SF) is often encoun-
tered in minor malformation cases and usually
presents as a CHL with a patent EAC and normal
TM. The differential diagnosis of stapes fixation
includes other ossicular malformations, oval or
round window atresia, congenital cholesteatoma,
middle ear tumors including vascular lesions, and
ossicular trauma. SF is bilateral in 70-90 % of
patients [67, 71]. SF should be distinguished
from juvenile stapes otosclerosis, which is
defined by a progressive CHL. Furthermore, con-
genital SF presents at an earlier age than does
juvenile otosclerosis (age 3 years vs. 10 years)
[72]. Half of the children with juvenile otosclero-
sis have a positive family history; only 10 % of
those children with congenital SF have other
family members with CHL.

Classification
Classification of ossicular abnormalities can be
divided into major and minor. Minor congenital
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Table 2.8 Cremers’ classification of congenital middle
ear anomalies

Class 1 Congenital stapes ankylosis without other
deformities in the middle ear
Class 2 Congenital stapes ankylosis in combination
with a congenital anomaly of the ossicular
chain
Class 3 Congenital anomaly of the ossicular chain,
but mobile footplate
3a Discontinuity of the ossicular chain
3b Epitympanic fixation
Class 4 Congenital aplasia or severe dysplasia of the

oval or the round window

Table 2.9 Charachon’s classification of congenital mid-
dle ear anomalies

Class 0 Normal ossicular chain, almost normal
tympanic membrane but small atretic plate
around malleus handle

Class 1 Fixation of the malleus head

Class 2 Normal ossicular chain but fixation of the
footplate

2a With abnormality of the facial nerve
2b Without abnormality of the facial nerve

Class 3 Lack of a part of the ossicular chain with or
without abnormality of the stapes

Class 4 Severe malformation of all the ossicular

chain

ossicular anomalies are restricted to the middle
ear, while major congenital ossicular anomalies
can involve the auricle, EAC, and middle ear cleft.
Different classifications are based on anatomic
findings and/or embryologic malformations; how-
ever, none are universally accepted. Cremers’ [73]
and Charachon’s [74] classifications are amongst
the most commonly used (Tables 2.8 and 2.9).

Diagnosis

The diagnosis is suspected in a patient who pres-
ents with stable hearing loss present since birth
without a history of recurrent ear infections or
trauma. Otomicroscopy is often normal, but it
may reveal an abnormality of the TM, malleus, or
incus. An audiogram, in most cases, may demon-
strate CHL in the 40-60 dB range. Impedance
testing may be useful in the evaluation of some of
these pathologies, as in congenital footplate fixa-
tion where typically there is absence of acoustic
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reflexes and a type A-shallow tympanogram. The
hearing loss does not worsen with time, unless
there is an associated Eustachian tube dysfunc-
tion, which is often seen in syndromic cases, and
can lead to diagnostic difficulties. Generally, the
diagnosis is easier and made earlier when the
malformation is bilateral; in unilateral cases, a
diagnosis is typically established at the age of 6
years. High-resolution CT scan may reveal the
presence of various ossicular anomalies. Surgery
in the form of exploratory tympanotomy offers a
means for definitive diagnosis and the option of
surgical correction at the same time.

Management
It is reasonable to offer hearing aids and defer
surgical exploration until the child is older, when
a series of hearing tests are available, and the
child is more able to share in the consent-making
process. A CT scan should be obtained at some
point during the child’s follow-up period.
Imaging is useful in that it can provide essential
diagnostic information to elucidate the cause of
the CHL and identify associated middle or inner
ear abnormalities. Concerning inner ear findings
include an enlarged vestibular aqueduct, dilated
IAC fundus, and an abnormal communication
between the inner ear and intracranial space.
Given the nonprogressive nature of the hear-
ing loss, amplification is a reasonable option in
managing patients with isolated congenital ossic-
ular anomalies. If surgery is contemplated, a
comprehensive discussion with the family is
essential and waiting until the child is capable of
weighing the associated surgical risks, including
sensorineural hearing loss, against the potential
benefits of surgery. The rate of severe SNHL in
patients with fixed stapes has been reported to be
between 0 and 30 % in the literature [65, 75, 76].
With regard to patient age, many studies have
found no correlation between the patient’s age at
the time of stapedectomy for congenital SF and
postoperative audiometric results [77]. Many
studies have reported good results following sta-
pedectomies for congenital SF [67, 71, 74, 78];
however, hearing outcomes tend to be worse
compared with the results for otosclerosis [79—
81]. This may be attributable to the higher inci-
dence of coexisting middle ear anomalies with
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congenital SF. The reported success rate of ossic-
ular chain reconstruction is usually lower than
that of stapedectomy and varies widely between
series. Ossiculoplasty for combined ossicular
anomalies yields an air—bone gap (ABG) of less
than 30 dB in about 70 % of patients.

Congenital Cholesteatoma

Definition

Cholesteatoma refers to a collection of keratiniz-
ing squamous epithelium that can be trapped
within the temporal bone and grows into a destruc-
tive lesion. Left untreated, a cholesteatoma can be
a significant source of morbidity as it eventually
erodes into critical structures, including the ossi-
cles, facial nerve canal, inner ear, and tegmen.
The latter may result in severe intracranial com-
plications and even death. Cholesteatomas may
be congenital or acquired. In the past, the diagno-
sis of congenital cholesteatoma (CC) depended
only on the presence of a white mass behind an
intact tympanic membrane in a child with no pre-
vious history of otitis media. The mass is often
found within the anterior-superior portion of the
middle ear. However, due to the high incidence of
acute otitis media (60-80 % by 1 year of age, and
80-90 % by 2-3 years) [82, 83], the criteria have
been modified to define a CC as a whitish mass
behind an intact TM, with the absence of otorrhea
or perforation and no previous otologic proce-
dures, including myringotomy or insertion of ven-
tilation tubes. Studies have since shown that the
diagnosis should also not be excluded in cases of
otorrhea: or myringotomy [84].

Incidence

CC accounts for approximately 4 % of childhood
cholesteatoma [84]. The number of reported
cases of CC has increased dramatically over the
last three decades, and this may be related to a
better understanding and awareness of the dis-
ease entity, leading to timely diagnosis as well as
improved otomicroscopic diagnostic tools.
Improved medical management of otitis media
may have led to a decrease in the number of
acquired cholesteatomas and a relative increase
in the percentage of the congenital type.
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Etiology

The most popular theory of CC formation states
that squamous inclusion cysts arise from epithe-
lial rests (epidermoid formations) in the middle
ear. These epidermoid formations have been
demonstrated histologically in fetal temporal
bones, and they may be single or multiple. They
typically disappear in the third trimester of gesta-
tion. Failed involution leads to cholesteatoma
formation behind an intact TM. Alternative but
less supported theories include seeding of the
middle ear by squamous cells in the amniotic
fluid or from the surface epithelium of the TM
after infection and microperforation.

Associated Malformations

CC has been associated with congenital ossicular
malformations, including defects of the long pro-
cess of the incus and the stapes superstructure.
CC has also been associated with cholesterol
granuloma and abnormal vestibular anatomy
(dilated endolymphatic fossa, large vestibular
aqueduct, and hypoplastic vestibule).

Clinical Features

The average age of presentation of children with
CC is 3-5 years [84, 85]. The chief presenting
symptom varies depending on the stage of the
cholesteatoma. Asymptomatic cases are most
prevalent. In symptomatic cases, hearing loss is
the most prevalent symptom. Less common pre-
senting symptoms include aural fullness, otalgia,
tinnitus, dizziness, or headache. Facial nerve
paralysis is rare and constitutes less than 1 % [84,
86]. CC may be found incidentally at myringot-
omy for serous otitis media.

Classification

Potsic et al. [84] proposed staging system for CC
based on preoperative CT scans (Table 2.10).
This system takes into consideration middle ear
and mastoid extension as well as ossicular
involvement. Nelson et al. [87] proposed a three-
stage classification system based on the presumed
natural history of these lesions, tracking them as
they start in the anterior-superior quadrant, then
extend to the anterior-inferior quadrant before
progressing into the posterior-superior quadrant,
the attic, and finally into the mastoid (Table 2.11).

a

Table 2.10 Potsic
cholesteatoma

staging system for congenital

Stage | Single quadrant: No ossicular involvement or

mastoid extension

Stage I Multiple quadrants: No ossicular involvement
or mastoid extension

Stage III ~ Ossicular involvement: Includes erosion of
ossicles and surgical removal for eradication
of disease; no mastoid extension

Stage IV Mastoid extension (regardless of findings

elsewhere)

Table 2.11 Nelson classification system for congenital
cholesteatoma

Type I Confined to the middle ear but does not
involve the ossicles, except for the
manubrium

Type I Involvement of the ossicular mass in the
posterior superior quadrant and the attic

Type Il Mastoid extension

In their series, this classification system corre-
lated with the degree of CHL and the risk of
recurrence as well as escalating complexity of
surgical approach.

Diagnosis

CC may be diagnosed on otomicroscopy of an
asymptomatic child or one being evaluated for
hearing or other otologic symptoms. Early on,
the cyst is hard to appreciate, appearing as a sub-
tle whitish discoloration behind an otherwise
normal TM (Fig. 2.9a). As the lesion grows, it
becomes more evident as it contacts the medial
aspect of the TM, which it may displace laterally.
If the lesion obstructs the Eustachian tube (ET), it
may result in a middle ear effusion, and this may
complicate the diagnosis. With further progres-
sion, the cyst may impinge or erode the ossicles,
worsening the conductive hearing loss. A thor-
ough history should detail previous otologic pro-
cedures, ear infections, or temporal bone trauma.
Complete audiometric assessment assesses for
the presence and degree of CHL, and a preopera-
tive CT scan is used to delineate disease extent,
assess for temporal bone anatomy that may be
used as a roadmap during surgery, and identify
any alteration including scutum erosion and
facial nerve dehiscence (Fig. 2.9b and c).
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Fig. 2.9 (a) Photograph of child with congenital

cholesteatoma behind an intact, bulging eardrum.
(b) Intraoperative photograph of middle ear with elevated
eardrum demonstrating ossicles and cholesteatoma.

Management

Management of cholesteatoma is surgical. In
order of priority, the goals of surgery are prompt
treatment of any complications evident on initial
assessment, complete and safe removal of dis-
eased tissue, attainment of a dry ear, preservation
of as much normal ear anatomy as possible, and
hearing restoration. The progression of surgical
approaches generally follows the disease stage,
dictated by disease size and extension. A small
lesion confined to the middle ear space is readily
managed via a transcanal approach. With further
progression of the disease process, an endaural
atticotomy or canal wall up tympanomastoidec-

(¢) CT scan demonstrating opacity in middle ear (con-
genital cholesteatoma) and intact ossicles (all images
courtesy of John A. Germiller, MD, PhD)

tomy may be required. There remains controversy
as to the indications for taking down the posterior
canal wall. While it is advisable to avoid a canal
wall down mastoidectomy (CWD) procedure if
possible, there are cases when it should be con-
sidered to optimize the chances of attaining a safe
ear. These include cases where there is destruc-
tion of the posterior canal wall, labyrinthine
involvement, petrous apex extension, disease in
an only hearing ear, or concern about the reliabil-
ity of follow-up. Depending on the chosen
approach, a hearing restoration procedure may be
performed at the same setting or part of a second-
stage procedure, typically 6 months later. The
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need for ongoing follow-up is important given
the risk of recurrence with cholesteatoma, which
increases with the size of the lesion upon initial
presentation.

Inner Ear
Embryology
Unlike the external and middle ear, the inner ear

is not a pharyngeal arch derivative and is fairly
unique in deriving all end organ structures and
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neural innervations from one common otic anla-
gen (the otocyst). At approximately 22 days of
gestation, the first sign of the developing inner
ear appears as thickening of the ectoderm on each
side of the rhombencephalon, dorsal to the first
branchial groove [88]. Within days, these bilat-
eral ectodermal thickenings (the otic placodes)
invaginate into the underlying mesenchyme to
form the otic pit. Further invagination of the otic
pit and fusion of overlying epithelium yield the
otocyst or otic vesicle [89] (Fig. 2.10).

The otocyst begins to differentiate by week 5.
One of the first elements to differentiate from the
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otocyst is a small diverticulum from the medial
wall of the vesicle, extending above the dorsal
pole; this eventually gives rise to the endolym-
phatic duct and sac. From the dorsal region of
the otocyst, the pars utriculovestibularis grows
dorsocranially, destined to become the utricle
and semicircular canals. From the ventral region
of the otocyst, the pars sacculocochlearis grows
ventrocaudally, eventually giving rise to the
cochlear duct and saccule.

By the sixth week of gestation, the ventral
component has developed a more prominent out-
pouching (the cochlear duct) that elongates as it
is penetrates the surrounding mesenchyme in a
spiral fashion. The cochlear duct grows rapidly
and by the eighth to tenth week has completed
two-and-a-half turns [89, 90]. Its connection with
the saccule at this point is reduced to a narrow
confinement termed the ductus reunions.

As the cochlear duct elongates, the surround-
ing mesenchyme begins its cartilaginous differ-
entiation. By the tenth week, this shell of cartilage
had undergone vacuolization to form the two
perilymphatic spaces, the scala vestibuli and
scala tympani. The endolymph-filled cochlear
duct is separated from the scala vestibuli by the
vestibular membrane and from the scala tympani
by the basilar membrane. The cochlear duct
remains attached to the surrounding cartilage by
the spiral ligament. The medial wall of the
cochlear duct is partially supported by a long car-
tilaginous process, the modiolus. This represents
the future central axis of the bony cochlea.

By the ninth gestational week, the first sign of
a developing organ of Corti appears within the
cochlear duct as a ridge of polygonal cells [91,
92]. While initially these cells appear alike, they
soon form two ridges. The inner ridge represents
the future spiral limbus. The outer ridge has cells
that, on their surface, display a kinocilium and
many hairlike microvilli. Over the next 3 weeks,
hair cells are transformed by a progressive loss of
microvilli and a developing array of stereocilia
on their upper surface. At this point, it becomes
evident that there is a single row of inner hair
cells and three to four rows of outer hair cells.
During this developmental period (9th to 12th
week), a fibrillar gelatinous substance attached to
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the spiral limbus begins to form. This tectorial
membrane, together with the sensory cells, con-
stitutes the organ of Corti.

By the 15th gestational week, all the hair cells
have developed an array of stereocilia, which is
more advanced near the base of the cochlea than
the apex. The development of stereocilia arrays
occurs earlier on inner than on outer hair cells,
and as such inner hair cells appear more mature
displaying fewer microvilli. Their stereocilia are
graduated upward in length toward the kinocil-
ium and form a roughly U-shaped array. Outer
hair cells follow the same trends, but their arrays
are less geometric, showing a W pattern that is
clearer toward the base of the cochlea than the
apex. By the 22nd gestational week, the cochlear
duct is larger in caliber. The stria vascularis dem-
onstrates three cellular layers, and the tectorial
membrane acquires a more adult appearance. The
cochlear appearance continues to mature so that
by the 24th to 26th gestational week, hair cells
have fewer microvilli, and the V or W pattern of
hair cell stereocilia is fully developed [90].

Paralleling this development, the semicircular
canals start to appear during the sixth gestational
week as flattened outpouchings from the dorsal
(utricula) component of the otic vesicle. As these
canals dilate, their central portions undergo an
apoptotic resorption that yields the mature loop-
like semicircular canal. One end of each develop-
ing canal widens to form the crus ampullare. Two
of the non-dilated ends from the superior and pos-
terior semicircular canals fuse together to form the
crus nonampullare (common crus). As such, only
five crura enter the utricle, three with an ampulla
and two without. Cells in the ampullae form a
crest, the crista ampullaris, which contains sensory
cells involved in rotary equilibrium. Similar sen-
sory areas, the maculae, develop in the walls of the
utricle and saccule. These cells convey informa-
tion pertaining to horizontal and vertical bodily
motion, respectively. Impulses generated in sen-
sory cells of the cristae and maculae triggered by a
change in body position are carried to the brain by
vestibular fibers of cranial nerve VIIL

By the fourth week, a group of cells separate
from the otic vesicle and become the statoacous-
tic ganglion [93]. Other cells of this ganglion are
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derived from the neural crest. The statoacoustic
ganglion will proceed to develop the eighth cra-
nial nerve. The ganglion cells destined to become
the cochlear division of the nerve migrate to the
developing cochlea where they wind around its
central post, the modiolus, to form the spiral gan-
glion [90]. Once there, these neuronal cells begin
to extend axonal processes in two directions: one
toward the developing organ of Corti, and the
other toward the brainstem. The processes
directed to the brainstem reach there by the fifth
to sixth gestational week. Those processes tar-
geted toward the organ of Corti enter its base at
the ninth gestational week. By the 10th to 12th
week, these axonal branches form rounded syn-
aptic terminals contacting the bases of the devel-
oping hair cells [94].

Congenital Inner Ear Anomalies

Definition

Congenital inner ear anomalies refer to the spec-
trum of malformations of the inner ear arising
from an arrest of development of the labyrinth at
a particular stage.

Embryology

As previously discussed, the bony labyrinth
evolves early on between the 4th and 8th week of
gestation, while the development of the sensory
epithelium proceeds until the 25th week. As
such, inner ear malformations evident on imag-
ing studies are usually due to insults between the
fourth and eighth week, whereas later injuries
affect the sensory epithelium.

Etiology

In the current era of immunization, about 50 % of
infants found to have congenital hearing loss are
estimated to be genetic, with the remainder of
cases attributed to environmental causes such as
congenital infection, fetal ototoxic drug expo-
sure, trauma, or other causes [95].

Classification
Inner ear anomalies can be classified as involving
the membranous portion of the labyrinth only or
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Table 2.12 Jackler’s classification of inner ear
malformations
Classification Description
Category A: 1. Michel aplasia (labyrinthine
Cochlear aplasia aplasia)
or malformation 2. Cochlear aplasia, vestibule, and
semicircular canals present

3. Cochlear hypoplasia

4. Incomplete cochlea

5. Common cavity

Note: Enlarged vestibular aqueduct

possible
Category B: 1. Dysplasia of the vestibule and

lateral semicircular canal
2. Large vestibular aqueduct

Normal cochlea

the bony and the membranous components.
Currently, the most common classification sys-
tem of labyrinthine malformations is that intro-
duced by Jackler et al. [96] in 1987 (Table 2.12).
Based on radiographic and histologic studies, it
was noted that most inner ear malformations
resemble histologic sections of the inner ear
taken at different points in development between
the fourth and eighth week. Thus, Jackler’s pro-
posed classification of inner ear anomalies is
based on an arrest in development at a specific
point in embryogenesis (Fig. 2.11a, b).

The evolution of better imaging techniques,
particularly with reference to magnetic resonance
imaging (MRI) scanning, has resulted in the
description of further divisions of cochlear anom-
alies. Jackler’s classification system has since
been expanded and modified by Sennaroglu [97],
who differentiated five main categories: malfor-
mations of the cochlea, vestibule, semicircular
canals, internal auditory canal, and vestibular or
cochlear aqueduct (Table 2.13). Cochlear malfor-
mations were further divided into six categories
of severity based on the timeline of developmen-
tal arrest. While more comprehensive, some
observed inner ear malformations still cannot
necessarily be categorized in any one subset.
Furthermore, several inner ear structures, such as
the cochlea and the semicircular canals, may
share a common developmental timeline, yet
have specific genes on which their development
is dependent. As such, isolated arrest in the
development of these structures can occur.
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4th week
Common cavity

5th week
Cochlear ageness

6th week (early)
Cochlear hypoplasia

7th week
Incomplete partition

Fig. 2.11 (a, b) Schematic diagrams of the embryogen-
esis and more common anomalies of the inner ear (adapted
from Jackler RK, Luxford WM, House WF. Congenital

Clinical Features

Inner ear anomalies are frequently found in
patients who have SNHL. Combined malforma-
tions of the inner ear and the middle ear (with the
external ear) are rare, reflecting their different
embryologic origins. Only in 10-15 % of cases
are combined malformations of the external,
middle, and inner ear observed [98]. One plausi-
ble explanation for this finding is the participa-

Adapted from

Embryogenesis of co-
chlear malformations. From Jackler
RK, Luxford WM, House WF. Con-
genital malformations of the inner
ear: a classification based on or-
ganogenesis. Laryngoscope 1987;
97(Suppl 40):2.

6th week (late)
Cochlear hypoplasia

7th week
Normal development

malformations of the inner ear: a classification based on
organogenesis. Laryngoscope. 1987;97(Suppl 40):2)

tion of mesenchymal components in the
development of all three parts of the ear. If these
mesenchymal structures are altered by genetic or
nongenetic triggers of developmental defects, all
domains of the ear can be involved.

Diagnosis
In the United States, almost 90 % of newborns
are screened for hearing impairment prior to
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b

Normal

Cochlear Aplasia

Cochlear Hypoplasia
(severe)

Incomplete partition
(severe)

Fig. 2.11 (continued)

leaving the hospital [99]. Infants found to have
abnormal screening results should be referred
for formal audiologic testing. When indicated,
consultation with a geneticist for chromosomal
analysis and evaluation for specific syndromes
related to hearing loss should also be obtained. A
high-resolution CT scan or MRI scan of the
inner ear should be obtained in all patients with
suspected inner ear malformation, including all

Adapted from:

Cochlear malformations. From
Jackler RK, Luxford WM, House WF.
Congenital malformations of the inner
ear: a classification based on organo-
genesis. Laryngoscope 1987,97 (Suppl
40):2.

Common Cavity

Cochlear Hypoplasia
(mild)

Incomplete partition
(mild)

children with unexplained SNHL based on nega-
tive examination as well as laboratory and
genetic testing. The timing of the scan should be
early on in the work-up when the hearing loss is
first realized. It is important to remember, how-
ever, that the majority of patients with congenital
SNHL have defects limited to the membranous
labyrinth, which are beyond the resolution of
current imaging techniques and can only be seen
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Table 2.13 Sennaroglu’s classification of inner ear
malformations

Category Subgroups
A=Incomplete
embryonic

development

Complete aplasia of inner ear (Michel
deformity)

Common cavity

Aplasia/hypoplasia of cochlea (normal
posterior labyrinth)
Aplasia/hypoplasia of posterior
labyrinth (normal cochlea)
Hypoplasia of entire labyrinth
Mondini dysplasia

B =Aberrant
embryonic
development

Enlarged vestibular aqueduct

Narrow internal auditory canal
(intraosseous diameter less than 2 mm)
Long crista transversa

Internal auditory canal tripartitus
Incomplete cochleomeatal separation

C=Isolated X-linked hearing loss
hereditary

malformations

D Malformations associated with

syndromes

on histologic section. In large series, only
approximately 20 % of patients with congenital
hearing loss have anomalies visible on cross-
sectional imaging [96, 100].

Management

While patients with unilateral SNHL and a nor-
mal ear may not need immediate intervention, the
vast majority of children with bilateral hearing
loss benefit from some form of amplification or
assistive-listening device. Cochlear implantation
is an option for children older than 1 year with
bilateral profound SNHL who show only limited
benefit from conventional amplification devices,
although they may be used in patients younger
than 1 year of age who have meningitis and may
have resultant labyrinthitis ossificans, which can
preclude implantation if allowed to progress prior
to surgery.

Complete Labyrinthine Aplasia
Definition

Complete labyrinthine aplasia (CLA), or Michel
aplasia, was first described by P. Michel in 1863.
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It refers to complete absence of development of
inner ear structures.

Incidence
This deformity is rare and represents less than 1
% of all inner ear malformations.

Etiology
CLA is caused by early arrest of differentiation
of the otic placode at the third gestational week.

Associated Malformations

Lack of development of the placode usually leads
to disturbed development of the skeletal portion
of the second arch. This leads to aplasia of the
stapes and aberrance in the course of the facial
nerve and the jugular vein. CLA has been associ-
ated with thalidomide exposure, anencephaly,
Wildervanck syndrome, and Klippel-Feil syn-
drome [101].

Clinical Features
Patients with CLA present with profound SNHL.

Diagnosis

CT and MRI will show complete absence of the
labyrinth. CLA must be differentiated from com-
plete labyrinthine ossification secondary to men-
ingitis, whereby the labyrinth is fully formed but
obliterated by osteoneogenesis. In labyrinthine
ossification, the lateral wall of the cochlea has a
preserved convex form, while in CLA the prom-
ontory is flat [102]. In patients with labyrinthine
ossification, the IAC can be recognized in con-
trast to patients with CLA. MRI may be more
sensitive in the detection of neo-ossification of
the cochlear duct compared with high-resolution
CT [103]. This distinction between labyrinthine
aplasia and labyrinthitis ossificans becomes
important when considering a patient for cochlear
implantation because aplasia is an absolute con-
traindication, whereas implantation has been suc-
cessful in some patients who have labyrinthitis
ossificans.

Management
There are currently no therapeutic options for
patients with CLA, although these patients may
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Fig. 2.12 (a) Axial computed tomography of right
temporal bone demonstrating a common cavity malfor-
mation of the cochlea (arrow) (image courtesy of John A.

be candidates for brainstem implantation in the
future [104].

Common Cavity Malformation

Definition

The common cavity malformation (CCM) refers
to the abnormal differentiation of the otocyst into
the inner ear structures, where a “‘common cav-
ity” arises that represents the malformed cochlea
and vestibule with a poorly differentiated mem-
branous labyrinth within.

Incidence
The CCM represents approximately 25 % of all
cochlear malformations.

Etiology

The CCM arises when development is arrested
between the fourth and fifth weeks of gestation.
During this developmental period, an otocyst is
present; however, this otocyst has not differenti-
ated yet into the primordia of the cochlea, vesti-
bule, and semicircular canals.

Germiller MD, PhD). (b) Magnetic resonance image of
right common cavity malformation

Associated Malformations

CCM has been associated with an anteromedially
displaced facial nerve course and possible
cochlear nerve aplasia.

Clinical Features
Patients with CCM present with SNHL, gener-
ally in the severe to profound range.

Diagnosis

The “common cavity” appears as a single cavity
in the region of the inner ear on CT and a fluid-
filled cavity on MRI (Fig. 2.12a, b). The semicir-
cular canals can be normal or may be malformed.
In contrast to patients with CLA, the IAC can be
identified in patients with the CCM. On axial CT,
a CCM can be differentiated from lateral
semicircular canal dysplasia by its anterior posi-
tion with respect to the IAC [104].

Management

Cochlear implantation has been successfully per-
formed in patients with CCM [105], although the
results are less optimal compared to patients with
an intact inner ear structure; results vary depend-
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ing on the degree of membranous and neural
development. An MRI and/or CT scan should be
performed prior to proceeding with cochlear
implantation given the risk of intraoperative cere-
brospinal fluid and/or perilymphatic leaks as well
as to assess for the position of the facial nerve
and the presence of the cochlear nerve.

Cochlear Aplasia
Definition

Cochlear aplasia (CA) describes
absence of development of the cochlea.

complete

Incidence
CA contributes to only 3 % of cochlear
malformations.

Etiology
CA results from arrest of development during the
fifth fetal week.

Associated Malformations
Unknown.

Clinical Features
Patients with this anomaly present with profound
SNHL.

Diagnosis

The abnormal cochlea is seen as a single cavity on
radiologic imaging. The vestibule and semicircular
canals can be normal; however, they are more com-
monly malformed and may have only remnants
evident. These remnants can be distinguished from
the cochlea by their position posterior to the IAC.

Management

Although cochlear implantation can be attempted,
the procedure may be precluded by lack of an
auditory nerve [106] (Fig. 2.13a—c).

Cochlear Hypoplasia
Definition

Cochlear hypoplasia refers to abnormal devel-
opment of the cochlea, whereby it can be
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distinguished but has only one or fewer than
one turn.

Incidence
CH represents 15 % of cochlear malformations.

Etiology

CH arises when the normal development of the
cochlear duct is impaired during the sixth week
of gestation.

Associated Malformations

CH is most often associated with BOR syndrome
[107]. In severe cases, the labyrinthine segment of
the facial nerve can be displaced anteromedially.

Clinical Features

Patients with CH present with variable degrees of
hearing loss depending on the exact time of arrest
within the sixth week, which reflects the degree
of differentiation of the membranous labyrinth
and neuroepithelial elements.

Diagnosis

On CT imaging, the cochlea may appear round
and undeveloped, usually measuring 6 mm in
height compared with a normal cochlea height of
10-12 mm. As with CA, the vestibule and semi-
circular canals can be normal, although most
often they are malformed (Fig. 2.14).

Management

Cochlear implantation has been attempted, and
the results of implantation depend on the degree
of differentiation of the membranous labyrinth
and neuroepithelial elements.

Incomplete Partitioning

Definition

Cochlear malformations classified as “incom-
plete partitioning” represent a spectrum of anom-
alies. At one end of the spectrum, a malformation
may result such that a cystic cochlea lacks all
interscalar septae and modiolus. This entity has
been referred to as pseudo-Mondini malforma-
tion, cystic cochleovestibular malformation, or
incomplete partition type I. On the other end of
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Fig.2.13 (a) Axial magnetic resonance image of tempo-
ral bones demonstrating normal inner ears with a normal
internal acoustic canal on the right compared with one
that has no cochlear nerve on the left (arrow), respectively
(image courtesy of John A. Germiller, MD, PhD). (b)
Sagittal view of the right internal acoustic canal contents

demonstrating normal nerve bundles (two vestibular
nerves: one facial nerve and the cochlear nerve). (¢) and
demonstrating sagittal view of the left internal acoustic
canal contents demonstrating that the cochlear nerve is
absent (image courtesy of John A. Germiller, MD, PhD)

Fig. 2.14 Axial magnetic resonance image of temporal bone demonstrating cochlear hypoplasia (arrow) (image cour-

tesy of John A. Germiller, MD, PhD)
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Fig.2.15 (a, b) Right sided CT and bilateral magnetic resonance imaging of temporal bone demonstrating incomplete
partitioning of the cochlea (Mondini malformation)

the spectrum, the cochlea may only demonstrate
one-and-a-half turns; the basal turn of the cochlea
is normal while the second and apical turn of the
cochlea are fused. The interscalar septum
between the middle and apical turn is typically
normal. This refers to the classic Mondini mal-
formation (MM) or incomplete partition type II.

Incidence

The MM is the most common cochlear malfor-
mation seen on imaging, and it accounts for 55 %
of all cochlear malformations [108].

Etiology

The MM arises as a result of arrest of inner ear
development during the seventh week of gestation.
The pseudo-Mondini malformation occurs earlier
in the seventh week than the more developed MM.

Associated Conditions

MM has also been associated with stapes foot-
plate anomalies; in these cases, the second genu
of the facial nerve can be displaced anteriorly
and inferiorly [109]. Incomplete partition is
often associated with a large vestibular aqueduct
as well as a large endolymphatic duct [110,

111]. Overall, malformations involving the ves-
tibule, semicircular canals, and endolymphatic
duct and sac are found in 20 % of these patients
[110]. MM has been associated with several
syndromes including Waardenburg, DiGeorge,
and Pendred.

Clinical Features

Patients with incomplete partition present with
variable degrees of hearing loss, and the degree
of hearing loss in true Mondini malformation is
typically less severe than in the cystic cochleo-
vestibular malformation [97, 112]. Since the
basal turn is developed, high-frequency hearing
is usually preserved to a variable degree. Overall,
the severity of hearing loss depends on the degree
of membranous labyrinth development.

Diagnosis

The interscalar septal defect and absence of the
osseous spiral lamina of the middle and apical
turns can be seen on CT, but is best be demon-
strated on heavily T2-weighted gradient-echo
images (Fig. 2.15a, b). Patients with MM have
been reported to be at risk of recurrent meningi-
tis, attributable to spontaneous fistulas between
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the middle ear and the subarachnoid space [113,
114]. As such, a patient with a history of unilat-
eral or bilateral hearing loss and recurrent menin-
gitis must be evaluated for the presence of an
MM, even in adult patients as this condition may
remain undiagnosed for many years.

Management

Cochlear implantation is usually the management
of choice. Caution should be paid in the preop-
erative evaluation, as MM may be associated
with a defect of the modiolus. In this case, the
intracerebral pressure can be transmitted to the
cochlea, resulting in a gusher at the time of elec-
trode insertion. Several studies have demon-
strated that evaluation of the modiolus and
measurement of its size are possible on MRI
[115, 116].

Membranous Labyrinthine
Anomalies

Definition

Membranous labyrinthine anomalies refer to
malformations of the membranous portion of the
inner ear, and they can occur in isolation or in
combination with bony labyrinthine anomalies.

Incidence

Membranous malformations are thought to
account for up to 90 % of congenital SNHL
cases, although this number may be dropping as
improved imaging modalities are detecting a
wider spectrum of osseous anomalies [110].

Etiology

Membranous labyrinthine anomalies result from
arrest of development of the sensory neuroepithe-
lium, which proceeds from the 4th to the 25th
gestational week. Development of the bony laby-
rinth is complete at a much earlier embryologic
timeline; it is essentially complete by the eighth
week of gestation.

Classification
The classification of membranous anomalies is
based on the embryologic division of the mem-
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branous labyrinth, arising from two components:
the pars superior and the pars inferior. The pars
superior forms the semicircular canals, endo-
lymphatic duct, and utricle; the pars inferior
becomes the saccule and cochlear duct.
Anomalies can involve an isolated portion of the
membranous labyrinth, one division, or the
entire labyrinth [117].

Clinical Features

Patients with membranous labyrinthine anoma-
lies present with variable degrees of SNHL. The
longer period of gestational development required
for development of the membranous compared to
that of the bony labyrinth may explain why mem-
branous malformations account for a larger per-
centage of patients who have SNHL.

Diagnosis

The diagnosis of membranous labyrinthine
anomalies can only be inferred without histo-
logic sectioning due to limitations in imaging.
Nevertheless, the algorithm for the diagnostic
work-up follows that described earlier for
cochlear anomalies. Infants found to have
abnormal screening results should be referred
for prompt formal audiologic testing, with
appropriate genetics consultation as appropri-
ate. A high-resolution CT scan or MRI scan of
the inner ear should be obtained early on in the
work-up of all patients with suspected inner ear
malformation.

Management

The severity of hearing loss, as well as whether
one or both ears are involved, dictates further
management. Children with bilateral profound
SNHL should be referred for cochlear implanta-
tion candidacy evaluation. The assumption of
implantation is that some of the cochlear neural
population survives despite the absence of hair
cells. In congenital malformations of the inner
ear, the auditory nerve population has been shown
to be typically less than with other forms of sen-
sory deafness, including ototoxicity and sudden
SNHL [118]. This type of data would suggest
that while patients with congenital inner ear mal-
formations may benefit from implantation, the
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hearing outcomes might not be as favorable as
those observed in patients with non-congenital
malformations of the inner ear [108].

Bing-Siebenmann Malformation

Definition

The Bing—Siebenmann malformation is a com-
plete membranous labyrinthine dysplasia first
described in 1907. It is a rare membranous mal-
formation associated with a well-formed bony
capsule.

Etiology

The Bing—Siebenmann malformation arises from
the complete arrest of development of the embry-
ologic division of the membranous labyrinth.

Associated Malformations
Bing-Siebenmann malformation has been seen
in patients diagnosed with Usher syndrome,
Jervell and Lange-Nielsen syndrome [117], and
the oculo-auriculo-vertebral spectrum.

Clinical Features
Patients who have Bing—Siebenmann malforma-
tion have profound SNHL.

Diagnosis

On histopathologic sectioning, the cochlear duct
has a poorly developed organ of Corti with an
abnormal stria vascularis and collapse of
Reissner’s membrane. The saccule and macula
are also poorly developed.

Scheibe Malformation

Definition

Scheibe malformation, first described in 1892, is
the most common histopathologic membranous
inner ear malformation. It is commonly known as
cochleosaccular dysplasia and results in a mal-
formed organ of Corti and saccule.

Etiology
Scheibe malformation arises from incomplete
development of the pars inferior division of the
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membranous labyrinth. Inheritance is in an auto-
somal recessive fashion. A gene defect on chro-
mosome 1q32 has been demonstrated [101].

Associated Malformations

It is most often associated with Usher syndrome
but is also seen with Jervell-Lange-Nielsen,
Refsum disease, Waardenburg syndrome, tri-
somy 18 [117], and congenital rubella infection.

Clinical Features
Patients with Scheibe malformation have severe
to profound SNHL.

Diagnosis

Histologically, there is a partial or a complete apla-
sia of the organ of Corti and collapse of the cochlear
duct [108]. The saccule is usually collapsed with
degenerated sensory neuroepithelium. The stria
vascularis is typically degenerated, with character-
istic changes consisting of aplasia alternating with
regions of hyperplasia and gross deformity.

Alexander Malformation

Definition

Alexander malformation involves an otherwise
normal labyrinth with the exception of a dysplas-
tic basal turn of the cochlea.

Etiology

Alexander malformation arises due to aplasia of
the membranous cochlear duct, primarily affect-
ing the neural receptor cells of the basal turn of
the cochlea.

Associated Malformations
Alexander malformation may be related to famil-
ial high-frequency SNHL.

Clinical Features

Alexander malformation may present with high-
frequency SNHL. Some patients may be
asymptomatic.

Diagnosis
Histologically, dysplastic changes are limited to
the basal turn of the cochlea.
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Management

Preservation of the lower frequency hearing justi-
fies a trial of hearing aids, with cochlear implan-
tation for more severe hearing loss. Current trials
involving the combination of a short-electrode
cochlear implant with a traditional hearing aid, or
a hybrid cochlear implant, may provide an the
option for low-frequency hearing preservation in
the future.

Enlarged Vestibular Aqueduct

Definition

The vestibular aqueduct traverses the otic cap-
sule between the posterior cranial fossa and an
opening in the medial wall of the vestibule. It
has an average length of 10 mm. The osseous
portion extends from the medial wall of the ves-
tibule to the posterior surface of the petrous
pyramid. Enlarged vestibular aqueduct (EVA)
was first described by Valvassori and Clemis in
1978 [119] as a radiographic entity pertaining
to enlargement of this structure beyond the nor-
mal limits. Enlarged vestibular aqueduct syn-
drome has been defined as the presence of the
anomaly of the inner ear in the clinical setting
of SNHL [120].

Incidence

Many authors have reported different incidence
rates depending on the patient population stud-
ied. EVA is the most common cause of congeni-
tal/developmental SNHL for which an imaging
correlate is found [121, 122]. EVA was found in
0.64—7 % of children with an SNHL of unknown
etiology [121, 123], in 1 % of patients with vari-
ous otologic problems [124], in 2.25 % of patients
referred for temporal bone CT scans [125], and in
4 % of children in a cochlear implant program
[126].

Associated Malformations

EVA is most frequently associated with Pendred
syndrome [127] but can be associated with other
syndromes such as BOR syndrome [128],
Noonan syndrome [129], Waardenburg syn-
drome [130], and distal renal tubular acidosis
[131, 132]. EVA and Pendred syndrome are
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closely linked on the basis of a common genetic
disorder causing varying phenotypes. In 1999,
Abe et al. [133] determined that the gene locus
of EVA is located between the flanking markers
D7S501 and D7S2425 on chromosome 7q31.
This gene region overlaps the gene locus for
SLC26A4, the pendrin gene. Usami et al. [134]
detected seven mutations in EVA patients, two
of them being common for Pendred syndrome
and EVA.

Clinical Features

Most patients with EVA present between 3 and 5
years of age [122, 135-137]. The most common
presenting symptom is that of hearing loss. In
73-100 % of cases, EVA is found to be bilateral
[120, 122, 136, 138], although hearing loss may
only be evident in one ear. The hearing loss on
initial audiometric assessment is typically a
down-sloping SNHL [120, 136, 139]. The mean
pure tone average is reported to be about 60 dB
[120, 136]. If there is bilateral involvement, the
hearing loss is most commonly asymmetric. At
least one-third of EVA patients suffer from dizzi-
ness and typically develop it later than the hear-
ing loss [140, 141]. A conductive component to
the SNHL is variably present in 17-90 % of the
reported cases [120, 124, 136, 138].

There is variability in the literature on the pro-
gression of SNHL in patients with EVA. The
incidence of progressive hearing loss ranges
between 10 and 65 % [120, 135], whereas stable
hearing is reported between 61 and 81 % of the
cases/ears [122, 124, 132]. In a systematic review
of the literature yielding a total of 310 ears with
EVA with a mean follow-up of 4 years, Mori
et al. [142] found stable hearing in 67 % of which
34 % demonstrated fluctuations in hearing. In the
33 % with progression of hearing loss, 50 %
demonstrated fluctuations in hearing. Most of the
studies have never been able to find a significant
correlation between the degree, type, or progres-
sion of the hearing loss, the volume or diameter
of the endolymphatic duct and sac, the area of the
modiolus, or the signal intensity of the endolym-
phatic sac [122, 123, 143-145].

Minor head trauma is known to cause an
acute hearing loss in EVA patients [120, 121,
123, 143, 146]. Activities that result in a change
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Fig. 2.16 Left temporal bone with enlarged vestibular
aqueduct (arrow)

in barometric pressure, including scuba diving,
lifting, playing a wind instrument, and airplane
flights, have been reported to cause a sudden
hearing loss [123, 147]. There remains debate as
to the etiology of the sudden hearing loss with
minor head trauma in EVA patients. The hearing
loss following minor head trauma in EVA
patients can spontaneously recover [136].

Diagnosis

The diagnosis of EVA is based on a CT scan or an
MRI scan of the temporal bones in axial and/or
coronal views (Fig. 2.16). There has been some
variability noted in the literature regarding the
criteria used for diagnosing EVA. In their origi-
nal work, Valvassori and Clemis [119] diagnosed
EVA to be present if the diameter of the vestibu-
lar aqueduct was greater than 1.5 mm, measured
halfway between the external aperture and the
common crus of the utricular and saccular duct.
Others have diagnosed an EVA if the diameter is
2 mm or greater [120, 135] or if the midpoint
diameter is more than double the diameter of the
posterior semicircular canal [148]. Associated
inner ear anomalies are noted, including a

Mondini malformation. Complete audiometric
assessment is undertaken to document any asso-
ciated hearing loss. Some authors recommend
routine genetic testing for the pendrin gene given
the frequent association of EVA with Pendred
syndrome.

Management

Children are fitted with hearing aid commensu-
rate with their hearing loss and are followed on a
regular basis with physical examinations and
audiometric assessments to document the pro-
gression of hearing loss in one or both ears and to
assess for the development of new symptoms,
including vertigo. Many otologists recommend
that patients with EVA avoid contact sports and
the use of helmets in many activities, although
there is no data demonstrating their efficacy.

In an effort to halt the progression of SNHL in
EVA, surgical procedures, including endolym-
phatic sac decompression, shunt, or endolym-
phatic duct obliteration, have been attempted.
None of these options are effective and may
worsen the hearing loss [149-151]. Although Lin
et al. [152] recommended corticosteroid therapy
immediately after a sudden hearing loss in EVA
patients, there is no evidence to support this rec-
ommendation. In patients who progress to severe
or profound SNHL (with deterioration of word
recognition scores), cochlear implantation evalu-
ation is performed. Many authors have docu-
mented comparable results from implantation in
patients with EVA compared to those with other
etiologies of SNHL [126, 153-156]. There is a
higher incidence of intraoperative perilymphatic
gusher in patients with EVA undergoing implan-
tation [126, 139, 153-155, 157].

Facial Nerve
Embryology

At about 4 weeks, the facial nerve and its genicu-
late ganglion begin development. The primordial
tissue from which they arise is in the area of the
rhombencephalon, abutting the deep aspect of the
second pharyngeal arch epibranchial placode
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[158]. The latter is a thickened area of surface
ectoderm just caudal to the first pharyngeal
groove. Neuroblasts in the region between the
primordial facial nerve tissue and the epibran-
chial placode differentiate; this gives rise to the
geniculate ganglion by 6 weeks of gestation.
Paralleling this development, the facial motor
nucleus appears in the future metencephalon
[159, 160]. The first branch of the facial nerve,
the chorda tympani nerve, also becomes evident
at this point. As the abducens nucleus develops, it
displaces the intramedullary fibers of the facial
motor nucleus, creating the internal genu of the
facial.

At approximately 6 weeks of gestation, the
greater petrosal nerve, the second branch of the
facial nerve to form, develops from the ventral
aspect of the geniculate ganglion. By the seventh
week, the chorda tympani and lingual nerves
unite just proximal to the ganglion. Meanwhile,
the nervus intermedius, the sensory fibers of the
facial nerve, develops independently from the
geniculate ganglion and extends to the brainstem
between the motor root of the facial nerve and the
eighth cranial nerve. The main trunk of the facial
nerve establishes its intratemporal course within
the developing otic capsule.

The next branches to develop are the posterior
auricular nerve and the fibers to the posterior
belly of the digastric muscle. Branches of the
posterior auricular nerve communicate with
nerves of the second and third cervical ganglia to
form the transverse cervical and lesser occipital
nerves. At approximately 7 weeks of gestation, a
branch of the geniculate ganglion develops and
travels to the glossopharyngeal ganglion; at 8
weeks, the tympanic plexus and the lesser petro-
sal nerve form along this branch. The nerve to the
stapedius muscle develops at approximately the
same time. The facial nerve develops peripheral
branches that lie deep to the facial musculature.
Most of these peripheral branches form anasto-
motic connections with other peripheral facial
nerve fibers [159, 160].

Between the 12th and 13th weeks of gestation,
Arnold’s nerve (the auricular branch of the vagus)
forms from the union of two branches that arise
from the dorsomedial surface of the facial nerve
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(between the stapedius and the chorda tympani
nerves). Arnold’s nerve traverses the primitive
tympanomastoid fissure to innervate the posterior
aspect of the EAC. By 17 weeks, the various
communications of the facial nerve, including
those with the second and third cervical nerves
and the trigeminal, vagus, and glossopharyngeal
nerves, are well established.

The facial canal initially forms as a sulcus in
the cartilaginous otic capsule, which later ossifies
to form part of the fallopian canal, the remainder
arising from Reichert’s cartilage from the second
branchial arch. The ossification of the tympanic
segment of the fallopian canal involves two 0ssi-
fication centers [161]. The anterior segment
develops at the apical cochlear ossification center
at the end of 20 weeks, while the posterior
segment develops at the pyramidal eminence at
25 weeks. Each ossification center projects two
bony extensions that completely encircle the
facial nerve. As the nerve continues to develop,
the two centers extend from their origin, the ante-
rior center posteriorly and the posterior center
inferiorly, progressively lengthening to cover
more of the nerve. Reichert’s cartilage becomes
attached to the otic capsule and provides the
remaining cartilaginous circumference to the
labyrinthine and tympanic segment of the facial
canal [162]. By term, about 80 % of the tympanic
segment of the fallopian canal is present. It is
completely developed by about 3 months after
birth. Failure of fusion of the two ossification
centers or of their bony extensions is thought to
be the cause of the surgically encountered facial
canal dehiscences [161]. The mastoid process
and tympanic ring grow postnatally, medially
displacing and subsequently protecting the facial
nerve [163].

Congenital Facial Palsy

Definition

Congenital facial palsy describes a developmen-
tal form of facial nerve paralysis, without a his-
tory of birth trauma. The paralysis can be
unilateral or bilateral and may involve the entire
nerve or only affect some of its branches
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Fig.2.17 (a) Photograph of infant with right facial nerve paralysis demonstrating lack of nasal flaring and asymmetric
lower lip on crying. (b) Photography of child with bilateral facial nerve paralysis (Moebius syndrome)

(Fig. 2.17a). Moebius syndrome is perhaps the
best known of the congenital facial palsy syn-
dromes. It was first described by Paul Julius
Moebius, a German neurologist, in 1892 as a
clinical entity of bilateral combined palsies of the
abducens and facial cranial nerves.

Incidence
Congenital facial palsy occurs with an incidence
of approximately 1.4-2.1 per 1,000 live births
[164, 165].

Etiology

Although sporadic cases of Moebius syndrome
are thought to be most common, there have been
pedigrees described, suggesting that some
subgroups may be inherited via an autosomal
dominant gene with variable expressivity and
incomplete penetrance [166—168]. The etiology
of Moebius syndrome is unknown. There are
four general theories of pathogenesis [168—
171]. The first describes aplasia or hypoplasia
of affected cranial nerve nuclei, resulting in sec-
ondary muscle abnormalities [172]. The second
theory hypothesizes foci of necrosis in the para-

median region of the pontine tegmentum with
destruction of the VI and VII nuclei [167, 169,
171, 173, 174]. The third theory is based on the
observation from cadaveric studies that have
found absence or narrowing of the facial nerve
in the fallopian canal, sometimes with normal
nuclei [164, 175-177]. This may be related to
vascular disruption and subsequent necrosis of
the peripheral nerves [164, 177]. The fourth
theory reflects primary myopathy based on
autopsy studies on some patients showing nor-
mal neural components but atrophied and
fibrotic facial muscles [178] (or absence of mus-
cle in biopsies) [179, 180]. These muscle
changes can occur secondary to prolonged mus-
cle denervation or due to the lack of nerve devel-
opment [181, 182]. If muscles fail to develop
primarily, nerve fibers destined to innervate
these muscles take on an aberrant course or fail
to connect, retract, and atrophy [182].

Associated Malformations

Facial palsy can be associated with abnormalities
of the EAC, middle ear, or mastoid. It may be a
prominent feature in some infants with congenital
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muscle disorders, such as nemaline myopathy,
congenital myotonic dystrophy, or congenital
myasthenia. Congenital facial palsy is associated
with several other syndromes, the most common
of which is hemifacial microsomia. Other associ-
ated syndromes include Poland syndrome (absent
pectoralis major muscle), Albers-Schoenberg
disease, and the CHARGE Association.

Clinical Features

Moebius syndrome is characterized by sixth and
seventh nerve palsies, which are its hallmark
[183] (Fig. 2.17b). Congenital facial paralysis is
usually noticed within the first few weeks of life
and is often incomplete, with the upper face more
severely affected [166, 184, 185]. Associated
findings have included limb anomalies (e.g.,
webbed, absent, short, or deformed digits, club
foot) [186—-188], thoracic abnormalities (scolio-
sis, pectoral hypoplasia, or absence of the pecto-
ral muscle) [186], and craniofacial deformities
[189]. Lack of fine motor skills and poor coordi-
nation and balance performance are also highly
associated with these patients. The syndrome can
present profound psychological challenges as
these children may have masklike facies; this
may hinder parental attachment and can lead to
social isolation, poor emotional development,
and behavioral difficulties [190]. After infancy,
children with Moebius syndrome experience dif-
ficulty with eating solid food and may develop a
chronic drool. They are at risk of developing den-
tal caries, enamel hypoplasia, and missing teeth.
A child with an improper bite or difficulty swal-
lowing probably will have micrognathia, and
these children are at higher risk of developing
sleep-disordered breathing. Speech development
may be affected, secondary to incomplete lip clo-
sure coupled with the inability to use the tongue
effectively. Ophthalmologic implications may
include lack of lateral eye movement and reduced
peripheral gaze. Irritation, corneal dryness, and
even corneal ulceration can occur because of
incomplete eyelid closure.

Classification
Abramson et al. [191] classified and graded
Moebius syndrome on the basis of the clinical
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Table 2.14 Abramson classification and grading system
of Moebius syndrome

Features Grade
C: Cranial nerves
VII nerve partial
VI and VII nerve partial
VI and VII nerve complete

Additional nerve involvement

W W= o

If bilateral and equal add
L: Lower extremity
Normal
Talipes equinovarus, syndactyly, ankylosis
Absent phalanges

W o= O

Longitudinal or transverse deficits
U: Upper extremity
Normal
Digital hypoplasia or failure of differentiation
Ectrodactyly

W N = O

Failure of formation, longitudinal or
transverse

F: Facial structural anomaly
Normal
Cleft palate
Micrognathia

W N = O

Microtia, microphthalmia, abnormal joint,
etc.

T: Thorax
Normal
Scoliosis
Pectoral hypoplasia or breast anomaly

Chest wall deformity, breast or pectoral
aplasia

W N = O

findings of cranial nerve palsies and musculo-
skeletal anomalies. They developed the acronym
CLUFT (cranial nerve, lower limb, upper limb,
face, and rhorax) to summarize the syndromal
findings (Table 2.14). Recently, however, studies
have defined and classified Moebius syndrome
into two distinct neurophysiologic phenotypes.
In one phenotype, patients have increased facial
distal motor latencies (DML) and poor recruit-
ment of small and polyphasic motor unit action
potentials (MUAP). The second phenotype is
characterized by normal facial DML and neuro-
pathic MUAP [192].

Diagnosis
Initial assessment includes a detailed head and
neck and microotoscopic examination to rule out
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an etiologic entity. Complete audiometric assess-
ment is obtained, especially if associated ear
anomalies are evident. Genetic testing is
requested in accordance with clinical findings if
an identifiable syndromal pattern is suspected.
Imaging modalities are helpful in assessing the
brainstem and the course of the lower cranial
nerves. These studies are valuable if surgical
intervention is contemplated.

Management

Management of children with Moebius syn-
drome requires a multidisciplinary approach.
Psychological support and family counseling and
support are important to alleviate the emotional
burden on the child and caregivers. Afflicted chil-
dren are unable to breastfeed or suck from a regu-
lar nipple and must be fed with a specialized
device. Aspiration is a constant concern, and
insufficient weight gain can occur. Regular dental
appointments are important, and some may
require orthodontic or orthognathic work. Speech
and language pathologists are indispensable in
assisting the child with proper enunciation, the
use of appropriate body language to augment
their spoken language, and adoption of vocal
techniques. Ophthalmologic consultation with
emphasis on proper eye care, including the use of
artificial tears and eye ointment, is paramount.
Children with Moebius syndrome may have other
cranial nerves involved besides CN VI and VII
that may necessitate further management. Other
associated anomalies and problems, including
autism, tongue and jaw deformities (e.g., cleft
palate, Pierre Robin syndrome), and delayed
gross motor development, will require involve-
ment of subspecialty services.

Surgical intervention is a viable option in the
management of children with Moebius syn-
drome. Some ophthalmologists place small gold
weights into the upper eyelids to help effect eye
closure. The lack of facial movement has been
addressed using various forms of static and active
supports and slings. With the advent of microsur-
gery, facial paralysis reconstruction with the use
of nerve grafts and muscle transplants has been
performed. These include a cross-facial nerve
graft, free gracilis muscle transfer, as well as ipsi-
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lateral hypoglossal, motor trigeminal, and acces-
sory nerve grafts.

Conclusion

Congenital ear anomalies present a diverse spec-
trum of clinical entities, either in isolation or in
association with a multitude of anomalies. The
treating otolaryngologist may be challenged with
potential esthetic and functional limitations, some
of which may have a significant impact on a child’s
development from a speech and language, cogni-
tive, and psychosocial perspective. In managing
these patients, a thorough understanding of the
underlying embryologic basis as well as a team
approach that involves the family and members of
the various involved disciplines will enhance man-
agement and optimize favorable outcomes.
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Congenital Malformations
of the Nose and Nasopharynx
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Abstract

This chapter provides embryologic and clinical descriptions, photographs,
and illustrations of the more common congenital anomalies of the nose and
nasopharynx. The authors present the topics in sections based on the under-
lying pathology. These sections include malformations that occur because
the nose failed to form properly (such as arhinia, polyrhinia, and nasal
colomboma), those that resulted in midline nasal and nasopharyngeal mal-
formations (such as choanal atresia and craniopharyngioma), and those that
resulted in congenital nasopharyngeal or nasal midline masses (such as

epignathi, Thornwaldt cysts, dermoids, gliomas, and encephaloceles).
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Nasal Embryology

The development of a functional nasal architec-
ture requires the careful and precise orchestration
of mesenchymal components. Any interruption
or disruption of these delicate processes will lead
to nasal malformation.

By the end of the fourth week of gestation,
bilateral oval thickenings of the surface ectoderm
called nasal placodes appear. These are the pri-
mordia of the nose and nasal cavities. Initially,
the placodes are convex but as they stretch later,
they produce a flat depression in each placode.
The placodes then invaginate to form nasal pits,
which are the primordia of the nares and nasal
cavities (Fig. 3.1). The proliferating mesenchyme
in the margins of the placodes produces
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Fig. 3.1 Embryology of the development of the nose

horseshoe-shaped elevations—the medial and
lateral nasal prominences; their cooperative inter-
action with the developing maxillary processes
eventually creates multiple paramedian struc-
tures: the nasal aperture, the nasolacrimal ducts,
and the upper lip. The nasolacrimal groove forms
at the junction of the nasal and maxillary promi-
nences. As the groove subsequently invaginates,
the epithelium within resorbs leading the forma-
tion of the nasolacrimal duct. The medial nasal
prominences grow faster than the lateral pro-
cesses, and extend anteriorly to form the ridge,
tip, and columella of the nose and toward the oral
plate to form the philtrum and medial portion of
the upper lip. The lateral nasal prominences
eventually form the nasal bones, the upper lateral

cartilages, and the lateral crus of the lower lateral
cartilage [1-3].

The deepening of the nasal pits leads to the
formation of the primordial nasal sacs, which
grow dorsally. The oronasal membrane, which
first separates the nasal sacs from the oral cavity,
ruptures by the end of the sixth week forming an
open communication between the nasal and oral
cavities. A temporary epithelial plug is formed in
the nasal cavity from the expansion of cells lining
it; this plug resorbs between the 13th and 15th
weeks. The primordial choanae lie posterior to
the primary palate. After the secondary palate
develops, the choanae position themselves at the
junction of the nasal cavity and the pharynx. As
the maxillary palatal shelves lengthen and grow
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medially, they fuse with each other and the sep-
tum, effectively separating the nasal cavities
from the oral cavity [4]. Eruption of the nasal pits
into the choanae, fusion of the palatal shelves and
growth of the nasal septum and soft palate coin-
cide with the development of the lateral nasal
wall and primitive sinus anatomy.

Congenitally Malformed Nose
Arhinia

Definition
Arhinia is defined as the congenital absence of a
nose (Fig. 3.2).

Incidence
Arhinia is an extremely rare condition. All cases
are thought to be sporadic.

Etiology

The pathogenesis of arhinia is poorly understood.
It has been postulated that lack of development of
the nose results from failure of the medial and
lateral nasal processes to grow, but it is also pos-
sible that overgrowth and premature fusion of the
nasal medial processes result in formation of an
atretic plate. Arhinia may also result from lack of
resorption of the nasal epithelial plugs during the
13th—15th weeks of gestation. Another explana-
tion may be related to abnormal migration of
neural crest cells to this region, resulting in aber-
rant flow of the multiple mesodermal structures
required to establish the nose and its cavities
normally [5].

Associated Malformations

Microphthalmia, iris coloboma, hypertelorism,
submucous cleft palate, and meningocele occa-
sionally associate with this condition. Intelligence
is usually normal.

Clinical Features

Neonates are obligate nasal breathers and
become symptomatic with respiratory distress
and cyanosis when the nasal passages are
blocked, especially during feeding. Affected

I}
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Fig. 3.2 Diagram of a child with arhinia

infants, however, can survive and adapt to oral
breathing. The site of the external nose is flat,
covered with normal appearing  skin.
Occasionally, a blind dimple is present in lieu of
the nostrils. While the upper lip is normal, the
palate is high-arched and the maxilla hypoplas-
tic. The nasal cavity fails to form and there is
bilateral bony choanal atresia [2].

Diagnosis

Diagnosis is based on visual inspection.
Computed tomography imaging of the nose and
midface is recommended to evaluate the underly-
ing structure. Evaluation of the thickness of the
atretic bony plate is an important preoperative
consideration.

Management

An oral airway is often used in the neonatal set-
ting. A surgically created nasal airway or a tra-
cheostomy tube is an important part of early
management, as either allows the infant to feed
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orally and precludes the complications associated
with orogastric tubes. Most authors agree that
surgical reconstruction of the external nose and
inner cavities should be delayed at least until pre-
school years, when facial development is nearly
complete [6, 7].

Unilateral Arhinia, Heminasal Aplasia

Definition

Unilateral arhinia is the unilateral absence of one
nostril. Occasionally, a blind dimple is present in
lieu of a nostril. It differs from cebocephaly,
which presents as a single midline nostril.
Cebocephaly is a congenital condition with
monkey-like facial features with closely set eyes,
a defective or absent nose, and a tendency towards
cyclopedia (Fig. 3.3).

Incidence
Unilateral arhinia is extremely rare and is
sporadic.

Associated Malformations

The condition may be associated with a blind
dimple, skin tag, or a proboscis [8]. There are a
significant number of bony abnormalities associ-
ated including an absent cribriform plate, nasal
septal deviation towards the affected side, mal-
formation of the ipsilateral lateral nasal wall,
absence of the nasal bones, and disruption of the
lacrimal bone. The ipsilateral olfactory tract and
bulb are typically absent. The ipsilateral eye may
be microphthalmic, absent, or anomalous.
Orofacial clefting has been seen in some cases. In
the absence of associated central nervous malfor-
mations, intelligence is usually normal.

Diagnosis
The diagnosis is based on visual inspection and
computed tomography of the midface.

Management
Treatment consists of reconstructive operations
as well as prostheses [2].
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Fig. 3.3 Diagram of a child with unilateral arhinia

Nostril Coloboma

Definition
A nostril coloboma is a triangular cleft of the
nasal ala (Fig. 3.4).

Incidence
Unilateral nostril coloboma is rare and sporadic.
Bilateral nasal colobomas occur even less
frequently.

Associated Malformations

Unilateral anophthalmia, lower lid coloboma,
frontal glioma, and ocular hypertelorism can
occur simultaneously.

Diagnosis
Its diagnosis is made by visual inspection. The
defect is typically unilateral.
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Fig.3.4 Diagram of a child with a nostril colomba

Management
Surgical repair is the treatment of choice [2].

Bifid Nose

Definition

In this rare and sporadic condition, a central
groove bifurcates the nose. The condition may
result from an anomalous infolding of the median
nasal processes (Fig. 3.5).

Incidence
The incidence of these rare clefts has been esti-
mated at 1.43-4.85 per 100,000 births [9].

Associated Malformations

Ocular hypertelorism often occurs concurrently.
The upper lip may also have a median cleft.
Pseudohypertelorism can also occur as a result of
an optical illusion. This illusion is produced by
the wide spacing of the components of the face
adjacent to the eyes.

2 /n DUNHAM, MD. 2007
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Fig.3.5 Diagram of a child with a bifid nose

Diagnosis

Visual inspection is the basis for diagnosis. The
presentation of a bifid nose ranges from a mini-
mally noticeable midline nasal tip central
groove to a complete clefting of the osteocarti-
laginous framework, resulting in two complete
half noses [10].

Management

Surgical repair is the treatment of choice. The
rarity of these types of cleft makes any surgeon
relatively inexperienced. Not surprisingly, as
with many of these malformations, no true
consensus exists as to the best approach for
repair [9].

Polyrhinia
Definition

Polyrhinia is characterized by either a partial or a
complete duplication of the nose (Fig. 3.6).
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Fig. 3.6 Diagram of a child with polyrhinia and partial
facial duplication

Incidence
This is an extremely rare and sporadic condition.

Associated Malformations

Choanal atresia is commonly found in associa-
tion with polyrhinia. Two separate noses each
with a pair of nostrils can occur with diprosopia,
a condition of partial facial duplication. Some
cases of facial duplication are incompatible with
life.

Diagnosis
Clinical inspection provides the diagnosis.

Management

If the child does survive, however, treatment is
surgical [2]. In the absence of facial duplication,
treatment involves correcting the associated cho-
anal atresia and then removing the medial por-
tions of both noses and anastomosing their lateral
counterparts in the midline.
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Fig. 3.7 Diagram of a child with proboscis

Proboscis

Definition and Associated

Malformations

A proboscis is a snout-like tubular structure aris-
ing from the midface (Fig. 3.7). There are four
different types: lateral nasal proboscis, supernu-
merary proboscis, disruptive proboscis, and holo-
prosencephaly proboscis.

Lateral nasal proboscis results from the
incomplete formation of one side of the nose,
including an ipsilateral absence of the nostril,
nasal cavity, paranasal sinuses, and olfactory
tract and bulb. Typically the proboscis emanates
from the medial canthus on the affected side. A
supernumerary proboscis occurs in the setting of
two nostrils as an accessory structure and is
thought to arise from a supernumerary nasal
placode. Disruptive proboscis occurs in the set-
ting of an early embryonic hamartoneoplastic
lesion in the primitive prosencephalon.
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Holoprosencephaly is a failure of the fore-
brain to divide into lobes; cyclopia occurs in its
most severe form. Proboscises occur in many but
not all cases of cyclopia. Ethmocephaly, also
caused by holoprosencephaly, consists of a pro-
boscis in lieu of a nose in between narrowly set
microphthalmic eyes. Prognosis depends on the
associated anomalies. Holoprosencephaly fore-
casts a poor prognosis [2].

Incidence
Proboscis is a rare anomaly. The incidence of
proboscis lateralis is less than 1 in 100,000 [11].

Etiology

Proboscis represents a failure of the lateral nasal
process to fuse with both the medial nasal pro-
cess and the maxillary process. The etiology and
pathogenesis of proboscises is heterogeneous.

Diagnosis
Clinical inspection provides the diagnosis.

Management

Isolated proboscis formation is amenable to sur-
gical correction. Preoperative imaging with both
computed tomography (CT) and magnetic reso-
nance (MR) scans is imperative. Given the high
degree of variability of associated anomalies, an
individualized approach is suggested when
addressing the surgical correction of a proboscis.
In general surgical repair can be undertaken as
early as the surgeon is comfortable without
affecting the cosmetic outcome [12, 13].

Congenital Midline Nasal and
Nasopharyngeal Malformations

Choanal Atresia

Definition

Choanal atresia is an uncommon congenital
obstruction of one or both of the posterior choa-
nae. The choanae are the spaces that separate the
most posterior aspect of the nose from the naso-
pharynx. About 30 % are purely bony while the
remaining 70 % are thought to have mixed bony

and membranous atresias [14]. Choanal stenosis
may be considered a milder variation of atresia.

History

Roederer was first to describe the condition of
congenital choanal atresia in 1755 and Emmert
reported the first successful surgical dilation
using curved trocars transnasally in 1854 [15].

Incidence

In a review of over five million births, the preva-
lence at birth varied between 0.54 and 1.13 per
10,000 with an equal sex distribution and without
evidence of side predilection [16]. The frequency
of unilateral versus bilateral, while it had tradi-
tionally been thought to be 2:1, has more recently
shown to be closer to 1:1 [17].

Etiology

During development, the nasal cavities extend
posteriorly as the palatal processes fuse to form a
single closed palate. Failure of the posterior rup-
ture of the buccopharyngeal membrane that sepa-
rates the nose from the nasopharynx or abnormal
growth of the palatine bone may be responsible
for choanal atresia. The bony narrowing can
result from narrowing of the pterygoid plates lat-
erally, the vomer medially or the sphenoid
superiorly.

Associated Malformations

Forty-seven percent of cases have been reported
to be associated with other major congenital mal-
formations and should alert physicians to look
for other anomalies. Some syndromes associated
with choanal atresia include Apert syndrome,
Crouzon syndrome, DiGeorge sequence, Pfeiffer
syndrome, Treacher-Collins syndrome, and
CHARGE association [16]. Choanal atresia is a
common finding in CHARGE Association, which
is a nonrandom association of malformations
whose acronym stands for coloboma, heart
defects, and atresia of the choanae, retarded
growth or development of the central nervous
system (CNS), genitourinary anomalies, and ear
anomalies. A child has to have three or more of
the cardinal malformations (excluding growth/
mental retardation) to meet diagnostic criteria.
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Fig. 3.8 Computed
tomography demonstrating
choanal atresia (see arrows)

By those criteria, approximately 7 % of children
with choanal atresia belong to the CHARGE con-
stellation [16].

Clinical Features

Bilateral choanal atresia presents very differently
than its unilateral counterpart. Because an infant
is typically an obligate nasal breather, bilateral
obstruction often presents with immediate respi-
ratory distress during the newborn period. The
resulting distress is typically cyclical. During the
inspiratory effort, the infant’s tongue apposes the
palate, occluding the oral airway. Increased inspi-
ratory effort leads to marked retractions. The
occlusion is broken if and when the child cries or
opens his/her mouth. Asphyxia can and does
occur with bilateral atresia.

Diagnosis

The suspected diagnosis is clinically supported
by the inability to pass a 6 French suction cathe-
ter through the nasal cavity and can be confirmed
with a diagnostic flexible nasopharyngoscopy.
Computed tomography of the nose can also con-
firm the diagnosis; furthermore it shows what
type of atresia it is, purely bony or membranous
and bony (Fig. 3.8). Unilateral atresia rarely
causes respiratory distress and often escapes

Spin: 0

detection until later in childhood when a thick
unilateral mucoid discharge is noted; it is not
uncommon for it to be diagnosed as sinusitis.

Management

Treatment of choanal atresia is surgical. In the
case of bilateral atresia, the immediate distress
can often be temporarily addressed with either
an oral airway or a McGovern nipple, which
has either a single enlarged hole or two addi-
tional lateral holes at its tip. There are three
basics approaches for the repair: transpalatal,
transeptal, and transnasal. The transpalatal
approach, while it provides great visualization
of the surgical field, is typically reserved for
older patients as it can result in malocclusion in
up to 50 % of patients, a consequence of dis-
rupting the palate before it has completely
grown [18]. The transeptal approach is typi-
cally reserved for unilateral cases. Endoscopic
transnasal repair is the most common approach
today; it can address either membranous or
bony defects. Endoscopes can be used transna-
sally and through the oropharynx (Fig. 3.9)
demonstrates the endoscopic appearance of the
bilateral atresia taken from the nasopharynx.
Revision surgery is commonly needed to dilate
the passages as the child grows.
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Craniopharyngioma

Definition

Craniopharyngiomas are benign-appearing dyso-
dontogenic epithelial tumors; the great majority
of these affect intradural suprasellar anatomy but
they can and do extend into infrasellar regions.

Fig. 3.9 Endoscopic photograph of bilateral choanal
atresia taken from the nasopharynx
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Incidence

The overall incidence of craniopharyngiomas is
approximately 0.13 per 100,000 person years
and is not gender or race dependent.
Craniopharyngiomas comprise approximately
1.5-11.6 % of all intracranial tumors. A bimodal
distribution places peak incidence rates in chil-
dren (aged 5-14 years) and adults (aged 50-74).
Approximately 338 cases of this disease occur
annually in the United States, with 96 occurring
in children from O to 14 years of age [19].

Etiology/Embryology

Craniopharyngiomas are thought to arise from
the remnants of Rathke’s pouch, which arises
during the fourth week of gestation from the oral
stomodeum and projects dorsally towards the
brain, eventually forming the anterior lobe and
pars intermedia of the pituitary gland (Fig. 3.10).
By the eighth week, Rathke’s pouch has typi-
cally lost its contact with the stomodeum [4]. By
the 12th week, the craniopharyngeal duct, the
cellular tract formed by the dorsal ascension of
Rathke’s pouch disappears, leaving an obliter-
ated tract between the sphenoid cavity to the
junction of the palate and posterior nasal septum.
Most craniopharyngiomas occur in and/or above
the sella turcica. Only occasionally do they
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Fig.3.10 Schematic diagram demonstrating the possible mechanism of formation of a craniopharyngioma
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Fig.3.11 (a) Two Endoscopic photographs of a right nostril with a mass diagnosed as craniopharyngioma. (b) Axial
cuts of an MRI demonstrating a mass in the sphenoid sinus, which was diagnosed as a craniopharyngioma

develop in the basisphenoid or pharynx, presum-
ably from rest of cells in an incompletely obliter-
ated tract.

Associated Malformations

If there is a suprasellar/intracranial component,
then visual field defects, varying degrees of pitu-
itary insufficiency and signs of increasing intra-
cranial pressure may appear.

Clinical Features

Craniopharyngiomas’ symptomatology results
from local expansion and impingement on sur-
rounding structures; metastases from craniopha-
ryngiomas are extremely rare. In the case of a
purely infrasellar mass, nasal obstruction, epi-
staxis, sinusitis, and headaches predominate.

Diagnosis

Initial suspicion of an intranasal mass is made either
by nasal endoscopy or imaging (Fig. 3.11a, b). The
final diagnosis relies on histopathology. The work
up should include general and neurologic examina-
tion (including visual field evaluation), a thorough
nasal endoscopy, and both magnetic resonance
imaging with and without angiography (MRI/
MRA) and CT imaging with and without contrast of
the brain and sinuses. CT imaging will often detect
the calcifications found in the adamantinomatous
variant as well as bony destruction and remodeling.
MRI imaging best delineates soft tissue involve-

ment and is particularly important for preoperative
planning. If intracranial involvement is noted, an
endocrine workup is indicated.

Management

To date, there is no true consensus regarding the
optimal treatment of craniopharyngiomas. In the
case of uniquely infrasellar tumors, only case
reports exist. It is therefore impossible to have
true evidence-based recommendations regarding
treatment and prognosis. From the gathered case
reports of infrasellar tumors, the primary treat-
ment has historically been complete surgical
excision with or without postoperative radiation
depending on the extent of the tumor. Close post-
operative surveillance is warranted for these rare
tumors; it should include postoperative MRI sur-
veillance at regulated intervals (3 months, 6
months, 1 year, and 2 years). The surgical
approach to an infrasellar craniopharyngioma is
dictated by its location and extent. Lateral rhi-
notomy or endoscopic approaches can be used
for tumors restricted to the confined to the naso-
pharynx and nasal cavity. For larger tumors,
transphenoidal and transcranial trajectories may
be necessary.

For intracranial tumors, though still contro-
versial, radical excision is still considered the
treatment of choice if the tumor’s size and
involvement with the surrounding tissue permits
it [20]. If not, then subtotal resection is usually
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Fig. 3.12 Axial cuts of a CT demonstrating bony narrowing at the level of the anterior pyriform process (see arrows)

accompanied by radiation therapy; without radia-
tion, recurrence rates may be as high as 73 % and
is likely to occur regardless of tumor variant [21,
22]. Some authors have reported success in treat-
ment of cystic craniopharyngiomas with intra-
cystic chemotherapeutic therapy using bleomycin
as well as intracavitary radiotherapy [23-25].

Nasal Pyriform Aperture Stenosis

Definition

Congenital nasal piriform aperture stenosis
(CNPAS) consists of narrowing of the anterior
nasal cavity due to the medial displacement of
the maxillary prominences bilaterally. A width of
10 mm or less of the piriform aperture on CT
scan in a term infant has been suggested as diag-
nostic by Belden and others [26] (Fig. 3.12).
Furthermore, each naris should allow the passage
of a 5 French catheter [27]. The resulting nasal
obstruction associated with CNPAS leads to
respiratory distress that can be life threatening in
a neonate and is similar in presentation to cho-
anal atresia.

History
First described in a series of six patients treated
for nasal obstruction by Brown et al. in 1989 [28].

Incidence

The true incidence is unknown although it is
thought to be less common than choanal
atresia.

Etiology

The etiology is unknown although it has been
postulated that CNPAS is due to an overgrowth of
the nasal process of the maxilla that occurs at 4
months in utero [29].

Associated Malformations

Associated craniofacial anomalies occur in up to
40 % of cases and include: agenesis of the pitu-
itary gland, the presence of a prominent central
“mega incisor,” holoprosencephaly, and midface
hypoplasia [29].

Clinical Features

Infants are obligate nasal breathers for the first
6-8 weeks of life and, therefore, CNPAS results
in newborn respiratory distress. As mentioned,
CNPAS is similar in presentation to choanal atre-
sia and results in respiratory distress which wors-
ens with feeding and improves with crying.
Additionally, infants with CNPAS may manifest
increased distress with upper respiratory infec-
tion that causes increased nasal obstruction due
to mucosal edema.
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Diagnosis

Early diagnosis of neonatal nasal obstruction is
essential. Axial thin cut CT scanning is diagnos-
tic and requires a piriform aperture width of less
than 11 mm in a term infant. The average width
of symptomatic patients, however, is often much
less and may be as low as 1-2 mm.

Management

Most patients with CNPAS can be managed
expectantly once the diagnosis is established.
Placement of an oral airway, the use of small fre-
quent feedings (with the possible need for gavage
feeding), humidification, frequent nasal suction-
ing, and the use of topical decongestants are often
adequate. In children who fail conservative man-
agement and are unable to thrive, surgery is indi-
cated. Repair is best performed via a sublabial
approach with drilling or curetting to widen the
lateral dimensions of the piriform aperture. Care
must be taken to avoid injury to the nasolacrimal
ducts posterolaterally or the tooth buds inferiorly.
The allowance of a 3.5 mm endotracheal tube as
a stent to be placed at surgery denotes adequate
widening.

Epignathi

Definition

Epignathi are rare teratomas that arise in the oral
cavity and consequently are composed of ecto-
dermal, mesodermal, and endodermal tissues.
They commonly emanate from the skull base,
palate or pharyngeal walls but may also arise
from alveolar bone. When they are large, they
may be associated with life-threatening airway
obstruction. Prenatal diagnosis of these tumors,
especially when large, is critical in determining
optimal and timely management of the airway.

Incidence
1:35,000 to 1:200,000 live births and represents
3-9 % of all teratomas [30].

Etiology

The etiology of epignathi is unknown although it
has been postulated to arise from the pluripoten-
tial cells of Rathke’s pouch region [31].
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Clinical Features

The oropharyngeal obstruction associated with
epignathi commonly leads to polyhydramnios in
utero. Ultrasound examination of the fetus reveals
the mass which can then be further characterized
by magnetic resonance imaging. The tumors may
be very large and can be highly differentiated,
with evidence of intact vertebral columns, evi-
dence of organ or limb development.

Management

Optimal management of epignathi requires early
prenatal diagnosis and a multidisciplinary
approach. When prenatally diagnosed, and life-
threatening airway obstruction is anticipated, an
EXIT (ex utero intrapartum treatment) procedure
is often electively performed. This approach
allows the airway to be secured via tracheotomy,
while placental blood flow is maintained.
Thereafter, surgical excision of the tumor can be
undertaken. Massive lesions are often removed in
a staged manner by first debulking the mass on
day of life one and considering further resection
or repair of associated cleft palate remotely [32].

Thornwaldt Cyst

Definition

Thornwaldt (or Tornwaldt) cysts are congenital,
cystic masses located in the posterior midline
wall of the nasopharynx. They form just cranial
to the superior border of the superior constrictor
muscle and are usually noted only incidentally,
although they may become symptomatic when
infected.

History

The first description of Thornwaldt cysts was
offered by Mayer when he described the lesion in
autopsy specimens [33]. They were later charac-
terized further by Tornwaldt [34] in the mid-
nineteenth century.

Incidence

Studies analyzing the incidental finding of a
Thornwaldt cyst based on radiological examina-
tions and autopsy specimens estimate the inci-
dence to be 1.5-5 % [35, 36].
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Fig. 3.13 (a, b) Thornwald cysts (arrow)

Etiology

Thornwaldt cysts result from an abnormally per-
sistent connection between the cranial aspect of
the notochord and the endoderm of the develop-
ing pharynx. This connection leads to the forma-
tion of a potential space between the two layers
that is often called a pharyngeal bursa. A major-
ity of patients with Thornwaldt cysts have had a
previous adenoidectomy, leading to speculation
that trauma or inflammation may prevent drain-
age of the nasopharyngeal bursa.

Clinical Features

Thornwaldt cysts are most commonly asymptom-
atic. However, they may become acutely or chron-
ically infected leading to symptoms of pain,
which is often worse with head turning, headache,
chronic posterior nasal drainage, otalgia, otitis
media, and halitosis [37]. Diagnosis is aided by
endoscopic visualization of the nasopharynx. The
acquisition of subsequent imaging studies is
advised to better characterize the lesion and dif-
ferentiate it from invasive neoplastic masses.
Thornwaldt cysts are hyperintense on both T;-
and T,-weighted MR images (Fig. 3.13a, b).

Management
Small, asymptomatic lesions can often be
observed without the need for surgery. However,

if they become significantly large or infected,
surgical removal is indicated. This procedure
after any apparent infection has been treated with
antibiotics where appropriate. Wide marsupial-
ization of the cyst can usually be accomplished
by a transnasal endoscopic approach.

Hairy Polyp

Definition

Hairy polyps are congenital masses that arise in
the nasopharynx or oropharynx. Because they are
usually composed of ectodermal and mesodermal
elements, some authors classify them as der-
moids [37]. However, some authors have objected
to this nosology and prefer to designate hairy pol-
yps as choristomas because they represent aber-
rant rests of normal tissue and not neoplastic
masses [38—40].

Clinical Features

Hairy polyps commonly present as fleshy,
sausage-shaped masses that are often covered
with thin hairs. Symptoms often depend on their
location. They may be large enough to cause neo-
natal respiratory distress. When based laterally in
the nasopharynx, they may cause eustachian tube
dysfunction and actual growth into the middle ear
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Fig. 3.14 (a) Intraoperative photograph of an hairy polyp located in the nasopharynx (large arrow: horseshoe-shaped
mass; small arrow: palate). (b) Specimen of excised hairy polyp (note the finger-like characteristic of the mass)

through the eustachian tube has been described
[41, 42].

Incidence

Hairy polyps are the most common congenital
masses arising in the nasopharynx. They are six
times more common in females [43]. They are
not associated with any particular syndrome and
there is no known genetic basis for their develop-
ment [37].

Management

Treatment of hairy polyps is similar to the treat-
ment of epignathi described above. Like epig-
nathi, these lesions may cause complete neonatal
airway obstruction and management may involve
prenatal diagnosis. Usually, transoral resection is
possible and may be aided by the use of angled
telescopes [42] (Fig. 3.14a, b).

Nasal Dermoids, Gliomas, and
Encephaloceles

Definition

Nasal dermoids, gliomas, and encephaloceles
present as midline nasal masses. Of these, nasal
dermoid cysts are the most common. These three
entities are often grouped together in light of

their similarities in presentation, etiology, and
management.

Nasal Dermoids

Nasal dermoids account for 3 % of all dermoid
cysts and approximately 10 % of dermoids of the
head and neck [44]. They are comprised of ecto-
dermal and mesodermal embryonic elements and
as such may contain epidermal tissue, hair folli-
cles, sweat glands, or sebaceous glands. As is
detailed below in the etiology section, the exis-
tence of a nasal dermoid represents a failure of
the developing dura to separate from the skin in
utero. Accordingly, the contents of nasal der-
moids may maintain some degree of connection
to the CNS. They most commonly present as a
noncompressible mass with an associated overly-
ing pit or sinus tract anywhere from the glabella
to the columella (Fig. 3.15). They do not transil-
luminate or expand with crying or with
compression of the internal jugular vein (nega-
tive Furstenberg test). The presence of hair ema-
nating from the cutaneous sinus punctum can be
considered pathognomonic for dermoids [45]
(Fig. 3.16a). Approximately two-thirds are situ-
ated along the lower nasal dorsum. The mass
associated with these lesions may be primarily
external or intranasal. Thirty percent of dermoids
present first as intranasal masses (Fig. 3.16b).



3 Congenital Malformations of the Nose and Nasopharynx 81

Widening of the nasal dorsum may be seen from
extension through the nasal bones.

Glioma
When used to describe a congenital nasal mass,
the term glioma is a misnomer because these

Fig. 3.15 Diagram of a child demonstrating a nasal der-
moid on the dorsum of the nose

lesions do not represent neoplastic tissue. Gliomas
are composed of heterotopic glial tissue that
forms as a result of the same failure of separation
from intracranial and extracranial tissue elements
that is responsible for dermoid formation. As is
the case with nasal dermoids, comprehension of
the etiology of nasal gliomas requires a thorough
understanding of the developmental anatomy of
the anterior skull base. Like dermoids, gliomas
present as smooth, firm, noncompressible masses
along the midline aspect of the nasal dorsum or
glabella. The overlying skin often takes on a blue
or red hue, and there is not typically an associated
cutaneous pit. In approximately 15 % of cases,
they maintain a fibrous connection to the dura
[46]. Approximately 30 % of gliomas are entirely
intranasal. In these cases, they are usually situated
on the lateral nasal wall and are more likely to
have and intracranial connection.

Encephalocele

Encephaloceles result from herniation of intra-
cranial contents through a defect in the skull
base. The presentation and etiology of congenital
nasal encephaloceles is similar to that of der-
moids and gliomas with several exceptions.
Encephaloceles are usually compressible and
enlarge with crying or compression of the
internal jugular veins (positive Furstenburg test).
The location of the mass will depend on the

Fig. 3.16 (a) Photography of a child with a nasal dermoid presenting as a pit on the bony dorsum of the nose.
(b) Endoscopic photograph of a nasal dermoid presenting within the nasal cavity
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location of the defect and may be on the lower
forehead, medial orbit, or nasal dorsum. If the
lesion is predominantly intranasal, it may be mis-
diagnosed as a nasal polyp. A cerebrospinal fluid
leak may be present concomitantly or may be
caused by biopsy of the lesion.

Etiology

Multiple theories for the development of midline
nasal masses have been proposed with the most
widely excepted mechanism being the one
described by Pratt [47]. Normally, at approxi-
mately 8 weeks gestation, a dural diverticulum
exists between the nasal bones and the cartilagi-
nous nasal capsule in a region known as the pre-
nasal space. During this time of separation of the
frontal bone and skull base, the nasal and frontal
bones are also not yet fused at a region known as
the fonticulus frontalis. During this time, the dura
is in contact with the dermis via the prenasal space
and perhaps through the more anterior and supe-
rior fonticulus. The nasal processes of the frontal
bone then develop further until only a small sur-
rounding an area just anterior to the crista galli
that will be known as the foramen cecum.
Simultaneously, the nasal and frontal bones fuse
to obliterate the fonticulus. During this time of
development, the dural-dermal connection nor-
mally separates and any remaining connective
tract is obliterated. The formation of nasal der-
moid cysts is thought to involve the trapping of
ectodermal elements that occur as the dura invo-
lutes. Gliomas and encephaloceles represent
entrapment of cranial contents during this pro-
cess. Depending on whether this persistent com-
munication involves the prenasal space or the
fonticulus, these lesions may present as a nasal
mass or in the glabellar region, respectively.

Associated Malformations

Midline nasal masses are not necessarily associated
with any specific craniofacial syndrome. However,
various reports have reported the existence of asso-
ciated congenital anomalies in up to 40 % of patients
with nasal dermoid cysts [48]. Wardinsky et al. [49]
have described a significantly increased incidence
of intracranial involvement when there are other
congenital malformations present.

M.D. Rizzi and B.P. Dunham

Diagnosis

Intracranial extension occurs in approximately
20 % of cases [50] of nasal dermoids and is sug-
gested on CT scanning by the presence of an
enlarged foramen cecum, bifid crista galli, or
bifid nasal septum. A confirmatory MRI should
be obtained when the CT scan suggests intracra-
nial extension to minimize the chance of an
unnecessary craniotomy. It should be noted that,
in most children, marrow within the crista galli
has been replaced by fat by the age of 5 years.
The resulting signal intensity on T1-weighted
MRI can lead to the false impression that a der-
moid cyst is present [S1]. Gliomas maintain a
connection to the dura in 15 % of cases and
encephaloceles by definition are connected intra-
cranially. As is the case with dermoids, CT and
MRI are helpful in the characterization of glio-
mas and encephaloceles to optimally delineate
these lesions’ bony and soft tissue involvement,
respectively.

Management

Nasal Dermoids

The treatment of nasal dermoids is complete
surgical excision. Multiple surgical approaches
have been described including a midline longi-
tudinal incision along the nasal dorsum, exter-
nal rhinoplasty approach, and endoscopic
approaches (Fig. 3.17). Excision of any cutane-
ous sinus ostium on the nasal dorsum is neces-
sary for complete removal of all dermal
elements. Given the potential for intracranial
involvement, a craniotomy is required in some
cases. When necessary, a standard frontal crani-
otomy 1is typically used to access the lesion,
although, more recently, the transglabellar, sub-
cranial approach has been described and may
carry less morbidity [52].

Encephaloceles and Gliomas

Excision of gliomas and encephaloceles adhere
to the principles outlined above for dermoids
except that, unlike dermoids, these lesions usu-
ally do not require resection of a cutaneous punc-
tum. Furthermore, unlike gliomas and dermoids,
intracranial communication can be assumed to be
present in cases of nasal encephalocele.
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Fig. 3.17 Intraoperative
photograph demonstrating the
most common method of
excising midline dermoid
nasal malformations via
vertical incision on dorsum of
nose
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Congenital Malformations of
the Oral Cavity and Oropharynx
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Abstract

The common congenital malformations of the oral cavity are presented in
this chapter, along with photographs and schematic figures of each anom-
aly. Specific topics that are highlighted include benign tumors, hamarto-
mas, dermoids, teratomas, vascular malformations, and hemangiomas of
the oral cavity. In addition, other malformations are described including
macroglossia, lingual thyroid, ankyloglossia, ranulas, and mucoceles.
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Malformations of the Oral Cavity
and Oropharynx (Congenital
Lesions/Benign Tumors)

Definition: The lesions or benign tumors that can
form when the tongue develops can be grouped
into categories listed below. Most of these lesions
present within the mucosa or submucosa of the
tongue or within the lining of the oral cavity.

They usually are identified when they are small

and can be treated by surgical excision. A pathol-

ogist should review the surgical specimens to
ensure that they are benign and that they have
been completely excised.

1. Hamartoma is a lesion consisting of benign tis-
sue with components that are indigenous to the
area in which it is located, i.e., normal tissue
that forms in excess in normal locations.
Examples of hamartomas in the oral cavity
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Fig. 4.1 Photograph of lipofibroma located in the mid-
line posteriorly on the surface of the tongue

include fibromas and lipomas of the tongue
(Fig. 4.1). Some authors describe hemangio-
mas as forms of hamartomas, but most con-
sider them benign tumors because their rates of
proliferation may differ from normal tissue.

2. Choristoma is a benign, well-organized hetero-
topic growth of tissue that forms in excess in
areas in which it normally is not located, i.e.,
normal tissue that forms in excess in abnormal
locations. In the oral cavity, choristomas may
consist of a proliferation of an ectopic rest of
bone, cartilage, fat, neural or glial tissue, thy-
roid tissue, respiratory tissue, gastric mucosa,
or intestinal mucosa. They may or may not
form a mass lesion and are not neoplastic.
More common choristomas in the oral cavity
include those that occur on the tongue, specifi-
cally gliomas, salivary tissue rests, and skin
tissue (dermoids, see below) (Fig. 4.2).
Teratoma is a benign, haphazardly organized

growth of tissue (or tumor) containing all three

Fig. 4.2 Photograph of ectopic salivary tissue specimen

germ layers (endoderm, mesoderm, and ecto-
derm), which may be located anywhere in the
body, especially in the head and neck. Teratomas
may have malignant potential. Unlike hamarto-
mas and choristomas, teratomas may also present
as large obstructing masses of the head and neck.

Smaller teratomas may be found anywhere within

the oral cavity including the tonsil and are treated

by surgical excision.

1. A hairy polyp is similar to a teratoma but con-
sists of cells of only two germ cell lines
(mesodermal and ectodermal tissue). These
masses tend to originate in the oropharynx or
nasopharynx and may stem from a malformed
second branchial arch. Hairy polyps are more
common in girls and usually are present at
birth or within the first few years of life. They
may be associated with other malformations
of the head and neck, including cleft palate.
The treatment for these tumors is complete
surgical excision (refer Chap. 3, Fig. 14).

2. Dermoid is a lesion, which consists of mostly
ectodermal tissue that forms a cyst filled with
keratin or sebaceous material, and sometimes
hair. It is most commonly found in planes of
embryonic fusion. Common cutaneous locations
include the regions lateral to the eyebrow, and in
the midline of the neck, but they may be located
anywhere within the oral cavity, including on the
tongue or uvula. Treatment is excision.

3. Congenital epuli arise most often arise from the
maxilla or mandible of the newborn. They are
composed of cells derived from mesenchyme
(granular cells with eosinophilic cytoplasm and
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Fig. 4.3 Photograph of infant with two epuli: one on sur-
face of mandible and one on surface of maxilla

small, eccentric nuclei). The lesions are more
commonly found in girls and can present as
small or very large lesions. Some have been
found to regress with time, but they should be
excised if they interfere with feeding or if they
bleed (Fig. 4.3) [1].

Hemangiomas/Vascular
Malformations

Definition
Vascular birthmarks are most commonly located
in the skin and subcutaneous tissues, but they are
also the most common congenital malformations
found within the oral cavity and oropharynx. These
lesions are usually located within the mucous
membranes of the oral cavity and oropharynx, but
they may also appear within the hypopharynx and
the larynx. They may range in appearance from
flat vascular mucosal patches to bulky lesions that
can interfere with breathing or swallowing.
Vascular birthmarks are classified as either
hemangiomas or vascular malformations.
Infantile hemangiomas are the most common
benign tumors of infancy. Thirty percent are seen
at birth and the remaining form within the first
few weeks of life. Eighty percent are focal and
solitary in nature. The remaining may be multifo-
cal or segmental. Segmental hemangiomas may
involve large areas of skin and often associated
with complications and associated malforma-
tions. Superficial hemangiomas involve the

superficial dermis and consequently appear red in
color, whereas deep hemangiomas reside in the
deep dermis and subcutis, resulting in a blue
color on the surface. Mixed hemangiomas involve
both the superficial dermis and the deep dermis/
subcutis. Infantile hemangiomas, which are not
apparent at birth, must be distinguished from the
less-common congenital hemangiomas. These
lesions proliferate in utero and are fully formed at
birth. They may be further categorized based on
their pattern of involution after birth (RICH, rap-
idly involuting congenital hemangioma and
NICH, non- involuting congenital hemangioma).

Vascular malformations are nonproliferative
hamartomatous lesions that are usually present at
birth and are classified as low-flow lesions (lym-
phatic, venous, capillary) or high-flow lesions
(arteriovenous) [2].

Incidence

Infantile hemangiomas have been reported to
occur in 2.5-10 % of infants (12 % of Caucasian
infants, 1.4 % of African American infants, and
0.8 % of Asian infants, respectively). Fifty per-
cent are located in the head and neck. Females are
affected three times more often than male babies.
The incidence is higher in preterm babies (up to
25-30 %), especially in those of extreme low
birth weight and in multiple births (independent
of birth weight) Vascular malformations are less
common, have no gender predilection, and tend to
grow proportionally with the affected child.

Heredity

Most hemangiomas and vascular malformations
occur sporadically, although hemangiomas have
been found to be familial in 12 % of cases. A
linkage to chromosome 5q31-33 has been identi-
fied, but no specific gene has been implicated in
their etiopathogenesis. DNA studies of some
families who have multiple vascular malforma-
tions suggest that a genetic defect may exist in
cells that form the smooth muscle lining of nor-
mal blood vessels.

Etiology

Infantile hemangiomas are neoplasms composed
of proliferating endothelial cells that eventually
form vascular spaces and channels, some filled
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with blood cells. There is limited basement mem-
brane and as they grow they fill local potential
spaces in the oral cavity and oropharynx. They
eventually may appear as lobular, red structures
extending beyond mucosal membranes. Congenital
hemangiomas are composed of normal endothelial
cells. Vascular malformations present as true
structural anomalies, with normal rates of endo-
thelial cell turnover. They lack muscular support
and contain large vascular channels because they
do not have smooth muscle lining cells that are
normally present in blood vessels.

Multiple hypotheses exist to explain the under-
lying etiology of infantile hemangiomas, including
the theory that they represent immature tissue, pos-
sibly similar to placental tissue, endothelial pro-
genitor cells, or mesenchymal stem cells. These
cells may maintain their proliferative capacity for a
period of time postnatally. Various growth factors,
including beta-fibroblast growth factor, vascular
endothelial growth factor (VEGF) and proliferat-
ing cell nuclear antigen may induce proliferation.
However as the endothelial cells differentiate, mast
cells appear which produce transforming growth
factors and other tissue inhibitors including inter-
feron, which terminate the proliferation. Involution
of the hemangioma tends to occur when these cells
and factors are present [2, 3].

Associated Malformations

Most hemangiomas occur as isolated lesions, but

the following associations have been recognized:

e PHACE association represents a neurocutane-
ous disorder most commonly presenting with
large segmental facial hemangiomas and addi-
tional structural anomalies of cerebral vessels,
eye vessels, and the aorta. The acronym stands
for posterior cranial fossa malformation(s)
(including Dandy-Walker and Arnold Chiari
malformations), large cervicofacial or laryngeal
hemangiomas, arterial anomalies of the head
and neck (that can involve the carotid and cere-
bral vessels), coarctation of the aorta and cardiac
defects, and eye anomalies. Sternal clefts or
other ventral defects may also be present
(PHACE(S)). The PHACE association affects
female infants in 90 % of cases (Fig. 4.4) [3-5].

¢ Kasabach—Merritt Phenomenon is a rare, life-
threatening condition which may occur if one

Fig. 4.4 Photograph of infant with PHACE syndrome of
left face (Image courtesy of David W. Low, MD, Attending

Surgeon, The Children’s Hospital of Philadelphia;
Associate Professor, Department of Plastic Surgery,
University of Pennsylvania School of Medicine)

of two specific benign vascular tumors is pres-
ent (tufted angioma or kaposiform hemangio-
endothelioma). These lesions tend to be larger
and cause thrombocytopenia by trapping and
destroying platelets. This phenomenon does
not occur in children with common infantile
hemangiomas.

Several syndromes associated with vascular

malformations include the following:

e Sturge—Weber (encephalotrigeminal angioma-
tosis): A rare congenital, usually unilateral
phakomatoses (neural and skin disorder). It is
associated with a facial port wine stain (or cap-
illary malformation) located in the region of
the first and second divisions of the trigeminal
nerve (V1 and V, correlating to the regions of
the forehead and cheek, respectively), along
with ipsilateral leptomeningeal and brain angi-
omas (frequently leading to mental retardation
and seizures). Glaucoma may be present
caused by excess capillaries near the ophthal-
mic branch of the trigeminal nerve. This is a
noninherited, nonfamilial syndrome (Fig. 4.5).
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Fig. 4.5 Patient with Sturge Weber demonstrating port
wine stain (capillary hemangioma of right face) and facial
deformity due to changes in growth of these bones

* Klippel-Trenaunay: Capillary malformation
of an extremity associated with deeper venous
and lymphatic malformations and skeletal
overgrowth.

e Parkes—Weber: Capillary malformation of an
extremity associated with a deeper arteriove-
nous malformation.

¢ Osler—Weber—Rendu (hereditary hemorrhagic
telangiectasia): An inherited disorder of blood
vessels resulting in arterial venous malforma-
tions (AVMs) within the skin and mucous
membranes. Affected individuals have diffuse
cutaneous and visceral telangectasias and
small AVMs. It may be associated with epi-
staxis, oral or gastrointestinal bleeding, hema-
turia, and CNS hemorrhage. This syndrome
may be inherited in an auto-dominant pattern.

Clinical Features

Infantile hemangiomas are rarely visible at birth,
but are recognized within days to weeks of deliv-
ery. In the oropharynx, these benign vascular pro-

liferative lesions initially appear as flat red or
bluish areas of mucosal discoloration. Most
undergo rapid proliferation in the first 6—12 months
of life, with the majority of proliferation occurring
within the first 5 months. After reaching a plateau,
hemangiomas slowly regress, or involute, a pro-
cess that may continue for many years (50 % by 5
years, 70 % by 7 years and 90 % by 9 years of age)
(Table 4.1). Complications of proliferative heman-
giomas include ulceration and bleeding, airway
obstruction, visual compromise, feeding impair-
ment, and, in very large lesions, high-output con-
gestive heart failure. Hemangiomas of the lip,
neck, and diaper area are most prone to ulceration.
Facial hemangiomas may cause cosmetic disfig-
urement and may necessitate surgical reconstruc-
tion after involution (Fig. 4.6).

Children who are at higher risk of developing
complications from their hemangiomas include
those with large hemangiomas, multiple cutane-
ous hemangiomas, or segmental hemangiomas.
Infants with more than five cutaneous hemangio-
mas are more likely to have visceral hemangio-
mas, including those of the liver, gastrointestinal
tract, liver, lungs, and brain. Larger hemangio-
mas and segmental hemangiomas are more likely
to cause cosmetic disfigurement and are more
likely to ulcerate and bleed as they grow. Airway
lesions involving the subglottis, larynx, or oral
cavity may be present in up to 29 % of those with
segmental hemangiomas of the face (including
patients who do not have PHACE(S) syndrome),
especially in those with hemangiomas that are
located within the beard or mandible distribution
[5]. In most instances, the complications
described above are apparent within the first 6
months of life during the phase of rapid prolifera-
tion (Fig. 4.7a) [3].

Unlike hemangiomas, vascular malformations
are usually present at birth and do not undergo
rapid proliferation or involution. Low flow vascu-
lar malformations typically demonstrate growth
that is proportional to that of the patient. Venous
malformations are soft, easily compressible, and
are usually blue or purple in color (Table 4.1).
Although wusually small and asymptomatic,
venous malformations of the oropharynx, oral
cavity, or tongue may expand to compromise the
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Table 4.1 Comparisons of characteristics of infantile hemangiomas vs. vascular malformations

Infantile hemangioma
Onset

Growth pattern Rapid in first year

Regress over early childhood

Only one-third present at birth
Most appear within first few weeks of life

Vascular malformation
Present at birth
Not always obvious

Grow proportionately to child
Never regress

Gender Affects girls more than boys (3:1) Girls and boys equally affected
Color/consistency Red, less often bluish Purple to blue
Raised with distinct border Flatter, often submucosal
Doughy texture Usually soft

Fig.4.6 Photograph of oral and lip hemangioma in infant
(Image courtesy of David W. Low, MD, Attending

Surgeon, The Children’s Hospital of Philadelphia;
Associate Professor, Department of Plastic Surgery,
University of Pennsylvania School of Medicine)

airway, interfere with speech or cause failure to
thrive secondary to poor feeding (Fig. 4.7b).
Capillary malformations (also known as port
wine stains) usually present at birth as pink, mac-
ular discoloration of the skin. With time, untreated
capillary malformations may darken and hyper-
trophy. Patients with capillary malformations of
the head and neck may also have involvement of
the oropharyngeal or oral mucosa (Fig. 4.7b).
Arteriovenous malformations (AVMs) are
high-flow congenital vascular anomalies that
may be found within the tongue or oral/oropha-
ryngeal submucosa. The blood vessels appear as
a tangled mass of arteries and veins without an
interposed capillary bed. Although most are

present at birth, they often remain undetected for
many years. On physical examination, arteriove-
nous malformations frequently appear similar to
venous malformations, but they may be associ-
ated with an audible bruit, a palpable thrill,
or visible pulsations. Complications of AVMs
include potentially life-threatening hemorrhage.
Larger AVMs may extend to include surrounding
soft tissue and bone causing distortion of the face
and oral cavity (Fig. 4.7¢).

Diagnosis

In most cases, the diagnosis of hemangioma or
vascular malformation is made by correlating
the pattern and timing of emergence of the lesion
along with the physical findings. In the oral cav-
ity and oropharynx, both direct exam and flexi-
ble nasopharyngoscopy and laryngoscopy are
helpful to determine the extent of the lesion.
Magnetic resonance imaging (MRI) with gado-
lidium contrast-enhanced computed tomography
(CT) may be warranted to further determine the
extent and depth of the lesion (Fig. 4.8). Biopsy
is indicated in patients when the growth appears
atypical or when malignancy is suspected.
Angiography may be helpful in the assessment
of AVM.

Patients with multiple cutaneous hemangio-
mas (more than 5 before age 6 months) may ben-
efit from abdominal ultrasound or MRI to rule
out the presence of visceral hemangiomas. Those
with suspected PHACE(S) syndrome should
undergo MRI/MRA (magnetic resonance angiog-
raphy) of the brain and intracranial vasculature,
assessment of the upper airway, cardiac evalua-
tion, and ophthalmologic examination.
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Fig. 4.7 Photographs demonstrating the variation in
appearance of facial birthmarks. (a) Upper lip ulcerating
hemangioma. (b) Venous malformation of lower lip. (¢)
Arterial venous malformation distorting left maxilla in

Management

Most hemangiomas may simply be observed so
long as there are no functional or cosmetic con-
cerns. Pulsed dye laser therapy may be effective
for treatment of flat (less than 1 mm) superficial
hemangiomas, for healing and pain control of

young boy (Images courtesy of David W. Low, MD,
Attending Surgeon, The Children’s Hospital of
Philadelphia; Associate Professor, Department of Plastic
Surgery, University of Pennsylvania School of Medicine)

ulcerated hemangiomas, and for the elimination
of residual post-involutional telangiectasias.
Intralesional corticosteroids may be useful for
the suppression of small, localized hemangio-
mas, but their use should be avoided in the peri-
ocular region due to the risk of retinal artery
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Fig. 4.8 Coronal MRI of head demonstrating left tongue
hemangioma

occlusion and blindness. Systemic therapy may
be required in patients at risk for functional
impairment (e.g., airway obstruction or visual
compromise) or for the suppression of lesions in
cosmetically sensitive regions. Corticosteroids
(2-5 mg/kg/day of oral prednisolone) have been
the most commonly used first-line systemic drug
for the treatment of proliferative hemangiomas.
Adverse effects of corticosteroid administration
include irritability, gastritis, immunosuppression,
hypertension, adrenal suppression, and growth
suppression, all of which are reversible following
taper of the medication. Recently, encouraging
results have been reported in children treated
with propranolol, although the mechanism
whereby this nonselective beta-blocker sup-
presses proliferation of hemangiomas remains
uncertain. Potential adverse effects of beta
blocker therapy include hypotension, bradycar-
dia, hypoglycemia, bronchospasm, and conges-
tive heart failure. Surgical resection may be
indicated in patients who have lesions that may
be life-threatening such as may occur when they
are located within the oral cavity or airway (espe-
cially the subglottis) or for those who fail medi-
cal therapy.

Superficial capillary malformations usually
respond well to pulsed dye laser therapy.

L.M. Elden and R.E. Kirschner

Symptomatic or disfiguring lymphatic, venous,
and arteriovenous malformations may require
surgical excision, interventional radiologic treat-
ment (sclerotherapy or embolization), or a com-
bination of both).

Malformations of the Tongue

Macroglossia is the most common congenital
malformation of the tongue. Aglossia (failure of
the tongue to form) and microglossia (small
tongue, such as seen with Moebius Syndrome)
are extremely rare. Other rare malformations
include accessory tongues and bifid tongues (as
seen in patients with orodigitofacial syndrome).

Congenital Malformations of the
Tongue

Embryology of Tongue

The tongue starts to develop beginning in the
fourth week of gestation when the tuberculum
impar (median tongue bud) and lateral lingual
swellings arising from the first branchial arch
mesenchyme form and start to fuse. The lateral
lingual swellings grow over the tuberculum
impar and form the anterior two-thirds of the
tongue. The posterior one-third of the tongue is
formed from the third and fourth branchial arch
mesenchyme. The mucosa of the anterior two-
thirds of the tongue is composed of ectodermal
origin, whereas the posterior one-third is of endo-
dermal origin (Fig. 4.9a, b).

Macroglossia

Definition

Macroglossia is defined as a resting tongue that
protrudes beyond the teeth/alveolar ridge at rest,
with or without enlargement of the tongue tissue.
Congenital macroglossia occurs not only when
there is enlargement of normal tongue tissue but
also when abnormal proportions of tissue types
are present. This may be seen when lymphatic
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Fig. 4.9 (a) Schematic of the embryology of tongue development. (b) Schematic demonstrating the origins of various

structures from four different branchial arches

malformations, hemangiomas, or other tissue types
are found within the tongue, causing enlargement.

Incidence
See associated malformations.

Heredity

The pattern of inheritance depends on the associ-
ated condition. However, when isolated it is usu-
ally sporadic. An autosomal dominant transmission
has been described in two unrelated families [6].
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Fig. 4.10 Photograph of infant with macroglossia
(Beckwith Wiedemann syndrome)

History

The earliest known written description of tongue
lesions such as macroglossia comes from the
Egyptian Papyrus Ebers (1150 BC) [7]. Early
medical treatments for macroglossia included the
use of sclerosing agents (mercury and potas-
sium), leeches, and blood-extracting exercises.
Debulking procedures have been described using
crusher type instruments, but surgical resection
has been the mainstay of treatment since the lat-
ter part of the twentieth century.

Etiology

Congenital macroglossia is not common, and
when present is frequently associated with
specific syndromes that may be characterized by
classic physical findings that are obvious at birth.
Macroglossia is more common in children
who have Beckwith-Weidemann syndrome
(Fig. 4.10), Down syndrome (Trisomy 21, rela-
tive macroglossia), and congenital hypothyroid-
ism. Idiopathic macroglossia or autosomal
dominant macroglossia has also been described.
Other more common causes of macroglossia
noted at birth include those described elsewhere
in this chapter, which relate to masses within the
substance of the tongue lymphangioma, heman-
gioma, vascular lesions, and lingual thyroid.
Macroglossia may also be found in children with
less common syndromes including Trisomy 22,
mucopolysaccharoidosis, gangliosiderosis,
Robinow syndrome, and Behmel syndrome
(Table 4.2). Some congenital forms of macro-
glossia that are caused by storage diseases

Table 4.2 Congenital malformations of tongue

Aglossia
Microglossia
Moebius syndrome
Macroglossia
Congenital (observed at birth)
Beckwith—-Wiedemann syndrome
Down syndrome (relative macroglossia)
Congenital hypothyroidism
Autosomal dominant
Trisomy 22
Tollner syndrome
Behmel syndrome
Mucopolysaccharidosis
Muscular idiopathic hypertrophy
Observed later in life
Acromegaly
Glycogenosis type IIA
Hypothyroidism
Mucolipidosis
Neurofibromatosis
Amyloidosis

described above may present later in life. In addi-
tion, macroglossia may not be noticeable until
later in life in those patients with acromegaly or
neurofibromatosis.

Associated Malformations

Beckwith—Wiedemann Syndrome: Children who
have Beckwith—Wiedemann syndrome present
with macroglossia in 98 % of cases and the sever-
ity of macroglossia varies. The incidence of
Beckwith—Wiedemann is 0.73 in 10,000 live
births [8]. The mode of inheritance is unknown
with both sporadic and familial cases reported in
the literature [9]. Most cases are associated with
a defect in chromosome number 11. These chil-
dren have characteristic craniofacial anomalies
including maxillary hypoplasia, prominent fonta-
nelle, metopic ridge in forehead caused by pre-
mature closure of these bones, and they may also
have generalized visceromegaly that may relate
to fetal hyperinsulinism. Other features include
the presence of hydramnios (caused by poor fetal
swallowing in utero), omphalocele, or other
abdominal wall defects, nephromegaly, gigantism
(sometimes unilateral, hemihypertrophy), hepa-
tomegaly, heart defects, and genital anomalies.
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Affected children frequently have perinatal hypo-
glycemia that may contribute to mental retarda-
tion found in some of these patients. These
children are also more prone to developing a
Wilm’s tumor and adrenal tumors.

Down Syndrome: Down syndrome is the most
common genetic disorder (Trisomy 21), occur-
ring in about 1 of 700 live births. Many of these
children have protruding tongues and chronically
opened mouths. However, MRI studies have
shown that the tongue size is not large and instead
the oral cavity is small resulting in relative mac-
roglossia [10]. These patients also have charac-
teristic facial traits including epicanthus, oblique
lid axis, saddle nose, hypotonia, and microgenia.

Congenital Hypothyroidism: Children with con-
genital hypothyroidism may present similarly to
those who have Beckwith—Wiedemann in that
these children frequently have macroglossia
associated with large fontanelles, hypotonia, and
distended abdomens with or without umbilical
hernia. Twenty-three percent may also have a
lingual thyroid present (refer below).

Clinical Features

The clinical impact of macroglossia depends on
the size of the tongue. Severely affected infants
frequently present with drooling, swallowing prob-
lems, and less often failure to thrive. Many children
have symptoms and signs of obstructive sleep
apnea and airway problems. Speech problems from
dysarthria and excessive saliva may need to be
addressed as the child starts to talk. Finally, drying
of the mouth, dental hygiene problems, cross-bite,
and other malocclusion problems may develop.

Diagnosis

Diagnosis is usually obvious on clinical exam. Given
the strong associations with other syndromes, eval-
uation by a geneticist is frequently warranted.
Biopsies or imaging studies such as MRIs or
CTs are rarely needed to confirm the diagnosis.
A speech therapist may be helpful to ensure the
child feeds well and to monitor for speech prob-
lems. Sleep studies should be considered in those
with Beckwith-Wiedemann and Down syndrome
as there is a high rate of undiagnosed sleep apnea.

Management

The mainstay of treatment remains surgical.
Orofacial therapy using palate devices to stimu-
late muscle tone of the tongue and palate have
been used with variable success. Surgical thera-
pies depend on the location of the extra tissue.
In some instances when sleep apnea is of more
concern, the obstructing tissue is in the posterior
third of tongue and submucosal reduction using
radiofrequency (coblation tools) may be helpful.
The coblation instrument dissolves tissue at low
temperatures but may cause localized swelling as
the tissue heals.

In more severe cases of macroglossia, partial
tongue resection is necessary, especially when
the tongue protrudes out of the mouth during rest.
The anterior wedge resection or keyhole methods
have been the most commonly used (Fig. 4.11a,
b). The keyhole method, whereby a posterior
circle of tissue is excised, allows the anterior and
posterior tongue to be reduced (Fig. 4.11c, d, e).

Lymphatic Malformations

Definition

Lymphatic malformations (LMs) consist of
abnormal lymphatic channels and cystic spaces
that contain clear lymph fluid. These low-flow
lesions may be classified as microcystic, macro-
cystic (formerly known and cystic hygromas), or
mixed microcystic and macrocystic.

Incidence
LMs represent less than 5 % of all congenital
head and neck masses.

Heredity

Most LMs that occur in the head and neck occur
sporadically but are more commonly found in
some syndromes.

Etiology

The lymphatic system begins to develop at the
end of the fifth week of embryogenesis. LMs are
thought to occur when normal lymphatic chan-
nels fail to properly form from large central veins
during the fifth to sixth week of embryonic life.
They represent endothelial outgrowths from
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Fig.4.11 Schematic of two of the types of tongue reduction operations (anterior wedge: a, b and keyhole: ¢, d, e)

these veins and they do not have connections
with normal lymphatic channels. The cause is
unknown, but they may be considered a form of
vascular malformation.

Clinical Features

Most LMs present within the first 2 years of birth,
but some can appear later in early adulthood or
puberty. LMs of the tongue and oropharynx are

characterized by the presence of diffuse, often
asymmetric soft clear or bluish swellings or
masses within the tongue, lip or, less often, within
the submucosa of the remaining oral cavity (most
often cheek) and oropharynx. These benign
lesions may extend to the mucosal surface
and may be characterized by the presence of
superficial, irregular vesicles. These vesicles may
be clear or blood-filled and tend to flare up and
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Fig.4.12 Photograph of child with lymphatic malforma-
tion of the tongue (Image courtesy of David W. Low, MD,

Attending Surgeon, The Children’s Hospital of
Philadelphia; Associate Professor, Department of Plastic
Surgery, University of Pennsylvania School of Medicine)

bleed in response to trauma or at times when the
child has an upper respiratory tract infection
(Fig. 4.12). The lesions tend to spread into sur-
rounding tissue and the extent of the lesion may
not be apparent on clinical examination. In
general, they tend to grow in proportion to the
child, but expand and contract depending on the
amount of lymph fluid within the channels.
Swelling of the tongue, oropharynx, and hypo-
pharynx may result in dysphagia, poor speech, or
airway obstruction. Care must be taken to moni-
tor and secure the airway in affected children.
The lesions may also be combined with capillary
or venous malformations.

Associated Malformations

LMs that are located primarily in the neck may
be associated with Turner’s syndrome, Trisomy
13, 18, and 21 [11].

Diagnosis

The diagnosis may be made by direct examina-
tion and the extent of the lesion confirmed by
flexible laryngoscopy, supplemented with con-
trast MRI or CT. Most LMs do not enhance with
contrast unless they are composed of mixed vas-
cular/lymphatic channels.

D SN

Fig. 4.13 Left facial lymphatic malformation with acute
swelling of left cheek and tongue occurring after an upper
respiratory tract infection (Image courtesy of David W.
Low, MD, Attending Surgeon, The Children’s Hospital of
Philadelphia; Associate Professor, Department of Plastic
Surgery, University of Pennsylvania School of Medicine)

Management

Steroids and antibiotics have been used to reduce
acute swelling related to upper respiratory infec-
tions or trauma (Fig. 4.13). The options used to
treat lesions more definitively depend on the path-
ological subtype of LM and the location of the
mass. Sclerotherapy has been helpful to control
macrocystic lesions, but surgical excision/debulk-
ing is usually necessary when the lesion is more
microcystic in nature. Complete resection is rarely
achieved. Those LMs that are microcystic and are
located above the suprahyoid muscle are the most
difficult to treat and often require multiple surgi-
cal procedures to control. It is important to bal-
ance the need to preserve normal tissue with
resection of LMs that are located within the
tongue muscle [12]. Superficial bleeding or
lesions that may disfigure the tongue may be con-
trolled with laser or using coblation therapy.

Congenital Ranulas/Mucoceles

Definition

In older children and adults, mucoceles and ranu-
las are most often caused by trauma to local
minor salivary glands in the mucosa or to salivary
ducts that run along the floor of the mouth,
respectively (Fig. 4.14). However, congenital
mucoceles and ranulas have been reported to be
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Wharton's
duct

Fig.4.14 Schematic diagram of floor-of-mouth anatomy

present at or near birth and more likely represent
malformation of salivary ducts or glands.
Mucoceles tend to be smaller and may be found
within the floor of mouth or other mucous mem-
branes in the oral cavity, but ranulas are found
exclusively in the floor of mouth and can extend
through the myelohyoid muscle into the subman-
dibular space (plunging ranula).

History

The term ranula stems from the Latin word rana,
meaning frog, because they appear to be similar
to the underbelly of a frog.

Incidence
Congenital ranulas and mucoceles are rare with-
out a sex predilection.

Heredity
Sporadic.

Etiology

Mucoceles are usually lined with epithelium,
whereas ranulas are pseudocysts that lie adjacent
to the sublingual gland in the floor of the mouth.
In contrast to older children and adults, congeni-
tal mucoceles are thought to result from failure of
the normal ducts to open or form properly. Some

controversy exists as to the etiology of ranulas
because they are not always present at birth and it
is difficult to eliminate trauma as a mechanism of
their development. Clinical cases have been
reported describing children who develop these
prior to having teeth, which suggests that they
may form because of underdeveloped sublingual
gland ducts or because of persistent rests of
embryonic tissue.

Clinical Features

Most mucoceles that are present at birth are small
1-2 cm smooth, straw-colored or pale yellow,
mucous membrane covered masses found at the
orifice of opening of the submandibular duct
(Wharton’s duct). This duct is located on the
under surface of the tongue (on either side of the
lingual frenulum) (Fig. 4.15). Other types of
mucoceles can also arise from smaller obstructed
glands that are located throughout the oral cavity
and lip (Fig. 4.16). Ranulas tend to present in
older infants and the mass most often is a larger
(2-5 cm), pale blue or pink submucosal mass that
usually runs along the length of one side of the
floor of the mouth (Fig. 4.17a).

Diagnosis

The diagnosis of a mucocele is most often made
clinically by examining the mass in the oral cav-
ity, whereas, a ranula usually requires additional
studies (such as a contrast MRI or CT of the neck
and oral cavity) to determine its extent.

Management

Smaller mucoceles that cause discomfort, feed-
ing or airway problems, or those located at the tip
of the submandibular duct can be treated by exci-
sion. For those located at the tip of the subman-
dibular duct, the remaining duct should be probed
to ensure that it still drains saliva once the mass
has been excised. The residual proximal duct
may be maintained open with an absorbable
suture to reduce the likelihood of recurrence.
Larger, floor-of-mouth ranulas (3-6 cm) are
prone to infection and require excision or marsu-
pialization. The sublingual gland usually must
also be removed to avoid recurrence (Fig. 4.17b).
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Fig. 4.16 Photograph of child with mucocele of right
lower lip (Image courtesy of David W. Low, MD,

Attending Surgeon, The Children’s Hospital of
Philadelphia; Associate Professor, Department of Plastic
Surgery, University of Pennsylvania School of Medicine)

Ankyloglossia

Definition

Ankyloglossia “tongue tie” occurs when a persis-
tent frenulum (either epithelium or epithelium
and muscle) tethers the under surface of the tip of

the tongue to the floor of the mouth (the genio-
glossus muscle or alveolar ridge). This may cause
decreased mobility of the tongue.

Incidence

The prevalence ranges from 0.0.2 to 10 % and
occurs more frequently in male than in female
infants with a 2.6:1 ratio [13-15].

Heredity
Unknown, but seen more frequently in some fam-
ilies [16].

Clinical Features
In most instances, the tip of the tongue cannot
protrude beyond the lower gum line. The tongue
may also fail to elevate to touch the palate. The
malformation may result in a heart-shaped defor-
mity of the tongue with protrusion (Fig. 4.18).
The more severe the restriction in tongue
mobility, the more likely the child will present at
birth with poor feeding. Up to 3.2 % of breastfed
infants have been found to have poor latch and
feeding problems because of ankyloglossia [13—
15]. The tightened frenulum prevents the tongue
from forming a proper seal for latching so that
the jaws must be used to keep the breast in the
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Fig.4.17 (a) Photograph of ranula in the floor of the mouth causing the tongue to elevate superiorly. (b) Intraoperative
photograph demonstrating ranula being removed from the floor of the mouth

Fig. 4.18 Photograph demonstrating appearance of oral
cavity in a child with ankyloglossia restricting tongue
elevation

mouth. This results in increased nipple pain and
poor weight gain by the infant.

Some children present later as toddlers
because they have developed speech articulation
problems. Phonemes more likely to be affected
include sibilants and lingual sounds (¢, d, z, s, n,
and /) [16]. Ankyloglossia may also lead to dental
problems because the lower teeth cannot be prop-
erly cleaned and to anxiety in older children who
get teased because they cannot extend their
tongues.

Diagnosis

Ankyloglossia is confirmed by passively elevat-
ing the tongue tip with a tongue depressor or hav-
ing the actively move the tongue.

Management

Surgical correction entails division of the band
(frenotomy or frenectomy) and, less often,
z-plasty (frenuloplasty) may be necessary in
more severe cases to prevent recurrence. A tight
mucosal band can be incised and released in the
physician’s office in young infants. In one study,
90 % of the mothers of infants who had this pro-
cedure reported marked improvement in com-
fort of feeding and felt the procedure was helpful
[13, 15]. It is difficult to predict which infants
will have later problems with speech so preven-
tative surgery is not recommended. General
anesthetic is usually required for those with
mixed muscular and mucosal bands and in older
infants and young children. In those with articu-
lation errors, a trial of speech therapy may be
helpful in some instances if the articulation
errors are mild. However, if surgery is required,
a four flap z-frenuloplasty appears to be most
effective in treating the errors (91 % of children
had improvement in speech and 64 % of chil-
dren had complete resolution of articulation
errors) [17].

Lingual Thyroid

Embryology

The thyroid gland develops as a midline thicken-
ing along the floor of the pharynx during the
fourth week of gestation. Thereafter, this thick-
ening grows downward as the thyroid diverticulum
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and descends anterior to the hyoid bone, reaching
its final anatomic position in the lower neck by
7 weeks of gestation. The thyroglossal duct is
the tract formed by this migration and usually
resorbs when the thyroid has reached the third to
fourth tracheal rings. The origin of the gland’s
descent persists as a small midline pit, the
foramen cecum, located at the junction of the
anterior tongue and the tongue base (refer to
Chap. 8, Fig. 10).

Definition

Lingual thyroid is a rare clinical entity that results
from failure of descent of the thyroid anlage dur-
ing embryogenesis.

Etiology

A lingual thyroid is the most common form of
thyroid dysgenesis, a spectrum of disorders
describing abnormal formation and migration of
thyroid tissue. The spectrum includes failure of
thyroid development (athyreosis), thyroid hypo-
plasia, and ectopic thyroid. Ectopic thyroid tissue
may be found anywhere along the normal path of
the gland’s descent, from the foramen cecum to
its usual location superficial to the third to six tra-
cheal cartilages in the neck. Small foci of usually
nonfunctioning ectopic tissue may also be found
within thyroglossal duct cysts and tracts, which
remain when the thyroglossal duct fails to resorb.
Of all ectopic thyroids, 70 % are located on the
lingual dorsum and are usually diagnosed as part
of the evaluation for congenital hypothyroidism
[18-20].

Incidence

Primary congenital hypothyroidism occurs in
approximately 1 in 2,000-4,254 live births.
Eighty-five percent are caused by thyroid dys-
genesis, whereby, the thyroid fails to form com-
pared with 15 % that are caused by inborn errors
of biosynthesis [18, 19]. Of the infants with thy-
roid dysgenesis, approximately 23 % have ecto-
pic thyroid, mostly located at the base of the
tongue. However, the incidence may be under
reported as many individuals develop symptoms
later in life. Lingual thyroid has been reported to
be two to four times more common in females
than in males.
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Heredity

Most cases of thyroid dysgenesis are thought to
occur sporadically, although, a recent study sug-
gests that 2 % may be inherited, involving domi-
nant genetic predisposition with low penetrance
[20].

Clinical Features

A lingual thyroid most often presents as an
asymptomatic mass on the midline of the poste-
rior tongue (near the junction of the anterior 2/3
and posterior 1/3). It tends to be smaller than a
normal thyroid. The lesion is usually pink or red
in color, and its surface contour may be either
smooth or irregular. Occasionally, ulceration and
bleeding may be present. Rarely, the ectopic
gland may be large enough to interfere with swal-
lowing and breathing.

Approximately two-thirds of patients with lin-
gual thyroid lack any additional thyroid tissue,
and up to 70 % of patients with lingual thyroid
are hypothyroid. Serologic studies usually dem-
onstrate normal or marginal gland function with
normal to decreased levels of T3 and T4 and ele-
vated levels of thyroid stimulating hormone
(TSH). Hypertrophy of the ectopic gland may
occur in response to elevations in TSH levels
generated by the increased metabolic demand for
thyroid hormone during puberty or during other
states of metabolic stress, such as pregnancy,
trauma, and infection. Rare cases of thyroid car-
cinoma arising in the mass have been reported,
almost always in males [20, 21].

Diagnosis

Imaging studies are essential for confirmation of
the diagnosis. The mass is usually located in the
midline of the tongue between the junction of the
anterior two-thirds and posterior one-third (near
the region of the foramen cecum) (Fig. 4.19a).
Technetium or iodine scanning typically shows
radionucleide activity within the tongue without
activity in the neck. Biopsy is rarely necessary
and carries a significant risk of hemorrhage and
thyroid storm [20-22].

Management
The clinical management of lingual thyroid
remains somewhat controversial. The best initial
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Fig. 4.19 (a) Photograph of lingual thyroid in the mid-
line of the tongue (between the junction of the anterior 2/3
and posterior 1/3, in the area of the foramen cecum. (b)
Intraoperative photograph demonstrating midline division
of tongue to access lingual thyroid

guide to treatment is the presence or absence of
symptoms. Administration of suppressive exog-
enous thyroid hormone is currently the mainstay
of medical management. The goal of such therapy
is to suppress TSH, thereby removing the stimu-
lus for gland enlargement [20].

Most cases of lingual thyroid require no sur-
gical treatment, and excision of the lesion should
be reserved for patients who fail to respond to
medical therapy or who present with significant
dysphagia, airway compromise, or recurrent

bleeding. Such treatment should not be attempted
until a technetium or iodine radioisotope scan
has been performed to determine that there is
adequate thyroid tissue in the neck. MRI is use-
ful for evaluation of the extent of the lesion and
in determining the best surgical approach for
removal. In patients lacking additional thyroid
tissue, the lingual thyroid can be excised and
autotransplanted to the muscles of the neck
(Fig. 4.19b) [23, 24]. Radioactive iodine abla-
tion can be used as an alternative to surgical
excision of a symptomatic lingual thyroid in
patients who are unfit for surgery or who refuse
surgical treatment. Patients treated by radioac-
tive iodine ablation require lifelong thyroid
hormone replacement [21-24].
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Cleft Lip and Palate Malformations

Gregory D. Pearson and Richard E. Kirschner

Abstract

This chapter describes the embryology and development of cleft lip and
palate deformities in children. Schematic figures and clinical photographs
illustrate the more common anomalies and surgeries used to correct these

malformations.
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Embryology

The formation of the face begins early in fetal
development. The early oral pit, or stoma, is
apparent at approximately 4 weeks of age. The
facial structures continue to rapidly develop in
the ensuing weeks. The nasal placodes are pres-
ent laterally with the development of medial and
lateral nasal prominences during the fifth week of
development. During the sixth week, the medial

G.D. Pearson, M.D. (D))

Department of Plastic and Reconstructive Surgery,
Center for Complex Craniofacial Disorders,
Nationwide Children’s Hospital,

700 Children’s Drive, Columbus, OH 43205, USA
e-mail: gregory.pearson @nationwidechildrens.org

R.E. Kirschner, M.D., FA.C.S., FA.AP.

Section of Plastic and Reconstructive, Nationwide
Children’s Hospital, 700 Children’s Drive, Columbus,
OH 43205, USA

e-mail: richard.kirschner @nationwidechildrens.org

L.M. Elden and K.B. Zur (eds.), Congenital Malformations of the Head and Neck,

nasal processes join in the midline to form the
nasal tip, columella, prolabial segment, and pri-
mary palate. The maxillary prominences join
with the lateral aspect of each medial nasal pro-
cess to form the lateral components of the upper
lip (Fig. 5.1). During this time, the secondary pal-
ate begins to form. Bilateral vertical outgrowths
from the maxillary prominences develop during
the sixth week. The paired palatal shelves, which
initially are vertically oriented, rotate to a trans-
verse position over the following 2 weeks. Once
the shelves assume a horizontal orientation
(eighth week), they begin to fuse in the midline, a
process that is complete by 12 weeks gestation
(Fig. 5.2). Thus, by week 8, the lips, primary pal-
ate, and secondary palate have all obtained their
initial morphology [1]. The classic theory on the
formation of a cleft lip holds that during week 6,
the medial nasal processes fail to fuse with the
maxillary prominences resulting in a cleft of the
lip and/or primary palate [2, 3]. Failure of fusion
of the palatal shelves during the eighth week
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results in a cleft of the secondary palate. A sec-
ond theory of cleft pathogenesis invokes a failure
of mesodermal penetration. This theory holds
that the medial nasal processes and maxillary
processes join but, due to a lack of mesoderm
within this union, the processes are unable to
maintain their fusion, resulting in breakdown and
cleft formation [4].

Definition

Due to their differing embryologic development,
cleft lip with or without cleft palate (CL/P) is an
entity distinct from isolated cleft palate (CP).
Clefting of the lip and primary palate results from
incomplete fusion of the maxillary and medial
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Fig. 5.3 Complete unilateral cleft lip and palate

nasal processes, whereas clefting of the second-
ary palate results from failure of fusion of the
palatal shelves. Cleft lip/palate may be defined
by the laterality of clefting (left, right, or bilat-
eral) or by whether the cleft is incomplete or
complete. In a complete cleft lip, no tissue con-
nects the medial and lateral lip segments
(Fig. 5.3). In an incomplete cleft of the lip, a band
of tissue of variable width (Simonart’s band) con-
nects the medial and lateral lip segments in the
superior portion of the lip (Fig. 5.4). Clefting of
the secondary palate occurs from the incisive
foramen posteriorly and may involve the soft pal-
ate alone or both the soft and hard palate
(Fig. 5.5). A submucous cleft palate is identified
as a bifid uvula, notching of the posterior hard
palate, and a zona pellucidum within the soft pal-
ate [5] (Fig. 5.6). In a submucous cleft palate, the
mucosa of the soft palate is intact but the muscu-
lar levator sling is disrupted, with the levator veli
palatini aberrantly inserting onto the posterior
edge of the hard palate.

Incidence

Cleft lip/palate has variable incidence depending
upon race and gender of the patient. The relative
occurrence of CL/P is a 6:3:1 ratio of left: right:
bilateral. Cleft lip/palate is more common in
males compared to females. Race plays a role in
the incidence of CL/P as well, with Native
Americans and Asians having the highest Fig.5.5 Cleft of the secondary palate
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Fig.5.6 Submucous cleft palate

incidence (3.6 and 2.1 per 1,000 live births,
respectively). The incidence of CL/P in
Caucasians is 1.0 per 1,000 live births, and that in
African Americans is 0.5 per 1,000 live births
[6]. Unlike CL/P, isolated cleft palate has a uni-
form incidence across all races (0.5 per 1,000 live
births). CP occurs more frequently in females
than in males.

History

The first cleft lip repair to appear in the world’s
literature was that performed by a Chinese sur-
geon on a poor farm boy in the fourth century
AD. The patient, Wei Yang-Chi, would later
become the Governor General of six Chinese
provinces, an extraordinary historical testament
to the social impact of cleft surgery. For more
than a millennium thereafter, cleft lip surgery did
not advance much beyond simple cauterization or
paring of the cleft edges with simple approxima-
tion of the lip segments. Attempts to restore ade-
quate lip length began with the use of curved
incisions, as first described by von Graefe and
later by Rose and Thompson, and later pro-
gressed to the use of rectangular (LeMesurier)
and later triangular (Tennison and Randall) flaps

from the lateral lip. The rotation-advancement
technique, introduced by Millard in 1955, was
based on the understanding that the entire Cupid’s
bow is invariably present on the medial lip seg-
ment and is rotated superiorly. Downward rota-
tion of the entire philtral complex, noted Millard,
levels the Cupid’s bow and opens a gap in the
superior lip into which a flap derived from the
lateral lip element may be advanced. The rotation-
advancement technique has been modified by
many cleft surgeons since its introduction and
remains widely used throughout the world.

The first anecdotal report of cleft palate repair
in 1766 is attributed to LeMonnier, a French den-
tist. He simply placed several sutures across the
cleft, cauterized the mucosa along the cleft mar-
gin, and then tied the sutures. In 1819, Dr.
Philibert Roux reported repair of the cleft soft
palate of a Canadian medical student named John
Stephenson. Bernard von Langenbeck is credited
with first describing closure of hard palatal clefts
by elevating full-thickness mucoperiosteal flaps
in 1861. His technique of raising the mucoperios-
teum from the posterior edge of the cleft hard
palate to the posterior aspect of the alveolus is
still commonly used today in the procedure that
bears his name (Fig. 5.7a—c). In the early twenti-
eth century, cleft palate surgeons began to focus
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Fig.5.7 (a—c) Von Langenbeck cleft palate repair (a and b demonstrates the surgeon’s view from the top of the stretcher
with the patient lying supine.)

their attention on means by which to improve
speech outcomes by lengthening the palate at the
time of repair. The most popular of these tech-
niques, the V=Y pushback technique described
by Wardill, and Kilner, remains in widespread
use today. In 1978, Leonard Furlow of the
University of Florida first described a novel tech-
nique of velar repair utilizing opposing mirror-
image Z-plasties of the oral and nasal mucosa.
The technique offered several advantages over
straight-line techniques. Use of Z-plasty closure
provided for palatal lengthening without the need
for pushback procedures, and transposition of the
posteriorly based myomucosal flaps reoriented

the levator muscle bundles into anatomical
position, reconstructing the levator sling [7]
(Fig. 5.8a, b).

Heredity

Genetic analyses have shown that nonsyndromic
cleft lip with or without cleft palate has complex
inheritance patterns, and there is substantial data
to support an etiologic role for genetic factors.
Although segregation analysis has provided
significant insights, the mode of inheritance for
nonsyndromic orofacial clefts remains uncertain.
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Fig. 5.8 (a and b) Furlow cleft palate repair (surgeon’s view from the top of the stretcher)

It is widely believed that cleft lip with or without
cleft palate is a heterogeneous disorder and that
3-20 genes may interact with one another and/or
with environmental factors to produce orofacial
clefting [8, 9]. Certainly, a family history is one
of the strongest risk factors for cleft lip/palate
and cleft palate alone. The risk of cleft lip/palate
in first-degree relatives is approximately 4 %,
increasing to 10 % when two first-degree rela-
tives are affected. For cleft palate alone, the over-
all risk in first-degree relatives is approximately
2 %, increasing to 8 % when two first-degree
relatives are affected [10].

Etiology

As noted above, there is clear evidence for a
genetic etiology of nonsyndromic orofacial cleft-
ing. In addition, several environmental factors
have been implicated, including pharmacologic
agents (retinoids, anti-convulsants, folate antago-
nists, benzodiazepines, and corticosteroids),
maternal diseases (diabetes mellitus), and mater-
nal smoking.

Associated Conditions

Understanding the conditions associated with
syndromic orofacial clefts are essential to proper
clinical management. Over 400 distinct syn-
dromes associated with orofacial clefts, some

quite rare, have been described. Associated
abnormalities are seen in 25-35 % of clefts of the
lip with or without cleft palate in the fetal and
newborn period, and yet only 10-15 % of older
children with cleft lip with or without cleft palate
have associated defects, indicating that many
infants with associated severe malformations do
not survive infancy [11, 12]. The most common
syndrome associated with cleft lip with or with-
out cleft palate is van der Woude syndrome, an
autosomal dominant condition most often caused
mutations in interferon inhibiting factor 6 (IRF6)
[13]. In addition to orofacial clefts, the syndrome
often presents with hypodontia and lower lip pits
(Fig. 5.9). CHARGE Association (coloboma,
heart defect, atresia choanae, retarded growth and
development, genital anomalies and hypogonad-
ism, and ear anomalies and deafness), an autoso-
mal dominant condition most often associated
with mutations in CHD7, is the second most
common syndrome associated with cleft lip with
or without cleft palate [14].

In contrast to clefts of the lip with or without
cleft palate, the incidence of associated anoma-
lies in infants with cleft palate alone is approxi-
mately 50 %. Clefts of the palate alone may be
associated with Pierre Robin sequence, a con-
stellation of anomalies including microretrogna-
thia, glossoptosis, and upper airway obstruction
(Fig. 5.10). Roughly half of all cases of Robin
sequence are syndromic. Of the syndromes
associated with cleft palate alone, Stickler syn-
drome is the most common (5 %), and Stickler
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syndrome accounts for nearly half of all syndromic
cases of Robin sequence. The syndrome is an
autosomal dominant disorder caused by muta-
tions in the genes that code for either type 2 or
type 11 collagen [15]. Affected patients often
present with a flattened midface, myopia, hypo-
tonia, and joint laxity (see Fig. 1 in Chap. 1). The
second most common syndrome associated with
cleft palate is 22q11.2 deletion syndrome (velo-
cardiofacial syndrome, DiGeorge syndrome), a
disorder characterized by short palpebral fissures

Fig.5.9 Lip pits in van der Woude syndrome

and hooded eyelids, a broad nasal root, hypoplastic
alae, external ear anomalies, conotruncal cardiac
defect, immune deficiency, and velopharyngeal
dysfunction [16] (see Fig. 3 in Chap. 1).

Clinical Features

There is wide variability in cleft severity
(Figs. 5.11, 5.12, 5.13, 5.14, and 5.15) Clefts of
the lip with or without cleft palate may be com-
plete (the cleft extends through the entire lip and
into the nasal floor) or incomplete (a bridge of
tissue remains in the upper portion of the lip).
Such clefts may or may not involve the maxillary
alveolus and the palate. Incomplete clefts may
vary from microform types to more typical pat-
terns. Isolated palatal clefts may involve the leva-
tor muscle alone (submucosal clefts), the muscle
and mucosa of the velum alone, or the entire
thickness of the velum and hard palate.

Some degree of nasal deformity accompanies
all clefts of the lip, again varying from minor to
severe. In the unilateral cleft, the ala is flattened
and posterolaterally displaced. The septum of the
nose tends form a C shape with the caudal end

Fig.5.10 Infant with Pierre-Robin sequence
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Fig.5.11 Microform cleft lip

Fig.5.12 Unilateral incomplete cleft lip

lying in the normal side of the nares. The pre-
maxilla rotates outward with collapse of the lat-
eral maxillary segment (Fig. 5.16). The lateral
incisor and/or canine can be missing in up to 56
% of all cleft patients [17]. In the child with bilat-
eral cleft lip with or without cleft palate child, the
nose and premaxilla may be even more severely

Fig. 5.13 Unilateral complete cleft lip

Fig. 5.14 Bilateral complete cleft lip and palate

affected. The premaxilla typically attains a
ventral-dorsal alignment since it is not tethered
by any soft tissue restraints. The lateral alar carti-
lages are flattened bilaterally, and the columella
is foreshortened (Fig. 5.17).

Children with cleft palate often present with
Eustachian tube dysfunction secondary to
improper mechanics of the levator and tensor veli
palatini muscles. The incidence of tympanostomy
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Fig.5.15 Rare midline cleft lip

Fig.5.16 Unilateral cleft nasal deformity

Fig.5.17 Bilateral cleft nasal deformity

tube placement in children with palatal clefts
approaches 90 % [18, 19]. Since the soft palate is
an organ of speech, children may demonstrate
velopharyngeal dysfunction, usually most evident
as hypernasal resonance, even after cleft palate
repair.

Diagnosis

Diagnosis can be made in the prenatal period or
after delivery. The ability to detect clefts of the lip
depends upon many factors including amniotic
fluid volume, position of the child, cleft severity,
and expertise of the sonographer. Clefts of the
palate are more difficult to detect with sonogra-
phy. Consequently, clefts of the palate alone are
rarely identified prenatally. Prenatal MRI has
been utilized to delineate clefts of the lip and pal-
ate, offering increased sensitivity and specificity
when compared to sonography. Upon delivery,
clefts of the lip are readily apparent, although
microform clefts may elude early diagnosis.
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Clefts of the palate can usually be diagnosed with
proper intraoral examination, although submuco-
sal clefts may be difficult to diagnose in the neo-
natal period.

Treatment

No consensus exists for the ideal timing of
cleft lip repair. Some centers advocate early
repair (within the first few weeks of life), while
most centers begin surgery around 3—4 months
of life. Presurgical orthopedics have become
more popular with lip taping, obturators, naso-
alveolar molding (NAM), and the Latham
device all having their advocates. Surgical lip
adhesion is also a technique for primary ortho-
pedic work. All of these methods seek to
improve the lip, nasal, and alveolar form and
relationships prior to primary lip repair. The
Millard rotation-advancement technique (or some
variation thereof) is the most widely utilized

technique for repair of the unilateral cleft lip
(Figs. 5.18a-5.19b) For the bilateral cleft lip, a
modification of the Millard bilateral cleft lip
repair modification of this procedure is typi-
cally performed (Fig. 5.20a, b).

The approach to repair of alveolar clefts also
demonstrates significant variability. Some sur-
geons advocate repair at the time of the initial
cleft lip repair by performing a primary gingivo-
periosteoplasty [20]. Other centers have advo-
cated primary alveolar bone grafting in infancy.
An abundance of evidence suggests, however, that
this approach may result in significant maxillary
growth restriction [21]. A more time-honored
approach is that of secondary bone grafting per-
formed during the mixed-dentition stage (7-9
years of age), with cancellous iliac bone grafts
most commonly employed. More recently, some
have advocated the use of bone morphogenic pro-
tein (BMP) in conjunction with biodegradable
matrix scaffolds as a substitute for autologous
bone [22]. While this method offers the advantage

Fig.5.18 (a and b) Unilateral incomplete cleft lip repair (Millard)
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Fig.5.20 (a and b) Bilateral complete cleft lip repair
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of eliminating donor site morbidity, its long-term
efficacy and reliability remain to be established.

Cleft palate repair is typically performed
between 9 and12 months of age. Mucoperiosteal
flaps from the hard palate are mobilized utilizing
lateral releasing incisions and sutured to the mid-
line. The levator veli palatini muscles are
detached from the posterior hard palate and reori-
ented in the posterior velum to reconstruct the
levator sling. The soft palate and levator can be
repaired by either an intravelar veloplasty or
Furlow double opposing z-plasty technique.
Submucosal clefts of the palate need only be
repaired if they are associated with velopharyn-
geal dysfunction and are therefore repaired later
in childhood. To date, there have been no well-
controlled, randomized studies to establish the
optimal timing and technique of palate repair
(refer to Figs. 5.7 and 5.8 for palatal repairs.)

Secondary surgical procedures are commonly
required in children with cleft lip and/or cleft pal-
ate. Lip revision and tip rhinoplasty are com-
monly performed in the school-aged -child.
Operations to improve velopharyngeal function
(posterior pharyngeal flap or sphincter pharyngo-
plasty) may be necessary in 10-25 % of cleft pal-
ate patients and can be completed once the child
has achieved sufficient phonologic development
and diagnostic studies can be performed (typi-
cally 4-6 years of age). Orthognathic surgery can
be accomplished upon the completion of facial
growth if jaw and occlusal discrepancies exist,
and septorhinoplasty can be carried out upon in
the teenage years for cleft patients with persistent
cleft nasal deformities.
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Congenital Malformations

of the Larynx

Michael J. Rutter and J. Matthew Dickson

Abstract

Congenital laryngeal anomalies comprise a spectrum of malformations
that may present at birth or later in childhood. This chapter will focus on
laryngomalacia, laryngeal cysts, webs, and atresia, vocal cord paralysis,
laryngotracheoesophageal clefts, vascular anomalies, and subglottic

stenosis.

Keywords
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stenosis ® Laryngeal webs ¢ Subglottic hemangioma

Embryology of the Larynx

The respiratory system begins its development
during the fourth week of gestation as an out-
growth of the ventral wall of the foregut (respira-
tory diverticulum). The endodermal lining gives
rise to the epithelial lining of the larynx, tracheal,
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bronchi, and alveoli. The larynx develops from
this endodermal tissue and adjacent mesenchyme
of the foregut located between the fourth and
sixth branchial arches. The ventral laryngotra-
cheal groove forms at 20 days of gestation and
differentiates into the primitive laryngeal sulcus
and the respiratory primordium. The laryngotra-
cheal groove continues to deepen until its lateral
edges fuse. By day 26, this tube descends cau-
dally, where the trachea becomes separated from
the esophagus by the tracheoesophageal septum,
which has a persistent thin vertical opening into
the pharynx. Fusion occurs in the caudal-to-
cranial direction. Incomplete fusion results in
development of persistent communication (or
clefting) between the larynx or trachea and the
esophagus (Fig. 6.1).

The primitive larynx is first evident at 32 days
of gestation when the mesenchymal arytenoid
swellings derived from the sixth branchial arch
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Fig. 6.1 Embryology of the larynx

form on either side of the laryngeal orifice and
abut the tissue superiorly (hypobranchial emi-
nence), creating a T-shaped aditus. The hypo-
branchial eminence gives rise to the epiglottis,
cuneiform cartilages, and supraglottic structures.
The arytenoid swellings fuse in the midline, and
then grow cranially to differentiate into the aryte-
noid and corniculate cartilages and aryepiglottic
folds. The thyroid cartilage develops from sur-
rounding tissue from the fourth branchial arch.
During this time, the laryngeal epithelium prolif-
erates causing a temporary occlusion of the
laryngeal lumen, which then recanalizes allowing
the glottis to be patent and for the laryngeal ven-
tricles to form. Failure of recanalization may lead
to webs or atresia of the supraglottis, glottis, or
subglottis (refer to below).

Endoscopic Anatomy of the Larynx

The larynx consists of a cartilaginous skeleton,
intrinsic and extrinsic muscles, and mucosal
lining. The larynx can be divided into three

sections: the supraglottis (including superior to
the ventrical, the epiglottis, aryepiglottic folds,
and false cords), the glottis (the vocal folds), and
the subglottis. The saccule is a small diverticu-
lum lined by mucous glands extending upward
from the anterior ventricle of the larynx and the
inside surface of the thyroid cartilage lamina.
The piriform sinus is located within the hypo-
pharynx and is lateral to the laryngeal orifice,
bounded medially by the aryepiglottic fold and
laterally by the thyroid cartilage and hypothyroid
membrane. The vallecula is a space bounded by
the lingual surface of the epiglottis and base of
the tongue. The postcricoid space is posterior to
the arytenoid cartilages (Fig. 6.2). Figure 6.3a, b
depict the normal larynx and vocal cords as
viewed during direct laryngoscopy.

Laryngomalacia
Definition

Laryngomalacia is a condition in which laryngeal
tone is weak, resulting in dynamic prolapse of
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supraglottic tissue into the airway [1]. This con-
dition is characterized by inspiratory stridor and
is associated with varying degrees of airway
obstruction.

History

Laryngomalacia was first described by Jackson
and Jackson in 1942 in relation to a flaccid larynx
and the collapse of supraglottic tissue onto the
glottis during inspiration [2]. Historically, severe
cases of laryngomalacia required placement of a
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Thyroid cords

cartilage
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o ligament
Cricoid
cartilage
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Fig. 6.2 Tllustration demonstrating the anatomy of the
larynx

tracheotomy. In the 1970s, supraglottoplasty was
introduced. This currently remains the operative
procedure of choice [3].

Incidence

The true incidence of laryngomalacia is not
known; however, this condition is the most com-
mon cause of stridor in the newborn [4-7],
accounting for 60-75 % of cases [6, 8].

Heredity
The mode of inheritance has not been defined.

Etiology

Although there is no consensus as to the etiology
of laryngomalacia, several theories have been
proposed. The anatomic theory suggests that
characteristic stridor and airway obstruction are
caused by the abnormal anatomic location of
flaccid laryngeal tissue. The cartilaginous theory
proposes that the disease is caused by immaturity
and pliability of the laryngeal cartilages. The
neurologic theory includes multiple mechanisms
including neuromuscular hypotonia, disrupted
cortical function, and abnormal neural pathways.
The etiology is likely multifactorial, with contri-
butions from all three theories [1].

Associated Malformations
Laryngomalacia is seen in otherwise healthy
children and in those with a wide range of
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L
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Fig. 6.3 Endoscopic photographs demonstrating the surface anatomy of a normal larynx
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comorbidities, including neurologic disease, car-
diopulmonary disease, congenital anomalies,
and syndromes. Up to 80 % of children with
laryngomalacia have gastroesophageal reflux
disease (GERD). Synchronous airway lesions
have been reported in 12—64 % of children with
laryngomalacia [8, 9]. Of these lesions, subglot-
tic stenosis, tracheomalacia, and vocal cord
paralysis are the most common [5, 8-10].

Clinical Features

Laryngomalacia is characterized by the onset of
high-pitched inspiratory stridor within the first
two weeks of life. Stridor is exacerbated by feed-
ing, crying, and lying in a supine position.
Symptoms typically peak around 6 months of
age, and spontaneously resolve by 12-24 months.
Symptoms range from mild inspiratory stridor
and feeding difficulties to life-threatening airway
obstruction, and cardiopulmonary complications.
In severe cases, apneic spells, cyanosis, and fail-
ure to thrive may result [3]. Classification of
laryngomalacia is described based on the site of
supraglottic obstruction [8] or symptoms and
clinical findings [1]. We currently classify laryn-
gomalacia based on clinical findings.

Diagnosis
Transnasal flexible fiberoptic laryngoscopy is the
gold standard for diagnosis of laryngomalacia.
Characteristic findings include short aryepiglottic
folds (100 %), floppy cuneiforms (60 %), and an
omega-shaped epiglottis (20 %). Figure 6.4 dem-
onstrates schematic illustrations and endoscopic
photographs of airways of infants who have laryn-
gomalacia. Figure 6.4a, c represents the more
common finding of anterior prolapse of the epi-
glottis and aryepiglottic folds. Figures 6.4b, d rep-
resent the less common form, whereby the mucosa
over the arytenoid and cuneiform cartilages and
aryepiglottic folds are redundant. In the latter
case, the children may present with a lower-
pitched purring or rattling stridor on inspiration.
Adjunctive studies, including airway films and
airway fluoroscopy, may be performed in patients
whose symptoms are inconsistent with flexible
laryngoscopy findings. Microlaryngoscopy and
bronchoscopy are reserved for patients with
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suspected synchronous airway lesions or for those
requiring surgical intervention for
laryngomalacia.

Management

The management of laryngomalacia depends on
individual clinical findings and disease progres-
sion. Most patients are monitored closely and do
not require surgical intervention. Patients are
managed medically with anti-reflux therapy.
Parental reassurance should also be given.
Surgical intervention is required in up to 20 % of
patients with laryngomalacia [1]. Indications for
operative management of severe cases include
failure to thrive, hypoxia, pulmonary hyperten-
sion, and cor pulmonale. Supraglottoplasty is
performed with laser or microlaryngeal instru-
ments, with the aim of surgery being to release
the tight aryepiglottic folds and reduce redundant
supra-arytenoid tissue (Fig. 6.5). This approach
can be tailored to individual laryngeal pathology.
Tracheotomy is reserved for children in whom
supraglottoplasty has failed, usually those with
significant comorbidities. In children with severe
neurologic deficits, tracheotomy may be an alter-
native to supraglottoplasty.

Laryngeal Cysts

Definition

Congenital laryngeal cysts are fluid- or air-filled
lesions that cause variable degrees of hoarseness,
dysphagia, stridor, and airway obstruction.
Saccular cysts, laryngoceles, vallecular cysts,
and lingual thyroglossal duct cysts are the lesions
most commonly described.

History

Although the first description of laryngeal cysts
is not well documented, the first classification of
cystic laryngeal lesions was proposed by De
Santo et al. in 1970 [11]. Arens et al. subse-
quently used the location of the cyst and histo-
morphology to describe laryngeal cysts [12].
More recently, Forte et al. have classified con-
genital laryngeal cysts by the extent of the lesion
and the embryonic tissue of origin [13].
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Fig. 6.4 (a and c) Illustration and endoscopic photograph demonstrating the most common form of laryngomalacia
(anterior prolapse). (b and d) Illustration and endoscopic photograph demonstrating less common posterior prolapse

Fig. 6.5 Endoscopic photograph demonstrating postop-
erative results following supraglottoplasty performed to
treat severe laryngomalacia

Incidence

The incidence of congenital laryngeal cysts has
not been reported; however, these lesions are
considered rare causes of airway and swallowing
symptoms in the newborn.

Heredity
The mode of inheritance is unknown.

Etiology

The etiology of laryngeal cysts varies, depending
on the type of cyst. Saccular cysts and laryngo-
celes arise from the saccule, a vestigial laryngeal
structure. The saccule contains mucous glands
thought to help lubricate the vocal cords.
Congenital obstruction of the saccular orifice
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results in the development of a mucous-filled
cyst. A laryngocele is an abnormal dilation of the
saccule that maintains patency with the laryngeal
lumen. This communication with the laryngeal
lumen leads to an intermittent air-filled sac that
causes variable airway symptoms. Vallecular
cysts are thought to arise from obstruction of
mucosal glands in the vallecula or base of tongue.
The etiology of lingual thyroglossal duct cysts
relates to the embryology of the thyroid. The
thyroglossal duct is an epithelial-lined structure
connecting the foramen cecum to the thyroid as it
descends in the neck. Failure of this duct to oblit-
erate between the fifth and tenth weeks of gesta-
tion can lead to the formation of a cyst anywhere
along its tract; this can include the base of tongue,
larynx, or neck.

Associated Malformations

There is no evidence that laryngeal cysts are
associated with other anomalies or are more
common in specific syndromes or conditions.

Clinical Features

Congenital laryngeal cysts present with airway
symptoms and feeding difficulties. In neonates,
any of these cysts may be life-threatening.
Saccular cysts may present with life-threatening
airway obstruction or gradual onset of stridor,
depending on the size of the lesion at birth
(Fig. 6.6). Laryngoceles typically cause intermit-
tent symptoms including hoarseness and dyspnea
made worse by crying (Fig. 6.7). Vallecular cysts
often cause early onset of stridor associated with
cough and cyanotic episodes (Fig. 6.8).
Swallowing difficulties and failure to thrive may
also occur. Symptoms related to thyroglossal
duct cysts depend on cyst location and can
include all of the above.

Diagnosis

The gold standard for diagnosing laryngeal cysts is
the use of transnasal flexible fiberoptic laryngos-
copy. A soft-tissue lateral radiograph may be part
of the initial evaluation prior to otolaryngology
referral. Computed tomography (CT) can be use-
ful in confirming the diagnosis and determining
the extent of the lesion. Microlaryngoscopy and

Fig. 6.6 Endoscopic photograph demonstrating an
obstructing anterior-based saccular cyst

Fig. 6.7 Endoscopic photograph demonstrating a laryn-
gocele of the larynx

bronchoscopy are used at the time of surgery to
evaluate the possible presence of secondary air-
way lesions and to secure the airway. Biopsy helps
differentiate thyroglossal duct cysts from vallecu-
lar cysts by the presence of thyroid follicles.
Diagnostic investigations help to classify
these lesions, allowing for appropriate treatment.
Saccular cysts are classified as lateral (involving
the false cord and aryepiglottic fold posterosupe-
riorly) or as anterior (protruding from the ventri-
cle into the laryngeal lumen). Laryngoceles are
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Fig. 6.8 Endoscopic photograph demonstrating a vallec-
ular cyst

considered internal if they are confined to the lar-
ynx and involve the false vocal cord and aryepi-
glottic fold (Fig. 6.9). External lesions extend
beyond the thyrohyoid membrane.

Management

Treatment of laryngeal cysts is surgical. The
diagnosis of saccular cysts is often confirmed
with aspiration at the time of surgery. We advo-
cate a lateral cervical approach as the primary
surgical intervention. Temporary tracheotomy
placement may be required for large life-
threatening cysts. Laryngoceles may be treated
endoscopically or through an external approach.
Vallecular cysts are managed definitively with
endoscopic marsupialization, or excision. We
recommend that lingual thyroglossal duct cysts
be endoscopically excised. Recurrences may
require an external approach.

Laryngeal Webs and Atresia

Definition

Laryngeal webs are malformations in which
abnormal tissue forms between two structures in
the larynx [14]. True anterior glottic webs are a

gossamer-thin membrane that connects the ante-
rior true vocal cords; however, most laryngeal
webs are actually thick, and involve not only the
vocal cords but also the subglottis. These webs
should be considered a milder version within the
spectrum of laryngeal atresia.

History

The first classification of laryngeal webs was pro-
posed by Benjamin in 1983. This system defined
four degrees of laryngeal atresia by their ana-
tomic location [14]. In 1985, Cohen classified
webs according to their thickness and degree of
glottic narrowing [15].

Incidence

Although the incidence of laryngeal webs is
unknown, anterior glottic webs account for 5 %
of congenital laryngeal anomalies. More than
90 % of congenital laryngeal webs are anterior
glottic webs; less than 2 % are found in the
supraglottis; and 7 % are found in the subglottis.
Complete laryngeal atresia is extremely rare.

Heredity

More than 50 % of children with partial laryngeal
atresia have chromosome 22q11.2 deletion, an
autosomal dominant heritable condition that usu-
ally presents as velocardiofacial syndrome
(VCEFS) or Di George syndrome. As the clinical
manifestation of VCFS may be subtle, we recom-
mend that all children with partial laryngeal atre-
sia undergo genetic testing for chromosome
22ql11.2 deletion [16]. It should, however, be
noted that the incidence of partial laryngeal atre-
sia in children with VCFS is low.

Etiology

Laryngeal webbing or atresia results from a fail-
ure in embryogenesis. The primitive laryngeal
aditus becomes a t-shaped opening by the growth
of three masses that later form the epiglottis and
two arytenoid cartilages. As they develop during
the fifth to seventh weeks of gestation, the lumen
obliterates. Failure of the lumen to recanalize by
week 10 of gestation leads to varying degrees of
obstruction in the form of webs or atresia.
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Laryngocele (internal)

Fig. 6.9 Illustrations demonstrating the differences between saccular cysts and laryngoceles



6 Congenital Malformations of the Larynx

Associated Malformations

The most common conditions associated with
laryngeal atresia are VCFS and DiGeorge syn-
drome [16]. Glottic and supraglottic atresia are
also associated with other foregut and non-
foregut anomalies. These include esophageal
atresia, tracheoesophageal fistula (TEF), limb
defects, and urinary tract abnormalities [17].

Clinical Features

Thin anterior glottic webs may be asymptomatic
or present with mild voice dysfunction and
hoarseness. Severe webs that are thick and
involve the anterior and posterior glottis are more
likely to present with biphasic stridor (particu-
larly when infants are feeding or upset), life-
threatening airway compromise, and aphonia.
Infants are, nevertheless, remarkably tolerant of
congenital airway compromise. They may pres-
ent with subtle airway symptoms and yet have
moderate to severe webbing [18]. Complete
laryngeal atresia is not compatible with life
unless ventilation through a TEF is achieved or
the pathology is noted prior to birth and an EXIT
(ex utero intrapartum treatment) procedure is
performed to allow tracheotomy to be performed
while maternal-fetal circulation is maintained.

Diagnosis

Initial evaluation is made by awake transnasal
flexible fiberoptic laryngoscopy. This may sug-
gest the need for rigid microlaryngoscopy or
bronchoscopy in the operating room to confirm
the diagnosis. The degree of webbing is noted
and categorized according to the classification
described by Cohen [15]. Type 1 webs are ante-
rior and thin, occupying 35 % or less of the glot-
tis. Type 2 webs involve 35-50 % of the glottis
and have a thicker anterior component
(Fig. 6.10). Type 3 webs are again anterior and
occlude 50-75 % of the glottis. The thick ante-
rior component may be associated with cricoid
cartilage involvement and the vocal cords may
not be seen. Type 4 webs are thick anteriorly and
posteriorly, compromising 75-90 % of the glot-
tis; there is a subglottic component and the vocal
cords are not discernible (Fig. 6.11). Isolated
posterior glottic webs are typically thin, but may
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have interarytenoid involvement with resultant
vocal cord fixation. Vocal cord mobility should
be documented during microlaryngoscopy and
bronchoscopy. Imaging studies, including high-
voltage lateral radiographs and CT are useful to
help diagnose cricoid involvement or other air-
way anomalies.

Laryngeal atresia can be diagnosed prenatally
by ultrasound. Obstruction of the laryngeal
lumen can result in congenital high airway
obstruction syndrome (CHAOS). Signs of
CHAOS are seen on ultrasound and include a
flattened diaphragm, a fluid-filled, dilated airway
distal to the obstruction, fetal hydrops, and
enlarged hyperechogenic lungs. These signs indi-
cate the need for color-flow Doppler to localize
the level of obstruction [19, 20].

Management

Treatment for laryngeal webs involves either
endoscopic or open surgical techniques that are
typically delayed until 3—4 years of age. Thin
anterior webs can be treated endoscopically with
microlaryngeal instruments. Silastic sheeting or
keels can be placed endoscopically or with open
techniques to prevent stenosis. In this setting, a
tracheotomy is usually placed to ensure a safe
airway.

Webbing that involves the subglottis and cri-
coid plate requires a formal laryngotracheoplasty
with laryngofissure. The CO, laser is not recom-
mended because it can cause scarring. The web is
divided and the cricoid is addressed by submuco-
sal resection of the cricoid cartilage, the use of
anterior cartilage grafting, or partial cricotracheal
resection. This can be performed with the use of
akeel and a temporary tracheotomy or in a single-
stage fashion with intubation for up to 2 weeks.
Revision surgery is often required. Alternatively,
open reconstruction of the anterior commissure
can be performed when at least 25 % of the laryn-
geal lumen is patent. Immediate surgical inter-
vention with a tracheotomy at birth may be
necessary for type 3 and type 4 webs. Posterior
glottic webs often can be addressed by endo-
scopic division, but may require open placement
of a posterior costal cartilage graft for interaryte-
noid involvement.
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Fig. 6.10 Endoscopic photograph of a Cohen type 2
anterior glottis web

Fig.6.11 Endoscopic photograph of a Cohen type 4 glot-
tic web

In patients with a complete congenital laryn-
geal web and a TEF, esophageal intubation may
permit oxygenation prior to placement of a tra-
cheotomy; however, congenital laryngeal atresia
without a TEF results in CHAOS. This is usually
diagnosed prenatally, allowing for a subsequent
EXIT procedure to secure the infant’s airway. In
either case, once the airway is secured, definitive
repair is delayed until the child is 4 years of
age [20].

Vocal Cord Paralysis

Definition

Vocal cord paralysis is defined as the inability of
one or both vocal cords to move. The paralysis is
generally caused by abnormal nerve input to the
laryngeal muscles, either from the central ner-
vous system or of peripheral nerve origin.
Symptoms vary from voice dysfunction to airway
and swallowing problems.

History

In 1882, Guy’s Hospital Reports first published
evidence of vocal cord paralysis in a child.
Chevalier Jackson later attributed asphyxiation in
infants to bilateral abductor paralysis. In 1970,
Goff classified vocal cord paralysis according to
whether the etiology was congenital or acquired
[21]. These classifications are further subdivided
into unilateral and bilateral paralysis. In infants,
bilateral paralysis is generally congenital,
whereas unilateral paralysis is typically an
acquired condition caused by damage to the
recurrent laryngeal nerve.

Incidence

Although the incidence of congenital vocal cord
paralysis is unknown, it is the second most com-
mon cause of stridor in the newborn, and accounts
for 10 % of congenital laryngeal anomalies [22].

Heredity

Autosomal dominant inheritance has been
described in some cases of bilateral vocal cord
paralysis [23]. Rarely, hereditary motor and sen-
sory neuropathy (Charcot-Marie-Tooth Disease),
may cause bilateral paralysis [24]. In unilateral
cases, there is no known genetic link.

Etiology

Although the majority of cases of congenital
vocal cord paralysis are idiopathic, a number of
conditions may lead to this pathology. In rare
cases, birth trauma may cause stretching of the
recurrent laryngeal nerve. Central nervous sys-
tem disorders such as Arnold-Chiari malforma-
tion (ACM) and hydrocephalus typically cause
bilateral paralysis, as can peripheral nervous
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Fig. 6.12 (a) Endoscopic photograph demonstrating the
findings in a patient with unilateral vocal cord paralysis.
The paralyzed cord is positioned just off the midline in
the paramedian position (see arrow). (b) Endoscopic

system disorders such as spinal muscle atrophy
and myasthenia gravis. In both central nervous
system and peripheral nervous system disorders,
unilateral paralysis is observed only rarely. Other
peripheral causes of unilateral paralysis include
cardiovascular and mediastinal anomalies.

Clinical Features

Symptoms of unilateral paralysis include a weak,
breathy cry and difficulty with feeding. Recurrent
aspiration can result from an inability to approxi-
mate the vocal cords and protect the airway
because the paralyzed cord sits within the para-
median position (just off the midline) (Fig.
6.12a). Bilateral paralysis usually presents with
high-pitched inspiratory stridor associated with a
normal cry (Fig. 6.12b). The paralyzed vocal
cords are situated so they rest close to midline on
either side, reducing the glottis airway size.
Respiratory distress and acute airway obstruction
may require emergent airway management.

Diagnosis

The diagnosis is established with awake transna-
sal flexible fiberoptic laryngoscopy.
Microlaryngoscopy and bronchoscopy under
anesthesia are performed to check the mobility of
the cricoarytenoid joints and evaluate for other
laryngeal pathology. All patients should undergo

photograph demonstrating the findings in a patient with
bilateral vocal cord paralysis resulting in narrowing of the
opening of the glottis

a detailed neck exam and imaging of the chest. A
video swallow study (VSS) is performed to assess
swallowing function in patients with feeding dif-
ficulties and to help delineate mediastinal pathol-
ogy. All patients with bilateral paralysis require
central nervous system imaging to rule out ACM
or other brainstem abnormalities. In most cases
of vocal cord paralysis with an unknown etiol-
ogy, the entire course of the vagus nerve is
imaged, including the head, neck, and chest.

Management
In some children, treatment of the underlying
cause of paralysis may be sufficient to restore
vocal cord mobility. In children with stridor and
retractions caused by bilateral paralysis, trache-
otomy placement is generally (90 %) required.
Approximately 50 % of patients with congenital
bilateral vocal cord paralysis experience sponta-
neous recovery by 1 year of age [25]. When vocal
cord function is not restored, other procedures
can be performed to achieve decannulation.
These procedures include vocal cord lateraliza-
tion, cordotomy, partial or complete arytenoidec-
tomy, and posterior cricoid cartilage grafting.
Both open and endoscopic techniques are used.
In most children with unilateral vocal cord
paralysis, surgical intervention is not needed. In
infants with significant aspiration, a gastrostomy
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tube may be required for nutritional support, and
occasionally, a tracheotomy is needed for pulmo-
nary toilet. With growth of the airway, medializa-
tion procedures can be used to help achieve better
voice quality. Injection medialization and type 1
thyroplasty have been performed, though little is
known about their effects on the developing
larynx.

Laryngotracheoesophageal Clefts

Definition

Laryngotracheoesophageal clefts (LTECs) are
posterior, midline airway defects that represent a
fusion defect during embryogenesis. These clefts
may be minor and short, or may extend to the
carina or beyond. They are classified according to
their anatomic extent.

History

The first documented case of LTEC was described
by Richter in 1792 in a child with multiple anom-
alies. Finlay established the modern diagnosis in
1949, and Pettersson was the first to report a suc-
cessful repair in 1955 [26, 27].

Incidence

Owing to diagnostic advancements, the reported
incidence of LTECs has increased significantly
over the last 20 years. The incidence is currently
estimated at 1 in 2,000 live births [28].

Heredity

Opitz-Frias syndrome and Pallister-Hall syn-
drome, both of which are associated with LTECs,
are autosomal dominant conditions. Opitz-Frias
syndrome may be associated with an X-linked
recessive inheritance pattern.

Etiology

LTECs result from a fusion failure during
embryogenesis. The larynx and trachea develop
from a groove in the foregut floor posterior to
the hyobranchial eminence, which deepens
until the lung buds form. In the fourth week of
gestation, this tracheoesophageal groove fuses
in a caudal to cephalad direction to form the
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tracheoesophageal septum. Fusion failure results
in varying degrees of posterior clefting.

Associated Malformations

LTECs are associated with many other congenital
anomalies. Airway anomalies include tracheo-
malacia (greater than 80 %) and TEF (20-37 %)
[3, 29]. Defects of the gastrointestinal tract (e.g.,
esophageal atresia, anal defects, malrotation, or
intestinal fixation) are the most common non-
airway findings. Gastroesophageal reflux disease
(GERD) is a near universal finding. Genitourinary
anomalies (e.g., hypospadias, inguinal hernias,
and renal agenesis) and cardiovascular anomalies
(e.g., ventricular septal defects, coarctation, and
transposition of the great vessels) have also been
described.

Clinical Features

Symptoms of LTEC depend on the severity of
disease. The hallmark feature of the disorder is
aspiration. This represents a continuum from
silent microaspiration to gross aspiration with
apnea, cyanosis, and pneumonia. Minor clefts
may be asymptomatic or present with hoarseness,
coughing, choking, brief cyanotic episodes, and
recurrent respiratory infections. Major clefts typ-
ically present with feeding difficulties, respira-
tory distress, and severe airway obstruction.
Severe clefts may be associated with polyhy-
dramnios and prematurity.

Diagnosis

Diagnosing a LTEC can be challenging, and
requires a high index of suspicion. Although the
gold standard for evaluation is airway endoscopy,
minor clefts often appear normal on repeated
endoscopies, and thus can go undiagnosed for
years. Suspension microlaryngoscopy with dis-
traction and probing of the interarytenoid area
most reliably excludes or confirms a laryngeal
cleft. A multidisciplinary approach including
evaluations by the pulmonary and gastroenterology
services helps determine the degree of pulmonary
dysfunction and GERD:; this is especially valu-
able in the older child. Adjunctive tests include
a VSS and a functional endoscopic evaluation
of swallowing (FEES) to assess for aspiration.
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Fig. 6.13 Tllustration of the four types of laryngeal clefts (Reprinted with permission from Cotton RT, Myer CM III,
eds. Practical Pediatric Otolaryngology. Philadelphia, PA: Lippincott-Raven; 1999: 506)

Radiographs of the chest and lateral neck can
aid in diagnosing aspiration pneumonia or allow
visualization of a posteriorly displaced endo-
tracheal tube or anteriorly displaced nasogas-
tric tube.

The most commonly used classification of
LTECs is described by Benjamin and Inglis [30]
(Fig. 6.13). Type I clefts are interarytenoid
defects that do not extend inferior to the vocal
cords. Type II clefts are partial cricoid defects,



134

M.J. Rutter and J.M. Dickson

Fig.6.14 Endoscopic photograph demonstrating a poste-
rior laryngeal cleft causing separation of the arytenoid
cartilages

whereas type 111 clefts are total cricoid clefts with
or without cervical tracheal involvement. Type
IV clefts involve the intrathoracic trachea. Rutter
has proposed a modification of this classification,
which differentiates intrathoracic defects by cari-
nal involvement [31]. Type IV long clefts com-
prise defects that involve the carina. These
defects are often seen in infants with multiple
congenital anomalies. They are associated with
anastomotic dehiscence and mortality rates
greater than 90 % [3, 29].

Management

Treatment varies according to clinical findings
and the severity of the cleft. Early intervention is
important to prevent permanent pulmonary dys-
function. Type I clefts with minimal symptoms
can be managed nonoperatively with anti-reflux
therapy, a thickened diet, and supraglottic swal-
lowing strategies. Symptomatic clefts are treated
surgically with either endoscopic or open tech-
niques. Endoscopic management is usually
reserved for type I and type II clefts (Fig. 6.14).
Open procedural techniques include anterior
laryngofissure and lateral pharyngotomy. Our
preference is an anterior approach with a two or
three layer closure. A three layer closure involves
an interposition graft of periosteum, fascia, or

cartilage. Complete LTEC usually requires a tho-
racotomy or sternotomy; this is often performed
on cardiopulmonary bypass or with extracorpo-
real membrane oxygenation (ECMO).

When possible and practical, airway protec-
tion should be addressed prior to definitive repair.
A tracheotomy may be required; however, it is
bestto avoid this if possible because decannulation
is often delayed in the setting of tracheomalacia.
All patients should be managed with anti-reflux
therapy or surgical interventions, which may
include gastrojejunostomy tube placement or
Nissen fundoplication and gastrostomy tube
placement.

Vascular Anomalies

Definitions

Hemangiomas and vascular malformations are
the two major types of pediatric vascular lesions.
Hemangiomas are benign vascular tumors of
infancy. They are characterized by endothelial
cell hyperplasia and mast cell proliferation.
These tumors generally undergo a phase of rapid
postnatal proliferation, followed by a phase of
gradual spontaneous regression that occurs over
several years. Hemangiomas typically present
cutaneously, though they can present anywhere
within the tracheobronchial tree, with the sub-
glottis being the most common site.

Vascular malformations arise from errors in
vascular morphogenesis. Unlike hemangiomas,
they have normal endothelial turnover, normal
numbers of mast cells, and do not resolve sponta-
neously. Malformations encompass a wide spec-
trum of anomalies (capillary, venous, arterial,
lymphatic, and combined lesions) having varying
presentations. Lymphatic malformations and
lymphatic-venous malformations can affect the
larynx, though these cases are rare.

History

In 1982, Mulliken and Glowacki proposed a
classification system to differentiate vascular
tumors from vascular malformations [32]. The
classification was subsequently modified in
1996, with consensus from the International
Society for the Study of Vascular Anomalies.
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Sharp reported the first excision of a subglottic
hemangioma in 1949 [33].

Incidence

Hemangiomas are the most common tumors of
infancy, affecting 1-10 % of infants. These
lesions occur most commonly in the head and
neck (60 %), though they account for only about
1 % of congenital laryngeal anomalies. The
actual incidence of airway hemangiomas and
vascular malformations is unknown.

Heredity
The mode of inheritance of these lesions has not
been defined.

Associated Malformations

More than 50 % of patients with subglottic hem-
angiomas also have cutaneous lesions, which
may indicate a possible coexisting airway lesion
[3]. As well, many infants (65 %) with cutaneous
hemangiomas in a cervicofacial or “beard” distri-
bution have airway involvement [34].

Clinical Features

Presentation of vascular airway anomalies
depends on the location and severity of the lesion.
Only 30 % of airway hemangiomas are evident at
birth. Infants typically become symptomatic
within the first few months of life. Characteristic
symptoms include progressive biphasic stridor
and retractions. A barking cough, hoarseness,
dysphagia, cyanosis, and even hemoptysis can be
a part of the clinical picture. Patients may have
been seen and treated repeatedly for croup.
Hemangiomas follow a predetermined course,
involving a proliferative phase followed by an
involutive phase. This process is typically shorter
with subglottic hemangiomas. Lymphatic mal-
formations typically have more extensive head
and neck involvement and are categorized as
microcytic, macrocystic, or mixed disease. They
can enlarge suddenly due to infection or trauma.

Diagnosis

The diagnosis of both hemangiomas and vascular
malformations is based on history, physical
exam, endoscopic findings, and imaging.
Transnasal flexible fiberoptic laryngoscopy is
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performed to rule out other causes of neonatal
stridor, including laryngomalacia and vocal cord
paralysis.

Microlaryngoscopy and bronchoscopy under
anesthesia are the gold standard for evaluation of
airway hemangiomas. A sessile, compressible
mass is typically seen in the posterolateral aspect
of the subglottis (Fig. 6.14). These masses are
more common on the left side, are usually sub-
mucosal, and often have a bluish or reddish hue.
Biopsy is usually not necessary or recommended.
Figure 6.15 demonstrates a less common heman-
gioma because it is located in the supraglottis.
Contrast-enhanced magnetic resonance imaging
(MRI) and CT are used to ensure there is no
extension of the hemangioma beyond the
trachea.

Management

The treatment of subglottic hemangiomas is based
on clinical symptoms and the degree of airway
obstruction. In older children, observation is
appropriate if there are minimal airway symptoms
and less than 50 % of the airway is compromised.
In children with mild to moderate symptoms,
treatment with high-dose systemic corticosteroids
can hasten involution, though long-term treatment
is strongly discouraged. Propranalol, a nonselec-
tive beta-blocker, has been found to be effective in
promoting involution during the rapid growth
phase of infantile hemangiomas. However,
patients may develop side effects including hypo-
tension, bradycardia, exacerbation of reactive air-
way disease and hypoglycemia so should be
monitored closely throughout the treatment
course (usually given over a 6 month period if
found to be effective) [35]. Most patients require
endoscopic or open procedures for definitive
treatment. The endoscopic use of CO, and potas-
sium titanyl phosphate (KTP) lasers has been
advocated but can lead to postoperative subglottic
stenosis in up to 20 % of patients [36]. Intralesional
steroid injection and microdebrider submucosal
resection also have been performed endoscopi-
cally. Open excision through a vertical laryngofis-
sure for large and rapidly growing subglottic
hemangiomas is a promising alternative to trache-
otomy [37]. This procedure involves submucosal
resection allowing for airway augmentation with
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Fig.6.15 (a) Endoscopic photograph of a subglottic hemangioma (arrow). (b) Endoscopic photograph of a supraglot-
tic hemangioma (arrow)

a thyroid ala cartilage graft when a coexisting
subglottic stenosis is present. In selected cases,
the hemangioma may be removed through an
anterior approach without performing a complete
laryngofissure. Alternatively, tracheotomy can
provide a safe and stable airway during the natural
history of the disease. Decannulation is achieved
when involution is sufficient.

The management of vascular malformations
depends on the extent of disease. When large and
extensive lesions are present, complete surgical
excision is often not possible. Multiple proce-
dures may thus be necessary. A tracheotomy may
be required.

Subglottic Stenosis

Definition

Subglottic stenosis (SGS) in the neonate is
defined as a narrowing in the cricoid region of
less than 4 mm in a full-term infant and less than
3 mm in a premature infant. The greatest area of
narrowing is typically 2-3 mm below the vocal
cords. Congenital SGS can be classified as mem-
branous or cartilaginous and occurs when there is
no history of intubation or surgical trauma [38].

History

In 1954, Holinger first described congenital SGS
manifesting as an abnormally shaped cricoid car-
tilage [39].

Incidence

Although the incidence of congenital SGS is
unknown, it is rare when compared to the inci-
dence of acquired SGS. Congenital SGS is con-
sidered the third most common cause of stridor in
the newborn.

Heredity
The mode of inheritance has not been defined.

Etiology

The etiology of congenital SGS is attributed to
failure of the laryngeal lumen to fully recanalize
by the tenth week of embryogenesis. The condi-
tion is part of the continuum encompassing laryn-
geal webbing, stenosis, and atresia discussed
earlier. Membranous SGS is caused by hyper-
plastic mucous glands with increased fibrous
connective tissue in the subglottis, and is typi-
cally circumferential. Cartilaginous SGS is
caused by a thickening or deformity of the cri-
coid cartilage, which typically presents as a small
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Fig. 6.16 Endoscopic photograph of congenital subglot-
tic stenosis which is elliptical in nature causing narrowing
in the lateral dimensions of the subglottis

posterior or elliptical opening. A trapped first
tracheal ring can also lead to stenosis.

Associated Malformations

Congenital SGS is sometimes associated with a
number of other congenital head and neck anom-
alies (e.g., vocal cord paralysis, laryngeal webs,
posterior laryngeal clefts). It may also be associ-
ated with a number of syndromes (e.g., infants
with Down syndrome typically have a small lar-
ynx and subglottis). GERD can potentiate the
condition, and intubation or instrumentation
increases the risk of an acquired stenosis in addi-
tion to the underlying congenital pathology.

Clinical Features

Presentation depends on the degree of stenosis
and can range from minimal dyspnea to acute air-
way obstruction at birth. Symptoms include
biphasic stridor, dyspnea, tachypnea, and cyano-
sis. Nevertheless, infants are often surprisingly
asymptomatic. Congenital SGS can also present
during intubation for a surgical procedure or can
manifest later in childhood as exercise intoler-
ance. Congenital SGS is typically less severe
than acquired stenosis (Fig. 6.16).

Diagnosis
The diagnosis is based on endoscopic findings dur-
ing rigid microlaryngoscopy and bronchoscopy.
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SGS is suspected when upper respiratory infec-
tions or recurrent croup cause significant airway
compromise. The severity of the stenosis is deter-
mined by the Myer-Cotton grading system, using
the diameter of endotracheal tubes to size the air-
way [40]. This classification divides SGS into four
categories. Grade I represents less than 50 % steno-
sis; grade II includes 51-70 % stenosis; grade III
includes 71-99 % stenosis; and grade IV includes
lesions with no detectable lumen. Flexible, transna-
sal fiberoptic laryngoscopy should also be per-
formed to rule out other glottic and supraglottic
causes of stridor, such as laryngomalacia or vocal
cord paralysis.

Radiographic evaluation of a patient who is
not intubated can aid in the diagnosis prior to
endoscopy, and can help define the characteris-
tics of the stenosis.

Management

Treatment of congenital SGS depends on the
severity of the symptoms and grade of stenosis.
In mild to moderate cases, observation alone may
be appropriate. Children commonly outgrow the
condition within the first few years of life, and
less than 50 % will require a tracheotomy [22,
41]. Decannulation is achieved in most infants by
24-36 months of age [42]. Dilation plays a lim-
ited role in cartilaginous SGS. Endoscopic laser
procedures can be useful for grade I and grade II
lesions. Other surgical interventions are also used
to try to avoid tracheotomy placement. Cotton
first described the anterior cricoid split procedure
in 1980 [43]. For more severe SGS, open tech-
niques such as laryngotracheal reconstruction
with cartilage grafting and cricotracheal resec-
tion are performed.
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Congenital Malformations

of the Trachea

Karen B. Zur

Abstract

Tracheal malformations consist of a variety of anomalies related to abnor-
mal development of the tracheobronchial tree. The most common clinical
findings associated with tracheal narrowing include biphasic stridor with a
prolonged expiratory component and cough that can be wet or bronchial in
nature (from retained secretions). This chapter focuses on tracheomalacia,
tracheal stenosis, tracheoesophageal fistula, tracheal bronchus, and bron-

chogenic cysts.

Keywords

Tracheomalacia * Tracheal stenosis ® Tracheoesophageal fistula » Tracheal
bronchus and bronchogenic cysts

Embryology of the Trachea

The lower aerodigestive tract begins its develop-
ment during the embryonic phase of development
(first 8 weeks post conception). This time period
is divided into 23 stages according to the Carnegie

K.B. Zur, M.D. (<)

Division of Pediatric Otolaryngology, Center for
Pediatric Airway Disorders, The Children’s Hospital
of Philadelphia, 3400 Civic Center Boulevard, 1
Wood ENT, Philadelphia, PA 19104, USA

Department of Otolaryngology: Head and Neck
Surgery, Perelman School of Medicine at the
University of Pennsylvania, Philadelphia, PA, USA
e-mail: zur@email.chop.edu

L.M. Elden and K.B. Zur (eds.), Congenital Malformations of the Head and Neck,

system, and each is characterized by morphologi-
cally distinct structural development [1].

The laryngotracheal diverticulum (respiratory
diverticulum) appears between the fourth and
sixth branchial arches [2]. On the 20th day of
embryonic development (stage 4), the foregut
begins to appear and the respiratory diverticulum
appears medially. There is no respiratory system
development during the first eight stages of the
Carnegie system.

The primitive pharynx appears between the
arches and pouches as the respiratory diverticu-
lum continues to grow, and around 24 days
(stage 11), the respiratory diverticulum splits
into the two lung buds (Fig. 7.1a). These buds,
marking the tracheal bifurcation, continue to
descend while the tracheoesophageal separation
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remains intact. During this stage, the respiratory
and digestive systems develop separately,
demarkated by the tracheoesophageal septum
(Fig. 7.1b).

Early in the fetal stage (30 mm Crown Rump
[C-R] stage), the primordium of the circular mus-
cles of the trachealis are visible as are the epiglot-
tis, thyroid cartilage, and the hyaline tracheal
cartilage rings. As the fetal stage progresses, the
circular muscles of the trachea continue to
develop and mature. At 100 mm CR stage both
muscular layers are developed.

Anatomy of the Trachea

The trachea begins immediately caudal to the
cricoid cartilage at the level of the sixth cervi-
cal vertebra (C6) and extends to the carina,
where it bifurcates between thoracic vertebrae
4 and 5 (T4-5). In the adult, it measures about
11 cm and is composed of 15-20 rings of
U-shaped hyaline cartilages (Fig. 7.2). In
males, the trachea grows until about 20 years of
age, while in females the growth halts at about
14 years of age.

The fibers of the trachea are innervated by
the recurrent laryngeal nerve, and the sympa-
thetic nerve supply is from the middle cervical
ganglion. The blood supply is divided into lat-
eral tracheal wall and lateral-anterior tracheal
walls. The lateral supply is from the longitudi-
nal vessels of the inferior thyroid artery, sub-
clavian artery, supreme intercostal artery,
internal thoracic artery, brachiocephalic trunk,
and bronchial arteries at the bifurcation of the
trachea. The anterior supply is via transverse
segmental vessels that run in the soft tissue
between the cartilages. These vessels originate
in the longitudinal vessels mentioned above,
and then arborize to supply the submucosal
capillaries.

The venous drainage is into the left inferior
thyroid vein or the laryngeal vein. The inferior
thyroid veins originate on the thyroid isthmus.

Lymphatic drainage is into the pretracheal,
paratracheal, and tracheobronchial nodal groups.

K.B. Zur

Tracheomalacia

Definition

This anomaly refers to laxity in the tracheal carti-
lage rings with resultant airway compression
either due to problems related to the intrinsic
strength of the cartilage or due to extrinsic com-
pression by vasculature or masses.

History
Tracheomalacia was first described by Sprague et al.
in 1933 [3] in relation to vascular compression.

Incidence

The true incidence of tracheomalacia is difficult
to report as many cases of mild tracheomalacia
are undiagnosed. One report estimates tracheo-
malacia to be present in 1 in 1,445 infants.
Tracheomalacia associated with various syn-
dromes has an incidence that parallels that of the
syndrome and is, therefore, much lower [4].

Heredity

The mode of inheritance has not been defined in
isolated cases. It is variable when associated with
the syndromes that will be described below.

Etiology

Tracheomalacia can be a result of an intrinsic car-
tilaginous weakness or caused by extrinsic com-
pression of the C-shaped tracheal rings. The
intrinsic, or primary tracheomalacia, is due to a
weakness and abnormality in the tracheal wall
(Fig. 7.3). Secondary tracheomalacia could be
due to external forces applied to the tracheal wall
such as vascular compression (aberrant innomi-
nate artery, double aortic arch, or pulmonary
artery sling), tracheoesophageal fistula (TEF)
repair, a mediastinal mass leading to localized
compression, or due to the presence of a laryngo-
tracheal cleft [5] (Fig. 7.4). Finally, the presence
of a tracheostomy tube can cause localized tra-
cheal wall trauma and weakness (Fig. 7.5).

Associated Malformations
As mentioned in the previous section, patients
who have cardiac anomalies with vascular aber-



trachecesophageal ¢
septum

bronchial

)—splanchnic

mesoderm
d e
endoderm f’f______,,..lrcchec
right primary bronchus | left
splanchnic - primary
mesoderm . bronchus
f tracheal g

bifurcation

right secondary £

left bronchus

right bronchus

bronchus 3
left
superior
lobe
left
inferior
lobe
b . e
) primitive | s
i splanchnic laryngeal f(:::u)::r;mgezl
pharynx mesoderm G S
aditus tuks
primitive level of level of
glottis section D. section E.
b c
laryngotracheal esophagus lung bud
diverticulum bronchial buds
tracheoesophageal (o]
- : L . fold olds — ———esophagus
- fused @
= /N laryngo-
i Gieoie f tracheal

laryngotracheal diverticulum

Fig. 7.1 (a, b) Schematics of embryologic development
of trachea and lungs. (From Moore KL, Persaud TVN.

tube

trachecesophageal septum
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Fig. 7.2 Endoscopic photograph of normal trachea taken
just above carina demonstrating horseshoe-shaped carti-
lages anteriorly and posterior strip of longitudinal muscle
which contains no cartilage (arrow). (From Moore KL,
Persaud TVN. The Developing Human: Clinically
Oriented Embryology, 5th ed. Philadelphia: W.B.
Saunders; 1993:227. Copyright Elsevier 1993)

Fig. 7.3 Endoscopic photograph of trachea with intrinsic
tracheomalacia. Dynamic endoscopy revealed no pulsations

rancies and those who have had tracheoesopha-
geal fistula repair are predisposed to
tracheomalacia. The resultant extrinsic vascular
compression may at times compromise the
tracheal wall to such an extent that it intermit-
tently closes off the airway causing severe cough
and intermittent life-threatening events may

Fig. 7.4 Endoscopic photograph of tracheomalacia caused
by external compression from innominate artery. On
dynamic endoscopy, pulsations were seen near the arrow

Fig. 7.5 Endoscopic photograph of suprastomal fibroma

ensue. Patients who have undergone repair of a
TEF rarely (1.85 %) continue to have symptoms
of tracheomalacia [6].

Clinical Features

Tracheomalacia should be considered in a child
presenting with a history of expiratory stridor
and/or chronic cough. The symptoms are epi-
sodic, and the child may seem healthy with no
signs of airway compromise between events. In
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the neonate, unexplained episodes of cyanosis
related to severe agitation, crying or feeding
(dying spells) should lead to an investigation that
includes tracheomalacia in the differential diag-
nosis. Cough and grunting are symptoms associ-
ated with but not exclusive of tracheomalacia.
Grunting leads to an auto-positive end expiratory
pressure (PEEP) that effectively stents the tra-
cheal airway open as a compensatory mecha-
nism. In cases of vascular anomalies, dysphagia
may be a presenting feature (27 %) as well [7].

Diagnosis

The gold standard used to diagnose tracheomala-
cia is bronchoscopy [8]. A high index of suspicion
is important, however, as tracheomalacia may be
misdiagnosed as asthma especially in the older
patient. Flexible and rigid bronchoscopy are
employed to perform the airway evaluation. Rigid
bronchoscopy provides high-definition detailed
information to evaluate for laryngotracheal cleft-
ing and subglottic stenosis that can often be
missed on flexible exam. However, the rigid bron-
choscope can stent the trachea during the evalua-
tion, thus under-estimating the tracheomalacia
severity or missing more subtle findings. The
endoscopic findings of tracheomalacia will
include flattening of the tracheal rings with a “fish
mouth” appearance of the distal airway (Fig. 7.3).
In cases of extrinsic vascular compression, the
following three characteristic findings are identi-
fied: (1) oblique flattening of the right anterior
wall above carina (aberrant innominate artery)
(Fig. 7.4), (2) triangular compression above the
carina (double aortic arch), and (3) flattened lower
tracheal wall with a collapsed right mainstem
bronchus (pulmonary artery sling).

Several adjunct studies may also be helpful
depending on the severity of findings or symp-
toms. These include barium swallow, magnetic
resonance imaging or computed tomography with
or without angiography to evaluate extrinsic com-
pression/vasculature, and echocardiography in
cases of suspected cardiac/vascular anomalies.

Management
In the majority of cases, in which symptoms are
mild, conservative observation with parental
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reassurance suffices, as the disease is self-
limiting. Usually, the symptoms resolve by 1-2
years of age without surgical intervention [9].
If significant tracheomalacia is identified, with
worrisome symptoms including oxygen desatu-
rations, bradycardias, and apnea, several
approaches have been utilized, depending on
the etiology. For intrinsic tracheomalacia, tra-
cheostomy tube with or without continuous
positive airway pressure (CPAP) is recom-
mended. Vascular surgery for those patients
with identified vascular anomalies that cause
significant airway obstruction can lead to reso-
lution of the symptoms without the need for a
tracheostomy tube. Some patient will require
the placement of temporary artificial airway
until future growth if symptoms persist despite
vascular reimplantation. Distal carinal tracheo-
malacia and bronchomalacia can be managed
with CPAP. In some cases, airway reconstruc-
tion can remove localized segments of tracheo-
malacia. This option is reserved for the older
child with short segments of collapse, or in
cases where an indwelling tracheostomy tube
led to suprastomal collapse.

Tracheal Cartilaginous Sleeve

Definition

Tracheal cartilaginous sleeve (TCS) is a congeni-
tal malformation characterized by fusion of the
tracheal rings that may be isolated to a few tra-
cheal arches, include the entire trachea, or extend
beyond the carina into the bronchi. In this condi-
tion, distinct tracheal rings cannot be identified
[10]. TCS has been reported only in children with
craniosynostosis syndromes [11].

Incidence
No data are available on the prevalence of TCS in
cartilaginous sleeve (CS) syndromes [12].

Heredity

TCSs are associated with the craniosynostosis
syndromes. In a report by Hockstein et al., five of
six patients with Pfeiffer syndrome had TCS
[10]. All patients had mutations in the Fibroblast
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Growth Factor Receptor 2 (FGFR2), transmitted
in an autosomal dominant pattern.

Etiology

TCSs are associated with the craniosynostosis
syndromes. Pathologic evaluation of postmortem
tracheal specimen showed cartilaginous sleeves
with posterior interruption but lacking a normal
pars membranacea. Davis et al. [12] demon-
strated that the stained and cleared tracheas all
demonstrate variable ring formation, usually lim-
ited to the posterolateral aspect. The functional
significance of TCS, if any, is unknown. The for-
mation of TCS implies a common mesenchymal
defect in which normally discrete structures fuse
and is probably analogous to other mesenchymal
abnormalities seen in these patients.

Associated Malformations

TCSs are exclusively associated with the cranio-
synostosis syndromes and have been described
in: Pfeiffer, Crouzon, and Goldenhar’s
syndromes.

Clinical Features

The presence of TCS may be clinically subtle, as
many craniosynostosis patients with this finding
are asymptomatic until later in age. In a 1992
report by Inglis et al., four newborn patients devel-
oped recurrent lower respiratory tract infections,
reactive airway disease, and chronically retained
secretions attributable to this anomaly. Neither tra-
cheal stenosis nor stridor was encountered [13].
Many of the tracheal anomalies in these patients
are detected later when the patient undergoes eval-
uation of other upper airway anomalies such as
obstructive sleep apnea from midface obstruction
or from adeontonsillar hypertrophy.

Diagnosis

A high index of suspicion in patients with the cra-
niosynostosis syndromes is of paramount impor-
tance, as TCS has only been described in this
select group of patients. Bronchoscopy will delin-
eate the degree of subglottic, tracheal, and bron-
chial involvement (Figs. 7.6 and 7.7). Due to the
rigid nature of the trachea minimal to no respira-
tory movement is observed during endoscopy.

K.B. Zur

Fig.7.6 Endoscopic view of tracheal cartilaginous sleeve
that consists of a segment of fused cartilages. Note lack of
discrete tracheal cartilage

Fig. 7.7 Postmortem photograph of an airway with tra-
cheal sleeve
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Management

Therapy is patient directed. In select patients
with significant airway compromise or deterio-
rating pulmonary disease due to toilet issues, a
tracheostomy is advisable and may extend the
life expectancy [14]. Noorily et al. reported that
45 % of children with Crouzon’s syndrome
required tracheostomy tube placement [15].
However, many of these children also had inher-
ent obstructive sleep apnea related to the maxil-
lofacial deformities (choanal stenosis,
adenotonsillar enlargement, midface hypoplasia).
Close monitoring of the airway in the tracheoto-
mized patient is essential, as granulation tissue
and tube obstruction have frequently been
encountered in these patients [10]. This is thought
to be related to the lack of pliability of the tra-
chea, leading to difficulty fitting an appropriately
shaped tracheostomy tube, localized trauma, and
fibrosis [16]. Tracheal resection or slide tracheo-
plasty have been reported when less than 40 % of
the length of the trachea is involved; however,
these may be risky procedures due to the tendency
for poor healing noted in this condition [17].

Complete Tracheal Rings

Definition

Complete tracheal rings refer to the most com-
mon congenital malformation leading to tracheal
stenosis. This condition is characterized by cir-
cumferential cartilaginous tracheal ring with no
posterior pars membranacea. The pars membra-
nacea is the muscular posterior wall of the tra-
chea which normally lacks tracheal rings.

History

Cohen and Landing were the first to describe the
association between pulmonary artery sling and
tracheal stenosis [18]. In 1982, the first surgical
repair of complete tracheal ring in an infant was
reported [19]. and 2 years later, the first success-
ful procedure was accomplished [20].

Incidence

Symptomatic tracheal stenosis due to complete
tracheal rings is rare and the incidence of undiag-
nosed complete tracheal rings is unknown [21].
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Heredity
Unknown.

Etiology
Unknown.

Associated Malformations

Complete tracheal rings have been reported to
be associated with an aberrant left pulmonary
artery (pulmonary artery sling) in 35 % of cases
[18, 22]. In a separate review, 50-60 % of
patients with pulmonary artery slings had
complete tracheal rings and long segment tra-
cheal stenosis. Associated intracardiac anoma-
lies have been reported to occur in 24 % of
patients with complete tracheal rings [22]. In
addition, patients with trisomy 21 have been
shown to have an a higher risk of having com-
plete tracheal rings. A recent report showed that
17.5 % of patients with complete tracheal rings
(7/40) had Downs syndrome [23].

Clinical Features

Episodic or progressive respiratory distress,
biphasic stridor, “washing machine” breathing
sounds [24], cyanosis or a difficult intubation
have all been reported as the clinical presentation
of complete tracheal rings. Symptoms may often
get exacerbated by an upper respiratory infection.
Due to the distal trapped secretions, recurrent
pulmonary infections can be seen.

Diagnosis

Bronchoscopy is the standard for diagnosis of
complete tracheal rings (Fig. 7.8a, b). The endos-
copy allows direct visualization of the trachea,
ruling-out any other synchronous lesion of the
upper airway. Other diagnostic modalities in the
stable patient include magnetic resonance imag-
ing (MRI) or computed tomography (CT) imaging
to evaluate the pulmonary vasculature (Fig. 7.9a—).
An echocardiogram should be performed in all
patients to rule-out pulmonary artery sling.

Management

In a recent report, it had been shown that 10 % of
patients with complete tracheal rings will not
require any surgical reconstruction or interven-
tion [21]. The remainder will require a tracheal
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Fig. 7.8 Endoscopic view of complete tracheal ring in two patients which demonstrates (a) lack of normal pars mem-
branacea (arrow). (b) More severe midtracheal stenosis (arrowhead)

Right main
pulmenary
artery

Fig.7.9 (a) Schematic image; (b, ¢) 3D rendered volume CT angiogram images demonstrating pulmonary artery sling
(arrow on b)
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reconstruction with either a slide tracheoplasty or
a patch tracheoplasty [24].

Tracheoesophageal Fistula (TEF)

Definition

Tracheoesophageal fistula (TEF) refers to a com-
munication between the trachea and esophagus.
A TEF may be congenital or acquired.

History

The first description of a TEF dates to 1697,
Thomas Gibson described a neonate with an
esophageal atresia and TEF. The first surgical
reconstruction of this lesion was described in
1941 and was associated with a 70 % mortality
rate [25].

Incidence

Congenital esophageal atresia and/or TEF have
an incidence of 1 in 3,000—4,500 live births [26].
Acquired TEFs are rare and the incidence is not
known.

Heredity

VATER/VACTERL (Vertebral, Anal, Cardiac,
Tracheo-Esophageal Fistula, Esophageal atresia,
Renal, Radial dysplasia) association is a relatively
common, nonrandom multiple-malformation
condition. The incidence is reported to be 1.6 in
10,000 [27]. No consistent or recurring etiology
has been established for the VATER/VACTERL
association, but it has been more frequently
reported in the offspring of diabetic mothers.
Most cases occur as sporadic events with low
recurrence risk. The pattern of malformation has
generally been a sporadic occurrence; thus, there
is probably a low recurrence risk (<1 %) [27].

Etiology

The trachea and esophagus both originate from
the primitive foregut. During the fourth to sixth
weeks of gestation, the caudal foregut forms a
ventral diverticulum that later develops into the
trachea. The common membrane between the
esophagus and trachea, the tracheoesophageal
fold, creates a septum between the two, and if it
deviates posteriorly, a communication between
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both tubes will form. The exact cause is unknown,
but it is thought to result from a developmental
disorder in formation and separation of the primi-
tive foregut into trachea and esophagus. It is gen-
erally felt to be a heterogeneous disorder with the
various yet-to-be established etiologies working
through a common embryological pathway [27].

Acquired TEF can result from localized
trauma after ingestion of toxic foreign bodies
such as a battery, localized infection which
devascularizes the wall of the esophagus, malig-
nancy or from traumatic or prolonged intubation
of the esophagus or trachea (either with an endo-
tracheal tube or a tracheostomy tube). Cuff pres-
sures exceeding 30 cm H,O can promote
trachealis necrosis and a consequent acquired
TEF.

Associated Malformations

Nearly 50 % of patient with a congenital esopha-
geal atresia/TEF have one or more anomalies,
with cardiac anomalies being the most commonly
recognized [26]. Other recognized associations
are chromosomal abnormalities (Trisomy 21 and
18, 8 %), and gastrointestinal malformations as
seen in VATER/VACTREL and CHARGE:
imperforate anus, esophageal atresia, pyloric ste-
nosis, duodenal atresia, and annular pancreas (38
%) [26]. The association between TEF, vertebral
anomalies, anal atresia, and radial dysplasia was
first described by Quan and Smith in 1972 [28].

Clinical Features

The diagnosis of a congenital TEF is usually
made in the early postnatal period as it is often
associated with life-threatening pulmonary
events, cough related to feeds and copious frothy
secretions in the early neonatal period. It should
be suspected with a history of recurrent aspira-
tion pneumonias or aspiration.

Diagnosis

Prenatal ultrasonography has facilitated the diag-
nosis of esophageal atresia and early diagnosis of
TEF as it reveals lack of gastric air bubble and is
a cause of maternal polyhydramnios. Barium
swallow investigation as well as a bronchoscopy
are supplemental in the investigation of a poten-
tial communication between the tracheal and
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esophageal
atresia

trachea

fistula

esophagus

Fig. 7.10 Schematic of more common variations of tra-
cheoesophageal atresia with and without fistula (From
Moore KL, Persaud TVN. The Developing Human:
Clinically Oriented Embryology, 5th ed. Philadelphia:
W.B. Saunders; 1993:229. Copyright Elsevier 1993)

esophagus. Although there are several varieties
of TEF, the most common association between
an esophageal atresia (EA) and TEF is a proxi-
mal esophageal atresia and distal TEF (86.5 %)
(Figs. 7.10-7.11b).

Management

Surgical management is the mainstay of treat-
ment. Closure of the communication between the
trachea and esophagus can be performed trans-
thoracically or trans-tracheally (Fig. 7.12).

Tracheal Agenesis

Definition

Tracheal agenesis is a rare condition in which the
trachea intervening between the subglottic cri-
coid and carina is absent or severely narrowed
(atretic) [29].

History
Tracheal agenesis was first described in 1900 by
Payne [30].

Incidence

Tracheal agenesis is extremely rare, only 116
reported cases have been found in the literature
[29].

Heredity
Unknown.

Etiology

According to the theories described in the TEF
section regarding the tracheal and esophageal
development, tracheal atresia occurs when there
is failure of the distal elongation of the caudal
diverticulum which normally forms the trachea
[29]. More recent reports purport that hedgehog
signaling is involved in this process and that
exogenous factors like adriamycin might cause
tracheoesophageal malformations by interfering
with this signaling pathway [31].

Associated Malformations

Evans reviewed 100 cases of tracheal agenesis
and categorized this finding into four groups
based on associated malformations. Tracheal
agenesis, complex congenital cardiac anomalies,
radial ray defects, and duodenal atresia (TACRD)
describes an association separate from VATER/
VACTREL [32]. This latter group includes either
tracheal stenosis or atresia in a group of associ-
ated malformations: vertebral, anal atresia,
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Fig. 7.11 (a) Schematic of most common type of tracheoesophageal atresia with distal fistula (Image courtesy of the
Lucina Foundation). (b) Endoscopic view of fistula in posterior distal trachea

Fig. 7.12 Endoscopic photograph of a pig bronchus
(arrow)

esophageal esophageal atresia, radial dysplasia,
renal defects plus cardiovascular, and limb
defects [33]. The wunderlying mechanisms
responsible for these associations remains
unclear, but is likely a result of abnormal epithe-
lial mesenchymal interactions or a disruption of
early blastogenesis [32].

Clinical Features

Tracheal agenesis is a devastating condition that
leads to airway obstruction and absent cry.
Some infants are able to survive the first few
hours of life, relying on a bronchoesophageal
fistula. Intubation is not possible, but mask ven-
tilation can maintain oxygenation through the
fistula. To maintain ventilation, pharyngeal intu-
bation has been shown to prolong life in a few
report cases.

Diagnosis

Diagnosis is made at birth. Bronchoscopy and
esophagoscopy confirm the findings of a blind or
severely compromised tracheal pouch and a dis-
tal esophago-bronchial communication.

Management

Immediate mask ventilation and pharyngeal intu-
bation are done on an emergent basis as a trache-
ostomy tube may not be possible due to lack of
intervening tracheal cartilages between the lar-
ynx and carina. Once the patient is stabilized, a
formal cervical pharyngotomy through which the
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patient remains ventilated has been shown in two
case reports to prolong life. Further esophageal
reconstruction is necessary to band the lower
esophagus, place a gastrostomy, and eventually
reconstruct the esophagus. Devastating compli-
cations related to the unstable airway and signifi-
cant morbidity from the esophageal surgery
portend a poor prognosis [29].

Tracheal Atresia

Definition

Tracheal atresia refers to a congenital narrowing
of the trachea and can be thought of as part of the
spectrum of tracheal agenesis, except that a
small lumen is present, albeit nonfunctional.
Most often, tracheal atresia is associated with
atresia of the esophagus and a tracheoesophageal
fistula [34].

History
The first reported case of tracheal atresia with an
associated esophageal atresia was in 1972.

Incidence

This condition is extremely rare. Only a few
reports of tracheal atresia have been found in the
literature [31, 34].

Heredity
Unknown. There is a reported male:female ratio
of 2:1.

Etiology

During embryonal stages 12 and 13 the trachea
starts to form when the lung buds protrude from
the foregut and move into a caudal direction.
Mesenchymal cells subsequently constitute the
tracheoesophageal septum. If this process fails,
different forms of esophageal and tracheal atresia
and fistulas can develop [31].

Associated Malformations

Ninety percent (90 %) of the cases of tracheal
atresia have other associated conditions, mostly
affecting the cardiovascular, gastrointestinal, or
genitor—urinary systems [35].
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Clinical Features

At birth, a constellation of respiratory distress,
failure to pass an endotracheal tube below the level
of the vocal folds, lack of a cry, ability to bag-mask
ventilate are suggestive of a tracheal anomaly such
as atresia with a possible distal TEF.

Diagnosis

Prenatal diagnosis of tracheal atresia may be sug-
gested based on ultrasound findings of polyhy-
dramnios, large echogenic lungs, dilated airways,
inverted diaphragm, and massive ascites [31].

Management

If congenital high airway obstruction syndrome
(CHAQS) is diagnosed prenatally based on the
above ultrasonic telltale signs, a procedure to
secure the airway while the fetus is still receiving
maternal oxygenation can be performed. This
surgical intervention, termed EXIT procedure,
for ex utero intra partum treatment, allows place-
ment of a tracheostomy tube in these patients via
a maternal hysterotomy. Later surgical interven-
tion to reconstruct the airway is possible but not
feasible in all cases if the atresia segment is long.

Tracheal Stenosis

Definition

Tracheal stenosis refers to a narrowing of the tra-
chea due to any of the conditions described above
in detail (tracheal atresia, agenesis, TCS, and
complete tracheal rings). latrogenic or acquired
tracheal stenosis could result, most commonly,
secondary to trauma, intubation injury or burn.

History

Congenital tracheal stenosis was first described
in 1899 by Gregor [36]. Postintubation tracheal
stenosis was first described by Cooper and Grillo
in 1969 [37].

Incidence

The incidence of tracheal stenosis is dependent
on the type of stenosis as described in the previ-
ous sections. Acquired tracheal stenosis, either
due to intubation or an indwelling tracheostomy
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tube, has been reported to be in the range of 6-20
% and 0.6-20 %, respectively.

Heredity

Not applicable to the acquired tracheal stenosis.
See other sections for diagnosis-specific heredity
information.

Etiology

Trauma, intubation, and burn injuries, which
most commonly afflict the pediatric trachea, can
lead to injury due to localized inflammation and
devascularization of the tracheal wall/perichon-
drium. This leads to chondritis (inflammation of
the cartilage) and scarring of the trachea which
consequently may lead to stenosis.

Associated Malformations

A rare condition recently described in the litera-
ture is associated with diffuse tracheal calcifica-
tion and stenosis. The X-linked recessive form of
chondrodysplasia punctata has been reported to
have an association with chondrodysplasia and
punctate calcification of cartilage, and is believed
to result from a defect in the vitamin K-dependent
enzyme arylsulfatase E [38].

Clinical Features

Patients with tracheal stenosis may present with
shortness of breath (with or without exertion),
stridor, and retractions. Dependent on the degree
of narrowing, these symptoms may be more or
less subtle.

Diagnosis

Bronchoscopy is the gold standard of visualiza-
tion and diagnosis of tracheal abnormalities, such
as tracheal stenosis (Fig. 7.13). Adjunctive stud-
ies such as the CT scan or MRI may reveal asso-
ciated anomalies in cases of congenital tracheal
stenosis (see previous sections). Plain airway
films or fluoroscopy may allow visualization of
gross tracheal stenosis.

Management

The management of tracheal stenosis is depen-
dent on the degree of symptomatology. In mild
cases, observation is often possible. In patients

Fig. 7.13 Endoscopic view of tracheal stenosis

with more concerning airway symptoms, tracheal
reconstruction either by resection or augmenta-
tion has been shown to be successful [24].
Tracheostomy placement is another method to
bypass the level of tracheal narrowing either in
lieu of or in preparation for future reconstruction.
Some surgeons advocate placement of tracheal
stents following dilation of the trachea in cases of
mild stenosis [39].

Tracheal Bronchus (Pig Bronchus,
Tracheal Diverticula, Tracheal Lobe)

Definition

Congenital tracheal bronchus refers to a pouch
formation in the distal trachea, between 2 and 6
mm above the bifurcation into the right and left
mainstem bronchi. It is often referred to as a Pig
Bronchus when the entire right upper lobe bron-
chus is displaced on the trachea [40].

History
The first report of a right upper lobe tracheal
bronchus was by Sandifort in 1785 [40].

Incidence
The incidence of tracheal diverticula has been
reported to be about 0.3 % in bronchoscopies
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Fig.7.14 (a, b) Endoscopic photograph of multiple small diverticula of distal airway (arrows) with and without meth-
ylene blue staining, respectively

performed in patients older than 10 years of age
and in 1 % of autopsies [41, 42].

Heredity
Unknown.

Etiology

There are multiple theories to explain the aber-
ranices in tracheal and bronchial segmentations
[43]. It is thought that the development of a tra-
cheal bronchus occurs after 32 days of gestation,
at which point the bronchi branch and elongate
[40]. The pig bronchus is believed to represent
vestigial supernumerary lungs or aborted abnor-
mally high divisions of the primary lung bud. If it
is associated with surrounding lung tissue, it is
properly referred to as “accessory tracheal bron-
chi” [42]. Tracheal diverticula can form iatrogen-
ically following repair of a TEF.

Associated Malformations

An aberrant tracheal bronchus can be associated
with other anomalies as described in two cases in
which the patient had an azygos lobe ventilated
by a displaced right aberrant bronchus, partial
anomalous pulmonary venous return, displaced
accompanying segmental arteries, and supernu-

merary lobe completely separated from adjacent
lung by an accessory fissure [40].

Clinical Features

This anomaly may have no symptoms associated
with it [40]. Several presentations have been
thought to be associated with a symptomatic pig
bronchus: recurrent pulmonary infections, cough,
and shortness of breath [42]. In children with tra-
cheal diverticulum who require intubation or
ventilation through a tracheostomy tube, the
pouch may become a source of distal airway
obstruction.

Diagnosis

Bronchoscopy is the gold standard for visualiza-
tion and evaluation of the trachea including pig
bronchus and diverticulum (Figs. 7.12 and 7.14a,
b). Computed tomography has been used to fur-
ther define the anatomy of the bronchi.
Characteristic CT findings include air-filled tubu-
lar structure, often located posteriorly and to the
right of the trachea, and communicating with the
trachea. Inflammatory changes around the diver-
ticulum may also be appreciated [42]. Barium
swallow studies can be performed in cases of a
suspected associated TEF.
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Treatment

Because tracheal diverticula are often asymptom-
atic, conservative observation is common. In situ-
ation wherein the diverticulum is affecting
ventilation, an open excision of the pouch or an
endoscopic fulgarisation of the pouch may ablate
the tracheal anomaly.

Bronchogenic Cyst

Definition

Bronchogenic cysts are primary mediastinal cysts
that are lined with bronchial epithelium and
thought to represent a foregut duplication. These
cysts are tightly adherent to the bronchial or
bronchiolar wall, and vary in size, measuring a
few millimeters to a few centimeters. They may
be filled with fluid, blood, or air and usually do
not have intraluminal communication with the
airway. These cysts are more commonly
unilocular.

History

Bronchogenic cysts were first described in the lit-
erature in 1948 by Maier [44]. The term broncho-
pulmonary foregut malformation was defined by
Gerle in 1968, explaining the pathophysiology
leading to its formation.

Incidence

The true incidence of bronchogenic cysts is
unknown since most of them are asymptomatic.
The incidence of bronchogenic cysts in the neo-
natal period is extremely rare. These congenital
anomalies are often recognized later in childhood
or even in adulthood. There is a reported preva-
lence of 0.05 % in the neonatal period and 10 %
of cases are recognized at birth [45].

Heredity
Unknown.

Etiology

Bronchogenic cysts arise due to aberrant budding
of the embryonic foregut. If the remnant remains
attached to the primitive tracheobronchial tree,
the cyst may be found along the tracheobronchial
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tree, pulmonary sequestration or in the mediasti-
num. If the remnant separates, then the solitary
cyst may migrate in the neck and could be found
in the mediastinum, neck, pericardium, verte-
brae, subpleural space, and any other aberrant
sites. Lesions arising before or during the embry-
onic site separation are found in the mediastinum
(30 %). Lesions arising after the separation are
intrapleural (70 %) and are lined with respiratory
epithelium and cartilage. This supports a hypoth-
esis of erratic tracheobronchial separation as a
more feasible etiology than foregut duplication
[46].

Associated Malformations

Bronchogenic cysts may be associated with other
broncho-pulmonary foregut malformations such
as tracheoesophageal fistula, esophageal diver-
ticulum, esophageal cyst, and lung sequestration.
Vertebral abnormalities (hemivertebrae) are often
associated with bronchogenic cyst of mediastinal
origin [46].

Clinical Features

Patients with undiagnosed bronchogenic cysts
may present at birth with severe respiratory dis-
tress or cardiovascular compromise. In the infant,
compression of the airway or esophagus from an
enlarged cyst may lead to recurrent cough,
wheezing, pneumonia, or obstructive emphy-
sema. Progressive enlargement of the cyst can
lead to superior vena cava syndrome, atrial com-
pression, pericardial compression, bronchial
atresia, pulmonary artery stenosis, or pneumo-
thorax if the cyst ruptures into the pleural space.

Diagnosis

Diagnosis of bronchogenic cysts is rarely made
on prenatal ultrasonography. In these unusual cir-
cumstances, sonography would reveal an
anechoic unilocular cystic lesion in the lung
fields.

Symptomatic postnatal patients can be diag-
nosed by routine chest radiography or sometimes
by bronchoscopy (Fig. 7.15). Definitive diagnosis
is made by use of a chest CT or MRI. A conven-
tional 2-view chest radiograph would typically
show a sharply demarcated spherical mass most
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Fig. 7.15 Endoscopic photograph of a bronchial cyst
near take off of carina (arrow)

commonly located around the carina. When the
cyst is infected or contains secretions, it may
appear as a solid tumor or may demonstrate an air
fluid level. On a chest CT, bronchogenic cysts
appear as lesions with smooth borders and thin
walls and may contain secretions, pus, or blood.
Sometimes calcification may be observed. MRI of
the chest would reveal a homogeneous mass of
moderate-to-bright intensity on T2-weighted
MRI. On T1-weighted images, lesions may vary
in their intensity because of their protein content.
The finding on CT or MRI of a cystic lesion at the
level of the carina is most frequently associated
with a bronchogenic cyst [46].

Management

A prenatal diagnosis of bronchogenic cysts does
not alter the indications for the mode of delivery.
However, it is important to avoid significant posi-
tive pressure ventilation once the child is delivered
in order to prevent possible progressive enlarge-
ment of the cyst. This could be fatal. Due to the
unclear natural history of these lesions, with possi-
ble risks of pulmonary compression, infection, or
malignant degeneration, it has been advocated to
perform a complete excision of these lesions. If no
prenatal diagnosis has been made, once symptoms
ensue, a plain chest radiograph followed by a chest

CT or MRI should be performed to evaluate the
lesion. This will help solidify a diagnosis and allow
for surgical planning. The two recommended sur-
gical approaches for complete cyst excision are via
a lobectomy or segmentectomy [44].
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Abstract

This chapter includes embryologic and clinical descriptions, photographs,
and illustrations of the more common congenital anomalies of the neck.
The authors present the topics in sections based on the underlying pathol-
ogy. These sections include descriptions of malformations resulting from
abnormal development of (1) the branchial arches (branchial cleft cysts:
first, second, third, and fourth branchial cleft fistulas; thymic cysts), (2) the
thyroid gland (thyroglossal duct cysts), (3) the germ line tissue resulting in
ecto/meso/endodermal anomalies (dermoids, teratomas, midline cervical
cleft) and (4) the cervical vasculature and neural structures (lymphatic
malformations, hemangiomas, neurofibromas).
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Branchial Cleft Anomalies
Embryology

A significant proportion of head and neck devel-
opment is derived from the branchial apparatus.
Development of this area begins between the
fourth and sixth week of gestation. The embryo
changes from a flattened tube to a more complex
series of structures consisting of paired mesoder-
mal branchial arches, endodermal lined pharyn-
geal pouches, ectodermal lined branchial clefts,
and an unpaired ventral endodermal floor (Fig.
8.1) [1]. The branchial apparatus has four clefts
on each side of the embryo at the level of the
pharynx [2]. These are adjacent to five pharyn-
geal evaginations or “pouches.” The interposed
arches typically consist of a skeletal, ligamen-
tous, muscular, vascular, and nervous compo-
nents [3]. Arches ultimately develop to become
the structures listed in Table 8.1.

In normal development, the first cleft will per-
sist as the external auditory canal. The remaining
three clefts develop into what is collectively
known as the cervical sinus, which obliterates
during the sixth and seventh weeks as the second
arch grows inferiorly (Fig. 8.1).

The first pharyngeal pouch develops in to the
middle ear and Eustachian tube, while the sec-
ond pouch forms a portion of the pharynx
including the palatine tonsil. The third pouch
will later subdivide to become the thymus and
the inferior parathyroid glands, whereas the
fourth pouch derivative is the superior parathy-
roid gland. The fifth pouch is rudimentary and
becomes part of the fourth pouch, ultimately
developing into the parafollicular c-cells within
the thyroid gland [3].

The first arch mesenchyme forms the majority
of the malleus, incus and provides the framework
for mandibular development. Muscle derivatives
of the first arch correspond to those innervated by
the trigeminal nerve. The first arch vascular
structure becomes the internal maxillary artery.
The second arch mesenchyme develops into the

J.A. MacLean and S.E. Sobol

stapes suprastructure, styloid process, and por-
tions of the hyoid. Muscle derivatives of the sec-
ond arch correspond to those innervated by the
facial nerve. The second arch artery is the stape-
dial, which typically obliterates but in rare cases
can persist [4]. Third arch derivatives include the
remainder of the hyoid bone, glossopharyngeal
nerve, stylopharyngeus muscle as well as the
common and internal carotid arteries. The fourth
and sixth arches go on to form the framework of
the larynx, its innervation and musculature.
These arches also form the blood vessels within
the mediastinum.

Definition

Branchial cleft anomalies can be divided into
cysts, sinuses and fistulae. A cyst is an epithelial
lined sac with no communication to the skin or
the pharynx. A sinus has a connection to one sur-
face (external or internal), and a fistula forms a
communication between two epithelial surfaces
(typically cutaneous and pharyngeal) [2].

History

Hunczowski has been credited with the first
description of a cervical fistula in 1789; however,
this anomaly was not attributed to the branchial
apparatus until noted by Von Ascherson in 1832
[2]. Since the initial description, there have been
extensive reviews in the literature regarding the
embryology, diagnosis, and management of these
conditions.

Heredity

Branchial cleft anomalies are most commonly
sporadic but can be associated with inherited dis-
orders such as branchio-oto-renal syndrome.
This autosomal-dominant condition consists of
hearing impairment, auricular anomalies, bran-
chial cleft remnants, and renal abnormalities [5].
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Branchial clefts
3

Maxillary
C____/ Process

Mandibular
Process
1—= Branchial
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2 1
3
4

Fig. 8.1 A frontal schematic representation of a 5-mm
human embryo at the fifth week of gestation. Sagital sec-
tions taken through the branchial apparatus demonstrate
the anatomic relationship of external clefts and internal
pouches as well as the derivation of important head and

First Branchial Cleft Anomalies
Incidence

First branchial cleft anomalies are rare. They
have an estimated incidence of 1 in 100,000 and
account for less than 10 % of all branchial cleft
anomalies [6, 7].

Etiology
Duplication or failure of obliteration of the

embryologic tract is the likely etiology of
these lesions. First branchial cleft anomalies

4. Parathyroid gland (sup.)

Branchial pouches

Primary
tympanic
cavity

1. Auditory tube —— External

auditory

2. Palatine tonsil meatus

I
Parathyroid gland (inf.)
3. ]
Thymus

5. Ultimobranchial body

neck structures (Reprinted from Seminars in Pediatric
Surgery, vol. 15, Waldhausen JHT, “Branchial cleft and
arch anomalies in children,” pp. 64—69, copyright 2006,
with permission from Elsevier)

are subdivided using the Work classification [8].
Type 1 anomalies are ectodermal in origin and
consist of a duplication of the membranous por-
tion of the auditory canal. They course medial to
the conchal cartilage and can extend into the
post-auricular crease. They pass anterior and
deep to the lobule, stay superficial to the facial
nerve and parallel to the normal external auditory
canal. Type 2 anomalies have both ectodermal
and mesodermal components. The external open-
ing is near the angle of the mandible (Fig. 8.2),
while the tract courses superiorly and can be
closely associated to the facial nerve. The anom-
aly may present with a sinus inferior to the mem-
branous ear canal or open into the canal itself,
typically at the bony-cartilaginous junction [8].
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Clinical Features

These lesions can present with findings attributable
to the ear, parotid or neck regions. Otologic signs
include otorrhea, which can be mucoid or purulent.
Parotid signs generally include inflammation and
can resemble primary parotitis with rapid gland
enlargement and associated tenderness. Cervical
signs include cellulitis, abscess, and drainage from
a pit inferior to the mandible (Fig. 8.2).

Fig. 8.2 Photo demonstrating the characteristic opening
associated with a Type II, first branchial cleft anomaly

Diagnosis

First branchial cleft anomalies can be a diagnos-
tic challenge and are often misdiagnosed and
receive non-curative treatment (refer to Chap. 2).
They must be differentiated from preauricular
sinuses and tags, which have a different embryo-
logic origin. A complete history and physical
examination is the initial step in arriving at a
diagnosis. Otoscopy should be performed to
assess for any communication with the external
auditory canal or attachment to the tympanic
membrane. Facial nerve function should be
recorded. Cervical skin should be closely exam-
ined for signs of a pit or sinus tract. Computed
tomography (CT) or magnetic resonance imaging
(MRI) scan can help delineate the course of the
tract (Fig. 8.3).

Management

The treatment of first branchial cleft anomalies is
surgical, and complete excision is necessary to
prevent recurrence. In the majority of cases,
definitive surgery requires a superficial paroti-
dectomy approach with identification and preser-
vation of the facial nerve. The nerve’s relationship

Fig. 8.3 Axial and sagital MRI images of a first branchial cleft anomaly (arrows). The lesion lies within the parotid
gland and courses toward the ear canal
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Fig. 8.4 (a) Intraoperative photograph demonstrating the
close relationship between the first branchial cleft anom-
aly (small arrows) and the facial nerve (large arrow). The
anomaly runs deep (medial) to the facial nerve. (b)
Intraoperative photograph of another child with a bran-
chial cleft anomaly that remained superficial (lateral) to
the nerve, which has been dissected out from the parotid
gland

to the lesion is variable and can be medial or lat-
eral (Figs. 8.4a, b) [9]. In the case of abscess for-
mation, incision and drainage is often required.
Purulent material should be cultured to direct
antimicrobial therapy, reserving full excision for
after the resolution of infection.

Second Branchial Anomalies
Incidence

The true incidence of second branchial cleft
anomalies is unknown. These lesions are much
more common than other branchial anomalies,
accounting for 90 % of these abnormalities.
Overall, second branchial cleft anomalies are

second only to thyroglossal duct cysts (TGDCs)
as the most commonly diagnosed head and neck
malformations.

Etiology

Failure of involution of the cervical sinus with or
without connection to the pharynx is the most
accepted theory for the development of second
branchial anomalies. Second branchial fistulas
pass between the second and third arch deriva-
tives. Anatomically, the tract begins at the inferior
aspect of the anterior border of the sternocleido-
mastoid (SCM) muscle, courses deep to the pla-
tysma, the stylohyoid and posterior belly of
digastric muscles to the carotid sheath. It stays
superficial to the glossopharyngeal nerve and
travels between the internal and external carotid
arteries before terminating in the tonsillar fossa
(Fig. 8.5).

Clinical Features

Second branchial cleft cysts often present as a
soft, mobile, painless, and slow growing mass in
the lateral neck. They often present after a respi-
ratory tract infection and can become abscessed
requiring incision and drainage. The opening of a
sinus or fistulous tract can be identified on the
anterior border of the ipsilateral SCM muscle
(Fig. 8.6) and may present with intermittent non-
purulent drainage.

Diagnosis

Lateral neck swelling in the pediatric age group
has a broad differential diagnosis (Table 8.2). The
diagnosis can be narrowed significantly when a
presence of a pit is present on the surface of the
neck, although differentiation from other branchial
anomalies can be challenging. An infected bran-
chial cleft cyst needs to be differentiated from sup-
purative cervical adenitis. Although many imaging
modalities have been used in the diagnosis of
branchial cleft anomalies, CT scan remains the
study of choice in most circumstances.
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Fig. 8.5 Diagram of the right neck demonstrating the
course of a second branchial cleft anomaly. The tract
courses over the ninth cranial nerve (glossopharyngeal

Fig. 8.6 External pit along the anterior border of the
SCM muscle associated with a second branchial cleft
anomaly

Management

Treatment of second branchial anomalies requires
complete surgical excision. When removing a
cyst it is imperative that one attempts to identify

Internal Carotid Artery

Nerve

Contribution from Vagus Merve

External Carotid Artery

Second Branchial Cleft Fistula

Sternocleidomastoid Muscle

Common Carctid Artery

nerve) and between the bifurcation of the carotid artery
(internal and external branches) to end in the inferior ton-
sillar fossa of the pharynx

Table 8.2 Differential diagnosis of lateral neck mass in
children

Branchial cleft anomaly

Lymph node

Vascular malformation

Sternocleidomastoid tumor of infancy

Thymic cyst

Laryngocele

and remove an associated tract if there is one
present in order to minimize the risk of recur-
rence. For sinuses and fistulae, the tract must be
completely excised. Some surgeons advocate
removing the tonsil when the tract is excised to
prevent recurrence within the lower tonsillar
fossa. Identification and preservation of sur-
rounding structures along the tract’s path is
essential. Gentle probing of the sinus/fistula with
lacrimal probes can be helpful. Methylene blue
injected into the tract is another commonly used
technique to allow for tract delineation.
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Third and Fourth Anomalies
Incidence

Third branchial cleft anomalies are rare with just
over 200 cases reported in the literature [10].
Lesions involving the fourth cleft are extremely
uncommon.

Etiology

As with other branchial cleft anomalies, failure
of the tract to involute is accepted as the most
likely cause. The path of these lesions is based
on the embryology. Third cleft lesions will
travel deep to the internal and common carotid
arteries as well as the glossopharyngeal nerve.
The tract will then course through the thyrohy-
oid membrane to enter the cranial portion of the
pyriform fossa. A complete fistulous tract of the
fourth branchial cleft or pouch has not been
reported so the course of the lesion is specula-
tive [2]. The suspected course of these anoma-
lies will be different depending on the side of
the lesion. On the right side, the tract will loop
around the subclavian artery, course deep to the
internal carotid artery, ascend superficial to the
hypoglossal nerve, and then descend to enter the
apex of the pyriform fossa. On the left side, the
lesion travels around the arch of the aorta with
the remainder of the course mimicking that seen
on the right.

Clinical Features

These lesions can have a similar presentation to
the more common second branchial anomalies
with some important variations. Both can present
as a slow growing lateral neck mass and have an
external pit along the anterior border of the SCM
muscle, similar to second cleft anomalies. A sys-
tematic review of the literature identified that 89
% of reported third arch anomalies were on the
left side and often present with abscess formation
or acute suppurative thyroiditis [10]. In the set-
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ting of infection, hypoglossal nerve palsy may be
present. Fourth cleft anomalies can present with
neck pain, thyroid abscess, and recurrent upper
respiratory tract infections [5].

Diagnosis

Diagnosis is based on history and physical exam
with imaging including contrast enhanced CT,
MRI, and barium swallow being most useful
[10]. High resolution scans can sometimes iden-
tify the course of the tract, allowing the type to be
identified, although in many cases the diagnosis
will often be made intraoperatively based on the
course of the tract. Because of the possible com-
munication of the sinus or fistula into the pyri-
form fossa, direct laryngoscopy can aid in the
diagnosis. A sinus or fistulous opening may be
identified (Fig. 8.7) and in the setting of acute
infection, purulent drainage can be seen in the
pyriform fossa. If not infected, gentle massage of
the neck can allow saliva to be expressed from
the sinus.

Management

Traditionally, the mainstay of treatment of third
and forth branchial anomalies has been surgical
excision. Knowledge of the relevant embryology
guides the surgeon through the expected path of
these lesions. Exposure of the laryngeal frame-
work and possible removal of a cartilaginous
window to access the pyriform sinus may be
required. A fourth cleft anomaly requires an ipsi-
lateral thyroidectomy to completely remove the
tract [2]. Abscesses (Fig. 8.8) should be man-
aged with incision and drainage and appropriate
antimicrobial therapy, with definitive surgery
delayed until resolution of inflammation.
Recently, an alternative management strategy of
third and forth anomalies has included identifi-
cation of the fistula opening within the pyriform
fossa with endoscopic cauterization (Fig. 8.9)
[10, 11]. This approach has encouraging results
without the potential morbidity of an open
procedure.
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Fig. 8.7 View of the left pyriform fossa with sinus opening identified in a patient with recurrent neck abscesses. The

probe is in the sinus

Fig.8.8 CT scanimage of a child with an abscessed third
branchial cleft anomaly

Thyroid
Embryology

The thyroid gland begins to arise during the end
of the third week of gestation. It is formed by a
single medial anlage and paired lateral anlages
[2]. The larger median anlage arises on the floor
of the primordial pharynx. It begins as an evagi-
nation termed the thyroid diverticulum and lies
caudal to the developing oral tongue. The lateral
anlages are derivatives from the ventral portion

of the fourth branchial pouch and fuse with the
median portion during the fifth week. As the
embryo grows the gland passes ventral to the
developing hyoid bone and reaches its final posi-
tion at the level of the second and third tracheal
rings [3] (Fig. 8.10).

The thyroglossal duct is an epithelial lined
tract that connects the tongue to the thyroid
gland. The duct opens at the junction of the ante-
rior two-thirds and the posterior third of the
tongue at the foramen cecum. The duct typically
obliterates and disappears by the fifth week of
gestation. The inferior portion of the duct can
often persist and is represented as the pyramidal
lobe of the gland which can have fibrous stalk
connected to the hyoid [2].

Definition

Thyroid tissue can be present anywhere along the
duct. It can be in the form of the entire gland or
small rests of cells. If the gland fails to descend,
the thyroid tissue remains within the tongue base
and is termed lingual thyroid. In 70-80 % of
patients with this anomaly, this is the only func-
tioning thyroid tissue present [12]. An epithelial
lined cyst forming along the tract is termed a
TGDC.
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Fig. 8.9 View of sinus opening in pyriform fossa after being cauterized. Note the blanching of the mucosa around the

opening of the sinus
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Fig. 8.10 Migratory course of the thyroglossal duct.
Thyroglossal duct cysts may occur anywhere along the
course of the duct if the duct fails to obliterate during
development (From Moore KL, Persaud TVN. The
Developing Human: Clinically Oriented Embryology, 5th
ed. Philadelphia: W.B. Saunders; 1993:201. Copyright
Elsevier 1993)

History

The historical aspects of TGDCs relate to their
management. In 1893, Schlange first suggested
resection of the hyoid bone with the cyst, which

significantly reduced recurrence rates [13].
Walter E. Sistrunk is credited with developing
today’s surgical treatment based on his paper
published in 1920 [14]. He too discussed the
importance of hyoid removal and also advocated
for removal of a core of tissue above the hyoid to
the foramen cecum.

Incidence

TGDCs are the most common congenital neck
mass, accounting for more than 75 % of pediatric
midline neck masses [15, 16]. Although the inci-
dence of clinically apparent TGDCs is unknown,
autopsy specimens have revealed that 7 % of the
population has a remnant of the thyroglossal duct
tract [17].

Heredity

The majority of TGDCs occur sporadically with-
out a positive family history. A very rare heredi-
tary form of TGDC exists, with 29 cases in 9
families reported in the literature [18]. The trans-
mission is thought to be autosomal dominant
with a higher incidence in females [19].
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Etiology

Itis unclear what causes the thyroid not to descend
normally. Failure of involution of the thyroglossal
duct results in rests of cells remaining along the
tract. Proliferating and secreting epithelium in
response to inflammation along the tract is thought
to result in a TGDC development [13].

Associated Malformations

Thyroid carcinoma can develop within TGDCs
and lingual thyroid glands. The reported inci-
dence of TGDC carcinoma is 1 % and is usually
found incidentally after surgical excision [15].
This diagnosis is exceedingly rare in the pediatric
age group with only 22 cases reported [20].
Lingual thyroid cancer is also rare with approxi-
mately 40 cases reported in the literature [21].

Clinical Features

A TGDC typically presents as a painless, slow
growing midline neck mass. The cyst can become
apparent at any age with the majority presenting
before the age of five [22]. It can arise at any
location along the tract, but is most commonly
found below the hyoid bone. The mass is typi-
cally soft, mobile, non-tender and often moves
with swallowing or protrusion of the tongue.
Associated findings may include dysphagia, dys-
phonia, airway obstruction, and abscess forma-
tion. Although an infected TGDC may present
with drainage or fistulization, it is never primarily
associated with a communication to the skin
because embryologically there is no communica-
tion with the surface of the neck [22]. A lingual
thyroid will present as a solid mass within the
posterior tongue and may be associated with
feeding difficulties or airway obstruction.

Diagnosis

Although TGDC is the most common pediatric
midline neck mass, there is a broad differential
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Table 8.3 Differential diagnosis for midline neck mass
in children

Thyroglossal duct cyst
Epidermoid/dermoid/teratoma
Plunging ranula

Lymph node

Thyroid nodule

Sebaceous cyst

Thymic cyst

Vascular malformation
Third/fourth branchial cleft cyst

diagnosis (Table 8.3). History and physical exam
consistent with the clinical features mentioned
above are very important in the diagnosis of
TGDC. An ultrasound can be useful, not only to
characterize the lesion, but also to identify nor-
mal thyroid tissue within the neck and is the
imaging modality of choice. Contrast enhanced
CT and MRI can also be helpful, but are gener-
ally not necessary. These studies can be reserved
for larger lesions, lesions presenting with a com-
plication, or recurrent cases. Nuclear medicine
studies can identify functional thyroid tissue
within the lesion and the normal gland. If the thy-
roid gland appears to be normal on U/S, then a
thyroid function scan is usually not warranted.
Moreover, these investigations utilize an intrave-
nously administered radiopharmaceutical com-
pound and should be avoided if possible in the
pediatric age group [23]. Thyroid function scans
can be reserved for situations where the other
diagnostic modalities are inconclusive or if the
patient has signs and symptoms of hypothyroid-
ism [16]. In rare cases where a lingual thyroid is
suspected, diagnosis can be confirmed by ultra-
sound or thyroid function scans.

Management

The treatment of a TGDC is complete surgical
excision. In his famous manuscript, Sistrunk
described the surgical technique for dealing with
these lesions. The procedure bears his name and
has essentially not changed since 1920. The key
to successful removal includes removal of the
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mid-portion of the hyoid bone in continuity with
the cyst and a core of tissue up to the foramen
cecum [l4]. The recurrence rate using the
Sistrunk procedure is estimated to be 4 %.
Patients undergoing a cystectomy, without
removal of the mid-portion of the hyoid bone,
have an average recurrence rate of 50 % with
some series reporting rates of 100 % [24]. For the
rare occurrence of a TGDC arising in the tongue
base, transoral endoscopic removal has been suc-
cessful [25]. Management of a lingual thyroid is
covered elsewhere in this text (Chap. 4).

Lymphangiomas
Embryology

During the third and fourth month of develop-
ment two paired (jugular and posterior) and two
unpaired (mesenteric and cysterna chili) endothe-
lial sacs form the basis of the lymphatic system.
These join with lymphatic channels by the end of
the ninth week, with cervical lymph nodes form-
ing around the same time [26].

Definition

Lymphangiomas are lymphatic malformations
and do not represent neoplastic growths as their
name implies. They are fluid filled, endothelial
lined spaces derived from lymphatic vessels [26].
They can be subdivided into macrocystic, micro-
cystic, or cavernous. The term “cystic hygroma”
is a misnomer often used to describe macrocystic
lesions.

History

Redenbacher first described these lesions in
1828, with Wehrner coining the term “cystic
hygroma” in 1834 [26]. Although not widely
supported initially, Wehrner’s theory of the lesion
being a neoplasm was later supported by Virchow
in 1863 [27].
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Incidence

The reported incidence of lymphatic malforma-
tions is 1.2-2.8 per 1,000 newborns [28].
Lymphangiomas constitute 5.6 % of all benign
lesions of childhood with no reported sex predi-
lection [29]. Although they can occur anywhere
within the lymphatic system, more than 80 % of
lymphatic malformations arise in the neck [26].

Heredity

Lymphatic malformations most commonly arise
as sporadic lesions. They can rarely be associated
with other anomalies in patients with Turner or
Noonan syndrome.

Etiology

Lymphangiomas are hamartomas—an over-
growth or expansion of normal lymphatic tissue.
The precise embryologic origin of their occur-
rence is unknown.

Associated Malformations

Macrocystic lymphangiomas are known to be
associated with Turner and other syndromes [26].
Aborted fetuses with Turner syndrome have been
found to have these lesions in the posterior neck.
If resolution by spontaneous drainage occurs in
utero, the characteristic webbing of the neck in
patients with Turner syndrome remains [29].

Clinical Features

The most common presentation of a lymphatic
malformation is that of a soft, ill defined mass in
the posterior triangle of the neck, which can be
quite large (Fig. 8.11) [28]. Common-associated
symptoms include respiratory and feeding diffi-
culties. Lymphatic malformations can swell rap-
idly, typically in the setting of infection or with
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Fig. 8.11 Large neck mass in a newborn identified as a
lymphatic malformation. The patient also had significant
intrathoracic involvement

intracystic bleeding, and can occasionally
present with life-threatening airway compro-
mise. Microcystic malformations typically arise
from the area above the mylohyoid muscle and in
the region of the oral cavity.

Diagnosis

The clinical presentation of a lymphatic malfor-
mation is characteristic and differs from heman-
giomas in that they do not have proliferative and
involutionary phases. Ultrasound is a useful ini-
tial investigation establishing size and flow char-
acteristics and can diagnose lesions prenatally
[30]. MRI is the preferred imaging modality with
lesions appearing hypointense on T1-weighted
and hyperintense on T2-weighted images
(Fig. 8.12).

Management

Asymptomatic lymphatic malformations can be
observed. Treatment is controversial and typi-
cally involves surgical removal, sclerotherapy or
a combination of the two. There are proponents
of both as a primary therapeutic modality.
Sclerotherapy with agents such as bleomycin
and OK-432 is advocated for unicystic or
macrocystic lesions, but is not appropriate or

Fig. 8.12 MRI image demonstrating massive lymphatic
malformation involving both the neck and chest. Note the
large fluid filled spaces within the lesion

microcystic lesions. In these cases surgery is rec-
ommended. Complete surgical removal is
required to prevent recurrence but in most cases
is not possible without risk of injury to vital
structures. Some authors advocate surgery as the
primary therapy with sclerosing agents reserved
for recurrences [28].

Infantile Hemangiomas
Definition

Hemangiomas are benign neoplasms caused by
proliferation of endothelial cells. History: In
1938, Lister published the first review of the
natural history of hemangiomas (termed “straw-
berry naevi” in his manuscript) [31]. His recom-
mendations were based on 93 lesions on 77
patients. He described the typical proliferation
and involution of these lesions and suggested
observation and conservative measures as the
treatment of choice.
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Incidence

Infantile hemangiomas are the most common neo-
natal neoplasm with an incidence of 12 % in term
infants and higher in cases of prematurity [32].

Heredity

Hemangiomas usually occur sporadically, and stud-
ies involving twins do not suggest a genetic basis
[33]. However 10 % of cases may occur secondary
to an autosomal-dominant transmission [32].

Etiology

Current theory suggests that hemangiomas arise
through hormonally driven vessel growth, but the
exact cause remains controversial. Two popular
theories include revival of dormant embryonic
angioblasts and neogenesis [32].

Associated Malformations

Cervical hemangiomas can be associated with
coexisting lesions elsewhere in 20 % of patients.
Hemangiomas within the airway can prove to be
a life-threatening problem. The child will pres-
ent with progressive stridor and can be misdiag-
nosed as having croup, reactive airway disease,
or feeding difficulties [34]. However, 1-10 % of
patients who have cutaneous lesions also have
airway lesions. The location is typically in the
subglottis, most commonly arising posteriorly
on the left side. Fifty percent of children with
airway hemangiomas will have cutaneous lesions
[34]. Airway lesions should be suspected in
patients who present with large cutaneous hem-
angiomas in the so-called “beard” distribution
[35] (Fig. 8.13).

Large segmental hemangiomas on the face
can also be associated with PHACES syndrome.
This represents a constellation of findings includ-
ing posterior fossa abnormalities, hemangiomas,
arterial anomalies, cardiac defects, eye anomalies,
and sternal defects [35].

Fig. 8.13 Cutaneous hemangioma that occurs in a
“beard” distribution. Note that the child has a tracheotomy
in place because he also has a large, obstructing airway
hemangioma

Kasabach-Merritt phenomenon is often incor-
rectly associated with infantile hemangiomas.
This consumptive coagulopathy is actually
related to a more aggressive lesion known as
kaposiform hemangioendothelioma [36].

Clinical Features

Hemangiomas are rarely present at birth [35].
They usually become apparent in the first few
weeks of life and then undergo rapid proliferation
in the first year. Lesions can appear red or viola-
ceous depending on their depth. After the prolif-
erative stage, hemangiomas typically begin to
involute with 50 % of lesions resolved by 5 years
and 70 % by 7 years of age. They can become
symptomatic, usually during the proliferative
phase. Rapid growth can lead to ulceration and
bleeding. Depending on location of the lesion
compressive symptoms of the upper aerodiges-
tive tract can occur.

Diagnosis

The diagnosis is predominantly based on the his-
tory and physical examination. Ultrasound (U/S)
can help characterize the lesion as well as dem-
onstrate flow. For complex lesions or when the
diagnosis is in question, MRI is the imaging
modality of choice.
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Management

Treatment in the absence of complications is
observation. As most hemangiomas will sponta-
neously involute, reassurance and education are
important. In the setting of complications, medi-
cal and surgical therapy may be indicated. The
mainstay of medical treatment has been systemic
steroids. Other therapies for recalcitrant cases
include interferon and vincristine. These medica-
tions are associated with potentially serious side
effects. More recently there has been promising
literature supporting the used of propranolol for
the treatment of hemangiomas [37, 38]. Long-
term data regarding safety and efficacy for this
has yet to be published. Surgical excision or deb-
ulking is required in rare cases when the patient
has functional compromise unresponsive to medi-
cal management or if the lesion fails to resolve
during childhood. Given the favorable natural his-
tory of hemangiomas, preservation of vital struc-
tures is imperative when surgery is considered.

Dermoids and Teratomas
Definition

Dermoid cysts are congenital lesions comprised
of ectodermal and mesodermal derivatives. They
are lined with epithelium and can contain hair,
hair follicles, and sebaceous glands. These meso-
dermal elements differentiate dermoids from the
more common epidermoid cysts, which contain
only epithelial tissue. Teratomas contain ecto-
derm, mesoderm, and endodermal tissue.

History

Virchow first used the term teratoma in 1869 but sim-
ilar lesions were described as far back as 1658 [39].
Incidence

The incidence of dermoids in the neck is

unknown. Cervical teratomas are rare and
account for 3 % of all teratomas [39].
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Heredity

Both dermoids and teratomas are thought to be
inherited sporadically.

Etiology

Dermoid cysts arise because of the entrapment
of epithelial elements during development. This
often occurs along embryonic fusion planes, both
midline and paramedian. Theories regarding the
embryogenesis of teratomas include entrapment
of primordial cells between endoderm and ecto-
derm, as well as the lesion being the remnant of a
“failed twin.” [39]

Associated Malformations

Malignant transformation of cervical teratomas
in the infants is rare; however, an overall inci-
dence of 10 % has been reported in older children
and adults [40]. Tumor location outside the head
and neck is associated with a higher rate of malig-
nancy [39]. Teratomas are also associated with
prematurity, polyhydramnios, and respiratory
distress in the neonatal period.

Clinical Features

Cervical dermoids present as soft, smooth subcu-
taneous lesions, often in the anterior neck. They
can extend deep and can cause airway obstruc-
tion. Because they are often located in close prox-
imity to the hyoid bone, they can mimic TGDCs
(Fig. 8.14). Cervical teratomas are often quite
large and often have a more irregular appearance
(Fig. 8.15). In the neonate, they can be associated
with significant airway obstruction.

Diagnosis

A complete history and physical exam aids in the
diagnosis of dermoid cysts. A superficial lesion,
which does not move with swallowing can help
differentiate a dermoid from a TGDC. However,
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Fig.8.14 Anterior neck mass in a child that was initially
thought to be a thyroglossal duct cyst. Pathologic exami-
nation identified the lesion as a dermoid cyst. Both lesions
present similarly on physical exam

SN

Fig. 8.15 Large teratoma in a newborn. The child was
intubated prior to being fully delivered (see Fig. 8.13)
(Photo courtesy of Dr. Bruce Korman)

as mentioned they can mimic other lesions and
often times diagnosis requires pathologic exami-
nation demonstrating epidermal and mesodermal
elements. Ultrasound or CT can provide addi-
tional information regarding these lesions prior
to excision. Teratomas should be imaged with
MRI to aid in preoperative planning [41].

Management

The treatment for a dermoid cyst is complete
surgical excision (Figs. 8.16a, b). Inadequate
removal or spillage of the cyst contents is associ-
ated with a higher rate of recurrence. Teratomas
also require surgical removal. Cervical teratomas

diagnosed by in utero by ultrasound may require
immediate intubation at the time of delivery due
to airway obstruction. In these instances an EXIT
(ex utero intra-partum therapy) procedure can be
performed to secure the airway via intubation or
tracheostomy while the fetus is being oxygenated
via the maternal circulation (Fig. 8.17).

Midline Cervical Cleft
Definition

Congenital midline cervical cleft (CMCC) is a
superficial, vertical defect in the anterior neck
skin (Fig. 8.18a).

History

A congenital midline cervical cleft was first
described by Luscka in 1848 with Bailey describ-
ing the lesion in the English literature in 1924
[42]. Since then numerous case reports and series
have been published describing the etiology and
management of this anomaly.

Incidence

This anomaly is rare with fewer than 100 cases
reported in the literature [42].

Heredity

Congenital midline cervical clefts present spo-
radically with no associated hereditary form of
transmission. The lesion, however, is more com-
mon in Caucasian females [43].

Etiology

The exact embryologic development of a con-
genital midline cervical cleft is not known, but
most authors agree that failure of fusion of the
lateral branchial arches is the likely cause.
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Fig. 8.16 (a) Intraoperative photograph of the patientin  (b) Intraoperative photograph of another patient with a
Fig. 8.14 demonstrating the yellow-colored cyst partially  thyroglossal duct cyst. This cyst is pink in color and has a
dissected from the surrounding tissues. No tract was iden-  tract that attaches to the hyoid bone

tified in keeping with the diagnosis of a dermoid cyst.

Fig. 8.17 Direct laryngoscopy being performed on a child with a large anterior neck mass still being oxygenated via
the placental circulation. The child was successfully intubated (Photo courtesy of Dr. Bruce Korman)

Associated Malformations review of the literature, Mlynarek, et al. found

that dermoid, bronchogenic, and TGDCs were
There is an increased incidence of additional identified during pathologic examination of
anomalies in patients with CMCC. In their CMCCs [43].
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Fig. 8.18 (a) Congenital midline cervical cleft. Note the
appearance of the fibrous cord extending inferiorly.

Clinical Features

The cleft typically has a nipple-like protuberance
at the superior aspect and a sinus at the inferior
portion of the lesion. It can extend anywhere
from the lower lip to the sternal notch. The epi-
thelium is typically erythematous and there can
be associated mucoid drainage. With time the
cleft will epithelialize and form a fibrous cord. If
left uncorrected the lesion can limit neck exten-
sion and restrict mandibular movement.

Diagnosis

Diagnosis is generally made by physical exami-
nation. The lesion is superficial with no connec-
tion to the deep structures of the neck.

Management

The treatment for congenital midline cervical
cleft is complete surgical excision. Because it is
oriented vertically, the defect can be significant if
excising using a horizontal ellipse in a natural
skin crease. A Z-plasty (single or multiple) is a

(b) Intraoperative photograph demonstrating the
“Z-plasty” used to close the excised defect

convenient way to excise the defect allowing for a
closure with much less tension (Fig. 8.18b) [43].

Thymic Cysts
Embryology

During the sixth week of development, the third
branchial pouch expands creating a solid dorsal
and hollow ventral portion. The hollow portion
forms the thymopharyngeal duct. The connection
to the pharynx degenerates and cellular prolifera-
tion causes the formation of two lateral masses by
the eighth week. The lateral masses descend and
fuse in the midline forming a bilobed gland [2].

Definition

Cervical thymic cysts can be subdivided into
unilobular and multilobular. The unilobular
cysts are most commonly found in the neck and
are thought to be congenital. The multilobular
cysts are typically seen in the neck and medias-
tinum and can be congenital or inflammatory.
In addition to cysts, there can also be ectopic
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thymic tissue in the neck. This is common and
often found incidentally during pathologic
examination of surgical specimens or at
autopsy [44].

History

The first description of cervical thymic cyst exci-
sion was by Polloson and Piery in 1901, and the
first successful removal was described by Hyde
in 1944 [45]. Since then there have been numer-
ous case reports and case series documenting this
rare entity.

Incidence

Cervical thymic cysts are rare with approxi-
mately 150 cases reported in the literature [46].

Heredity

There is one reported case of familial thymic cyst
in the literature. It describes two brothers aged 5
and 8 with multilobular cysts involving the lower
neck and mediastinum [47].

Etiology

There are two current theories regarding the
development of cervical thymic cysts. The first is
the persistence of the thymopharyngeal duct and
the second is degeneration of Hassal’s corpuscles
in ectopic thymic tissue [48].

Clinical Features

Cervical thymic cysts are soft, unilocular or mul-
tilocular, non-tender and can taper to a palpable
tract or cord. They can be found both in the lat-
eral and anterior neck and can feel similar to a
branchial cleft cyst. While these lesions typically
present as a painless swelling, they can present
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with infection and abscess formation in addition
to compressive symptoms of the trachea, esopha-
gus, or both [44, 49].

Diagnosis

Cervical thymic cysts present a diagnostic chal-
lenge and are often misdiagnosed as branchial
cleft anomalies, lymphadenitis, dermoids, epi-
dermoids, and neoplasms. In a series of 20
patients with cervical thymic remnants, only 15
% had a correct preoperative diagnosis based on
physical examination and imaging [49]. A simi-
lar diagnostic accuracy rate of 11 % was cited in
a smaller series of nine patients [48].
Histopathology reveals Hassal’s corpuscles,
which are pathognomonic for thymic tissue.
These are concentric epithelioreticular cells with
characteristic keratinized centers.

Management

Complete surgical excision is the treatment of
choice. This can be accomplished via a transcer-
vical approach but may require partial sternot-
omy to access lesions with significant mediastinal
extension.

Sternocleidomastoid Tumor
of Infancy

Definition

Sternocleidomastoid tumor of infancy (STOI)
and congenital muscular torticollis (CMT) are
often described as the same clinical entity related
to a fibrotic change in the sternocleidomastoid
muscle. This causes shortening and resultant
tilting of the head to the affected side. Although
no strict definition describing differences
between STOI and CMT is identified within the
literature, the general consensus is STOI occurs
more frequently in younger infants than does
CMT [50].



178

Incidence

STOLl is present in 0.4 % of newborns. CMT is the
third most common congenital musculoskeletal
anomaly after hip dislocation and clubfoot [50].

History

Sternocleidomastoid tumor was first described in
the German literature by Heusinger in 1812. The
first surgical treatment for torticollis was a tenot-
omy performed by Dutch surgeon Minneus in
1685 [51].

Heredity

STOI and CMT appear to be sporadic with no
reported hereditary relationship.

Etiology

For over 200 years there has been debate regard-
ing the etiology of STOI and CMT. Most agree
that there is a fibrotic change within the SCM but
the cause for this is uncertain. Ischemia, birth
trauma, hematoma formation have all been cited
as potential causes. Anoxic injury to the muscle
was first theorized by Miculicz in 1895 and is
still the most widely accepted theory [52].

Associated Malformations

In a large review, 6.8 % of 515 patients with
STOI had developmental dysplasia of the hip
(DDH) [53]. Other studies report variable
association rates ranging from 2 to 29 % [54].
This is more than the typical 1-3 % incidence of
DDH and therefore more rigorous screening is
warranted in patients with STOL.

Clinical Features

STOI presents as an isolated lateral neck swelling
along the SCM muscle, typically noted in the first

J.A. MacLean and S.E. Sobol

8 weeks of life. The vast majority of cases are
unilateral; however, bilateral cases have been
reported [55]. The mass is typically firm, mobile,
and non-tender. The overlying skin is normal and
there is no associated pathologic lymphadenopa-
thy. If there is associated torticollis there will be
rotation of the chin to the contralateral side and
tilting of the head to the ipsilateral side.
Deformities can develop if the infant always lays
on one side of the head, including plagiocephaly,
facial asymmetry (because the SCM chronically
pulls on the growing facial structures), and ocular
abnormalities (because the child compensates for
facial asymmetry). These generally resolve with
treatment of the torticollis.

Diagnosis

The diagnosis of STOI is usually made based on
the clinical features alone. In addition to physical
exam, various imaging modalities can help dif-
ferentiate the STOI from other lateral neck
masses such as branchial cleft anomalies and
lymphadenopathy. Ultrasound is a safe, cost
effective, and noninvasive way to assess these
lesions and is regarded as the modality of choice.

Management

There are multiple treatment modalities available
for STOL. Fifty to seventy percent resolve sponta-
neously with no intervention. The key to success-
ful treatment is to start therapy as soon as a
problem is identified. Physical therapy in the form
of stretching exercises is initiated if there is
restricted mobility. This can be carried out by the
caregiver after a supervised instruction period
with a trained therapist. In a large prospective
study, 90.7 % of patients resolved with these mea-
sures alone [53]. Other treatment modalities are
reserved for failed conservative management.
Botulism toxin type A has been shown to be effec-
tive in small series [56]. This may prevent the
need for surgery; however, there is still a need for
general anesthesia, as well as a potential for com-
plications associated with Botulism toxin in this
area, including allergic reactions, neck weakness,
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and dysphagia. Surgery is often required when
other treatment options fail, most commonly in
patients who did not undergo any therapy prior to
1 year of age or in cases when more severe torti-
collis was present at initial presentation [53].
Common surgical options include tenotomy and/
or muscle release.

Neurofibroma
Definition

Neurofibromas are benign lesions arising from
the Schwann cells that surround peripheral nerves
and can occur anywhere in the peripheral nervous
system. They are separated into plexiform and
cutaneous types and can arise in isolation; how-
ever, they are most commonly associated with
Neurofibromatosis type 1 (NF1).

Incidence

The incidence of isolated neurofibroma is
unknown. NF1 occurs in 1 in 4,000 live births,
although 50 % of cases are believed to be from
new mutations [57].

History

Descriptions of patients believed to have neurofi-
bromatosis date back hundreds of years. A thir-
teenth century drawing by a Cistercian monk of a
disfigured man is thought to represent a patient
with neurofibromatosis (NF). Akenside first
described NF in English in 1768. Later, Rudolph
Virchow developed classification systems for neu-
romas and fibromas, and it was his student
Friedrich Daniel von Recklinghausen, who coined
the term neurofibroma, describing a lesion con-
taining neural and connective tissue elements [58].

Heredity

NF1 is inherited in an autosomal-dominant
manner with complete penetrance and variable
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expression. Almost one half of all affected indi-
viduals have de novo mutations.

Etiology

A defect in a tumor suppressor gene on chromo-
some 17 causes individuals with NF1 to develop
a variety of benign and malignant tumors [57].

Clinical Features

Plexiform neurofibromas are often congenital
with approximately 50 % arising in the head and
neck. They frequently arise along nerve bundles
(especially nerve plexuses and dorsal root gan-
glia). These benign tumors can be locally inva-
sive and there is a 4-5 % incidence of malignant
degeneration [59]. Cutaneous neurofibromas
typically arise in the prepubescent period and
have no malignant potential [57].

Diagnosis

The diagnosis of an isolated neurofibroma is con-
firmed after pathologic examination which
reveals the presence of Schwann cells, fibroblas-
tic elements, and embedded axons. Solitary neu-
rofibromas are well-delineated, firm lesions that
are white and shiny. Plexiform neurofibromas are
multifocal myxoid lesions often described as
having the appearance of “a bag of worms.”
Multiple neurofibromas are strongly suggestive
of NF1. The diagnostic criteria for NF1 are based
on the National Institute of Health (NIH)
Consensus Conference in 1987. Diagnosis can be
made if the individual has two of the following
features in the absence of another diagnosis: (1)
Six or more café-au-lait spots >5 mm in prepu-
bertal individuals and >15 mm in post pubertal
individuals; (2) Two or more neurofibromas of
any type or one plexiform neurofibroma; (3)
Axillary or inguinal freckling; (4) Optic glioma;
(5) Two or more Lisch nodules; (6) A distinctive
osseous lesion such as sphenoid wing dyplasia or
tibial pseudoarthrosis; or (7) A first degree rela-
tive with NF1 [60].
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Fig. 8.19 (a) Endoscopic photograph of a child with
external airway compression from bilateral vagal neurofi-
bromas that have caused bilateral tracheal narrowing in
the subglottis. (b) Endoscopic photograph of the larynx in

Figures 8.19a to 8.20b demonstrate the extent
of disease that may occur in the head and neck of
a child with NF1. Multiple nerve bundles may be
affected including dorsal root ganglia and cranial
nerves (including the vagus nerve, as occurred in
this child).

Associated Malformations

Patients with NF1 often have visual impairment,
learning disabilities and skeletal abnormalities
resulting from lesions associated with the syn-
drome. The learning disabilities can range from
global developmental delays to learning disabili-
ties, especially hyperactivity or speech problems.
Many of the children with larger head and neck
lesions complain of chronic neurogenic pain and
headaches related to their lesions. Hydrocephalus
can develop from intracranial lesions and lead to
seizures. Hypertension in these patients can be
the result of an associated renal artery stenosis or
pheochromocytoma [61].

the same child demonstrating a neurofibroma that causes
distortion and displacement of the right arytenoid carti-
lage in to the lumen of the airway

Management

The treatment of neurofibromas is surgical with
little benefit from radiotherapy or chemotherapy.
Large plexiform lesions can create a consider-
able cosmetic deformity as well as compressive
symptoms including airway obstruction [62].
The timing of surgical management is controver-
sial because there is a significant recurrence rate,
especially in young children with head and neck
neurofibromas [59]. Therefore, regular clinical
follow up with serial imaging (usually with
MRIs of the head and neck) can be helpful in
determining when to intervene surgically.
Children with NF1 should be regularly moni-
tored for progression of their disease with annual
ophthalmologic exams, developmental assess-
ments using screening questionnaires, blood
pressure evaluations, and examinations to iden-
tify scoliosis or other long bone changes. Referral
to specialists should be considered when the
masses rapidly expand to rule out malignancy or
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Fig. 8.20 (a) Six-year-old girl with a large left-side neck
mass and café-au-lait spots on her neck. (b) MRI of head
and neck with section taken in the coronal plane demon-
strating the massive enhancing vagal plexiform mass

when the child develops neurogenic pain or
weakness, develops symptoms of airway com-
pression, or when the tumors cause disfiguring
changes in the child’s appearance.
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Oculo-auriculo-vertebral spectrum (OAVS)
definition, 14
diagnosis, 18
heredity and etiology, 17-18
Oral cavity and oropharynx
choristoma, 88
definition, 87
dermoid, 88
epuli, 88-89
hairy polyp, 88
hamartoma, 87-88
hemangiomas/vascular malformations
clinical features, 91-92
definition, 89
diagnosis, 92-93



Index

191

etiology and heredity, 89-90
incidence, 89
Kasabach-Merritt phenomenon, 90
Klippel-Trenaunay, 91
Osler-Weber-Rendu, 91
Parkes-Weber, 91
PHACE association, 90
Sturge-Weber, 90
treatment, 93-94
teratomas, 88
tongue
ankyloglossia, 101-102
congenital ranulas/mucoceles,
99-101
embryology, 94, 95
lingual thyroid, 102-104
lymphatic malformations, 97-99
macroglossia, 94-97
Ossicular chain malformations, middle ear
associated malformations, 38—-39
classification of, 39, 40
clinical features, 39
definition, 38
diagnosis, 39
etiology, 38
incidence, 38
management, 39
Outer ear
congenital aural atresia (CAA)
associated malformations, 29
clinical features, 29
definition, 29
diagnosis, 30, 31
etiology, 29
incidence, 29
management, 30, 32-33
modified Altmann classification, 29, 30
Schuknecht classification, 29, 30
Weerda classification, 29, 30
embryology, 26
external auditory canal (EAC), 24
tympanic membrane, 24
microtia
associated malformations, 33
classification, 33-35
clinical features, 33
definition, 33
diagnosis, 33, 35
etiology, 33
incidence, 33
management, 35
preauricular sinus
branchio-oto-renal (BOR) syndrome,
25,27
classification, 27
clinical features, 27
definition, 24
diagnosis, 27
etiology, 25
incidence, 25
management, 27-29

P
Pfeiffer syndrome
clinical features, 11
diagnosis, 13
heredity and etiology, 13
Pierre Robin sequence
definition, 2
developmental delay, 3
diagnosis, 3—4
feeding difficulties, 3
heredity and etiology, 3
middle ear disease, 3
respiratory distress, 2—3
Pig bronchus. See Tracheal bronchus
Polyrhinia
associated malformations, 72
definition, 71, 72
diagnosis, 72
incidence, 72
management, 72
Proboscis
definition, 72
diagnosis, 73
etiology, 73
incidence, 73
management, 73
types, 72-73

S
Saethre—Chotzen syndrome
clinical features, 12—-13
diagnosis, 13—-14
heredity and etiology, 13
Second branchial anomalies
clinical features, 164
diagnosis, 164
etiology, 164
incidence, 164
treatment, 165
Sequence, 2
Sternocleidomastoid tumor of infancy (STOI)
associated malformations, 178
clinical features, 178
definition, 177
diagnosis, 178
etiology and heredity, 178
history and incidence, 178
treatment, 178-179
Stickler syndrome, 113-114
Subglottic stenosis (SGS)
associated malformations, 137
clinical features, 137
definition, 136
diagnosis, 137
etiology, 136-137
heredity, 136
history and incidence, 136
treatment, 137
Supernumerary proboscis, 72
Syndrome, 2
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T heredity, 150
Teratomas history and incidence, 150

congenital malformations, neck, treatment, 151-152

171-172
oral cavity and oropharynx, 85-86
Third/fourth branchial cleft anomalies
clinical features, 166
diagnosis, 166
etiology, 166
incidence, 166
treatment, 166—167
Thornwaldt (or Tornwaldt) cysts
clinical features, 79
definition, 78
etiology, 79
incidence, 78
management, 79
Thymic cysts
clinical features, 177
definition, 176-177
diagnosis, 177
embryology, 176
etiology and heredity, 177
history and incidence, 177
treatment, 258
Thyroid
associated malformations, 169
clinical features, 169
definition, 167
diagnosis, 169
embryology, 167
etiology and heredity, 168—169
history and incidence, 168
treatment, 169-170
Tongue
ankyloglossia, 101-102
congenital ranulas/mucoceles, 99-101
embryology, 94
lingual thyroid (see Lingual thyroid)
LM, 97-99
macroglossia, 94-95
Trachea
anatomy
agenesis, 150-152
atresia, 152
bronchogenic cysts, 155-156
bronchus, 153-155
complete tracheal rings, 147-149
endoscopic photograph of, 144
stenosis, 152-153
TCS, 208-211
TEEF, 149-150
tracheomalacia, 142—-145
embryology, 202, 203
Tracheal agenesis
associated malformations, 150-151
clinical features, 151
definition, 150
diagnosis, 151
etiology, 150

Tracheal atresia
associated malformations, 152
clinical features, 152
definition, 152
diagnosis, 152
etiology and heredity, 152
history and incidence, 152
treatment, 152
Tracheal bronchus
associated malformations, 154
clinical features, 154
definition, 153
diagnosis, 154
etiology and heredity, 154
history, 153
incidence, 153-154
treatment, 155
Tracheal cartilaginous sleeve (TCS)
associated malformations, 146
clinical features, 146
definition, 145
diagnosis, 146
etiology and heredity, 145-146
incidence, 145
treatment, 147
Tracheal diverticula. See Tracheal bronchus
Tracheal lobe. See Tracheal bronchus
Tracheal stenosis
associated malformations, 153
clinical features, 153
definition, 152
diagnosis, 153
etiology and heredity, 153
history and incidence, 152-153
treatment, 153
Tracheoesophageal fistula (TEF)
associated malformations, 149
clinical features, 149
definition, 149
diagnosis, 149-150
etiology and heredity, 149
history and incidence, 149
treatment, 150, 151
Tracheomalacia
association, 142, 144
clinical features, 144145
definition, 142
diagnosis, 145
etiology and heredity, 142—144
history and incidence, 142
treatment, 145
Treacher Collins syndrome
associated malformations, 9
clinical features, 8
definition, 8
diagnosis, 9
heredity and etiology, 8-9
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U history and incidence, 134-135
Unilateral arhinia, 70 treatment, 135-136
Velocardiofacial syndrome (VCES). See 22q11.2 deletion
syndrome
Vv Vocal cord paralysis
van der Woude syndrome, lip pits, 114 clinical features, 131
Vascular anomalies definition, 130
associated malformations, 135 diagnosis, 131
clinical features, 135 etiology and heredity, 130-131
definitions, 134 history and incidence, 130
diagnosis,134-136 treatment, 131-132

heredity, 135 Von Langenbeck cleft palate repair, 112
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