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Background: 22q11.2 deletion syndrome (22q11.2DS) is a chromosomal disorder with a multisystem set
of symptoms varying in clinical expression. Patients are at increased risk of airway anomalies, being partial
laryngeal atresia (PLA) one of the most common. Surgical management of the airway secondary to PLA
varies according to the severity of the airway obstruction and comorbidities. This analysis aimed to assess
these findings and surgical outcomes of patients with a 22q11.2DS who presented with PLA.

Methods: Retrospective review of patients with 22q11.2 DS with a diagnosis of PLA between 2009 and
2020. The patient’s age, symptoms, associated clinical anomalies, microlaryngoscopy and bronchoscopy
(MLB) findings, Cohen’s laryngeal atresia classification, surgical technique and the need for tracheostomy,
and degree of dysphagia, were evaluated.

Results: Ten patients aged between 4 days and 17 months were identified, 8 underwent surgery to treat
atresia. The main presenting symptoms were stridor (75%), dysphonia (62%), and dysphagia (85%). Clinical
comorbidities were cardiac pathology (75%), craniofacial anomalies (50%), global development delay (62.5%),
palate defects (75%), and immunodeficiency (50%). Classification: 33% Cohen type I, 11% type II and 56%
type III. Three had synchronous airway anomalies. Surgical procedures included endoscopic web division
(n=3), laryngotracheal reconstruction (LTR) with anterior cartilage graft (n=4), and slide thyro-crico-
tracheoplasty (n=1). Three patients required a peri-operative tracheostomy. At the last MLB, all patients
were sized with an age-appropriate airway and were free of tracheostomy.

Conclusions: Laryngeal atresia is a common abnormality in 22q11.2DS and a careful endoscopic airway
evaluation should be mandatory in case of stridor. Dysphonia and dysphagia are common in this group.
While children with mild laryngeal obstruction are successfully treated with an endoscopic procedure,
patients with severe obstruction will require open airway reconstruction. LTR should be considered at a

young age among these patients to avoid long term tracheostomy complications.
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Introduction

22q11.2 deletion syndrome (22q11.2DS) is a chromosomal
disorder with a multisystem set of symptoms that vary
significantly in both clinical expression and severity of
symptoms. Patients commonly present with congenital
cardiac malformations, facial dysmorphism, palatal
abnormalities and immunodeficiency (1). While different
conditions, including velocardiofacial syndrome (VCEFES),
DiGeorge syndrome, and conotruncal anomaly have
been described, they all encompass clinical manifestations
associated with the same 22q11.2 genetic defect, with
considerable overlap in clinical characteristics.

Children with 22q11.2DS are at increased risk of airway
anomalies (66-71%) when compared with the rest of the
paediatric population (1,2). Tracheomalacia, subglottic
stenosis, laryngomalacia and partial laryngeal atresia are
the most common airway findings and the most common
symptoms are stridor, dysphonia and dysphagia.

Laryngeal atresia results from a recanalization failure
of the primitive larynx between the 8" and 10" week of
gestation. It may present as a thin membranous web at
the glottic level, or a thick partial laryngeal atresia with
subglottic extension, according to the embryological stage
at which the recanalization process ceased (3). Cohen ez al.
proposed a staging system based on the location of the web
within the larynx and the severity of airway obstruction (4).
At our institution, a genetic investigation is performed in all
patients with glottic webs due to the known association with
22ql1.2. The surgical management of airway obstruction
secondary to laryngeal atresia will vary according to the
severity of the airway obstruction, as well as the patient’s
comorbidities.

"This study aimed to assess the outcomes of management
of partial laryngeal atresia (PLA) among patients with
22q11.2DS. Common associated airway findings and related
symptoms will be discussed.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/ajo-20-81).

Methods

This study was conducted by the Otolaryngology Head and
Neck Department at Perth Children’s Hospital (PCH), the
only stand-alone paediatric institution in Western Australia.
An audit of patients with laryngeal atresia and a confirmed

© Australian Journal of Otolaryngology. All rights reserved.

Australian Journal of Otolaryngology, 2021

diagnosis of 22q11DS at our Institution from 2009 to 2020
was performed. Data were collected from the hospital
database, identifying the diagnosis code “laryngeal atresia”
and “laryngeal pathology”. The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). Ethics approval was obtained from Child and
Adolescence Health Service - Surgical ServicesGEKOQI
Group- Perth Children Hospital. Registration 34601.
Additionally, data from the Western Australian Register of
Developmental Anomalies identifying all diagnosed cases
of 22q11.2 DS was obtained. Data collected included age,
symptoms at presentation, associated clinical anomalies,
detailed microlaryngoscopy and bronchoscopy (MLB)
findings, Cohen laryngeal atresia classification, surgical
technique, the need for tracheostomy, and follow-up.
Children who were diagnosed with glottic webs that did not
require airway surgery were excluded. Descriptive statistics
were used to summarize the study population and their
clinical characteristics.

Patients underwent a clinical examination, including
nasendoscopy followed by a diagnostic MLB, under general
anaesthesia to confirm the suspected pathology and address
potential synchronous airway abnormalities. Cohen’s
classification for laryngeal atresia was used to categorise
the severity of obstruction and guide the surgical plan.
The Cohen classification is as follows: type I, less than 35%
obstruction; type II, between 35% and 50%; type 111, between
50% and 75% with subglottic extension and involvement of
the anterior cricoid; and type IV, those with glottic stenosis
up to 99%, with associated subglottic stenosis (4) (Figure I).
Secondary airway anomalies were also described.

All patients underwent a clinical swallow assessment by a
speech pathologist. Additionally, some patients underwent
a videofluoroscopy swallow study (VFSS) pre-operatively.
VESS was performed for all children after the surgical
reconstruction to objectively diagnose dysphagia and assess
the aspiration risk.

As part of the clinical follow-up, a diagnostic MLB was
performed three months post-operatively, regardless of the
patient’s symptoms. All children were regularly discussed
at our Multidisciplinary Complex Airway Team meetings,
including health professionals from respiratory medicine,
speech pathology and gastroenterology. During hospital
admission and subsequent follow-up, patients were also
assessed by speech pathologists, cardiologists, general
paediatricians, paediatric intensivists, anaesthetists, and
geneticists.
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Figure 1 Cohen’s classification for laryngeal atresia.

Results

Between 2009 and 2020, according to the Western
Australian Register of Developmental Anomalies, a total
of 64 patients were diagnosed with 22q11DS. During
the same period, 14 (16%) patients were diagnosed with
laryngeal atresia at our Institution. Ten of these 14 patients
with PLA were positive for 22q11.2DS on genetic testing
(aged between 4 days and 17 months at diagnosis). Eight
patients underwent airway surgery and they are the focus
of this study. Six (85%) were full-term babies at birth, and
four (50%) were male. Congenital heart disease was present
in six patients (75%) and two required cardiac surgery, all
had varying degrees of atrioventricular septal defects. Other
common VCEFS features were also observed, including
craniofacial anomalies (4/8), global developmental delay
(5/8), palate defects (6/8), and immunodeficiency (4/8).
None of our population required immunotherapy guided by
Immunological specialist opinion.

Presentation

Patients presented with a combination of stridor (75%),
and dysphonia, or a weak cry (62%). After a clinical and
endoscopic assessment, most patients were classified
with Cohen’s type III obstruction (62.5%) (Figure 2), and
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GRADE IV (76-100%)

three had synchronous airway anomalies, most commonly
tracheomalacia (Table 1). The mean age at surgery was
13 months. Surgical intervention was tailored according to
the degree and extension of laryngeal atresia, the presence
of a secondary airway anomaly and any comorbidities. All
surgery was performed by the senior author. All patients went
to the paediatric intensive care (PICU) post-operatively.

Endoscopic treatment

Three patients with minor glottic obstruction (Cohen
grade I and II) (Patients 3, 4 and 8, Table I) aged 10 days to
17 months, underwent endoscopic division of the laryngeal
web with cold steel instruments, steroid injected into the
anterior glottis (Iml triamcinolone 40 mg/mL) and a silastic
sheet sutured into the anterior commissure to avoid re-
stenosis. These patients were extubated the following day
without any complications. A planned follow-up MLB one
week later was performed to remove the silastic sheet and
to evaluate the need for further intervention. Endoscopic
examination showed no recurrence of the laryngeal web in
all 3 cases.

Laryngotracheal reconstruction

Four patients with Cohen grade III laryngeal atresia

Aust 7 Otolaryngol 2021;4:26 | http://dx.doi.org/10.21037/ajo-20-81



Page 4 of 9

Australian Journal of Otolaryngology, 2021

Table 1 Patient characteristics, airway findings, and surgical intervention

Age at Gender Presentation Comorbidities S.,yn.chronous Cohe.n.s ) Airway Intervention
Surgery Symptom findings classification
1 11m F Stridor VSD, GDD, immunodeficiency, Tracheomalacia Grade lll LTR Ant. graft single-
micrognathia, high palate stage
2 17m F Stridor and VSD, immunodeficiency, CP, GDD, - Grade llI LTR Ant. Graft double
dysphonia rectovaginal fistula stage
Previous anterior web
division
3 17m M Dysphonia ASD, aberrant right subclavian Laryngomalacia Grade | Division of glottic
artery, immunodeficiency, GDD, and web.
micrognathia, submucous cleft tracheomalacia .
) o ) Previous
palate, effusion otitis media
supraglottoplasty
4 10"dayof M Weak cry and  VSD, cleft soft palate, micrognathia— Grade Il Division of glottic
life intermittent and central hypotonia web.
stridor
5 23m M Stridor VSD, polydactyly, micrognathia, - Grade llI LTR Ant. graft single-
otitis media, GDD, FTT stage
6 13m F Stridor and Small midface, high arch palate - Grade llI LTR Ant. graft single-
dysphonia and wide-set eyes stage
7 17m M Stridor and Submucous cleft palate, effusion Tracheomalacia Grade llI Slide thyro-crico-
dysphonia otitis media, central hypotonia, CP, tracheoplasty
GDD
8 183m F Stridor ASD, aberrant right subclavian - Grade | Division of glottic

artery, absent thymus,
immunodeficiency, submucous
cleft palate, CHL, COM

web

LTR, laryngotracheal reconstruction; VSD, ventricular septal defect; ASD, atrial septal defect; GDD, global development delay; FTT, failure

to thrive; CHL, conductive hearing loss; COM, chronic otitis media; CP, cerebral palsy.

underwent laryngotracheal reconstruction (LTR) (Figure 2)
(Patients 1, 2, 5, and 6, Table 1). Three children underwent a
single-stage TR with an anterior costochondral graft. One
patient underwent a planned double-stage procedure with a
tracheostomy and a supra-stomal stent which was removed
2 weeks post-reconstruction. At MLB at week one post-
operatively, one patient had no signs of airway obstruction

© Australian Journal of Otolaryngology. All rights reserved.

and was successfully extubated (Patient 1). Patient 6 had a
residual anterior laryngeal web, requiring endoscopic web
division, and was successfully extubated the following day.
Patient 5 failed extubation secondary to granulation tissue
at the level of the vocal cords and a lower respiratory tract
infection. He underwent a tracheostomy to secure the
airway and injection of corticosteroids into the granulation
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Figure 2 Laryngeal atresia grade III. Pre-operative (left) and post anterior cartilage graft laryngotracheal reconstruction (right).

tissue. He was successfully decannulated three weeks later
with no further endoscopic intervention required. Patient
2, who underwent a planned double-stage LTR, was
decannulated six months post airway reconstruction.

Slide thyro-crico-tracheoplasty

One patient with Cohen grade III stenosis underwent a
single-stage slide thyro-crico-tracheoplasty (5) (Patient 7,
Tuble 1). The subglottic component of the obstruction was
significant (67% obstruction) and a cricoid resection with
a slide tracheoplasty (where the trachea was advanced into
the laryngofissure and anastomosed to the thyroid laminae)
was performed. At one week post-operatively, this patient
failed extubation secondary to glottic oedema. Initially,
endoscopic balloon dilatation was attempted, however, the
obstruction persisted and a tracheostomy was performed.
He was decannulated 6 months later. A persistent left vocal
cord palsy was diagnosed as a complication of his airway
reconstruction.

At the last documented endoscopy, all patients in this
series were sized with an age-appropriate airway. One
patient had a persistent left vocal cord palsy, as previously
described. The mean post-operative follow-up period was
38.3 months (range nine to 60 months). All patients who
underwent tracheostomy were successfully decannulated.
No patients currently have obstructive airway symptoms.

Dysphagia

Pre-operatively dysphagia was present in 85% of the
cases and a combination of thickener and flow rate
altering techniques such as modified bottles and teats

© Australian Journal of Otolaryngology. All rights reserved.

were implemented by the speech pathology team. Post-
operative swallow assessment was undertaken in all
patients. VESS reports of five patients showed different
degrees of dysphagia, including hypopharyngeal pooling of
secretions, delayed clearance and risk of aspiration requiring
thickened fluid diet. Two patients suffered persistent
aspiration, both required Naso-gastric tube placement
immediately postoperatively. One of these 2 patients
required a gastrostomy due to recurrent lower respiratory
tract infections. This patient had severe neurological
comorbidities including intellectual disability, CP and
central hypotonia

Discussion

22q11DS is reported to be the second most common
chromosomal anomaly, with some advocating that prenatal
investigation of this condition should be routinely performed
considering the potential implications (6). Head and neck
manifestations are common amongst this population,
including craniofacial anomalies, palatal dysfunction,
middle ear pathology, and airway obstruction (7).
Currently, routine screening for this condition is not
practiced, hence a heightened awareness of the diverse
clinical presentations is needed.

Partial laryngeal atresia is a well-established cause of
airway obstruction among children with 22q11DS. 16% of
children with VFCS during the study period were diagnosed
with PLA in Western Australia, much higher than the
general population prevalence: 1:50,000. Therefore, a
genetic assessment should be initiated once this diagnosis
is made (8). A standardized endoscopic examination should
including an MLB to confirm the diagnosis, precisely assess
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the sub-glottic extension of laryngeal atresia, the lumen
size, any synchronous airway lesion, as well as palatal or
laryngeal clefts.

Previous reports have described the need for airway
surgery to secure the airway among patients with VCFS (9).
Clive et al. detailed newborn twins who presented with
severe airway obstruction secondary to type III and IV
glottic stenosis requiring resuscitation and tracheostomy.
They were both diagnosed with 22q11.2DS (10). To
the best of our knowledge, the present study is the first
report exclusively on a series of children with a diagnosis
of 22q11.2DS and PLA who underwent surgery to treat
laryngeal atresia. De Trey et al. reported 12 cases of
laryngeal atresia, but only four had VCFS diagnosis (11).
We believe our study contributes to a better understanding
of the range of the airway phenotype in patients with
22q11.2DS and associated PLA as well as highlighting
the importance of a multidisciplinary assessment and
individualized surgical approaches and the outcomes of
definitive early surgery to minimize the need for prolonged
tracheostomy in these patients.

Endoscopic treatment

The primary goals for the management of congenital
laryngeal webs are to establish a safe airway size, without
dysphagia or dysphonia. In the paediatric population, minor
laryngeal webs with a minimal degree of dysphonia may not
require treatment. For those with no airway compromise,
an endoscopic repair can be postponed until school age.
In this series, children with type I and II glottic webs with
obstructive symptoms are treated endoscopically with a cold
steel technique.

Author’s technique for these cases is an endoscopic
alternative for laryngeal keel placement. It is ideal for
minor webs whether congenital or acquired. Tracheotomy
or intubation may not be necessarily required. The aim is
to secure a thin silastic sheet at the anterior commissure
covering all raw mucosal surfaces. Two surgeons are usually
need for this procedure. This technique involves suspending
the larynx with a laryngoscope and endoscopic web division
with a sickle knife. With the patient still suspended, the
neck is then prepped, and a small horizontal incision is
made over the thyroid cartilage. A 4.0 Prolene suture double
ended suture is passed through a thin silastic sheet at 2
points aiming to secure the sheet at 2 points: 3-5 mm above
and below the anterior commissure. Two IV cannulas are
passed through the midline of the thyroid cartilage above
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and below the vocal folds until they are visible in the airway.
The assistant then passes the 2 ends of the suture (with the
needle removed) into the IV cannula with a laparoscopic
needle holder. The suture is advance until it is visible at the
end of the IV cannula in the neck incision. The cannula
are then withdrawn. The suture is secured over a segment
of an intravenous cannula, with multiple knots. The keel is
removed 7 to 14 days later. The patient is again placed in
suspension, with the neck incision being partially reopened
to remove the suture securing the keel. The silastic sheet is
the removed trans-orally (12).

Inflammatory tissue and restenosis are known
complications post laryngeal surgery (13), therefore
early re-evaluation was performed to allow intervention
if granulation tissue was present and for removal of the
silastic keel if placed. All patients in the present study with
a diagnosis of lower grade laryngeal webs were successfully
managed by the technique described above. We don’t
believe that the age of the patient should be a limiting factor
for the endoscopic approach. In our population study, the
youngest patient was 10 days old at the time of endoscopic
procedure and was successfully extubated without re-
stenosis identified on follow up (as also seen in the other
cases treated endoscopically).

The use of Mitomycin C(MC) as an adjuvant treatment
in the airway is still debatable. The drug affects wound
healing due to its anti-proliferative properties. While some
series have shown benefit in using MC in laryngotracheal
surgery to treat laryngeal atresia and subglottic stenosis (14),
others have shown no difference (15). Based on the
uncertain benefit and well described potential side effects of
the drug, the senior author does not use MC.

Laryngotracheal reconstruction

Type III webs most often present with a thick, anteriorly
based subglottic component, requiring open surgery for
successful long term airway patency (16). To illustrate this,
one of the patients with a type III laryngeal atresia was
initially managed with anterior web division on day four
of life. This patient experienced restenosis with persistent
airway obstructive symptoms, and LTR was successfully
performed months later.

All the patients with more severe airway obstruction in
the present study underwent open airway reconstruction.
As previously stated by Milczuk et 4/, the decision on the
type of reconstruction for partial laryngeal atresia will
depend on the type of laryngeal deformity, airway status,
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and individual patient factors, such as neurological and
cardiac comorbidities. Patients with severe neurological and
cardiac pathologies are more likely to require double-stage
procedures and long term tracheostomy tube placed (13).
LTR is currently the preferred option in children with
severe laryngeal atresia (11). Additionally, open airway
reconstruction is reported to be safe in young children and
may avoid the requirement for a long-term tracheostomy (17).
In our study, four patients underwent UTR with an anterior
costochondral graft, and all patients had a partial resection
of a wedge of the anterior cricoid cartilage. A posterior graft
is usually not needed when the inter-arytenoid distancing
is preserved and the patient does not present with posterior
glottic obstruction.

Severe webs, with a combined cartilaginous subglottic
stenosis and cricoid deformity, will require associated resection
of the excess cricoid cartilage. For these cases, LR with an
anterior and posterior graft may be an option (16).

However, in this series, a slide thyro-crico-tracheoplasty
was performed in one patient with Cohen grade 3 stenosis
with significant subglottic stenosis as well. Cricotracheal
resection is recommended for patients with high-grade
subglottic stenosis and evidence shows that these patients
are less likely to require a second open procedure to
achieve decannulation (18) In concordance, the only patient
who which we performed thyro-crico-tracheoplasty, who
presented with a severe cricoid deformity with high-grade
type III subglottic stenosis was successfully decannulated
6 months post airway reconstruction and did not require a
second open surgical procedure.

Compared with previous reports (11,13), our population
was significantly younger (mean age 13 months), and no
patient required tracheostomy before LT'R, suggesting that
open airway reconstruction may be a safe option for young
patients with 22q11.2DS laryngeal atresia to avoid the
complications of a long-term tracheostomy.

Tracheostomy

Previous reports have described the need for tracheostomy
in the management of laryngeal atresia patients. A 12-year
review of children with severe laryngeal atresia by De Trey
et al. reported that 86% of cases required tracheostomy
before airway reconstruction (11). In contrast, none of our
patients had a tracheostomy before airway reconstruction,
regardless of the severity of glottic obstruction. However, it
is important to highlight that none of our patients had the
most severe degree of obstruction—Cohen grade IV.
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Tracheostomy might be required during peri and post-
operative periods as a planned double stage procedure
or as a complication of LTR. Obstruction secondary to
granulation tissue and oedema is a known complication
after LTR (19). Two of our patients (Patients 5 and 7)
required an unplanned tracheostomy post-reconstruction
due to airway obstruction secondary to granulation tissue
and oedema. Both were decannulated with no evidence
of restenosis. One patient had a planned double-stage
procedure due to co-morbidity and was decannulated six
months later. In concordance with previous reports (11) that
decannulation can be achieved in most cases, all our patients
were decannulated post airway reconstruction.

Dysphonia

Dysphonia is a common symptom among patients with
VCFS (13) and five of our case series were noted to be
dysphonic on presentation. Small anterior laryngeal webs
with no associated significant respiratory or voice problems
may initially be misdiagnosed and may present later in life
during the investigation of dyspnoea or with dysphonia (20).
Additionally, the presence of a secondary airway anomaly
may lead to misdiagnosis. Patient 3 in the current study was
initially diagnosed with laryngomalacia and underwent a
supraglottoplasty by a different otolaryngologist. However,
it was only at the age of 17 months, nearly a year following
the supraglottoplasty, that the laryngeal web was diagnosed
during the investigation of persistent dysphonia and stridor.
This patient successfully underwent endoscopic web
division with a good outcome. The other patients presented
primarily with airway symptoms, but three out of five were
also noted to be dysphonic.

A limitation of this study is the retrospective nature of the
analysis. Additionally, while subjective reporting of dysphonia
was routinely done, the absence of a validated, objective tool
for voice assessment was also a limitation. Also, the young
age of the patients at the time of the diagnosis made voice
evaluation very challenging as many were pre-verbal.

Dysphagia

Dysphagia is frequently present in children with 22q11.2DS.
Animal studies have shown the association between
craniofacial development disorders and cranial neural circuit
disorders leading to oropharyngeal dysfunction and increased
aspiration risk, regardless of surgical intervention (21).
Additionally, in 2000, Eicher et al. also reported that
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children with 22q11.2DS have a pattern of feeding difficulty
independent of palatal or cardiac involvement. They
highlighted the importance of having a contrasted swallow
study to objectively evaluate dysphagia in these patients and
to better address aspiration risk (22). Pulmonary aspiration is
a key symptom to address in this population and that could
result from oropharyngeal dysphagia as well as secondary
to the laryngeal anomaly. Aspiration increases the risk of
lower respiratory tract infection and therefore post-operative
complications including long term need for ventilatory support
and delayed decannulation. Consistent with this, all of our
patients showed evidence of some degree of oropharyngeal
dysphagia and increased pulmonary aspiration risk, requiring
intervention with thickened fluids during the post-operative
period. Only one patient (Patient 7) required a long-term
nasogastric tube, eventually, a gastrostomy tube placed
and fundoplication performed, due to recurrent aspiration
pneumonia associated with severe gastroesophageal reflux
disease. This patient was also diagnosed with central
hypotonia and cerebral palsy, which also contributed to
oropharyngeal incoordination.

Associated pathology

As previously described by Sacca et 4l., synchronous airway
findings are common among children with laryngeal atresia
and VCEFS (2). In our study, subglottic stenosis was presented
in patients with severe partial laryngeal atresia—Cohen grade
II, where the glottic obstruction extended into the subglottis
(33%), Tracheomalacia was diagnosed in three cases (33%)
(Table 1), and one had associated laryngomalacia. Congenital
heart disease, including conotruncal defects, conoventricular
and/or atrial septal defects, and aortic anomalies were
present in 60-80% of patients with 22q11.2 DS (23).
Consistent with the literature, 75% of our patients had a
diagnosis of congenital heart disease, mostly atrioventricular
septal defects. Also, as previously described by Ford ez 4.,
otolaryngological findings are relatively common in children
with VCFS, and these must be recognized (24). In that study,
otitis media was present in 88% of the patients, and 92%
of those who underwent nasendoscopy had some degree of
palatal dysfunction. In the current study, 75% had palate
defects, whereas 50% experienced conductive hearing loss
secondary to middle ear effusion.

Conclusions

Partial laryngeal atresia is a feature of 22q11.2DS and a

© Australian Journal of Otolaryngology. All rights reserved.

Australian Journal of Otolaryngology, 2021

careful endoscopic airway evaluation should be mandatory
in cases of stridor. Dysphonia and dysphagia are common in
this group. Children with mild laryngeal obstruction may be
successfully treated with an endoscopic procedure, however,
patients with severe obstruction will require open airway
reconstruction. LTR should be considered in these patients
at a young age to avoid complications related to long-term
tracheostomy.
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