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Abstract

care center.

detection can be beneficial for optimum management.

Background Congenital airway malformations affect the quality of life and increase the family burden. The care
of children who have these lesions requires considerable expenditures of time and other resources within a tertiary

Aim This work aims to determine the incidence of congenital airway malformations in children with airway-related
manifestations detected by flexible fiberoptic bronchoscopy at the bronchoscopy unit of Alexandria University
Children Hospital during the period from 1st of January 2019 to 31st of December 2019.

Patients and methods This retrospective study includes symptomatic children who underwent flexible fiberoptic
bronchoscopy from 1st of January 2019 to 31st of December 2019.

Results The incidence of congenital airway malformations in the studied population was 32%. The mean age
of patients at time of diagnosis was 7 months and the most common congenital anomaly was laryngomalacia.

Conclusion We concluded that congenital airway malformations are not uncommon in newborns and their early

Introduction

Congenital airway malformations are heterogeneous con-
genital respiratory disorders. They have been reported
with an incidence of 0.1 to 2% in the population. Inher-
ent to airway anomalies is high morbidity and mortality,
the need for specialized chronic care, disproportionate
allocation of resources, and a poor quality of life. Inten-
sive care units for neonates and children care for an
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increasing number of children with these types of airway
problems [1, 2]. Diagnostic evaluation should include
detailed antenatal history, clinical history, and physi-
cal examination. Further investigations will be needed if
the following signs and symptoms are present including;
recurrent stridor or wheeze, chronic cough, recurrent
cyanotic episodes, life-threatening events, feeding diffi-
culties with failure to thrive, failure of extubation, asso-
ciated other congenital anomalies, and repeated chest
infections [3, 4].

Investigations include plain X-rays, laryngoscopy,
bronchoscopy, CT scan, and Magnetic resonance
image (MRI). Imaging techniques are extremely help-
ful both pre and post-endoscopy or when endoscopy is
not feasible [3-5].
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A bronchoscopy is an indispensable tool in the clini-
cal evaluation and management of pediatric airway dis-
ease. It is a minimally invasive and superior technique
for directly visualizing and evaluating airway anatomy
and mucosa compared with chest radiography, high-
resolution CT scan, and bronchogram. It allows direct
visualization of airways either by rigid bronchoscope
(RB) or flexible fiberoptic bronchoscope (FFB). There
are no absolute contraindications for bronchoscopy;
however, suitable indications, appropriate equipment,
and skilled personnel are mandatory to perform a safe
procedure [6, 7].

The major advantages of FFB as compared to RB
include the smaller external diameter of the new pediat-
ric flexible scopes, the ability to change direction within
the airway, fine illumination with fiberoptic technology,
and airway dynamics evaluation. Detailed inspection of
dynamics is critical in diagnosing certain airway abnor-
malities. It also allows direct examination of the internal
surface of the airways, their diameter, and characteristics
of the tracheal and bronchial mucosa, and respiratory
tract secretions [7].

Congenital airway malformations affect the quality of
life and increase the family burden. The care of children
who have these lesions requires considerable expendi-
tures of time and other resources within a tertiary care
center [8, 9].

This study aimed to determine the incidence of congen-
ital airway malformations in children with airway-related
manifestations with attention to the time of referral of
infant, need for hospitalization, associated comorbidities,
and outcome. It could help parents and physicians to pay
particular attention to this clinical condition and improve
health care quality.

Patients and methods

This retrospective study included symptomatic children
who underwent flexible fiberoptic bronchoscopy in the
bronchoscopy unit of Alexandria University Children’s
Hospital from 1st of January 2019 to 31st of December
2019. The initial source for patient identification is a ret-
rospectively kept database (Microsoft Access 2007) of
the bronchoscopy unit. Collected data included: Demo-
graphic data, antenatal and perinatal history, history of
hospitalization and ventilation, source of referral, the
onset of manifestations, presenting manifestations, asso-
ciated co-morbidities, investigations, the technique of
bronchoscopy, and anesthesia, bronchoscopic finding,
treatment and outcome.

Inclusion criteria
Patients with onset of airway-related symptoms less than
3 months of age.
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Exclusion criteria

1. Patients with onset of symptoms beyond the age of
three months will be excluded.

2. Patients with incomplete medical records and data
will be excluded.

The reference practice for bronchoscopy practice, indi-
cations, diagnostic utility, safety, necessary equipment and
methodology of this procedure have been described [10].

In the studied cases, bronchoscopy was done through a
laryngeal mask, with general anesthesia and spontaneous
breathing with pre-medications.

Two types of FFB were used:

1. Olympus video bronchoscope (4.1 and 4.9 mm exter-
nal diameter).

2. KARL STORZ-ENDOSKOPE (2.8 mm external
diameter).

Olympus bronchoscope was used in all patients while
STORZ was used in 3 cases due to narrowing of airways.

The following classifications were used in diagnosis of
cases:

1. Onley’s classification of Laryngomalacia as shown in
Fig. 1 [11]

+ Type I—prolapse of the mucosa overlying the aryt-
enoid cartilages.

+ Type II—short aryepiglottic folds.

+ Type IlI—posterior displacement of the epiglottis.

Benjamin and Inglis’s anatomical classification of laryn-
geal clefts as seen in Fig. 2 [12]:

Type L: Supraglottic inter-arytenoid cleft extending to
the true vocal folds but not below them.

Type II: Partial cricoid cleft that extending to the pos-
terior cricoid cartilage, but not through it.

Type III: Total cricoid cleft that may extend to the
cervical trachea.

Type IV: Cleft extending to the thoracic trachea.
Type IV long is a rare variant extending to or beyond
the carina.

Statistical methodology

Statistical analysis was carried out using IBM SPSS statis-
tics software version 20. (Armonk, NY: IBM Corp.). Qual-
itative data were expressed by numbers and percentages.
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Fig. 2 Benjamin and Inglis classification of laryngotracheal clefts: column A, normal larynx; column B, type I, column C, type II; column D, type IlI;
column E, type IV. The top row is a posterior view, the middle row is a superior view, and the bottom row is an endoscopic intraoperative view [12]

The Kolmogrov-Sminrov test was used to verify the nor-
mality of distribution. Quantitative data were described
using range (minimum and maximum), mean, standard
deviation, median, and interquartile range (IQR).

Results

This retrospective study was conducted on symptomatic
children who underwent FFB at the bronchoscopy unit
of Alexandria University Children’s Hospital. A total of
162 children underwent the FFB procedure during the
study period. Congenital airway malformations were
detected in 52 patients (incidence 32%). Forty-six cases
were included in this study. Six cases were excluded due
to incomplete medical records and data.

Table 1 shows that males were more than females. The
mean age at the time of diagnosis was 7.59 + 8.18 months.
About the residency, cases from rural were more than
urban areas.

Table 2 illustrates that history of intra-cytoplasmic
sperm injection was found in one case and, history of
maternal illness in 7 cases. Antenatal ultrasound was
abnormal in only 5cases. Most cases were born cesarean.
Mean gestational age was 38.13+1.57 and mean birth
weight was 3.0+ 0.57.

About resuscitation, routine care in 37% of cases, initial
steps in 39%, positive pressure ventilation in 4.34% while
endotracheal intubation in 19.6% of cases.

Table 3 shows that manifestations started since
birth in the majority of cases (67.4%, no=31), (15%,
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Table 1 Distribution of the studied cases according to socio-

demographic data

Demographic data No %
Sex

Male 24 5217

Female 22 478
Age at diagnosis (months)

Min—max 0.27-36.0

Mean+SD 7.59+8.18

Median (IQR) 4.25(2.0-9.0)
Residency

Urban 20 4348

Rural 26 56.52
Table 2 Antenatal and perinatal history
Antenatal and perinatal history No %
Maternal illness or obstetric problem

Free 38 82.6

Intracytoplasmic sperm injection 1 22

Gestational hypertension 6 13

Pre-gestational diabetes and hypertension 1 2.2
Antenatal ultrasound

Free 41 89.1

Suspected congenital anomalies 5 109
Mode of delivery

Normal vaginal delivery 6 13%

Cesarean section 40 87%
Gestational age

Min—max 340-410

Mean+SD 38.13+£157

Median (IQR) 38.0(37.0-39.0)
Resuscitation data

Routine care 17 37.0

Initial steps 18 39.1

Positive pressure ventilation 2 4.34

Endotracheal intubation 9 19.6
Birth weight (kg)

Min.—max 1.20-3.80

Mean+5D 3.0+057

Median (IQR) 3.0(3.0-3.50)

SD Standard deviation, IQR Interquartile range

no=7) less than 1 month, and (17.4%, no=8) from 1 to

3 months of age.

Table 4 illustrates that the most frequent manifes-

tation was stridor. In the majority of cases, multiple
manifestations were present while only one manifesta-
tion was present in 6 cases; 3 cases presented only with
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Table 3 Age at the onset of manifestations
The onset of manifestations No %
(months)
Day 1 31 674
Day 2-< 1 months 7 15.2
1 month-3 months 8 174
Min.—max 0.25-36.0
Mean+SD 457+6.15
Median (IQR) 2.50 (0.90-6.0)

SD Standard deviation, IQR Interquartile range

Table 4 Distribution of the studied cases according to
manifestations

Manifestations No %
Stridor 35 76.1
Frequent chocking and aspirations 28 60.9
Repeated chest infections 14 304
Feeding difficulties 13 283
Rattling 8 174
Wheezes 3 6.5
Failure to thrive 6 13.0
Hoarseness of voice 2 43
Persistent cough 2 43

stridor, 2 cases with repeated chest infections, and 1
case with frequent aspirations Figs. 3, 4, 5, 6, 7 and 8.

Table 5 shows that the most frequent association was
cardiac anomalies followed by GERD, hypothyroidism,
and cutaneous hemangioma.

Table 6 shows the bronchoscopic findings of the stud-
ied cases which were divided into an isolated finding or
combined airway malformations. The most frequent
anomaly was airway malacia including laryngomalacia
and tracheomalacia.

Tables 7 and 8 illustrate the investigations that was
done in the studied cases.

Other investigations were done in 27 cases including;
plain chest X-ray, high-resolution CT chest with con-
trast, CT angiography, laryngoscopy, previous bronchos-
copy, upper GI endoscopy, and barium study while in 19
cases no further investigations were done.

In 7 cases, bronchoscopic findings were confirmed by
radiological investigations.

Table 9 shows that medical treatment was used in
about 16 cases and surgical interference was needed in 10
cases, while watchful waiting was enough in 20 cases.

Figure 9 reveals that on follow-up most cases (74%,
n=37) improved while (15%, n=7) still have manifesta-
tions. Mortality occurred in (11%, n=5) of cases.
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History of hospitalization

17%

B No hospitalization
B One admission

Frequent admissions

Fig. 3 History of hospitalization. shows that about two-thirds of cases needed hospitalization; 8 cases of them needed more than one hospital
admission

History of ventilation

B Needed ventilation

B No ventilation

Fig. 4 History of mechanical ventilation. lllustrates that the majority of cases (59%, no=27) did not need ventilation while (41.3%, no=19) needed
ventilation

Fig. 5 Type lll laryngomalacia. Bronchoscopic view of larynx showing collapsing retroflexed epiglottis covering the laryngeal inlet (type IlI
laryngomalacia)
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Fig. 6 Subglottic stenosis. Bronchoscopic views of subglottic area showing membranous subglottic stenosis causing about 50% narrowing

of lumen

Fig. 7 Grade lll laryngeal cleft. Bronchoscopic view of subglottic area showing grade Ill laryngeal cleft extending to the lower trachea (black arrow)

Fig. 8 Tracheo-esophageal fistula. Bronchoscopic view of trachea
showing tracheo-esophageal fistula (arrow) at the level of the carina
and at the inlet of the right main bronchus just on the medial aspect
of theinlet

Table 5 Frequency of associated comorbidities and anomalies

Comorbidity/anomaly No %
Cardiac anomalies 14 304
GERD 3 6.6
Cutaneous hemangioma 2 44
Hypothyroidism 2 44
Cerebral palsy 1 2.2
Absent right lung 1 2.2
Congenital adrenal hyperplasia 1 2.2
Supra-ventricular tachycardia 1 2.2
Down syndrome 1 2.2
Developmental hip dysplasia 1 2.2
Imperforate anus 1 2.2
Ambiguous genitalia 1 22
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Airway malformation Total Isolated

Combined

Laryngomalacia 30 14
«Type 1 -
< Typell 7 3
< Type lll 22 10
Laryngeal cleft 1
- Grade | 1
- Grade lll
Membranous sub-glottic stenosis
Vocal cord retention cyst

N

Tracheomalacia

8

7

1

2

3

1

« Primary 5
- Secondary 7
TEF 3
Multiple ring tracheal stenosis 3
Glossoptosis 3
Tracheal bronchus 1
1

Bronchomalacia

6
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N
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Table 7 Investigations of the studied population

Investigations

No

High-resolution CT chest with contrast

- Double aortic arch

- Aberrant right subclavian artery

- Consolidation of lung lobes

- Small lung volume and tracheal stenosis

- Right-sided aortic arch & aberrant left subclavian artery
- Absent right lung and right main bronchus
- Tracheal narrowing

- Free

CT pulmonary angiography

- Innominate artery compression of the trachea
- Aberrant right subclavian artery

- Free

Plain chest x-ray

- Pneumonia

Barium swallow

- GERD

Previous bronchoscopy

- Laryngeal cleft

-TEF

Laryngoscopy

- Laryngomalacia

Upper Gl endoscopy

- Esophageal stenosis

NN —m — = W NN — om0 N —

- = NN
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All cases which did not improve were either planned
for surgery or still manifesting after surgery except 2
cases of type III laryngomalacia. Two cases planned for
surgery are a case of multiple ring tracheal stenosis and
a case of external vascular compression. Three cases seen
postoperative were type III laryngomalacia, TEF and
grade III laryngeal cleft, and TEF with multiple ring tra-
cheal stenosis.

Cases that died were either preterm with a pro-
longed hospital stay or cases having associated comor-
bidities (cardiac anomalies, Down syndrome, and
hypothyroidism).

Discussion

Congenital airway malformations include a wide range
of anomalies affecting various parts of the airways. They
are a major cause of morbidity and mortality that usually
manifest and may progress in early life. Due to variable
symptoms and clinical course, a high index of clinical
suspicion is needed for early diagnosis and management
of these lesions [3, 13]. Multiple investigations are now
available to identify the diagnosis and quantify the sever-
ity of the problem [3, 14]. Bronchoscopy is a minimally
invasive and superior technique for direct visualization
and evaluation of airway anatomy and mucosa compared
with other investigations [7, 15, 16].

Among the studied cases of Bronchoscopy Unit of
Alexandria University Children’s Hospital, congenital air-
way malformations were observed in 35.8% of cases, 46
cases were included in the study.

In this study, the mean age of patients was 7 months
and the youngest age was 8 days. Statistical analysis
revealed a non-significant difference regarding the sex or
residence of the patients.

Hamouda et al. and Sachdev et al. found in their studies
that males are more commonly affected than females and
the mean age was above 6 months which disagrees with
our results [15, 16].

Moslehi et al. found that there is no significant differ-
ence regarding the sex of patients in agreement with our
findings [17].

The onset of clinical manifestations in about two-thirds
of cases started since birth. Multiple manifestations were
found in a large percentage of cases but the most com-
mon presentation was stridor followed by frequent aspi-
ration and feeding intolerance.

Erdem and his colleagues, (2013) [18], in their study,
found that the onset of manifestations in most cases was
since birth in agreement with our results. Stridor was
present in all of their studied cases followed by wheezes
and hoarseness of voice which disagree with our findings.

El Meazawy et al. (2020) [19]. A recent study of central
airway collapse in pediatrics in Eygpt found that stridor is
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Bronchoscopic finding

Investigation confirming diagnosis

External vascular compression

Multiple ring tracheal stenosis
Absent inlet of the right main bronchus

Double aortic arch in HRCT with contrast

Tracheal narrowing by HRCT
Aberrant subclavian artery by CT angiography

Innominate artery compression by CT angiography

Right-sided aortic arch and aberrant right subcla-
vian artery by HRCT with contrast

Complete multiple ring tracheal stenosis by HRCT
Aplasia of the right lung in HRCT with contrast

Multiple ring tracheal stenosis and opening in the posterior wall of the trachea TEF by CT with virtual bronchoscopy

Table 9 Distribution of cases according to treatment (n =46)

Treatment No %

Watchful waiting 19 41.3%
- Type lll laryngomalacia 4 8.69%
- Type Il laryngomalacia + laryngeal cleft 4 8.69%

- Type lll laryngomalacia + external vascular 2 4.3%
compression of the trachea

- Type Il laryngomalacia 4 8.69%

- Type Il laryngomalacia + laryngeal cleft 1 2.2%

- Type Il laryngomalacia + tracheomalacia 1 2.2%

- Type | laryngomalacia 1 2.2%

- Tracheomalacia 1 2.2%

- Membranous subglottic stenosis 1 2.2%
Medical 16 34.78%

- Type Ill laryngomalacia 8 17.3%

- Type lll laryngomalacia + bronchomalacia 1 2.2%

- Type Il laryngomalacia 1 2.2%

- Membranous subglottic stenosis 1 2.2%

- Grade | laryngeal cleft 1 2.2%

- Tracheomalacia 2 4.3%

- External vascular compression 2 43%
Surgical 1 24%

- External vascular compression 2 44

- Multiple ring tracheal stenosis 2 44

- Tracheoesophageal fistula 3 6.5

- Type lll laryngomalacia 3 6.5

- Membranous subglottic stenosis 1 2.2

a frequent presenting manifestation which agree with the
findings of this study.

According to this study results, congenital airway mal-
formations were associated with other co-morbidities in
about two-fifth of cases. Congenital heart disease was
the most common comorbidity observed in the studied
cases.

Inconsistent with this study Lee et al. and scandev et al.
found that the most common comorbidity associated

with congenital airway anomalies was cardiac anomalies
[20, 21].

Bronchoscopic findings revealed that laryngeal anoma-
lies were the most common finding followed by tracheal
anomalies. Type III laryngomalacia was the most com-
mon laryngeal anomaly followed by laryngeal cleft and
subglottic stenosis while the most common tracheal
anomaly was tracheomalacia.

Meslehi et al. and Midyat et al. found that malacic dis-
orders were the most common findings which run in line
with our results [17, 21].

Guillemaud et al. found that in their studied cases the
most frequent bronchoscopic finding were malacic disor-
ders which agree with our results but the most common
malacic disorder was tracheomalacia which conflicts
with the other study results [22].

The limitations of this work are as follows: first, the
retrospective nature of the study resulted in the exclu-
sion of some cases due to missing data. Second, the short
duration of the study compared to other studies. Third,
our population of children with airway malformations
is highly selected and, therefore, is not entirely repre-
sentative of the general population of children. However,
it gives an insight into patients who should probably be
referred to pulmonology centers.

Conclusions

From the present study, it can be concluded that con-
genital airway malformations are not uncommon in
newborns and their early detection can be beneficial for
optimum management. Airway malformations are a lead-
ing cause of morbidity in newborns.FFB can be used as
an important diagnostic tool of congenital airway mal-
formations that can guide medical and surgical interven-
tions. Surgical intervention is not the commonly used
treatment of congenital airway malformations. Watchful
waiting and medical treatment are needed in the majority
of cases.
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Outcome

Fig. 9 Outcome of the studied cases

Recommendations

From the present study, we recommend a complete filing
system and regular follow-up of such cases will be helpful
in further studies. Conducting this study on a larger scale
and multicentric basis is needed in the future for further
verification of these results. Raising awareness of neona-
tologists about congenital airway malformations and the
importance of FFB is important for early diagnosis and
management.
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