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Background. Subglottic stenosis (SGS) is a congenital or acquired condition and is the most common site of airway narrowing in children. 
The pathogenesis of SGS includes subglottic mucosal pressure necrosis, leading to mucosal ulceration, perichondritis and mature scar 
formation. Acquired SGS accounts for 90% of laryngotracheal stenosis in children.
Objectives. To describe the associated disease factors, management and outcomes of infants with acquired SGS in a middle-income country.
Methods. A retrospective, descriptive study was performed between January 2018 and August 2022, including all infants aged ≤1 year 
who had bronchoscopically confirmed SGS. Data regarding demographics, intubation and invasive ventilation, various disease parameters, 
findings at bronchoscopy and short-term outcomes were collected. Descriptive statistical analysis was performed. Ethical approval was 
provided by Stellenbosch University.
Results. During the research period, 44 infants were diagnosed with acquired SGS, of whom 29 were included in the study. Most infants 
were born at term and underwent diagnostic bronchoscopy at a mean chronological age of <2 months. All infants were intubated and 
ventilated at birth, for a variety of diagnoses. Bronchoscopy showed grade 2 or worse stenosis in the majority, and most infants were managed 
successfully with balloon dilatation. An inappropriately sized endotracheal tube was used in 52% of infants, one-third of infants required 
multiple invasive ventilation periods, and one-third experienced unexpected extubation episodes.
Conclusion. In a resource-limited setting, SGS often develops as a result of preventable causes, with the majority of children being 
successfully treated with endoscopic procedures.
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The subglottis, extending from below the vocal cords to the lower 
border of the cricoid cartilage, is entirely cartilaginous, making it 
susceptible to stenosis (Fig. 1). 

Subglottic stenosis (SGS) can either be congenital or acquired, 
with acquired SGS accounting for 90% of paediatric laryngotracheal 
stenosis.[1,2]

SGS is defined as a lumen of <4 mm in a term infant and <3 mm in a 
preterm infant.[1,3] It occurs mainly as a result of mucosal ulceration 
and the subsequent formation of mature scar tissue following mucosal 
pressure necrosis. Most commonly, mucosal pressure necrosis is due 
to endotracheal intubation.[4,5]

Acquired SGS is more common than congenital SGS, but with a 
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variable prevalence.[6,7] In the past, acquired SGS was less frequent, with 
the most common cause being laryngeal infections such as diphtheria, 
with necrosis being due to endotoxin-induced mucosal damage.[8] 
This has now decreased significantly owing to the introduction of 
diphtheria vaccinations. Endotracheal intubation has now become 
the most common cause of acquired SGS.[1,6]

In an Australian study of 50 infants and children, the prevalence 
of acquired SGS was 0.93%.[6] This study also supported previous 
literature indicating an association between the size of the endotracheal 
tube (ETT) and the development of SGS.[8-11] Various factors have 
been associated with SGS. Some variables have been confirmed (level 
of sedation and gastrooesophageal reflux), while others have less 
evidence of association (age, weight, gender, duration of intubation, 
multiple intubations, traumatic intubation, tube size, absence of air 
leak, and infection).[12]

Bronchoscopy can be used for diagnosis and management in SGS. It 
remains the gold standard for grading airway obstruction severity.[1] SGS 
management is via a variety of endoscopic or open surgical procedures. 
Endoscopic management can be used as a primary treatment modality 
or as an adjuvant treatment before and after surgery.[1]

There is a paucity of data on acquired SGS in South Africa (SA) 
and other low- and middle-income countries (LMICs), despite the 
clinical relevance of the condition. These regions report high birth 
and preterm birth rates, yet awareness and recognition of airway 
complications such as SGS remain limited. Furthermore, initial 
management of affected neonates and infants often occurs at lower-tier 
healthcare facilities, frequently by less experienced medical personnel, 
which may delay diagnosis and contribute to suboptimal outcomes.

Most of the current literature is based on data from high-resource 
countries and their outcomes. The aim of this study was to describe the 
characteristics and management of infants ≤1 year of age diagnosed 
with SGS at Tygerberg Hospital, an academic referral hospital in 
Western Cape Province, SA, a middle-income country.

The Health Research Ethics Committee (HREC) of the Faculty of 
Medicine and Health Sciences at Stellenbosch University, Cape Town, 
SA, granted consent for this research (ref. no. S21/11/239).

Methods
A retrospective, descriptive study was conducted between January 
2018 and August 2022, including all infants aged ≤1 year with 
bronchoscopy-confirmed SGS admitted to the neonatal and paediatric 
intensive care units at Tygerberg Hospital.

Tygerberg Hospital is a tertiary care facility with 132 neonatal beds. 
It serves as a referral centre for complicated and high-risk pregnancies, 
as well as for neonates requiring ventilation, increased non-invasive 
respiratory support or surgical intervention. The hospital has ~8 000 
annual births, but is responsible for tertiary-level maternity services 
for an area delivering ~50 000 infants annually.

Infants were identified from an existing paediatric and neonatal 
bronchoscopy database, a bronchoscopy theatre book, and an 
existing ear, nose and throat surgical intervention database. Children 
who were diagnosed with SGS after the age of 1 year, infants with 
congenital SGS or other congenital airway abnormalities, amd 
infants with missing critical data regarding intubation were excluded. 
Collected information included demographic data and illness data 
(including sepsis and respiratory disease), intubation data (intubation, 
endotracheal intubation attempts, size of ETT, any episodes of 
unexpected extubation) and any mechanical ventilation data (number 
and duration of episodes of invasive ventilation). Bronchoscopy data 
were also collected.

An unplanned extubation is defined as the unintentional 
dislodgement of an ETT in a patient receiving invasive mechanical 
ventilation.

The appropriateness of the size of the ETT was determined using 
the Cincinnati airway card app (developed by the Division of Pediatric 
Otolaryngology, Cincinnati Children’s Hospital, USA).[13] This app 
facilitates calculation of the Myer-Cotton grading. Myer and Cotton 
developed a score that helps to objectively assess the grading using 
ETT sizes.[14] Sepsis was defined as culture-positive sepsis, on blood 
culture, cerebrospinal fluid or urine, within 2 weeks of intubation as 
per previous studies.[6,15]

Normal intubation practice at Tygerberg Hospital is to intubate 
infants weighing <4 kg with an uncuffed ETT, with the predominant 
route being nasopharyngeal. Older, larger infants are intubated orally 
with a cuffed ETT. Bronchoscopy is standard practice for all infants 
with prolonged stridor, those who have more than two episodes 
of failed extubation attempts due to upper airway obstruction, or 
those with persistent stridor post ventilatory support. Both flexible 
and rigid bronchoscopy are performed under anaesthesia. SGS is 
graded using the Myer-Cotton classification.[4,14] The Myer-Cotton 
classification is based on the degree (%) of stenosis; it is the most 
widely recognised classification, and is the one used at Tygerberg 
Hospital. Computed tomography (CT) scans were done in selected 
patients where surgical planning was needed or if vascular or 
pulmonary anomalies were suspected.

Research was allowed to be performed using a waiver of informed 
consent, as approved by the HREC of Stellenbosch University. 
The research was performed in accordance with the principles of the 
Declaration of Helsinki.
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Fig. 1. Anatomy of the larynx.
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Statistical analysis
Data were described using means and standard deviations or medians 
and interquartile ranges, depending on normality of data. Categorical 
data were described using numbers and percentages.

Stata 18 (StataCorp, USA) was used for statistical analysis.

Results
Sixty-four cases of confirmed SGS were identified between 2018 
and 2022, of which 44 were in infants aged ≤1 year. Five infants 
were excluded owing to missing data and 10 infants were excluded 
owing to a diagnosis of congenital SGS (Fig. 2). The final study 
cohort was 29 infants. The proportion of patients with acquired 
SGS aged ≤1 year, relative to all children with SGS in the time 
period, was 45%.

Demographic characteristics are shown in Table 1. Most infants 
were born at term gestational age and transferred to Tygerberg 
Hospital from other medical institutions. One-third of the infants were 
HIV exposed but uninfected (HEU). Of those who were HEU, 20% 
were small for gestational age and 20% were premature with very low 
birthweight or extremely low birthweight. The mean chronological age 
at admission for bronchoscopy was <2 months, and 52% of the infants 
were underweight for age at the time of bronchoscopy.

Indications for intubation varied, including stridor (41%; 
n=12), pneumonia (24%; n=7) and other causes (34%; n=10). Of 
the 12 intubations for stridor, 9 were due to previous intubation 
for neonatal reasons (respiratory distress syndrome n=3, 
meconium aspiration syndrome n=2, congenital pulmonary airway 
malformation n=1, hydrops fetalis n=1, bilateral vocal cord palsy 
n=1 and laryngeal web/cyst n=1). One infant had a retropharyngeal 
abscess, and there were 2 cases of croup. Other causes for intubation 
included necrotising fasciitis, organophosphate poisoning, post-
cardiac surgery sepsis, viral encephalitis, necrotising enterocolitis, 
lower respiratory tract infection, pulmonary haemorrhage, severe 
dehydration, and prematurity.

All infants were intubated and ventilated within the first month 
of life. A larger than age-appropriate ETT was used to intubate 52% 
(n=15) of the infants.

Most infants were successfully intubated at the first attempt (52%). 
One-third of the infants had failed extubation episodes, and one-third 
experienced unexpected extubations (Table 2). The mean duration of 
invasive ventilation was <10 days, and that of non-invasive ventilation 
was <14 days. Most infants developed post-extubation stridor, and 
most received corticosteroids (Table 2). Sepsis within the first 2 weeks 
of intubation was noted in fewer than half of the study cohort.

At bronchoscopy, two-thirds of the infants had grade 2 or worse 
stenosis (Table  3). Most infants required intervention, of whom 
most were managed with balloon dilatation only (65%; n=19), 
balloon dilatation and surgical management (14%; n=4), and surgical 
management only (7%; n=2), with only 4 (14%) never requiring any 
endoscopic intervention. More than one session of balloon dilatation 
was required in 57% (n=13/23) of the infants. Surgical intervention 
consisted of placement of a tracheostomy or performance of a cricoid 
split with thyroid alar graft augmentation procedure. A tracheostomy 
was placed as an emergency procedure in 2 infants with severe 
SGS and bilateral vocal cord paralysis with side-to-side narrowing 
on a subsequent scope post intubation, and in 2 infants after failed 

endoscopic dilatation. Tracheostomy placement occurred at a mean 
age of 8 months (Table 3).

Six infants underwent CT scans for clinical management as 
well as surgical planning. Three cases showed significant parenchymal 
changes, 2 showed subglottic narrowing, and 1 showed vascular 
compression.

Discussion
Limited studies have looked at infants ≤1 year of age with acquired 
SGS in LMICs. Infants with acquired SGS showed a high prevalence 
of prematurity, underweight for age, emergency intubations, 
unexpected extubations, repeated intubations, multiple intubation 
attempts, and sepsis.

The incidence of acquired SGS has been stated to be 1  -  8% 
and up to 4.5 per 100 000 live births.[16,17] The present study was 
unable to determine an incidence owing to the large number 
of infants transferred to the referral centre from other medical 
institutions. The proportion of patients with aquired SGS aged ≤1 
year relative to all children with SGS in the time period was 45%, 
lower than in a Serbian paediatric study (68.4%).[18] The present 
study showed a high prevalence (34%) of HEU infants with SGS. 
This is a novel finding. as HIV has not previously been shown to be 
associated with acquired SGS. However, the HIV exposure rate in 
Western Cape is 19 - 31%,[19,20] which may explain the prevalence in 
the present study.

In the present study, nearly half the cohort was premature. This 
is lower than in Argentinian (67%) and US cohorts (66%),[21,22] but 
higher than the figure in a European paediatric cohort (25%).[18]

Unplanned extubations can be decreased by improved staff 
awareness of the problem. It has been shown that having two licensed 
professionals involved when performing any procedure on an 
intubated patient can reduce the number of unplanned extubations.[23]

A study has shown that four episodes of unplanned extubations 
and documentation of trauma during intubation attempts have been 
associated with an increased risk of acquired SGS.[24] Another study 
showed a 3.5-fold increase in the risk of SGS with more than five 
intubation attempts.[6]

Multiple intubation attempts occurred less frequently (24%) in the 
present study compared with the 55% found in another study.[24]

The duration of invasive ventilation has also been associated with 
an increased risk of SGS. It has been shown that for every additional 
5 days’ duration of intubation, the risk of SGS increased by 50.3%.[25] 
It has also been shown that even a 24-hour mechanical ventilation 
period could trigger stridor and lead to the onset of SGS.[26] The 
mean duration of invasive ventilation in the present study (<10 
days) was shorter than in various other studies (20 - 65 days).[6,21] 
The discrepancy in duration could be due to the small sample size in 
the present study, as well as the inclusion of more immature infants 
in some studies.

An association between ETT size and the subsequent development 
of SGS has been shown in multiple studies.[9-11,27] A formula to guide 
the selection of an ETT of appropriate size for neonatal intubations 
based on gestational age was proposed by Sherman et al.[11] and 
Sherman and Nelson.[28] An ETT size/gestational age of <0.1 has been 
shown to significantly decrease the prevalence of SGS in neonates. 
The present study showed that an ETT of incorrect size was used in 
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just over half of the infants, similar to an Australian study (57%).[6] An 
oversized ETT has been shown to increase the risk of SGS 6-fold.[6]

Emergency intubation was performed in most of the infants 
in the present study. Few studies are available showing outcomes 
for emergency v. elective intubations in neonates and infants.[29-31] 
Non‑elective intubations have been shown to be associated with an 
increased prevalence of post-extubation stridor.[32] It is therefore 
biologically plausible that rushed emergency intubations may lead 

to more traumatic intubations, resulting in a higher risk of SGS. 
Successful first-attempt intubations may be enhanced by the use of an 
appropriately sized ETT, video laryngoscopy and sufficient training. 
Video laryngoscopy has been shown to improve intubation success 
and has been endorsed by the British and European anaesthetic 
associations for use in neonates and children.[33]

Unplanned extubation is a known risk factor for acquired SGS. 
This  complication can be prevented by ensuring that the ETT is 
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Intervention required
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No intervention required
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Balloon dilatation 
and tracheostomy
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Included cases acquired SAS
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Fig. 2. Inclusion and management of infants with acquired SGS. (SGS = subglottic stenosis.)
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properly secured and remains in place, particularly during patient 
movement or transport – especially from referral hospitals. The 
number of intubation attempts should be accurately documented 
in the clinical notes; this information was notably lacking in the 
present study. It is essential that medical personnel are trained to 
select the correct ETT size. The Cincinnati airway card app[13] is an 
easily accessible reference. Regular training and skills refreshers in 
neonatal intubation should be mandatory for all medical staff to 
ensure competence and consistency in practice.

The definition of stridor has been described differently in 
various  studies, leading to different prevalences of stridor post 
extubation.[34,35] Most infants in the present study developed post-
extubation stridor. Depending on definitions and inter-rater 
variability, the incidence of post-extubation stridor is 7 - 41%.[26,29,36] 
The prevalence in the present study remains higher than that described 
in these studies.

In the early 20th century, infection remained the primary cause of 
SGS.[8] However, in the late 20th century, trauma became the primary 
cause of SGS in infants and children.[8] Few studies have described the 
association between sepsis and SGS. Respiratory failure due to viral 
infections has been associated with SGS.[37] Respiratory tract infections 
may increase the risk of bacterial colonisation in the subglottic space. 
Bacteria then colonise the damaged subglottis, resulting in focal 
infection and granulation formation.[5,38] The present study showed 
that almost half of the patients had one or more episodes of infection 
within the first 2 weeks of intubation. More research is needed into the 
correlation between infection and the development of SGS.

The present study showed that one-third of the infants had grade 3 
or higher SGS. This is lower than in Turkish (54%)[3] and Canadian 
studies (68%),[6] but higher than in Saudi Arabian (20%)[4] and 
Singaporean studies (16.7%).[17] The reason remains unknown and 
more research is needed. The grade of SGS is associated with the need 
for treatment, whereby infants with grade 1 SGS may be able to be 
observed, and grades 2, 3 and 4 will require intervention.[6]

Studies have reported that endoscopic balloon dilatation is 
successful in 90 - 95% of patients with acquired SGS over a short-
term follow-up.[39,40] The present study showed an 82% success rate 
of balloon dilatation as the only management, with a failure rate 
of 17%. The lower rate compared with the literature may be due 
to later diagnosis, a different patient population and a high rate of 
HIV exposure, with well-established fibrosis by the time dilatation 
is attempted. The number of dilatations required in this study is in 
line with international literature, showing that multiple dilatations are 
often required in infants and children with SGS.[4,39]

This study has several limitations. It was a retrospective study 
performed in an academic referral centre, which restricts the 
generalisability of the findings. Various datapoints were also missing, 
which may have influenced the interpretation of the data. The 
background HIV and sepsis rate of the research centre must be borne 
in mind when interpreting the association between these parameters 

Table 2. Intubation and ventilation characteristics (N=29)
Variable n (%)*
Type of intubation

Elective 3 (10)
Emergency 26 (90)

Age at intubation (months), median (IQR) 0.8 (0.1 - 1.7)
Total duration of intubation (days), mean (SD) 9.9 (7.0)
Intubation attempts

Single 15 (52)
Multiple 7 (24)
Unknown 7 (24)

Unexpected extubations
None 15 (52)
Multiple 9 (31)
Unknown 5 (17)

Inappropriate ETT size† 15 (52)
Type of ventilation

Conventional 24 (83)
High-frequency ventilation 5 (17)

Duration of non-invasive ventilation (days), 
mean (SD)

12.9 (11.9)

Post-extubation stridor 24 (83)
Use of steroids for stridor 25 (86)
Sepsis episodes within 2 weeks of intubation

None 15 (52)
Single episode 8 (28)
Multiple (≥2) episodes 6 (20)

IQR = interquartile range; SD = standard deviation; ETT = endotracheal tube.
*Except where otherwise indicated.
†According to the Cincinnati scale.[13]

Table 1. Demographic characteristics (N=29)
Variable n (%)*
Birth demographics

Male 15 (52)
Gestational age at birth (weeks), mean (SD) 35.7 (4.8)
Premature (<37 weeks’ gestational age at 
birth)

13 (45)

HEU 10 (34)
Birthweight

Normal 13 (45)
LBW 5 (17)
VLBW 8 (28)
Unknown 3 (10)

Demographics at time of bronchoscopy
Born at Tygerberg Hospital 9 (31)
Age at first scope (months), median (IQR) 1.2 (0.3 - 7.1)
Weight at first scope (kg), mean (SD) 4.6 (2.7)
UWFA at admission 15 (52)

Reason for admission
Stridor (incl. post-extubation stridor) 12 (41)
Pneumonia 7 (24)
Other 10 (34)

SD = standard deviation; IQR = interquartile range; HEU = HIV exposed but uninfected;  
LBW = low birthweight; VLBW = very low birthweight;  
UWFA = underweight for age (z-score <–2) on the World Health Organization growth chart for 
children and according to Fenton and Kim[41] for neonates.
*Except where otherwise indicated.
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and acquired SGS. The level of training and experience of the staff 
performing intubations was not recorded in this study; however, these 
factors are likely to vary significantly and are critical in determining 
the success and safety of the procedure. This study was performed at 
a tertiary hospital on a selective group of predominantly critically ill 
infants, which may influence the findings. More research is needed 
into the association between these parameters and SGS.

Conclusions
This is the first report of acquired SGS in infants aged ≤1 year from a 
resource-limited setting. The prevalence was similar to that reported 
in some international literature. Many associated factors were similar 
to those found in international literature – prematurity, inappropriate 
ETT size, post-extubation stridor, multiple intubation attempts, and 
unexpected extubations. HIV and sepsis within 14 days of intubation 
may be novel findings, but require more research. Most infants were 
successfully treated with balloon dilatation, showing the feasibility of 
this management in a resource-limited setting.

Data availability. The datasets generated and analysed during the present 
study are available from the corresponding author (TK) on reasonable 
request. Any restrictions or additional information regarding data access 
can be discussed with the corresponding author.

Declaration. The research for this study was done in partial fulfilment of 
the requirements for TK’s MMed (Paed) degree at Stellenbosch University. 
PG is a member of the editorial board.
Acknowledgements. We thank Dr Mareli Nieuwoudt for the drawing of 
the subglottis.
Author contributions. Substantial contributions to the drafting and design 
of the work, acquisition, analysis, and interpretation of data: TK, PG, LvW, 
MM. Reviewing the work critically for important intellectual content and 
final approval of the version to be published: TK, PG, LvW, MM.
Funding. None.
Conflicts of interest. None.

1.	 Jefferson ND, Cohen AP, Rutter MJ. Subglottic stenosis. Semin Pediatr Surg 
2016;25(3):138-143. https://doi.org/10.1053/j.sempedsurg.2016.02.006

2.	 Monnier P. Pediatric airway surgery: Management of laryngotracheal stenosis in 
infants and children. Egypt J Otolaryngol 2014;30(2):188-190. https://doi.org/10.1007/
BF03546434

3.	 Cakir E, Atabek AA, Calim OF, et al. Post-intubation subglottic stenosis in children: 
Analysis of clinical features and risk factors. Pediatr Int 2020;62(3):386-389. https://
doi.org/10.1111/ped.14122

4.	 Alshammari J, Alkhunaizi AA, Arafat AS. Tertiary center experience with primary 
endoscopic laryngoplasty in pediatric acquired subglottic stenosis and literature 
review. Int J Pediatr Adolesc Med 2017;4(1):33-37. https://doi.org/10.1016/j.
ijpam.2016.11.001

5.	 Dorris ER, Russell J, Murphy M. Post-intubation subglottic stenosis: Aetiology at 
the cellular and molecular level. Eur Respir Rev 2021;30(159):200218. https://doi.
org/10.1183/16000617.0218-2020

6.	 Thomas RE, Rao SC, Minutillo C, Vijayasekaran S, Nathan EA. Severe acquired 
subglottic stenosis in neonatal intensive care graduates: A case-control study. Arch 
Dis Child Fetal Neonatal Ed 2018;103(4):F349-F354. https://doi.org/10.1136/
archdischild-2017-312962

7.	 Walner DL, Loewen MS, Kimura RE. Neonatal subglottic stenosis – incidence 
and trends. Laryngoscope 2001;111(1):48-51. https://doi.org/10.1097/00005537-
200101000-00009

8.	 Santos D, Mitchell R. The history of pediatric airway reconstruction. Laryngoscope 
2010;120(4):815-820. https://doi.org/10.1002/lary.20823

9.	 Contencin P, Narcy P. Size of endotracheal tube and neonatal acquired subglottic 
stenosis. Study Group for Neonatology and Pediatric Emergencies in the Parisian Area. 
Arch Otolaryngol Head Neck Surg 1993;119(8):815-819. https://doi.org/10.1001/
archotol.1993.01880200015002

10.	 Downing GJ, Kilbride HW. Evaluation of airway complications in high-risk preterm 
infants: Application of flexible fiberoptic airway endoscopy. Pediatrics 1995;95(4):567-572.

11.	 Sherman JM, Lowitt S, Stephenson C, Ironson G. Factors influencing acquired 
subglottic stenosis in infants. J Pediatr 1986;109(2):322-327. https://doi.org/10.1016/
S0022-3476(86)80395-X

12.	 Veder LL, Joosten KFM, Timmerman MK, Pullens B. Factors associated with laryngeal 
injury after intubation in children: A systematic review. Eur Arch Otorhinolaryngol 
2024;281(6):2833-2847. https://doi.org/10.1007/s00405-024-08458-7

13.	 Alward J. Mobile airway card (version 2.5.3) (mobile app). 2016. https://apps.apple.
com/us/app/mobile-airway-card/id1034012985 (accessed 18 August 2023).

14.	 Myer CM 3rd, O’Connor DM, Cotton RT. Proposed grading system for subglottic 
stenosis based on endotracheal tube sizes. Ann Otol Rhinol Laryngol 1994;103(4 Pt 
1):319-323. https://doi.org/10.1177/000348949410300410

15.	 Suzumura H, Nitta A, Tanaka G, Kuwashima S, Hirabayashi H. Role of infection in the 
development of acquired subglottic stenosis in neonates with prolonged intubation. 
Pediatr Int 2000;42(5):508-513. https://doi.org/10.1046/j.1442-200x.2000.01273.x

16.	 Leung R, Berkowitz RG. Incidence of severe acquired subglottic stenosis in newborns. 
Int J Pediatr Otorhinolaryngol 2007;71(5):763-768. https://doi.org/10.1016/j.
ijporl.2007.01.014

17.	 Choo KK, Tan HK, Balakrishnan A. Subglottic stenosis in infants and children. 
Singapore Med J 2010;51(11):848-852.

18.	 Gojsina B, Rodic M, Visekruna J, Basa M, Sovtic A, Gojsina B. Subglottic stenosis in 
children – etiology and treatment. Eur Respir J 2023;62(Suppl 67):PA1639. https://doi.
org/10.1183/13993003.congress-2023.PA1639

19.	 Slogrove AL, Bovu A, de Beer S, et al. Maternal and birth outcomes in pregnant people 
with and without HIV in the Western Cape, South Africa. AIDS 2024;38(1):59-67. 
https//doi.org/10.1097/QAD.0000000000003728

Table 3. Interventions for subglottic stenosis (N=29)
Variable n (%)*
Age at scope (months), median (IQR) 1.8 (1 - 6)
Subglottic stenosis grading†

Grade 1 (<50%) 4 (14)
Grade 2 (51 - 70%) 10 (34)
Grade 3 (71 - 90%) 9 (31)
Grade 4 (91 - 100%) 0
Unknown 6 (21)

Intervention, n (%)
None 4 (14)
Endoscopic (dilatation) 23 (79)

Endoscopic only 19 (65)
Endoscopic and surgical 4 (14)

Surgical 6 (21)
Tracheostomy 4 (14)
Cricoid split 2 (7)

Age at tracheostomy (months), mean (SD) 8 (5)
Number of dilatation sessions

Single 10/23 (43)
Multiple 13/23 (57)

Number of bronchoscopies, median (IQR) 3 (2 - 4)
CT 6 (21)
Age at CT (months), median (IQR) 4.8 (0.3 - 10)

IQR = interquartile range; SD = standard deviation; CT = computed tomography.
*Except where otherwise indicated.
†Myer-Cotton scale.[14]

https://doi.org/10.1053/j.sempedsurg.2016.02.006
https://doi.org/10.1007/BF03546434
https://doi.org/10.1007/BF03546434
https://doi.org/10.1111/ped.14122
https://doi.org/10.1111/ped.14122
https://doi.org/10.1016/j.ijpam.2016.11.001
https://doi.org/10.1016/j.ijpam.2016.11.001
https://doi.org/10.1183/16000617.0218-2020
https://doi.org/10.1183/16000617.0218-2020
https://doi.org/10.1136/archdischild-2017-312962
https://doi.org/10.1136/archdischild-2017-312962
https://doi.org/10.1097/00005537-200101000-00009
https://doi.org/10.1097/00005537-200101000-00009
https://doi.org/10.1002/lary.20823
https://doi.org/10.1001/archotol.1993.01880200015002
https://doi.org/10.1001/archotol.1993.01880200015002
https://doi.org/10.1016/S0022-3476(86)80395-X
https://doi.org/10.1016/S0022-3476(86)80395-X
https://doi.org/10.1007/s00405-024-08458-7
https://apps.apple.com/us/app/mobile-airway-card/id1034012985
https://apps.apple.com/us/app/mobile-airway-card/id1034012985
https://doi.org/10.1177/000348949410300410
https://doi.org/10.1046/j.1442-200x.2000.01273.x
https://doi.org/10.1016/j.ijporl.2007.01.014
https://doi.org/10.1016/j.ijporl.2007.01.014
https://doi.org/10.1183/13993003.congress-2023.PA1639
https://doi.org/10.1183/13993003.congress-2023.PA1639
http://doi.org/10.1097/QAD.0000000000003728


AJTCCM  VOL. 32  NO. 1  2026   13

ORIGINAL RESEARCH: ARTICLES

20.	 Phelanyane FM, Heekes A, Smith M, et al. Prevention of vertical transmission of HIV 
in Khayelitsha, South Africa: A contemporary review of services after 20 years. S Afr 
Med J 2023;113(10):14-19. https://doi.org/10.7196/SAMJ.2023.v113i10.861

21.	 Debs S, Kazi AA, Bastaich D, Thacker L, Petersson RS. Prognostic factors in 
the management of pediatric subglottic stenosis. Int J Pediatr Otorhinolaryngol 
2021;151:110931. https://doi.org/10.1016/j.ijporl.2021.110931

22.	 Percul C, Lerendegui L, Lobos P, Liberto D, Moldes J, Urquizo MM. Association 
between subglottic stenosis and endotracheal intubation in tracheostomized pediatric 
patients. Cir Pediatr 2023;36(3):110-115. https://doi.org/10.54847/cp.2023.03.10

23.	 Merkel L, Beers K, Lewis MM, Stauffer J, Mujsce DJ, Kresch MJ. Reducing unplanned 
extubations in the NICU. Pediatrics 2014;133(5):e1367-e1372. https://doi.org/10.1542/
peds.2013-3334

24.	 Pavlek LR, Dillard J, Ryshen G, Hone E, Shepherd EG, Moallem M. Short-term 
complications and long-term morbidities associated with repeated unplanned 
extubations. J Perinatol 2021;41(3):562-570. https://doi.org/10.1038/s41372-021-
00927-9

25.	 Manica D, Schweiger C, Marostica PJ, Kuhl G, Carvalho PR. Association 
between length of intubation and subglottic stenosis in children. Laryngoscope 
2013;123(4):1049-1054. https://doi.org/10.1002/lary.23771

26.	 Nascimento MS, Prado C, Troster EJ, Valerio N, Alith MB, Almeida JF. Risk factors 
for post-extubation stridor in children: The role of orotracheal cannula. Einstein (Sao 
Paulo) 2015;13(2):226-231. https://doi.org/10.1590/s1679-45082015ao3255

27.	 Rodriguez H, Cuestas G, Botto H, Cocciaglia A, Nieto M, Zanetta A. Post-intubation 
subglottic stenosis in children: Diagnosis, treatment and prevention of moderate 
and severe stenosis. Acta Otorrinolaringol Esp 2013;64(5):339-344. https://doi.
org/10.1016/j.otorri.2013.03.006

28.	 Sherman JM, Nelson H. Decreased incidence of subglottic stenosis using an ‘appropriate-
sized’ endotracheal tube in neonates. Pediatr Pulmonol 1989;6(3):183-185. https://doi.
org/10.1002/ppul.1950060311

29.	 Hatch LD, Grubb PH, Lea AS, et al. Endotracheal intubation in neonates: A prospective 
study of adverse safety events in 162 infants. J Pediatr 2016;168:62-66. https://doi.
org/10.1016/j.jpeds.2015.09.077

30.	 Cools E, Habre W. Rapid sequence induction in paediatric anaesthesia: A narrative 
review. Trends Anaesth Crit Care 2023;49:101215. https://doi.org/10.1016/j.
tacc.2023.101215

31.	 Carroll CL, Spinella PC, Corsi JM, Stoltz P, Zucker AR. Emergent endotracheal 
intubations in children: Be careful if it’s late when you intubate. Pediatr Crit Care 
Med 2010;11(3):343-348. https://doi.org/10.1097/PCC.0b013e3181c51426

32.	 Lewis D, Khalsa DD, Cummings A, Schneider J, Shah S. Factors associated with post-
extubation stridor in infants intubated in the pediatric ICU. J Intensive Care Med 
2024;39(4):336-340. https://doi.org/10.1177/08850666231204208

33.	 Disma N, Asai T, Cools E, et  al.; airway guidelines groups of the European 
Society of Anaesthesiology and Intensive Care (ESAIC) and the British Journal of 
Anaesthesia (BJA). Airway management in neonates and infants: European Society of 
Anaesthesiology and Intensive Care and British Journal of Anaesthesia joint guidelines. 
Br J Anaesth 2024;132(1):124-144. https://doi.org/10.1016/j.bja.2023.08.040

34.	 Adam HM. Stridor. Pediatric Care Online, 2020. https://doi.org/10.1542/aap.
ppcqr.396115

35.	 Khemani RG. Post extubation stridor: The call for objectivity. Indian Pediatr 
2010;47(4):307-308. https://doi.org/10.1007/s13312-010-0055-9

36.	 Khemani RG, Schneider JB, Morzov R, Markovitz B, Newth CJ. Pediatric upper 
airway obstruction: Interobserver variability is the road to perdition. J Crit Care 
2013;28(4):490-497. https://doi.org/10.1016/j.jcrc.2012.11.009

37.	 Koshel C, Korumilli R, Hassinger A. 1400: A case series of acquired subglottic stenosis 
in a single pediatric intensive care unit. Crit Care Med 2019;47(1):676. https//doi.
org/10.1097/01.ccm.0000552144.69045.11

38.	 Gould SJ, Howard S. The histopathology of the larynx in the neonate following 
endotracheal intubation. J Pathol 1985;146(4):301-311. https://doi.org/10.1002/
path.1711460403

39.	 Avelino M, Maunsell R, Wastowski IJ. Predicting outcomes of balloon laryngoplasty in 
children with subglottic stenosis. Int J Pediatr Otorhinolaryngol 2015;79(4):532-536. 
https://doi.org/10.1016/j.ijporl.2015.01.022

40.	 Chen C, Ni WH, Tian TL, Xu ZM. The outcomes of endoscopic management in young 
children with subglottic stenosis. Int J Pediatr Otorhinolaryngol 2017;99:141-145. 
https://doi.org/10.1016/j.ijporl.2017.06.012

41.	 Fenton T, Kim J. A systematic review and meta-analysis to revise the Fenton growth 
chart for preterm infants. BMC Pediatr 2013;13:59. https://doi.org/10.1186/1471-
2431-13-59

Received 26 May 2025. Accepted 18 December 2025. Published 31 March 2026.

https://doi.org/10.7196/SAMJ.2023.v113i10.861
https://doi.org/10.1016/j.ijporl.2021.110931
https://doi.org/10.54847/cp.2023.03.10
https://doi.org/10.1542/peds.2013-3334
https://doi.org/10.1542/peds.2013-3334
https://doi.org/10.1038/s41372-021-00927-9
https://doi.org/10.1038/s41372-021-00927-9
https://doi.org/10.1002/lary.23771
https://doi.org/10.1590/s1679-45082015ao3255
https://doi.org/10.1016/j.otorri.2013.03.006
https://doi.org/10.1016/j.otorri.2013.03.006
https://doi.org/10.1002/ppul.1950060311
https://doi.org/10.1002/ppul.1950060311
https://doi.org/10.1016/j.jpeds.2015.09.077
https://doi.org/10.1016/j.jpeds.2015.09.077
https://doi.org/10.1016/j.tacc.2023.101215
https://doi.org/10.1016/j.tacc.2023.101215
https://doi.org/10.1097/PCC.0b013e3181c51426
https://doi.org/10.1177/08850666231204208
https://doi.org/10.1016/j.bja.2023.08.040
https://doi.org/10.1542/aap.ppcqr.396115
https://doi.org/10.1542/aap.ppcqr.396115
https://doi.org/10.1007/s13312-010-0055-9
https://doi.org/10.1016/j.jcrc.2012.11.009
http://doi.org/10.1097/01.ccm.0000552144.69045.11
http://doi.org/10.1097/01.ccm.0000552144.69045.11
https://doi.org/10.1002/path.1711460403
https://doi.org/10.1002/path.1711460403
https://doi.org/10.1016/j.ijporl.2015.01.022
https://doi.org/10.1016/j.ijporl.2017.06.012
https://doi.org/10.1186/1471-2431-13-59
https://doi.org/10.1186/1471-2431-13-59

