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Abstract

Objective. This study aimed to describe the epidemiology of laryngotracheal stenosis within a
resource-constrained setting, whilst exploring the outcome correlates unique to Montgomery
Safe-T-Tube stented laryngotracheoplasty.
Methods. A retrospective cross-sectional study of patients who underwent Montgomery
Safe-T-Tube stented laryngotracheoplasty between January 2000 and December 2019 was
performed.
Results. Amongst 75 patients, most lesions were iatrogenic (78.7 per cent) and high-grade in
severity (84 per cent). Following 101 laryngotracheoplasties, 57 patients (76 per cent) were
successfully decannulated. Young age (84.6 per cent; p = 0.009), low-grade stenosis (100 per
cent; p = 0.034) and airway-framework structural integrity (79.3 per cent; p = 0.004) were
significant correlates of success. Restenosis (n = 43; 57.3 per cent), occurring at a median of
9.37 weeks following decannulation, was predominantly associated with antecedent dilatation
(96.3 per cent; p < 0.001).
Conclusion. Demographic and clinical profiles play a pivotal role in the outcomes and
complications of Montgomery Safe-T-Tube stented laryngotracheoplasty. The success rate
validates the procedure within a resource-limited setting. There exist critical periods following
both surgery and decannulation when the occurrence of adverse events is most likely.

Introduction

Laryngotracheal stenosis refers to luminal compromise of the central airway, which can
occur at various anatomical levels, occasionally presenting emergently. Despite its multi-
factorial aetiopathogenesis, the leading cause is injury to the laryngotracheal complex fol-
lowing prolonged intubation.1–3 The anatomical and physiological complexities of the
larynx make the management of laryngotracheal stenosis technically demanding.
Ideally, management aims to establish and maintain airway patency, preserve or restore
glottic competence, and attain acceptable phonation.4,5

There exists, however, no standard approach to laryngotracheal stenosis. Repeated and
oftentimes temporising procedures are commonplace.5 Within the study setting, pres-
sured social circumstances, poor regional transport systems and bed limitations preclude
interventions of an iterative nature. Furthermore, a substantial portion of these stenoses
are cicatricial, necessitating definitive management. Although numerous reconstructive
recourses prevail, many demand a minimum infrastructure that is unavailable to a lot
of resource-constrained establishments. As such, an understanding of laryngotracheal
stenosis within this setting could assist in the establishment of a treatment algorithm,
toward a contextualised ‘gold standard’ of care.

Materials and methods

Objectives

The following specific objectives guided research implementation: firstly, to describe the
demographic and clinical profiles of patients with acquired laryngotracheal stenosis at
Frere Hospital; secondly, to examine the clinical outcomes of Montgomery
Safe-T-Tube (Boston Medical Products, Shrewsbury, Massachusetts, USA)6 stented laryn-
gotracheoplasty at Frere Hospital; thirdly, to establish the correlates of success in this
regard; and lastly, to determine the complications of Montgomery Safe-T-Tube stenting.

Design and setting

This retrospective cross-sectional study of acquired laryngotracheal stenosis was con-
ducted by reviewing the medical records of all patients who had undergone
Montgomery Safe-T-Tube stented laryngotracheoplasty at Frere Hospital between
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January 2000 and December 2019. As the major referral insti-
tution for the central region of the Eastern Cape Province of
South Africa, Frere Hospital serves a combined population
of nearly three million people, distributed between four district
municipalities.7

Population and sampling

The study included male and female adolescent (aged 12 years
and above) and adult patients. Children aged under 12 years
were excluded, as their anatomy and physiology differ signifi-
cantly from adolescents and adults.8 Those patients in whom a
Montgomery Safe-T-Tube was not used were also excluded.

The University Hospitals Bristol Clinical Audit Team sam-
ple size calculator9 estimated that a cohort of 60 patients
would achieve adequate representation of the target popula-
tion. Nonetheless, all 75 eligible patients were included, com-
mensurate with comparable international studies: 70 in Gallo
et al.,5 41 in Lano et al.10 and 71 in Dass et al.11

Outcome measures

Decannulation rate and adverse-event frequency served as sur-
rogate markers of outcome. Successful decannulation was
defined as the restoration of airway lumen, with subsequent
decannulation and no further surgical requirement for at
least six months.5,11 In contrast, an obligatory tracheostomy
at the last follow up represented treatment failure.

Covariates of outcome

Age, gender, aetiopathogenesis, co-morbidity profile, disease
morphology, disease severity, airway structural status and
treatment details (including antecedent airway dilatation)
were the covariates examined for correlation with clinical out-
come. Disease severity was stratified according to the Myer–
Cotton classification:12 grades I and II were considered low
grade, and grades III and IV high grade.

Morphological terminology

Airway stenosis, potentially occurring anywhere within the air-
way, does not respect arbitrary anatomical boundaries and
may transgress any number of these. As such, our operational
definition of anatomical subsites requisitely includes categories
that contain overlapping spaces (Table 1).

Montgomery Safe-T-Tube stented laryngotracheoplasty

The following is a brief description of Montgomery
Safe-T-Tube stented laryngotracheoplasty as performed at
Frere Hospital. A median anterior cricoid split is fashioned,
transecting the length of the stenotic tract until normal
lumen is visualised both proximally and distally. An additional
posterior cricoid split may be performed if the luminal diam-
eter is insufficient to accommodate a Montgomery
Safe-T-Tube, with minor excision of cicatricial tissue if pos-
sible. The airway is then fitted with a Montgomery
Safe-T-Tube, bolstering the stenotic segment longitudinally,
and the divided anterior wall is closed over it. If the luminal
calibre is inadequate to accommodate a Montgomery
Safe-T-Tube, thus preventing primary closure, an augmenta-
tion costal cartilage graft is interposed between the free

edges of the anterior split. This procedure is readily reprodu-
cible in the event of restenosis.

Ethics and legal considerations

Ethical clearance was obtained from the Walter Sisulu
University Higher Degrees, Biosafety and Ethics Committee,
the Eastern Cape Department of Health, and the Frere

Table 1. Association of covariates with successful Montgomery Safe-T-Tube
stented laryngotracheoplasty*

Variables
Total
cases (n)

Cases of
success (n (%)) P-value

Age group 0.009

– <30 years 52 44 (84.6)

– ≥30 years 23 13 (56.5)

Gender 0.317

– Female 26 18 (69.2)

– Male 49 39 (79.6)

Aetiology 0.402

– Infection 3 1 (33.3)

– Prolonged intubation 59 45 (76.3)

– Trauma 10 8 (80.0)

– Neoplasm 1 1 (100.0)

– Prolonged intubation &
trauma

2 2 (100.0)

Anatomical subsite 0.203

– Cricothyroid (glottis +
subglottis)

6 4 (66.7)

– Cricoid (subglottis) 4 2 (50.0)

– Cricotracheal (subglottis +
cervical trachea)

35 29 (82.9)

– Tracheal (cervical trachea) 30 22 (73.3)

Severity (Myer–Cotton grade) 0.034

– Low grade (grades I & II) 12 12 (100.0)

– High grade (grades III & IV) 63 45 (71.4)

Tracheomalacia? 0.004

– No: underlying structural
integrity

58 46 (79.3)

– Yes: underlying structural
failure

17 11 (64.7)

Co-morbidities? 0.444

– No 59 46 (78.0)

– Yes 16 11 (68.8)

Laryngotracheoplasty 0.271

– 1 procedure 55 40 (72.7)

– ≥2 procedures 20 17 (85.0)

Costal cartilage augmentation? 0.386

– No 35 25 (71.4)

– Yes 40 32 (80.0)

Airway dilatation (antecedent)? 0.156

– No 48 39 (81.3)

– Yes 27 18 (66.7)

*n = 57
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Hospital Clinical Governance team. Furthermore, the study is
compliant with the South African Protection of Personal
Information Act 4 of 2013.

Results

Statistical analysis

The Statistical Package for Social Sciences software, version
25.0 for Windows (IBM, Armonk, New York, USA) was uti-
lised for data analysis. Categorical data were presented using
simple descriptive statistics. Categorical and continuous out-
come variables were analysed using Pearson’s chi-square test
and student’s t-test, respectively, with a p-value of ≤0.05 repre-
senting statistical significance as per convention. Furthermore,
event times were determined by Kaplan–Meier regression sur-
vival analysis.

Results

Complete records were available for 75 patients (49 males and
26 females), most of whom were below the age of 30 years (69
per cent), with a mean age at first laryngotracheoplasty of 24 ±
14 years (range = 2–56 years).

The predominant aetiology was prolonged intubation (78.7
per cent). The most commonly affected airway subsites were
the tracheal (40 per cent) and cricotracheal (46.7 per cent)
compartments. Most lesions were of a high-grade severity
(84 per cent vs 16 per cent): grade I = 2.7 per cent, grade II
= 13.3 per cent, grade III = 60 per cent and grade IV = 24
per cent (Figure 1).

Less than one-quarter of the cohort had co-morbidities (n
= 16; 21.3 per cent) (Table 1), of which human immunodefi-
ciency virus was most prevalent (n = 6), followed by hyperten-
sion (n = 5), diabetes mellitus (n = 3), Guillain–Barré
syndrome (n = 2), chronic obstructive pulmonary disease (n
= 2), cerebrovascular accident (n = 1), gastroesophageal reflux
disease (n = 1), asthma (n = 1) and Hashimoto’s thyroiditis
(n = 1).

A total of 101 laryngotracheoplasties were performed over a
20-year period (mean number of procedures per patient = 1.6
± 0.7, range = 1–4). On average, low-grade stenoses required
fewer laryngotracheoplasties (mean number of procedures =
1.2 ± 0.39) than high-grade stenoses (mean number of proce-
dures = 1.7 ± 0.72).

Outcomes

The successful decannulation rate was 76 per cent (n = 57).
The remainder of the cohort was managed by permanent

tracheostomy (n = 7) or remained permanently cannulated
with a Montgomery Safe-T-Tube (n = 10). One patient died
from respiratory compromise following decannulation
(Figure 2).

Correlates of success

Covariates significantly associated with successful
Montgomery Safe-T-Tube stented laryngotracheoplasty were:
patient age ( p = 0.009), disease severity ( p = 0.034) and airway
structural status (integrity vs failure) ( p = 0.004). Successful
decannulation was most likely in: patients younger than 30
years (84.6 per cent vs 56.5 per cent), in low-grade stenoses
(100 per cent vs 71.4 per cent) and in non-malacic airways
(79.3 per cent vs 64.7 per cent). Gender ( p = 0.317), aetiology
( p = 0.402), anatomical subsite ( p = 0.203) and co-morbidity
profile ( p = 0.444) were not significant covariates of success.

The majority of the cohort (73.3 per cent) underwent only
one Montgomery Safe-T-Tube stented laryngotracheoplasty
procedure. Although the number of stenting episodes was
not significantly associated with outcome, the success rate
for patients who underwent only one stenting episode was
lower than that for patients who underwent two or more
(72.7 per cent vs 85 per cent). Furthermore, mean stenting
time (overall mean = 19.5 ± 21.4 months; range = 0.5–117
months) differed between the success (17.1 months; 95 per
cent confidence interval (CI) = 11.8–22.3 months) and failure
(27.2 months; 95 per cent CI = 14.8–39.7 months) groups by
10.1 months ( p = 0.079). Antecedent endoscopic airway dila-
tation decreased the success rate from 81.3 per cent to 66.7
per cent, and costal cartilage augmentation increased it from
71.4 per cent to 80 per cent. Neither, however, was statistically
significant (Table 1).

Recurrent stenosis following decannulation occurred in 43
patients (57.3 per cent). The most significant predictor of
recidivism was a history of prior endoscopic airway dilatation
(96.3 per cent) ( p < 0.001) and, to a lesser degree, both the
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need for augmentation costal cartilage grafting ( p = 0.057) and
anatomical subsite ( p = 0.056). Restenosis occurred most fre-
quently in the cricotracheal (68.6 per cent) and the cricothyr-
oid compartments (83.3 per cent); disease across more than
one subsite hence increased lesion severity (Figure 3).
Kaplan–Meier survival analysis demonstrated a median time
to restenosis of 9.37 weeks (Figure 4).

Stent-related complications

The most common complications were granulation tissue for-
mation (n = 42) and microbial airway colonisation (n = 28).
The median time to granulation tissue formation was 7.45
weeks post Montgomery Safe-T-Tube stented laryngotracheo-
plasty (Figure 4), and was marginally associated with anatom-
ical subsite ( p = 0.054). The cricoid (75 per cent) and
cricotracheal (68.6 per cent) compartments were most com-
monly affected. Microbial colonisation, which occurred on
average 12.5 weeks following Montgomery Safe-T-Tube
stented laryngotracheoplasty (Figure 4), was significantly asso-
ciated with both antecedent endoscopic airway dilatation ( p =
0.014) and disease severity ( p = 0.01), demonstrating linear
proportionality to Myer–Cotton gradation. Prior dilatation
increased colonisation rates from 27.1 per cent to 55.6 per
cent. The remaining correlations can be found in Table 2,
listed according to complication.

Discussion

In keeping with international literature,13 the predominant aeti-
ology of laryngotracheal stenosis in this study was prolonged
intubation (n = 61; 78.7 per cent). Nonetheless, a remarkable

number of stenoses were also trauma-related: either primary air-
way trauma or secondary airway injury following mechanical
ventilation related to polytrauma. Equally remarkable was the
predominance of patients younger than 30 years of age (69
per cent), with a relatively low mean age of 24 years, compared
with 53 years in Gallo et al.,5 33 years in Dass et al.11 and 56
years in Herrington et al.14 This may be related to the male pre-
ponderance of the cohort (65.3 per cent); within the South
African context, polytrauma is robustly associated with both
male gender and age below 40 years.15,16 Moreover, an extraor-
dinary number of iatrogenic stenoses occurred subsequent to
organophosphate ingestion (attempted suicide) (n = 13). This
substratum also demonstrated the highest failure rate of all
the iatrogenic stenoses (46.2 per cent; n = 13).

The difference in success rate of 28.1 per cent between age
below and age above 30 years ( p = 0.009) reiterates age as a
correlate of success in the management of airway stenosis.5

This might be attributable to the impact of cardiovascular sen-
escence on the endotracheal submucosal capillary plexus,
which represents the sole blood supply of the cartilaginous lar-
yngotracheal framework.17,18 Airway patency relies upon the
structural integrity of said cartilage, with regard to which
malacic airway changes bear consideration. Tracheomalacia
increases airflow resistance in accordance with both
Bernoulli’s principle and the Hagen–Poiseuille equation,
decreasing the success rate from 79.3 per cent to 64.7 per
cent ( p = 0.004). Structural failure was most common amongst
post-infective airways (66.7 per cent), potentially explaining
the poor outcomes of this contingent. Tracheomalacia is
known to exponentially worsen clinical outcomes,3 such that
moderate to severe tracheomalacia is suggested to represent a
relative contraindication to laryngotracheal reconstruction.19

Of future interest may be the spirometric quantification of tra-
cheomalacia toward severity stratification, including the deter-
mination of minimum clinically important difference values
for changes in the ratio of the area under the flow–volume
curve: forced vital capacity, as well as minimum clinically
important difference values for total peak flow, further corre-
lated with changes in the Medical Research Council Dyspnoea
Scale.20

The difference in success rate between low- and high-grade
stenoses was nearly 30 per cent ( p = 0.034). The strength of
correlation between lesion morphology and clinical outcome
is known to be great,14,21,22 independent of treatment modal-
ity.3 With each additional percentage of luminal compromise,
the odds of tracheostomy dependence have been shown to
increase by 3 per cent.3 Co-morbid illness further decreased
the rate of successful decannulation from 78 per cent to 68.8
per cent. Although the small size of this contingent precluded
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Table 2. Association of correlates with post-operative complications

Restenosis (n = 43)
Granulation tissue
formation (n = 42)

Microbial colonisation
(n = 28) Sepsis (n = 7)

Wound
breakdown (n = 5)

Variables Total cases (n)
Cases
(n (%)) P-value

Cases
(n (%)) P-value

Cases
(n (%)) P-value

Cases
(n (%)) P-value

Cases
(n (%)) P-value

Age group 0.074 0.169 0.246 0.696 0.784

– <30 years 52 30 (57.7) 27 (51.9) 18 (34.6) 5 (9.6) 4 (7.7)

– ≥30 years 23 13 (56.5) 15 (65.2) 10 (43.5) 2 (8.7) 1 (4.3)

Gender 0.129 0.830 0.099 0.234 0.092

– Female 26 18 (69.2) 15 (57.7) 13 (50.0) 1 (3.8) 0 (00.0)

– Male 49 25 (51.0) 27 (55.1) 15 (30.6) 6 (12.2) 5 (10.2)

Aetiology 0.467 0.467 0.902 0.005 0.134

– Infection 3 1 (33.3) 1 (33.3) 1 (33.3) 0 (00.0) 0 (00.0)

– Prolonged intubation 59 34 (57.6) 36 (61.0) 23 (39.0) 5 (8.5) 4 (6.8)

– Trauma 10 6 (60.0) 4 (40.0) 3 (30.0) 0 (00.0) 0 (00.0)

– Neoplasm 1 0 (00.0) 0 (00.0) 0 (00.0) 1 (100.0) 0 (00.0)

– Prolonged intubation & trauma 2 2 (100.0) 1 (50.0) 1 (50.0) 1 (50.0) 1 (50.0)

Anatomical subsite 0.056 0.054 0.230 0.611 0.344

– Cricothyroid (glottis + subglottis) 6 5 (83.3) 1 (16.7) 0 (00.0) 0 (00.0) 0 (00.0)

– Cricoid (subglottis) 4 1 (25.0) 3 (75.0) 2 (50.0) 2 (25.0) 1 (25.0)

– Cricotracheal (subglottis + cervical trachea) 35 24 (68.6) 24 (68.6) 15 (42.9) 3 (8.6) 3 (8.6)

– Tracheal (cervical trachea) 30 13 (43.3) 14 (46.7) 11 (36.7) 3 (10.0) 1 (3.3)

Severity (Myer–Cotton grade) 0.078 0.086 0.010 0.312 0.580

– Low grade (grades I & II) 12 3 (25.0) 5 (41.7) 1 (8.3) 2 (16.7) 1 (8.3)

– High grade (grades III & IV) 63 40 (63.5) 37 (58.7) 27 (42.9) 5 (8.0) 4 (6.3)

Co-morbidities? 0.921 0.555 0.550 0.633 0.940

– No 59 34 (57.6) 32 (54.2) 21 (35.6) 6 (10.2) 4 (6.8)

– Yes 16 9 (56.3) 10 (62.5) 7 (43.8) 1 (6.25) 1 (6.3)

Costal cartilage augmentation? 0.057 0.456 0.142 0.832 0.216

– No 35 16 (45.7) 18 (51.4) 10 (28.6) 3 (8.6) 1 (2.9)

– Yes 40 27 (67.5) 24 (60.0) 18 (45.0) 4 (10.0) 4 (10.0)

Airway dilatation (antecedent)? <0.001 0.362 0.014 0.667 0.847

– No 48 17 (35.4) 25 (52.1) 13 (27.1) 5 (10.4) 3 (6.3)

– Yes 27 26 (96.3) 17 (63.0) 15 (55.6) 2 (7.4) 2 (7.4)
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statistical significance, chronic co-morbid disease is known to
portend poor outcome in laryngotracheal stenosis.23,24 In ref-
erence to individual co-morbidities, the Charlson Comorbidity
Index25 has been utilised to demonstrate the strength of this
correlation.3 The Charlson Comorbidity Index may aid in
identifying patients who mandate greater scrutiny vis-à-vis
decannulation failure. Furthermore, there appears to be a tem-
poral threshold, past which continued stenting not only ceases
to be of additional benefit but actually becomes deleterious to
outcome. The difference in mean stenting duration between
success and failure groups was around 10.1 months (17.1 vs
27.2 months).

Restenosis was associated with antecedent endoscopic air-
way dilatation (96.3 per cent vs 35.4 per cent) ( p < 0.001),
which decreased the likelihood of successful decannulation
from 81.3 per cent to 66.7 per cent ( p = 0.156).
Meta-analysis of treatment outcomes in laryngotracheal sten-
osis supports this observation, suggesting that open surgery
is indicated if more than three dilatations are required; airway
dilatation is known to upstage both the severity and the length
of stenoses.13,26 The fibrotic healing of mucosal trauma, inher-
ent in this procedure, may serve to explain these findings.17,18

Disease severity, however, could potentially confound this cor-
relation. Both disease severity ( p = 0.01) and antecedent dila-
tation ( p = 0.014) were found to be significant covariates of
microbial airway colonisation, supporting allegations that
every episode of airway instrumentation introduces microbial
contaminates.2 With linear proportionality, incidence rates of
microbial airway colonisation rose alongside increases in
Myer–Cotton gradation, such that the majority of grade IV
lesions were complicated by bacterial overgrowth (66.7 per
cent vs 28.1 per cent). Prior dilatation increased the risk of
developing microbial colonisation from 27.1 per cent to 55.6
per cent. Microbial airway colonisation in turn predisposes
to granulation tissue formation, which increases the risk of
fibrotic restenosis.27 Naturally, the ensuing obstruction
would be most pronounced within the confines of the unyield-
ing circumferential cricoid cartilage. Moreover, the cricoid
(75 per cent) and cricotracheal (68.6 per cent) compartments
were more susceptible to granulation tissue formation than the
tracheal (46.7 per cent) and cricothyroid (16.7 per cent) com-
partments ( p = 0.054).

• The most common cause of laryngotracheal stenosis is prolonged
intubation

• Laryngotracheal stenosis management is complex and technically
demanding; treatment should be tailored for each case

• Immature or incipient fibro-inflammatory mucosal injuries respond well
to endoscopic intervention; other cases usually require open surgical
reconstruction

• Iatrogenic laryngotracheal damage prevention is of primary importance in
laryngotracheal stenosis management

• This study highlights the influence of demographic and clinical profiles on
laryngotracheal stenosis outcomes and treatment complications, which
should inform patients’ risk-stratification

• The study also quantifies critical periods following surgery and
decannulation, in which adverse events are most likely

Conclusion

This study describes the experiences of practitioners in a
resource-limited setting. It reiterates the notion that clinical
outcomes in laryngotracheal stenosis depend on a variety of
factors that are patient-, disease- and treatment-specific.3,20

Within this context, the study has shown that laryngotracheal

stenosis is largely manageable with Montgomery Safe-T-Tube
stented laryngotracheoplasty. The success rate of 76 per cent
compares favourably with international studies,5,10,28 and is
acceptable when measured against a variety of therapeutic pro-
cedures.26 Certain complications are, however, unavoidable,
including: granulation tissue formation, microbial airway col-
onisation and varying degrees of restenosis. Clinicians should
therefore monitor patients closely between the 7th and 13th
weeks following both Montgomery Safe-T-Tube stented laryn-
gotracheoplasty and decannulation.
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