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Abstract

Background: The larynx has multiple composite functions which include phonation, airway protection, and sensory
control of respiration. Stenosis of the larynx and trachea were first recorded by O’Dwyer in 1885 and by Colles in
1886, respectively. Initially, the aetiology of laryngotracheal stenosis was predominantly infective. Currently, the
leading cause is iatrogenic injury to the laryngotracheal complex secondary to prolonged ventilation in an intensive
care unit.

Main body: Laryngotracheal stenosis is a complex and diverse disease. It poses a major challenge to the surgeon
and can present as an airway emergency. Management typically demands the combined involvement of various
disciplines including otorhinolaryngology, cardiothoracic surgery, anaesthesiology, interventional pulmonology, and
radiology. Both the disease and its management can impact upon respiration, voice, and swallowing. The incidence
of iatrogenic laryngotracheal stenosis has reflected the evolution of airway and intensive care whilst airway surgery
has advanced concurrently over the past century. Correction of laryngotracheal stenosis requires expansion of the
airway lumen; this is achieved by either endoscopic or open surgery. We review the relevant basic science,
aetiopathogenesis, diagnosis, management, and treatment outcomes of LTS.

Conclusion: The choice of surgical procedure in the management of laryngotracheal stenosis is often dictated by
the individual anatomy and function of the larynx and trachea, together with patient factors and available facilities.
Regardless of how the surgeon chooses to approach these lesions, prevention of iatrogenic laryngotracheal
damage remains of primary importance.

Keywords: Airway stenting, Endoscopic dilatation, Laryngotracheal stenosis, Laryngopharyngeal reflux,
Laryngotracheoplasty, Laryngotracheal reconstruction

Background
The larynx has multiple complex functions including
phonation, airway protection, and sensory control of res-
piration. LTS is an umbrella term referring to a group of
conditions that result in luminal compromise of the cen-
tral airway at the level of the glottis, subglottis, or tra-
chea. Initially, the aetiology of LTS was predominantly
infective. Currently, the leading cause is iatrogenic injury
to the laryngotracheal complex secondary to prolonged
ventilation in an intensive care unit (ICU). Other causes

include trauma, neoplasms, connective tissue disorders,
and idiopathic disease [1–3]. It is useful to consider
paediatric and adult LTS as separate entities because
their anatomy and physiology differ significantly [4]. Fur-
ther distinction should be made between the following,
as their management and outcomes differ [1, 5]:

� Immature/fibro-inflammatory and mature/cicatricial
stenoses

� Low-grade (Meyer-Cotton I-II) and high-grade
(Meyer-Cotton III-IV) stenoses

� Simple/single-level and complex/multi-level stenoses
� Supraglottic/glottic and subglottic/tracheal stenoses
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Although permanent tracheostomy remains the most
straightforward method of managing the compromised
airway in patients with LTS, it fails to meet optimum
treatment goals. These include the following:

� The establishment and maintenance of airway
patency

� The preservation or restoration of glottic
competence

� The achievement of acceptable phonation [6]

Main text
Epidemiology
Iatrogenic airway injury has been demonstrated within
hours of intubation. Esteller-Moré, et al. reported overt
injury in 47% of patients bronchoscoped at extubation
[7]. Only a minority of these patients develop cicatricial
LTS; however, suggesting that the initial fibro-
inflammatory injury resolves in most cases. Notably, pa-
tients with indolent stenoses may be capable of accom-
modating over time by reducing their physical activity.
This is in contrast to those that develop the same level
of stenosis acutely, suffering significant disability. In the
absence of high-quality follow-up data, it is plausible
that some patients may experience a degree of stenotic
dyspnoea that remains undiagnosed lifelong [2].
Although the true incidence of LTS remains unknown,

the most cited study regarding its aetiology is that of
Lorenz who estimated an incidence of between 1% and
4% for prolonged airway intubation [1]. Nevertheless,
Nouraei, et al. acknowledge that determining the epi-
demiology remains challenging, as formal diagnosis is
often delayed until specialist outpatient evaluation [2].

Anatomical considerations
The larynx starts at the laryngeal inlet and ends at the
inferior border of the cricoid cartilage. It is divided ana-
tomically into the supraglottis, glottis and subglottis.
The glottis and subglottis are demarcated by a line
drawn one centimetre below the free edge of the vocal
folds. The subglottis ends where the cervical trachea be-
gins, at the lower border of the cricoid cartilage. The tra-
cheal cross-section is D-shaped with incomplete C-
shaped cartilaginous rings. These rings both stiffen the
tracheal wall and provide a degree of flexibility. The free
posterior ends of the cartilages are embedded in the tra-
chealis muscle. Each cartilage is enclosed in perichon-
drium, from which it receives nourishment.
The seminal works of Salassa, et al. defined the blood

supply of the trachea [8]. The inferior thyroid artery sup-
plies the cervical trachea via three branches which ter-
minate by dividing into tracheal and oesophageal
tributaries. The tracheal vessels ramify both cranially
and caudally, anastomosing with their superior and

inferior counterparts to form lateral longitudinal tracheal
pedicles. It is from these pedicles that the entire blood
supply of the lateral and anterior tracheal walls is de-
rived. A rich capillary bed then arborises throughout the
endotracheal submucosa, closely adherent to the luminal
surfaces of the tracheal cartilages. This represents the
only blood supply of the trachea as there are no capillary
plexuses on its external surface. Endoluminal compres-
sion of this tenuous blood supply can therefore easily
cause ischemic necrosis of the trachea. Tracheal patency
relies upon the structural integrity of the cartilaginous
framework.
There is some degree of inter-individual variability re-

garding the resilience of the airway to medical procedures.
One explanation could be anatomical aberrations in the
lateral longitudinal tracheal pedicles. Another might be
compromised flow through these pedicles secondary to
paratracheal fibrosis following trauma, transmural tracheal
necrosis, previous surgery, or infection [8].

Physiological considerations
Three physiological principles determine airflow through
the laryngotracheal complex:

1. Poiseuille’s law
2. Reynold’s number
3. The Venturi effect

The Hagen-Poiseuille equation demonstrates that re-
sistance to airflow is inversely proportional to the fourth
power of the airway radius:

R ¼ 8nl
πr4

(R = resistance, n = viscosity, l = length, r = radius)
A 50% reduction in airway radius would thus cause a

16-fold increase in resistance to airflow. Overcoming
such resistance would increase the work of breathing.
Airflow turbulence further compounds airway resistance
and contributes to the work of breathing. Reynold’s
number describes the point at which airflow transitions
from laminar to turbulent:

NRe ¼ pvd∘

μ

(NRe = Reynold’s number, p = density, v = velocity,
do = diameter, μ = dynamic viscosity)
A Reynold’s number of less than 2000 confers laminar

flow, 1 between 2000 and 4000 mixed flow, and 1 above
4000 turbulent flow. This demonstrates that large air-
ways are more prone to turbulent flow than smaller
ones, with turbulence occurring at the point of transition
from small to large diameter. Airflow turbulence would
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therefore occur just distal to a stenosis upon inspiration
and just proximal to it upon expiration.
LTS may be further complicated by tracheomalacia.

According to the Venturi effect (a derivation of Bernoul-
li’s principle), when the velocity of airflow through a
tube increases, its pressure decreases in order to keep
the total energy contained within the system constant.
This exerts an inwardly directed force upon its walls.
Where the structural integrity of these walls is compro-
mised (such as in tracheomalacia), the negative pressure
causes inward mural collapse. This transforms a static
lesion into a dynamic one, compounding the aforemen-
tioned physiological effects.

Aetiopathogenesis of iatrogenic airway injury
Iatrogenic airway injury occurs predominantly at the cuff
of an airway tube where excessive inflation pressures
cause mucosal necrosis and subsequent ulceration. Early
endotracheal tubes (ETTs) had small volume, high pres-
sure cuffs which generated high lateral wall pressures [9].
In response, large volume, low pressure cuffs were de-
signed to achieve a clinical seal at low inflation pressures.
These can still, however, be overinflated. Following extu-
bation, epithelialisation begins at the edges of such an
ulcer and is typically complete within 4 weeks. Fibrosis
and metaplastic squamous epithelium then mark the site
of previous injury. If the degree of ulceration was severe,
or the recovery process delayed by secondary infection, in-
creased tissue damage occurs. This may lead to aberrant
wound healing with resultant LTS [10]. Of additional im-
portance is the tube diameter. In a randomised controlled
trial, Mathias and Wedley concluded (through endoscopic
assessment of injury patterns) that excessive lateral wall
pressure can equally be caused by oversized ETTs (stan-
dardised for cuff pressure) [11].
Although superficial damage occurs within 4 h of intub-

ation, this only progresses with time when lateral wall
pressures are sustained beyond 100 mmHg. Seegobin and
Hasselt demonstrated that excessive lateral wall pressure
causes not only direct mucosal damage, but also indirect
damage through attenuation of capillary blood flow [12].
Capillary perfusion pressure ranges from 22 mmHg to 32
mmHg. Sustained lateral-wall pressure above 22 mmHg
significantly compromises mucosal blood flow. Vascular
perfusion is completely obstructed by pressures above 37
mmHg. Therefore, while some contact-related mucosal
damage is inevitable, the depth of such damage may be
minimised by using a pressure limiting device or an in-
line manometer.

Diagnosis and investigation
History
Relevant information includes previous intubation, char-
acter and duration of dyspnoea, voice changes, chronic

cough, pyrosis, and any co-morbid medical illnesses.
Dyspnoea should be graded according to the American
Medical Research Council (MRC) Dyspnoea Scale (Table 1)
[13], which demonstrates sensitivity to treatment-related
changes in adult LTS with both convergent and divergent
validity [14].

General examination
The severity of stridor and signs of respiratory distress
should be documented. Mounting evidence implicates
laryngopharyngeal reflux (LPR) in the aggravation of
LTS [15, 16]. Twenty-four-hour oesophageal pH moni-
toring remains the gold standard for diagnosing LPR.
The Reflux Symptom Index (RSI) and Reflux Finding
Score (RFS) are two validated clinical tools designed for
the same purpose but with greater ease of clinical ad-
ministration [15, 16]. Additionally, voice should be eval-
uated pre- and post-treatment (e.g. by determining the
maximum phonation time for the vowels /e/ and /a/, the
vocal range profile, and the GRBAS (grade, roughness,
breathiness, asthenia, strain) grading) [17].

Special investigations
Any lesion suspected to represent a connective tissue
disease should be biopsied, with serological testing as
appropriate [5]. According to Jewett et al., high defin-
ition computed tomography can aid in distinguishing in-
trinsic (intact laryngotracheal framework) from pan-
mural stenosis (laryngotracheal framework deformed or
collapsed) [18]. Intrinsic stenoses may benefit from
endoscopic treatment whereas pan-mural or malacic
stenoses generally require open surgery [5].

Endoscopic evaluation
The Laryngotracheal Stenosis Committee of the Euro-
pean Laryngological Society suggests the use of a stan-
dardised pre-operative assessment and classification
system (Table 2) [5]. This serves to individualise treat-
ment, promotes greater levels of success, and allows a
more accurate comparison of clinical outcomes. The
recommended system categorises LTS according to its
pathophysiological characteristics (immature/fibro-in-
flammatory versus mature/cicatricial) as well as its com-
plexity (simple/single-level versus complex/multi-level).
The authors caution that lesions related to blunt and
penetrating trauma, caustic injury, or inhalational burns
might present classification difficulty owing to their ex-
tent of involvement.
Through a combination of radiography and endoscopy,

an accurate assessment of the structural integrity of the
cartilaginous framework can be made. Additionally,
stenosis severity should be stratified according to the
Myer-Cotton (Fig. 1), Lano (Table 3), or McCaffrey clas-
sifications (Table 4) [19–21].
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Quantifying the pathophysiological effects of LTS
The mismatch between ventilatory effort and volume
of air shifted that results from LTS causes a dissoci-
ation between efferent motor command and afferent
sensory feedback [1]. This is perceived as abnormally
effortful respiration, manifesting clinically as exer-
tional dyspnoea.
Traditionally, spirometry has served as a non-invasive

method of severity stratification in LTS, but is measured
from total lung capacity and at maximal effort. Simulat-
ing conditions of heavy exercise rather than baseline
activity, it does not correlate well with PROMs. In com-
parison, pressure-volume curves measure pulmonary
compliance during conditions of tidal volume breathing
and thus imitate the level at which most daily activities
occur. This provides an objective and quantitative meas-
ure of the pathophysiological effects of airway stenosis,
demonstrating robust correlation with the severities of
both dyspnoea and anatomical disease [22]. Measuring
pulmonary compliance in spontaneously breathing pa-
tients does however require intra-thoracic pressure
monitoring using an oesophageal pressure transducer.
By calculating the minimum clinically important dif-

ference (MCID) values for flow-volume loops, Nouraei,
et al. found a strong correlation between both change in
total peak flow as well as area under the flow-volume

curve: forced vital capacity ratio and changes in the
MRC Dyspnoea Scale (ΔMRC) [23]. The MCID is de-
fined as the smallest change in a physiological variable
that represents a significant change in an underlying
clinical condition [24].

Surgical management
The management of LTS is complex and technically de-
manding owing to the structural characteristics of the
larynx, coupled with the complexity of its functions [25].
Surgical techniques for LTS can be broadly classified as
either endoscopic or open. Endoscopic procedures
include:

� Balloon dilatation (occlusive/non-occlusive)
� Microsurgery/reconstruction
� Radial incision (‘cold steel’/laser) and dilatation
� ‘Endo-stenting’ [25]

Open procedures include the following:

� Augmentation of the endoluminal diameter using
tissue autografts/allografts (costal/thyroid cartilage)

� Resection of the stenotic segment with primary
anastomosis (tracheal/cricotracheal resection)

Table 1 American Medical Research Council Dyspnoea Scale [13]

Grade I Not troubled by breathlessness except with strenuous exercise.

Grade II Troubled by shortness of breath when hurrying on the level or walking up a slight hill.

Grade III Walks slower than people of the same age on the level because of breathlessness or has to stop for breath
when walking at own pace on the level.

Grade IV Stops for breath after walking about 100 m or after a few minutes on the level.

Grade V Too breathless to leave the house or breathless when dressing or undressing.

Used with the permission of the Medical Research Council [13]

Table 2 Five-step endoscopic airway assessment in LTS [5]

Modality Objective

Step I ▪ Awake fibre-optic nasopharyngolaryngoscopy
▪ Topical anaesthetic

▪ Dynamic assessment of laryngeal function

Step II ▪ Fibreoptic nasopharyngolaryngoscopy
▪ Spontaneous respiration
▪ General anaesthetic

▪ Assessment of vocal fold mobility
▪ Assessment of upper airway patency

Step III ▪ Transoral telescopic laryngo-tracheoscopy
▪ Muscle relaxation
▪ General anaesthetic

▪ Assessment of LTS including anatomical site, mapping, cranio-caudal length and severity

Step IV ▪ Suspension micro-laryngoscopy
▪ Supraglottic high-frequency jet-ventilation
▪ Total intravenous anaesthesia

▪ Assessment of cricoarytenoid joint mobility
▪ Assessment of LTS character (immature versus mature)

Step V ▪ Rigid/flexible bronchoesophagoscopy
▪ Supraglottic high-frequency jet-ventilation
▪ Muscle relaxation
▪ General anaesthetic

▪ Assessment of the distal airway
▪ Aspiration of tracheobronchial secretions for bacteriological investigation

Adapted from: Monnier et al. [5]
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� Manipulation of the airway framework (slide
tracheoplasty) [26]

The choice of procedure should be tailored to the
anatomy and function of the laryngotracheal complex,
the performance status of the patient, and the availability
of resources and expertise [27]. The Laryngotracheal
Stenosis Committee of the European Laryngological So-
ciety recommends that mature/cicatricial high-grade
adult stenoses be treated primarily by open surgery as
the odds of success are generally highest for the first
procedure [5].

Endoscopic dilatation (Fig. 2)
Advantages include its ease of access and low morbidity
[28]. Immature/incipient fibro-inflammatory mucosal in-
juries generally respond well to endoscopic intervention,
with the aim being prevention of cicatricial wound con-
tracture and avoidance of a tracheostomy [2]. Appropri-
ate candidates for primary endoscopic dilatation include
lesions with a cranio-caudal length of less than 1 cm and
those with adequate structural integrity of the cartilagin-
ous framework. Relative contraindications include obes-
ity and chronic LPR [25].

Fig. 1 Myer-Cotton classification [19]

Table 3 Lano classification [20]

Stage I One subsite involved

Stage II Two subsites involved

Stage III Three subsites involved

Source: Lano et al. 1998 [20]

Table 4 McCaffrey classification [21]

Stage I Subglottic or tracheal lesions < 1 cm long

Stage II Subglottic lesions > 1 cm long

Stage III Subglottic/tracheal lesions not involving the glottis

Stage IV Glottic lesions

Source: McCaffrey, 1992 [21]
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Endoluminal augmentation
Laryngotracheoplasty (LTP) remains a robust and con-
sistently reproducible option for mature/cicatricial LTS
[27]. The LTP has evolved substantially since its intro-
duction by Rethi in 1956 [29]. Although minor modifica-
tions in technique are possible, a general description of
the LTP is as follows: an anterior midline incision of the
tracheal wall is made, often transecting the length of the
stenotic tract in order to visualise a normal lumen above
and below the lesion. If necessary, anterior or posterior
cricoid splits may be performed, with interposition car-
tilage autografting, in order to maximise the airway
lumen. Scar tissue excision may also be performed, de-
pending on the residual structural integrity of the cartil-
aginous tracheal framework. The reconstruction is then
requisitely stented for a period of time sufficient to allow
healing such that the airway can be independently main-
tained. In 1995, Cotton et al. described the single-stage
laryngotracheal reconstruction (SSLTR) in order to cir-
cumvent the complications of post-operative stenting
[30]. SSLTR involves maintaining the airway post-
operatively with an ETT as opposed to a prosthetic stent
with a covering tracheostomy. Successful decannulation
rates for SSLTR have been reported to range between
84% and 95% [30]. In comparison, the reported decan-
nulation rates after airway expansion surgery as a whole
range from 69 to 96% [31]. With regard to SSLTR, air-
way compromise post-decannulation may require re-
intubation, risking surgical site injury, and prolonging
ICU time; this would negate some of the advantages
gained through a single-stage procedure.

Resection with primary anastomosis
Developing in parallel to the LTP, tracheal resection
with primary anastomosis was initially devised in 1969
by Grillo and refined by Pearson and Andrews [32]. In
1975, Pearson et al. described the partial cricoid cartilage
resection with primary thyro-tracheal anastomosis and

preservation of the recurrent laryngeal nerves [33]. Tra-
cheal and partial cricotracheal resections evolved from
these early procedures and currently represent the gold
standard treatment for high-grade iatrogenic adult tra-
cheal stenosis [34]. It is important to note, however, that
these procedures are both resource and expertise-
dependent.

Airway stenting
Wright et al. consider active stenoses following burn and
blast injuries, as well as severely disordered deglutition,
absolute contra-indications to airway stenting in general
[35]. Any endoluminal or intrinsic airway pathology that
causes more than 50% reduction in lumen represents an
indication for stenting. Further specific indications for
stenting in LTS include:

� Maintenance of airway patency following debulking
of intraluminal pathology

� Airway bolstering for compromised mural structural
integrity (malacia)

� Treatment of anastomotic airway dehiscence or
fistulisation

� Long-length stenoses
� Complex stenoses
� Failed reconstruction
� Contraindications to open surgery
� Patient preference

There are a variety of silicone and metallic airway stents,
the latter either uncovered, partially covered (hybrid), or
fully covered by polyurethane or Teflon®. Metallic stents,
introduced in 1952 by Hankins, are susceptible to metal
fatigue which predisposes them to eventual fracture [36].
Furthermore, they become a permanent fixture within the
airway if not removed timeously. Metallic stents should
therefore be reserved for palliation. Since the introduction
of the Montgomery® Safe-T-Tube™ (MST-T) (Fig. 3) in

Fig. 2 Endoscopic photographs of airway stenoses
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1965, silicone stents have continued to evolve, finding util-
ity in a variety of locations throughout the airway [37].
There are now a variety of silicone stents suitable for use
in LTS [37, 38].
Many authors agree that it is important to limit the

duration of stenting, but consensus has not yet been
reached and this also varies between stents [10, 31].
Stent removal requires general anaesthesia, with requis-
ite costs and inherent risks. Removability and predispos-
ition to long-term complications are thus major
considerations when deciding on the choice of stent
material.
General stent-related complications, which are often

time-related, include granulation tissue formation, mu-
cous plugging, microbial colonisation, and the initiation
of an inflammatory tissue reaction if in contact with the
caudal surfaces of the vocal cords [36, 38]. In an attempt
to circumvent some of these complications, biodegrad-
able (BD) stents have been designed and are currently in
the process of refinement. These devices maintain airway
patency for a predetermined length of time before grad-
ually undergoing degradation and spontaneous resorp-
tion once no longer required. Several distinct synthetic,
BD polymer classes have been approved for use in hu-
man application: polyesters containing lactic acid, gly-
colic acid, dioxanone or caprolactone, poly(trimethylene
carbonates), polyanhydrides containing sebacic acid, and
tyrosine-derived polyarylates. These base materials may
be used in isolation or blended in the production of BD
prostheses. The degradation resistance, and thus the
mechanical property deterioration profile, corresponds
to the type of polymer used or the combinations thereof.
In this way, stents with different ‘lifespans’ can be made
to achieve requisite stenting time-frames based on air-
way subsite and disease process. Five main kinds of BD
implants are thus possible:

1. A device used for temporary artificial mechanical
support when the natural tissue bed has been
weakened by disease, injury, or surgery. The BD
implant would provide this support until the
natural tissue heals and regains its strength. A
gradual stress transfer will occur with the BD
implant gradually weakening as the natural tissue
regains inherent strength.

2. Barrier devices used for interposition between
tissues that must remain separated, for the
prevention of post-surgical adhesions.

3. Implantable drug-eluting devices are capable of de-
livering drugs to specific locations over an extended
period of time.

4. Tissue-engineering scaffolds are BD implants
designed to facilitate growth and reorganisation into
functional tissue by acting as an artificial
extracellular matrix, allowing native cells the space
for functional airway remodelling.

5. Multifunctional devices combine several of the
above-mentioned functions within a single device.

Much literature exists on the application of these de-
vices in animals and evidence from human studies is
building. Galluccio et al. have shown that 70% of benign
post-tracheostomy or post-intubation tracheal stenoses
can be successfully treated with silicone stents if kept in
situ for at least 18 months; this therefore represents the
suggested benchmark for the longevity of the BD stents
[39]. Although the introduction and deployment of these
stents into paediatric as well as adult airways has been
demonstrated to be both safe and user friendly, degrad-
ation time remains a major challenge with the BD stents,
with the slowest degradation time being 14 months. Ra-
dial force is another important consideration as it deter-
mines the level of support offered to the stented airway,

Fig. 3 The Montgomery® Safe-T-Tube™ (Boston Medical Products, Inc.)
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and the BD stents remain lacking when compared to
metallic and silicone ones. Other safety concerns include
the toxicity of their degradation products. Ideal indica-
tions for BD stents in human airways are yet to be de-
fined [40].

Medical management
The management of LTS is primarily surgical, however,
tailored medical management has a role in both peri-
operative optimisation and as an adjunct to surgery.

Optimisation for surgery
Animal studies have demonstrated that subglottic injur-
ies exposed to acid and pepsin are less likely to heal than
identical injuries not so exposed. May et al. found that
patients with LTS had a 65% probability of having co-
morbid gastro-oesophageal reflux disease (GORD) [41].
Halstead reported that patients with LTS are 35% less
likely to require airway surgery when treated aggressively
for GORD. It is suggested that patients be prescribed
once or twice daily proton pump inhibitors as well as an
alginate suspension after the evening meal. Additionally,
any patient with symptomatic LPR should be investi-
gated to assess the need for anti-reflux surgery. Any evi-
dence of disordered deglutition warrants fibre-optic
endoscopic evaluation of swallowing or videofluoroscopy
as poor outcomes following airway surgery have been re-
ported in patients with even minor aspiration [42]. It is
also suggested that patients with airway stenosis be man-
aged by a multidisciplinary team that includes an ENT,
cardiothoracic surgeon, pulmonologist, anaesthetist,
radiologist, pathologist, speech and swallowing therapist
and dietician (as outcomes of airway surgery are known
to be poorer in the obese) [42].

Steroids
The role of corticosteroids in airway surgery is with
regards their anti-inflammatory, anti-fibroblastic activity,
preventing scar formation and reducing the rate of re-
cidivism. Although systemic steroids have a noteworthy
side-effect profile, local steroid use demonstrates min-
imal systemic absorption and may aid in the peri-
operative management of LTS. Using suspension laryn-
goscopy, a long-acting steroid may be injected into a
stenosis at the time of radial incision and dilatation. Al-
ternatively, steroid impregnated pledgets or ointment
can be applied before or after endoscopic interventions.

Mitomycin-C
Mitomycin-C (MMC), an antimitotic, cytotoxic chemo-
therapeutic agent derived from the bacteria Streptomyces
caespitosus, has the ability to modify wound healing by
interfering with chemotaxis and fibroblast proliferation
[43]. MMC has been used topically with the aim of

inhibiting tracheal scar formation after surgical airway
reconstruction. There are no randomised controlled tri-
als proving its efficacy, however, and continuing uncer-
tainty regarding its long-term toxicity has led many
clinicians to abandon its use.

Outcomes
Success in the treatment of LTS has been defined as the
restoration of an airway lumen with subsequent decan-
nulation and no further surgical requirement for at least
6 months [6, 38]. Rates of success range from 67 to 96%
[20, 31]. Meta-regression analysis demonstrates the fol-
lowing individual success rates:

� 95% for resection with primary anastomosis
� 76% for LTP
� 40–82% for endoscopic surgery [25]

The high level of success with resection and primary
anastomosis was confirmed in a subsequent systematic
review by Lewis et al. in 2017 [44]. Notwithstanding the
success rate, this procedure is technically demanding.
An important complication is anastomotic dehiscence,
the odds of which increase with resected lengths of
greater than four centimetres. Longer segments require
either laryngeal or pulmonary release to prevent exces-
sive anastomotic tension. The majority of the literature
regarding LTS is of an observational nature; this pre-
cludes a conclusion as to which treatment modality is
superior [44].
Factors that affect clinical outcomes can be broadly

classified into disease factors, patient factors and treat-
ment factors [3, 23]. Additionally, Gelbard et al. suggest
that these may have a summative effect [3].

Aetiopathogenesis
Different outcomes have been demonstrated for each
aetiology (iatrogenic, idiopathic, autoimmune, and trau-
matic). Iatrogenic stenoses have the highest rates of
post-interventional long-term tracheostomy dependence,
which may be related to the high prevalence of tracheo-
malacia in this group [3].

Anatomical disease severity
The relationship between stenosis morphology and pro-
cedural outcomes has been established for LTS in both
children and adults [4]. It has been demonstrated that
with each additional percentage of luminal airway com-
promise (Myer-Cotton Classification) the odds of trache-
ostomy dependence increase by 3% [3, 19]. This is
independent of surgical modality [43].
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Patient comorbidities
Chronic comorbid disease is known to increase the risk
of poor outcomes following airway surgery [28, 42].
Multivariate regression analysis demonstrates that each
additional point on the Charlson Comorbidity Index
(CCI) is associated with a 67% increase in odds of
tracheostomy dependence [3]. The CCI is an index of 17
comorbidities assigned a weight from one to six depend-
ing on their risk of effecting one-year mortality [45]. Co-
morbidities demonstrating the strongest correlation to
outcome in LTS are diabetes mellitus type II, myocardial
infarction, congestive cardiac failure, peripheral vascular
disease, cerebrovascular accident, gastroesophageal re-
flux, chronic obstructive pulmonary disease, and con-
nective tissue disease [3].

Complications
The primary cause of treatment failure in LTS is
post-surgical complications [46]. The most common
complications are tracheomalacia and airway granula-
tion tissue formation. Gustafson, et al. have devised a
classification system to describe tracheomalacia sever-
ity (Table 5), with moderate to severe tracheomalacia
representing a relative contraindication to single stage
reconstruction [47].
Granulation tissue is commonly encountered during

surgery for LTS [48]. It narrows the airway lumen and
leads to progressive dyspnoea, which precludes both
decannulation and definitive airway reconstruction.
Granulation tissue heals by fibrosis, promoting stenotic
recidivism. It is theorised to be driven by mechanical ir-
ritation, LPR, and the inflammatory response to polymi-
crobial colonisation [48]. Nouraei et al. have found the
strength of correlation to be most robust with the mi-
croorganisms Staphylococcus aureus and Pseudomonas
aeruginosa and recommend their eradication with Flu-
cloxacillin and Ciprofloxacin, respectively [49].

Conclusion
Laryngotracheal stenosis is an extensive and complex
topic. Disease management can be challenging and often
involves multi-disciplinary care. Although treatment
goals have been determined for the management of LTS
[6], a clearly defined treatment algorithm has yet to be
validated. Furthermore, there is no fixed treatment for
LTS; the choice of surgical procedure is determined by

the individual anatomy and function of the larynx and
trachea, together with patient factors and available facil-
ities. Tissue engineering and tracheal allotransplantation
may hold promise as future options in the management
of these difficult cases and the use of biodegradable
stents is evolving [40, 50]. Regardless of how the surgeon
chooses to approach these lesions, prevention of iatro-
genic laryngotracheal damage remains of primary
importance.
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