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Summary
BACKGROUND: Benign tracheal stenosis is relatively
rare but remains a significant chronic disease due to its
drastic symptoms including dyspnoea and inspiratory stri-
dor, and consequent negative effect on quality of life. Tra-
ditionally, the surgical approach by resection of the stenot-
ic tracheal segment has been the therapy of choice.
However, endoscopic techniques have arisen and may of-
fer a safe and less invasive alternative.

OBJECTIVES: The aim of the retrospective study was to
evaluate procedure-related safety and outcome of endo-
scopic treatment of benign tracheal stenosis at a single
centre.

METHODS: The study included all patients at our insti-
tution who between 2013 and 2022 had received endo-
scopic treatment of benign tracheal stenosis by rigid tra-
cheoscopy, radial incision by electric papillotomy needle
and dilation (endoscopic tracheoplasty) followed by triam-
cinolone acetonide as a local submucosal injection and
additionally, from 2020, budesonide inhalation.

RESULTS:A total of 22 patients were treated in a total
of 38 interventions, each resulting in immediate improve-
ment of symptoms. There were no peri-interventional com-
plications or mortality. Of the 38 interventions, 11 received
no triamcinolone acetonide administration, resulting in a
54.5% recurrence rate after an average of 21.1 (±18.0)
months, while 27 had local triamcinolone acetonide, with
a 37% recurrence rate. Since 2020, we additionally ini-
tiated post-interventional budesonide inhalation as recur-
rence prophylaxis for newly admitted patients and patients
with recurrences(n = 8), of whom only one (12.5%) has to
date experienced a recurrence.

CONCLUSION: Our results indicate that endoscopic tra-
cheoplasty offers a safe and successful, minimally inva-
sive alternative to open surgery for patients with benign
tracheal stenosis. We recommend local administration of
triamcinolone into the mucosa as an additional treatment
to decrease the risk of recurrence. However, given the
uncontrolled study design and low sample size, safety
and effectiveness cannot be conclusively demonstrated.
Nonetheless, our findings suggest promising avenues for
further investigation. Further studies on the additional ben-
efit of inhaled corticosteroids are warranted.

Introduction

Benign tracheal stenosis is a relatively rare yet impactful
chronic condition characterised by symptoms such as dys-
pnoea, inspiratory stridor and poor quality of life. Most
commonly, benign tracheal stenosis is observed in young
to middle-aged women, which may lead to misdiagnosis
of bronchial asthma and therefore delayed diagnosis of
benign tracheal stenosis [1–3]. There are a few potential
causes, including damage from a prior intubation [1], dam-
age from inhaling chemicals or heat, an autoimmune dis-
ease, gastro-oesophageal reflux disease (GERD) or an un-
known cause, in which case it is known as idiopathic
subglottic stenosis [4, 5]. The most common causes of be-
nign tracheal stenosis are post-intubation tracheal steno-
sis (PITS) and post-tracheostomy tracheal stenosis (PTTS),
accounting for 19% and 65% of cases, respectively [6, 7].
Nowadays, the incidence of post-intubation and post-tra-
cheostomy tracheal stenosis is estimated to be approxi-
mately 4.9 cases per million per year [8, 9]. Interestingly,
the presence of oestrogen receptors in tracheal mucosa
could play a pivotal role in the pathogenesis and increased
incidence in females [10, 11]. Basically, two treatment
strategies have been proposed. Surgical resection of the
diseased tracheal segment was first described by Pearson
and Andrews in the 1970s, with resection of the stenotic
area and subsequent end-to-end anastomosis [12, 13]. This
has been the procedure of choice in benign tracheal steno-
sis measuring <2 cm and located in the proximal part of
the trachea. However, this method is associated with pro-
cedure-related 30-day mortality of 2.6% and a procedure-
related morbidity rate of up to 45% [12, 14–20]. Fur-
thermore, restenosis after months to years is an issue.
According to Macchiarini et al., restenosis can even occur
one month post-operatively [14, 19]. The reported recur-
rence rate after surgery ranges from 4% to 36%, depending
on the experience of the surgeon and other medical issues
such as excessive tension, devascularisation and comor-
bidities such as diabetes, connective tissue disorders and
poor nutritional status [21–24]. On the other hand, endo-
scopic tracheoplasty is a minimally invasive alternative.
This technique was first described in 1987 by Stanley
Shapshay who combined laser resection with rigid bron-
choscopy in tracheal and subglottic stenosis [25]. Since
then, the technique has been modified repeatedly with dila-
tion using rigid bronchoscopy or balloon catheter after cut-
ting with electrocautery, electric knife or laser [25]. Ulti-
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mately, there is no generally recognised gold standard for
the therapy of benign tracheal stenosis. Neither is there ev-
idence comparing the surgical and endoscopic therapies.
In this retrospective single-centre study, we aimed to eval-
uate the safety and outcome of endoscopic tracheoplasty
in patients with benign tracheal stenosis, using rigid tra-
cheoscopy, radial incision, dilation and local glucocorti-
coid administration.

Patients and methods

All patients who underwent endoscopic tracheoplasty due
to benign tracheal stenosis from 2013 to 2022 at the Uni-
versity Hospital Zurich, Switzerland, were included in this
study. Patients with tracheal stenosis due to malignancy
or goitre were excluded. Medical history, pulmonary func-
tion test, details on the intervention including post-inter-
ventional course, histology and follow-up data were drawn
from patients’records. The first follow-up visit was sched-
uled at six to eight weeks post-intervention, in accordance
with internal Standard Operating Procedures (SOPs), as
wound healing typically concludes after approximately six
weeks. Thereafter,the patients were invited to report symp-
toms suggestive of restenosis. When symptoms suggestive
of restenosis recurred, a repeat spirometry along with a
comprehensive medical history, physical examination and
tracheoscopy were performed. The primary outcome of our
study was procedure-related safety of endoscopic tracheo-
plasty in patients with benign tracheal stenosis. Secondary
outcomes were success rate and recurrence rate, especial-
ly following introduction of local triamcinolone acetonide
administration and post-interventional budesonide inhala-
tion.

All patients included in the study signed a general consent
to retrospectively obtain anonymised patient data. The
study was approved by the ethics committee of Zurich
(BASEC-Nr. 2020-01573).

Endoscopic tracheoplasty

Endoscopic tracheoplasty was performed under general
anaesthesia as an inpatient procedure. After the induction
of total intravenous anaesthesia and muscle relaxation, the
patient’s trachea was intubated with a rigid tracheoscope
(Karl Storz SE & Co. KG, Tuttlingen, Germany),whereas
the tip of the scope was placed between the vocal cords
and stenosis using 4.5 mm, 0° Hopkins®optics (Karl Storz
SE & Co. KG). After initiation of high-frequency jet ven-
tilation, a flexible videobronchoscope (190 series,Olym-
pus,Tokyo, Japan) was introduced into the tracheoscope

and the web-like stenosis was cut radially at two defined
locations at 10 and 2 o’clock (figure 1) with an electric
papillotomy needle (MTW Endoskopie, Wesel, Germany),
which was inserted over the working channel of the bron-
choskope, and Endo-cut (VIO® 200D, APC 2, Erbe,
Tübingen, Germany; effect 4, 40–50 W). Then the stenosis
was dilated using rigid tracheoscopes with gradually in-
creased diameter. Since 2016, 20–40 mg triamcinolone
acetonide (Kenacort®, Dermapharm AG, Hünenberg,
Switzerland) has been administered topically into the for-
mer stenotic area to prevent early recurrence due to scar-
ring. In addition, from 2020, inhaled budesonide 200 µg
bid has been initiated after hospital discharge to prevent
recurrence (Pulmicort® Turbuhaler®, AstraZeneca, Baar,
Switzerland). Since this is an uncontrolled single-arm
study, the recurrence rate after sole tracheoplasty was his-
torically compared to tracheoplasty including local triam-
cinolone administration without and with subsequent in-
haled budenoside.

Statistics

Continuous data are reported using means (±standard de-
viation [SD]).SPSS(IBM, Armonk, NY, USA) version 27
was used for descriptive data analysis.

Results

In total, 22 patients (mean age 57.3 [±SD 17.3] years,
86.4% female) were included and observed during a mean
follow-up time of 4.5 years. Details concerning comorbidi-
ties, risk factors and symptoms are shown in table 1. Mean
time from symptom onset to diagnosis of benign tracheal
stenosis was 14.2 (±SD 27.6) months. At histology, none
of the included patients had findings suggestive of malig-
nancy, amyloidosis or granulomatous disease. All patients
experienced immediate improvement of their symptoms.
A follow-up was conducted after 7.8 (±SD 4.3) weeks in-
cluding a spirometry as shown in figure 2. Numeric pul-
monary function values improved only a little (table 2), but
the flow-volume curve regained its normal shape, while in-
spiratory and expiratory flattening had disappeared. At fol-
low-up, none of the patients reported dyspnoea on exertion
or at rest, nor did they have any stenosis-related breathing
difficulties.

The procedure was performed as described in the Methods
section. Average procedure time was 42 (±SD 15.6) min-
utes and length of hospital stay was 2 (±SD 1) days. The
stenoses in all patients were located subglottically at a dis-
tance of 19.5 (±SD 9.1) mm from the vocal cord. On av-

Figure 1: The web-like stenosis before endoscopic intervention (A), when it was cut radially at two defined locations at 10 and 2 o’clock(ar-
rows) (B) and after dilation using rigid tracheoscopes with gradually increased diameter (C).
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Table 1:
Demographic and clinical characteristics.

Frequency n (%) / mean( ±SD)

No. of participating patients 22 (100.0%)

Demographics Female 19 (86.4%)

Age 57.3 (±SD 17.3)

Smoking Never smoker 17 (77.3%)

Active smoker 3 (13.6%)

Former smoker 2 (9.1%)

Body Mass Index(kg/m2) 18.5–24.9 12 (54.6%)

25–29.9 4 (18.2%)

30–34.9 3 (13.6%)

35–39.9 2 (9.1%)

≥40 1 (4.5%)

Previous misdiagnosis of bronchial asthma 3 (13.6%)

Other comorbidities Gastro-oesophageal reflux disease and/or proton pump inhibitor use 8 (36.4%)

Rheumatological disease 3 (13.6%)

Thyroid disease(excl.goitre) 6 (27.3%)

Type 2 diabetes mellitus 5 (22.7%)

Hypertension 9 (40.9%)

Symptoms Cough 12 (54.5%)

Stridor 21 (95.5%)

Voice abnormality 2 (9.1%)

Dysphagia 2 (9.1%)

Dyspnoea mMRC Score 3 16 (72.7%)

mMRC Score 4 6 (27.3%)

Previous interventions to trachea Orotracheal intubation 8 (36.4%)

Tracheostomy 6 (27.3%)

Tracheal surgery to treat benign tracheal stenosis 3 (13.6%)

mMRC: modified Medical Research Council.

Figure 2: Spirometry before (A) and 8 weeks after endoscopic tracheoplasty (B).

Table 2:
Pre- and post-intervention pulmonary function test.

Pre-intervention, mean (±SD) Post-intervention, mean (±SD)

FEV1 (l) 2.47 (±SD 0.61) 2.62 (±SD 0.83)

FEV1 predicted % 92.5% (±SD 17.73%) 94.38% (±SD 16.61%)

FVC (l) 3.32 (±SD 1.01) 3.34 (±SD 0.98)

FVC predicted % 100.65% (±SD 16.73%) 101.38% (±SD 16.23%)

FEV1: forced expiratory volume per second in litres and predicted value; FVC: forced vital capacity in litres and predicted value.
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erage, the stenosis length was 8.0 (±SD 10.7) mm, with
a percentage luminal stenosis of 57.2% (±SD 13.6%). In
1994, a study by Myer et al. was published, in which sub-
glottic stenoses were classified based on their degree of
stenosis using various sizes of endotracheal tubes: grade
I ≤50%, grade II 51–70%, grade III 71–99% and grade
IV with no detectable lumen. This grading, known as the
“Myer-Cotton classification”, continues to be used for sub-
glottic stenoses to this day [26]. Applied to our patient co-
hort, 9 patients had grade I stenosis before the first endo-
scopic therapy, 9 had grade II and 4 had grade III stenosis.
None of the patients had Grade IV stenosis or showed any
cartilage involvement. There were no adverse events dur-
ing the procedure.

Post-interventional complications were rare with transient
hoarseness after one intervention (2.6%). In total, ten
(45.5%) patients had 16 recurrent tracheal stenoses after an
average of 21.1 (±SD 18.0) months following endoscop-
ic tracheoplasty. Two patients had three recurrences each
(one with idiopathic origin and one with status after crico-
tracheal resection after a previous intubation), two had two
recurrences each (one with status after tracheostomy and
one with status after cricotracheal resection and anastomo-
sis after a previous intubation) while six patients had one
recurrence each (two of idiopathic origin; two with sta-
tus after intubation; one with status after tracheotomy dur-
ing thyroidectomy in Graves’ disease; and one with sta-
tus after cricotracheal resection and anastomosis after a
previous intubation and also hypothyroidism). In our pa-
tient cohort, only one patient needed stent placement due
to inability to manage the stenosis using the rigid tracheo-
scope. We opted to insert a self-expanding Ultraflex stent
(12 × 30 mm). Upon subsequent follow-up assessments,
the expansion of the stent revealed a well-healed tracheal
lining. Currently, the patient remains free of symptoms.
The presentation of patients, along with whether they re-
ceived a triamcinolone injection after the incision and di-
lation during all treatments, as well as additional budes-
onide inhalation, and peri-interventional complications, is
listed in table 3. Also included are the relative percentage
values within each of the various recurrence groups. Ulti-
mately, 38 procedures were performed in 22 patients. Top-
ical triamcinolone was administered during 27 procedures,
from which 10 (37.0%) experienced recurrence. In the re-
maining 11 cases, which were treated before 2016, triam-
cinolone was not used. Of these, 6 had recurrent tracheal
stenosis (54.5%). From 2020 onwards, 8 patients received
inhaled budesonide as part of the new post-intervention
regime. Of these, only 1 has experienced a recurrence to
date (12.5%).

Discussion

In this retrospective study, we aimed to share our single-
centre experience on endoscopic treatment of benign tra-
cheal stenosis, challenging the traditional way of surgical
repair. Over the course of the observed period, a total of
22 patients were enrolled in this study. The sample size is
contingent upon incidence, reflecting the rarity of this con-
dition. Consequently, an extended observation period was
accepted. In uncomplicated benign tracheal stenosis (i.e.
web-like stenosis), endoscopic tracheoplasty is possibly a
considerable alternative to surgical repair regarding safety
and success rate. However, the recurrence rate of 42.1% af-
ter endoscopic tracheoplasty in our study is an issue, since
the reported recurrence rate after surgical repair is 4–36%
[21–23]. Yet, after topical administration of triamcinolone
during endoscopic tracheoplasty, the risk of recurrence was
only 37.0% compared to 54.5% without triamcinolone.
According to the treatment of keloids of the skin, the ad-
ministration of triamcinolone in the mucosa seems to be
crucial to avoid relapse and lower the amount of inflamma-
tion of mucosal tissue [27, 28]. Similar results have been
achieved using mitomycin C as adjuvant treatment in tra-
cheal stenosis to lower the recurrence rate [29–31]. Mito-
mycin C has been shown to impair fibroblast reproduction
and proliferation, and thus refibrosis rate was temporari-
ly reduced by induction of the cytokine TGF-β, which in-
hibits collagen production and therefore fibrosis [29].

In a study by Wierzbicka et al., the corticosteroid injection
following non-invasive bronchoscopic dilation was inves-
tigated according to the cause of benign tracheal stenosis:
(1) autoimmune disease (granulomatosis with polyangi-
itis), (2) traumatic or (3) idiopathic. All patients received
the same therapy with endoscopic dilation and intramu-
cosal corticosteroid injection with granulomatosis with
polyangiitis showing the highest success rate of 75%, com-
pared to 71% and 56% with traumatic and idiopathic ae-
tiology, respectively [32]. In the end, several studies em-
phasised that, regardless of the cause, additional adjuvant
corticosteroid injection is superior compared to endoscopic
dilation alone [5, 24, 32]. In 2016, we introduced triam-
cinolone to be administered locally into the lesion at the
end of the procedure. However, since the effect of triam-
cinolone vanishes over time, we additionally introduced
inhaled budesonide from 2020 to standard post-interven-
tional care after tracheoplasty. As historically compared to
the group without corticosteroid administration, we found
that risk of recurrence was considerably lower after tri-
amcinolone injection, and even lower after additional bu-
denoside inhalation. Interestingly, inhaled budesonide and
the inhaled use of the antifibrotic drug nintedanib have re-
cently been shown to reduce the risk of recurrent tracheal
stenosis in an animal model [33]. The promising effect of

Table 3:
Procedure-related complications and recurrence after endoscopic tracheoplasty.

Intervention Number of pa-
tients*

Procedure-related complications, n
(%)

Recurrence,
n(%)

Mean time to recurrence, months
(SD)

Tracheoplasty without triamcinolone 11 1 (9.1%)** 6 (54.5%) 15 (±SD 14.1)

Tracheoplasty with triamcinolone 19 0 9 (47.4%) 18.4 (±SD 18.5 )

Tracheoplasty with triamcinolone and budes-
onide

8 0 1 (12.5%) 5 (±SD 0)

* Patients with multiple tracheoplasties were counted for each intervention.

** Patient with transient hoarseness.
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nintedanib was able to be reproduced in a rabbit model
showing that it effectively prevented tracheal stenosis by
inhibiting fibrosis and inflammation. The antifibrotic ef-
fect of nintedanib may be achieved by inhibiting fibroblast
proliferation, migration and differentiation, and suppress-
ing the TGF-β1/Smad2/3 and ERK1/2 signalling pathways
[34].

Although in many studies surgical resection is considered
to be the only definitive treatment option for benign tra-
cheal stenosis, more recent studies have shown that web-
like or simple stenosis can also be safely and successfully
treated by endoscopic procedures such as balloon dilation
or stent insertion [4, 30, 35]. In the study conducted by
Ozdemir et al., two categories were set up. Simple stenoses
that measured less than 1 cm in length and complex
stenoses that were longer than 1 cm and showed signs
of inflammation, malignancy and cartilage involvement.
They concluded that simple stenoses can be successfully
treated with balloon dilation and laser, while complex
stenoses require surgical resection or stenting with regular
follow-ups, since stents have a wall-stabilising effect and
prevent cartilage loss [35, 36]. However, treatment options
varied for tracheal stenosis of benign and malignant ori-
gins. While benign tracheal stenosis is easily treatable us-
ing endoscopic procedures, primary malignant tracheal
stenosis requires surgical resection [27]. Although endo-
scopic interventions carry the risk of recurrence of benign
tracheal stenosis, safety seems to be superior as compared
to uncontrolled data from surgical repair [16, 37, 38].
While surgical resection used to be the treatment of choice
of benign tracheal stenosis, it is associated with several
complications including restenosis, necrosis and anasto-
motic dehiscence in 4% of cases [16, 38]. The closer the
stenosis is to the larynx, the greater the risk of vocal cord
dysfunction and difficulty in swallowing. According to
Bibas et al., voice changes or difficulty swallowing are re-
ported in 2–4% of patients after surgery but have not been
reported after endoscopic treatment [22, 24, 39]. The re-
ported post-operative mortality after surgery ranges from
1.8% to 5%, whereas no fatalities have been reported after
endoscopic interventions [38]. Restenosis after surgery can
occur in up to 36%, necessitating repeat treatment. Howev-
er, revision surgery of a restenosis is often no longer pos-
sible after surgical resection. According to Donahue et al.,
revision surgery is associated with a high complication rate
of 39% [40]. Therefore, endoscopic treatment even after
a surgical resection might be a safe treatment option for
restenosis [27].

Our collaborative and multidisciplinary approach incor-
porates a team of healthcare professionals, encompassing
ear-nose-throat specialists, anaesthetists and interventional
pulmonologists, alongside other healthcare experts.
Specifically addressing tracheal stenosis linked to intuba-
tion, we acknowledge the absence of a universally agreed-
upon optimal treatment algorithm. This highlights the on-
going necessity for research to develop effective treatment
strategies tailored to this particular cause of tracheal steno-
sis [5, 35].

There are several limitations to our study, which are mainly
due to the small sample size, its retrospective and uncon-
trolled nature and to the relatively short follow-up period
after endoscopic tracheoplasty. However, given the rarity

of benign tracheal stenosis and the single-centre approach,
it is ambitious to gather a sufficiently high sample size for
a randomised trial. Furthermore, assessment of recurrence
was based on self-reported symptoms rather than sched-
uled follow-ups, resulting in a considerable risk of report-
ing bias.

According to our retrospective, real-life data, endoscopic
tracheoplasty was a successful treatment for benign tra-
cheal stenosis with few complications and zero peri-inter-
ventional mortality. The high risk of recurrence must be
considered and can possibly be lowered by means of local
triamcinolone injection and inhaled budesonide.
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