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Abstract
Background: Benign stenosis involving laryngeal and upper 
tracheal structures represents a therapeutic challenge. Open 
surgery and endoscopic management have to be discussed 
by a multidisciplinary board in order to evaluate the risk and 
benefit for each patient. Objective: The objective of this ret-
rospective study was to report the experience of two French 
centers with transcordal silicone stents (TSS) in the endo-
scopic management of benign laryngotracheal stenosis 
(BLTS) in adults, with focus on efficacy, safety, and tolerabil-
ity. Methods: We performed a retrospective chart review of 
all cases of BLTS treated with TSS between January 2001 and 
June 2017 at two tertiary centers in France: the Centre Hos-
pitalier Régional Universitaire de Strasbourg and the Hôpital 
Nord de Marseille. Results: A total of 17 patients were in-
cluded. Eleven had a tracheostomy at initial management 
which consisted of 8 T-tubes and 9 strictly endoluminal 
stents placements. The main complications were minor as-
pirations in 5 patients (29%), granulation in 3 patients (18%), 

migration in 2 patients (12%), and severe dysphonia in 3 pa-
tients (18%). After a mean duration of 18.3 months, 11 pa-
tients (65%) had had their TSS definitely removed, 13 pa-
tients were tracheostomy free (76%), and a TSS remained in 
place in 4 patients (24%). Conclusions: Adult BLTS treatment 
with TSS placement is associated with low morbidity and ex-
cellent clinical outcomes, with a large proportion of patients 
free of airway instrumentation on long-term follow-up.

© 2018 S. Karger AG, Basel

Introduction

The most frequent etiologies of benign tracheal steno-
sis (BTS) include endotracheal intubation, tracheostomy, 
tracheal surgery, radiation therapy, caustic inhalation, 
tracheal trauma, and idiopathic [1].

The gold standard treatment for symptomatic BTS if 
the thyroid cartilage is not involved is tracheal sleeve re-
section. Success rates in the 70–94% range have been re-
ported, with perioperative mortality rates in the 1.5–9% 
range [2–7]. Sufficient residual tracheal tissue must re-
main to minimize the tension on the anastomosis and to 
prevent anastomotic complications.

D
ow

nl
oa

de
d 

by
: L

. C
or

be
tta

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 -
 2

87
43

6
U

ni
v 

S
tu

di
 F

ire
nz

e 
   

   
   

   
   

   
   

   
   

   
   

   
15

0.
21

7.
11

0.
31

 -
 9

/7
/2

01
8 

5:
31

:3
0 

P
M

http://dx.doi.org/10.1159%2F000487242


Bourinet et al.Respiration2
DOI: 10.1159/000487242

Although surgery is the gold standard treatment for 
most BTS, endoscopic treatment (ET) also plays a central 
role in the treatment of BTS. ET should be performed first 
in patients who present with respiratory distress or in pa-
tients with severe stenosis who will undergo surgery to 
facilitate endotracheal intubation and relieve symptoms. 
ET should also be considered as a first-line treatment in 
simple BTS, i.e., without cartilaginous involvement, as a 
great proportion of patients with simple BTS will require 
no further therapy after one ET session [8, 9]. The success 
rates in complex BTS, i.e., with cartilaginous involve-
ment, are lower in the 70% range, but remain interesting 
for patients who are not surgical candidates because of 
comorbidities or technical anatomic reasons [8, 10–14].

ET involves mechanical dilatation of the stenosis by 
rigid bronchoscope or balloon, which can be followed if 
necessary by silicone or self-expandable fully covered 
metal stent placement, depending on the risk of resteno-
sis [15]. The main shortcoming of stents in BTS is the 
high risk of migration [10, 12, 14], a risk which is particu-
larly important when the stenosis is located close to the 
vocal cords. Our experience, which has been shared by 
many, has shown that it is imperative to leave at least  
1 cm between the upper margin of a stent and the vocal 
cords to prevent discomfort and obstructive complica-
tions such as laryngeal edema, stent migration, and gran-
ulation tissue formation just below the vocal cords, which 
could be fatal. This makes high BTS, within 2 cm of the 
vocal cords, a subgroup in which ET has traditionally had 
poor success due to the impossibility to stent. Many pa-
tients in this group have been treated with definitive tra-
cheostomies to bypass the stenotic area. Surgery can be 
considered, but is more complex. A preoperative trache-
ostomy is generally required in patients not previously 
tracheotomized. Even though morbidity and mortality 

are considered low, surgery can complicated by stenosis 
recurrence, dehiscence, and death [16]. Transcordal 
stents represent an alternative to tracheostomy in this 
population when simple dilatation is insufficient. Trans-
cordal stenting has previously been described mainly in 
patients with a tracheostomy complicated by recurrent 
aspirations as well as in the postoperative course of laryn-
gotracheal surgeries, such as temporary splinting [17–
19]. Very few patients with benign laryngotracheal steno-
sis (BLTS) have previously been treated with transcordal 
stenting [17–19].

The objective of this retrospective study was to report 
the experience of two French centers with transcordal sil-
icone stents (TSS) in the management of BLTS with focus 
on efficacy, safety, and tolerability.

Patients and Methods

We performed a retrospective chart review of all cases of TSS 
performed at two tertiary centers in France: the Centre Hospitalier 
Régional Universitaire de Strasbourg and the Hôpital Nord de 
Marseille.

All cases with TSS procedures performed between January 
2001 and June 2017 with straight (TD) and hourglass-shaped (HG) 
Dumon Silicone stents (Novatech GSS TD and ST®; Novatech SA, 
La Ciotat, France) as well as Montgomery T-tubes (Montgomery 
Safe-T-Tube®; Boston Medical Products, Shrewsbury, MA, USA) 
(Fig. 1) were included.

Malignant stenoses were excluded as well as cases where the 
TSS were inserted for recurrent aspirations and in whom the prox-
imal end of the stent was below the vocal cords.

Charts were reviewed for stenosis characteristics (length, loca-
tion, degree of obstruction), stent characteristics (type, dimen-
sions), stent tolerability (pain, cough), and stent-related complica-
tions (dysphagia, granuloma formation, mucus plugging, migra-
tion) as well as patient evolution, including the possibility of 
definitive stent removal.
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Fig. 1. Stents used. a Straight silicone stent. 
b Hourglass-shaped silicone stent. c Mont-
gomery T-tube.
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The insertion technique differed between the two centers. At 
the Centre Hospitalier Régional Universitaire de Strasbourg, stents 
were inserted during suspension laryngoscopy, using a foreign 
body forceps. TD and HG stents were used. The operator aimed to 
place the middle of the stent at the level of the cricoid cartilage and 
the proximal end at least at the level of the arytenoid cartilages or 
slightly higher if possible (Fig. 2). A safety wire was attached to the 
stent in case the stent needed to be removed urgently, and a tem-
porary tracheostomy was used if stent positioning was difficult to 
allow ventilation during the procedure. At the Hôpital Nord de 
Marseille, the technique used differed. Rigid bronchoscopy was 
performed to mechanically dilate the stenosis with progressively 
larger rigid bronchoscopes (Fig. 3, 4). If patients had a tracheos-
tomy in place, a Montgomery T-tube was used while a straight 
silicone stent was used in patients without tracheostomy. In pa-
tients with a tracheostomy in place, if the Montgomery T-tube was 
well tolerated for 2–3 months, it was replaced by a straight silicone 
stent. In our practice, HG stents were chosen in case of short ste-
nosis (no longer than 2 cm, which is the length of the central part 
of these stents). For longer stenosis, a TD stent was chosen. Both 
centers used nebulized normal saline three times daily after stent 
placement as long as the stent was left in place.

The follow-up schedule for clinical evaluations and bronchos-
copy was tailored to each patient’s need and left to the discretion 
of the clinician.

Results

From January 2001 to June 2017, 17 TSS were inserted 
at the Hôpital Nord de Marseille and the Centre Hospi-
talier Régional Universitaire de Strasbourg. The most fre-
quent stenosis etiologies were tracheostomy and endotra-
cheal intubation in 6 patients (35%), post tracheal surgery 

a b

Fig. 2. Proximal end of a transcordal sili-
cone stent seen at the level of the arytenoid 
cartilages endoscopically (a) and on imag-
ing (b).
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a b c

Fig. 3. Postradiation tracheal stenosis. a Initial aspect. b After mechanical dilatation. c After transcordal silicone 
stent placement.

a b

Fig. 4. Posttraumatic benign tracheal stenosis before (a) and after 
transcordal silicone stent placement (b).
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in 5 (29%), trauma in 3 (18%), idiopathic in 2 (12%), and 
post radiation in 1 (Table 1). All stenoses were complex. 
Six patients did not have tracheostomies at baseline and 
were dyspneic at rest, while the other 11 had tracheosto-
mies in place at their initial endoscopic procedure and 
were asymptomatic.

The 6 patients without tracheostomy at baseline were 
treated with HG stents. At initial ET, 3 patients had 14-, 
12-, and 14-mm stents placed while the other 3 had 12-, 
10-, and 12-mm stents placed. Amongst the 11 patients 
with a tracheostomy at baseline, 8 were initially treated 
with a T-tube (diameters 11–13 mm) while the other 3 
were treated with TD stents (diameters 10 and 12 mm) 
which were positioned above the tracheostomy that was 
left in place to ensure maximal patient security.

Minor complications were frequent. Aspiration was 
noted by 5 patients (29%) but was minor in all but 1 pa-
tient (6%) in whom it led to a change in stent diameter. 
Three patients (18%) had granulation tissue formation at 
the end of their stent which required nonurgent ET. Two 
(12%) migration incidents occurred (2 HG stents), one of 
which was corrected by placing a larger stent while the 
other was corrected by replacing a T-tube. Dysphonia was 
present in all patients, who could speak at the sound in-
tensity of a whisper except for 3 patients (18%) who could 

not produce a sufficient sound intensity to be understood 
when speaking. Significant cough was present in 2 pa-
tients (12%). One patient (6%) had laryngeal discomfort 
which resolved with stent removal.

After a mean duration of 18.3 months, 11 patients 
(65%) had had their TSS removed without necessity to 
reinsert it after a follow-up of at least 1 year. Four patients 
(24%) remained with their stent in place, 3 of whom had 
had a stent removal attempt resulting in restenosis after 
having their stent in place for 35, 36, and 113 months, re-
spectively. One patient (6%) has had his stent in place for 
12 months and no removal has been attempted. One pa-
tient (6%) died 4 months after his TSS had been placed 
from a cause unrelated to his airway disease.

Amongst the 11 patients with a tracheostomy at base-
line, 1 (9%) died of unrelated reasons and 1 (9%) still has 
a T-tube. The remaining 9 patients (73%) all had their 
tracheostomy orifice closed and only 1 patient remains 
with a silicone stent. Amongst the 6 patients without tra-
cheostomy at baseline, 2 eventually required a tracheos-
tomy to be performed because of TSS failure. One patient 
now has a T-tube while the other has a definitive trache-
ostomy. The other 4 patients remain tracheostomy and 
TSS free.

Table 1. Demographic data, etiologies, endoscopic management, and follow-up

Patient
No.

Age,
years

Sex Etiology Tracheostomy 
at initial 
management

First 
stent 
placed

Complications Stent 
duration, 
months

Stabilization 
without TSS

Trache-
ostomy-
free

1 30 F idiopathic yes TD + TC granulation 11 yes yes
2 31 F post intubation yes TD + TC ongoing no (TD) yes
3 63 F post tracheostomy yes TD + TC aspiration/granulation ongoing no (TD) yes
4 59 F post tracheostomy yes T-tube cough/dysphonia 13 yes yes
5 53 F post radiotherapy yes T-tube major aspiration ongoing no (T-tube) no
6 82 F idiopathic yes T-tube 4 no (death) NA
7 70 F post intubation no HG migration 23 no (TC) no
8 71 F post surgery no HG migration/aspiration 60 yes yes
9 90 F post surgery no HG ongoing no (T-tube) no

10 47 M posttraumatic no HG 24 yes yes
11 53 F posttraumatic yes T-tube cough 8 yes yes
12 66 F post intubation no HG pain 24 yes yes
13 69 F post surgery yes T-tube granulation/dysphonia 5 yes yes
14 56 M post intubation yes T-tube aspiration/dysphonia 44 yes yes
15 48 F post surgery yes T-tube aspiration 6 yes yes
16 83 F post surgery no HG 1 yes yes
17 75 M posttraumatic yes T-tube 1 yes yes

HG, hourglass-shaped stent; NA, not applicable; TC, tracheostomy canula; TD, tracheal Dumon stent; TSS, transcordal silicone stent.
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Of the total group, 13 patients (76%) are now trache-
ostomy free, 2 have a T-tube, and 1 has a definitive tra-
cheostomy. Figure 5 summarizes the evolution of all pa-
tients.

Discussion

Adult BTS is a complex entity with multiple etiologies 
[1]. For pure BTS, surgical management remains the gold 
standard [20, 21], but the risks and benefits should always 
be evaluated by a multidisciplinary board, and in certain 
situations the risk-benefit evaluation may favor an endo-
scopic approach.

In BLTS, there is a lack of recommendations, given the 
small size of surgical and endoscopic series already pub-
lished and the heterogeneity of anatomic lesions [22].

The drawback of the surgical approach is its risk of 
major complications, such as anastomotic dehiscence, in 
patients with benign disease and generally prolonged sur-
vival. The complexity of surgical procedures and the risk 
of complications increases with proximity to the vocal 
cords and with involvement of the cricoid and thyroid 
cartilage.

Historically, patients with BLTS with insufficient sub-
glottic space for stenting and failure of simple endoscop-
ic dilatation who were not candidates for surgical treat-
ment had no other alternative treatment options than de-

finitive tracheostomy. We present here our experience 
with an alternative treatment option: transcordal silicone 
stenting. This approach is not associated with the esthet-
ic and psychological impacts of a tracheostomy orifice, 
unless a T-tube is used, and allows airway instrumenta-
tion weaning in a significant proportion of patients.

Tracheostomy certainly remains the gold standard 
[23] in emergency situations and in certain situations as 
a preventive safety measure, such as in ENT radiation 
therapy, but an alternative exists for certain patients.

Total laryngectomy is now seldom performed because 
of its ravaging consequences, except in palliative situa-
tions where definitive tracheostomies for supraglottic le-
sions cause repeated aspiration episodes.

When a surgical approach is chosen for BTS, tracheo-
tracheal resection anastomosis or cricotracheal resection 
with thyrotracheal anastomosis are the treatments of 
choice for grade 3 and 4 stenosis [24] of the Myer-Cotton 
classification [25]. If the stenosis is purely tracheal, tra-
cheotracheal resection anastomosis is the procedure of 
choice [20]. Cricotracheal resection [20] remains the 
most frequently performed surgery in patients with la-
ryngotracheal stenosis without vocal cord involvement. 
First the trachea is exposed to allow the evaluation of the 
cricoid cartilage. If it is not involved in the stenosis, a cri-
cotracheal anastomosis will be performed, but if the car-
tilage is involved in the stenosis, the procedure performed 
will vary in order to keep the largest part of the cartilage. 

Benign laryngotracheal stenosis
(n = 17)

ST stent
(n = 6)

T-tube
(n = 8)

T-tube
(n = 11)

TD stent
(n = 2)

Definitive
stent removal

(n = 7)

T-tube
(n = 1)

Death
(n = 1)

Patients with tracheostomy
(n = 11)

Patients without tracheostomy
(n = 6)

TD stent + tracheostomy canula
(n = 3)

Definitive
stent removal

(n = 4)

Definitive
tracheostomy

(n = 1)

T-tube
(n = 1)

Fig. 5. Patient flowchart.
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If none of the cricoid cartilage is preservable, a thyroary-
tenotracheal anastomosis can be performed, with sutures 
anchoring the arytenoids to the posterior face of the tra-
chea. Subtotal cricoid resections cause laryngeal immo-
bility because of muscle insertion removal. Hence, a post-
operative tracheotomy is required with a second proce-
dure to regain vocal cord mobility.

Cricoid enlargement procedures have also been de-
scribed [26–28] and allow a surgical approach when the 
glottic space is involved. They consist of the insertion of 
a piece of cartilage in a vertical full-height incision of the 
posterior cricoid, which causes posterior enlargement of 
the cricoid space. If required, a similar procedure can be 
performed anteriorly.

Posterior cordotomy and cordectomy without other 
interventions should not be used to treat laryngotracheal 
stenosis. Their effect is limited to the glottic space, with-
out impact on the supra- or subglottic space. Cordecto-
mies can also be complicated by anterior vocal cord syn-
echia, which further reduces the glottic lumen [29].

All surgical procedures require a meticulous preopera-
tive evaluation and a thorough discussion of morbidity 
and mortality with the patient. The risks of stenosis recur-
rence, anastomosis dehiscence, and mediastinal infec-
tions should be discussed [20, 30].

In cases where surgical risk outweighs benefit, ET can 
offer symptom palliation and may even be curative. For 
simple BTS, the results of ET with mechanical dilatation 
are well documented. In simple stenosis, i.e., without car-
tilaginous involvement, the success rate approaches 100% 
[8, 9]. For complex stenosis, i.e., with cartilaginous in-
volvement, ET with mechanical dilatation followed by 
nondefinitive stent insertion (fully covered metallic or 
silicone) has also been reported to give interesting results. 
Without stenting, restenosis rates are excessively high. 
Mitomycin C [31] and corticosteroid [32] application 
have not proved to prevent restenosis.

Removable stent placement for a mean duration of 18 
months demonstrated a 70% success rate [8, 9], but re-
quires long-term management with nebulizations of sa-
line and exposes the patients to stent-related complica-
tions. Stent migration is the most frequent complication. 
Alternative methods of external fixation of the stent in 
high BTS are an option if this problem occurs [33–37]. 
Given that our patients had a pathological area between 
the vocal cords and the cricoid, this option could not be 
considered.

For patients presenting with BLTS, endoscopic op-
tions rely on repeated dilatations, possibly assisted by la-
ser [14]. Stent placement would impose covering of the 

glottic area, with the proximal edge of the stent above the 
vocal cords and below the epiglottis. One could fear bad 
clinical tolerance with laryngeal discomfort and repeated 
aspirations.

We were reassured by Monnier’s work from 2003 [17], 
which described the feasibility and tolerability of the use 
of a laryngotracheal silicone stent, the Easy-LT-Mold. 
This stent was used for postsurgical calibration in laryn-
gotracheal stenosis in 10 patients. Tolerance was excellent 
and no aspirations were reported, but stents were only left 
in place for a limited period of time ranging from 1 week 
to 3 months. This stent is not commercially available. 
Chambres et al. [18] also reported the use of HG TSS in 
10 patients, 5 of whom had laryngotracheal stenosis. 
Stents were left in place for a mean duration of 6 months 
and no significant complications were reported. Finally, 
Alshammari and Monnier [19] published a prospective 
cohort of 65 patients, 53 of whom were of pediatric age, 
with BLTS who were treated with Easy-LT-Mold stents. 
Stents were used for postsurgical airway calibration again, 
but also after pure ET. Tolerance was again excellent and 
stents were removed after a median follow-up of 23 
months in 83% of patients, without the need for re-inter-
vention during follow-up.

Our study is the first to focus solely on benign adult 
stenosis. Different stent types were used when compared 
to previous studies, in part because Easy-LT-Mold stents 
are not commercially available, but also because of the 
previous experience of the two participating centers with 
Dumon-type silicone stents. It is also important to note 
that the two participating centers and services are from 
different specialties, pulmonary medicine and otorhino-
laryngology, which explains the different insertion tech-
niques and stents used. In Marseille, rigid bronchoscopy 
and TD stents were used, while in Strasbourg, HG stents 
and suspension laryngoscopy were used. Also, due to the 
different training backgrounds, the group in Marseille 
did not initially feel secure removing the tracheostomy 
and installing a straight silicone stent, hence for their first 
3 cases, the tracheostomy was initially left in place. For 
their 3 subsequent cases, the tracheostomy was removed 
at the initial procedure.

When comparing the complication profile with that of 
traditional tracheal stents which do not protrude through 
the vocal cords, we rapidly noticed that the migration rate 
was lower in our study, which may be easily explained by 
the frequent use of T-tubes. On the other hand, aspira-
tions and dysphonia are complications not encountered 
with traditional airway stents. Aspirations were frequent 
(29%) but caused a change in therapeutic approach in 
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only 1 patient (6%). This low rate of clinically significant 
aspirations is explained by the technique of stent posi-
tioning. The proximal end of the stent is precisely posi-
tioned slightly higher than the arytenoid cartilages, but 
not too high above them, to allow normal epiglottic 
movement and proper sealing of the airway when swal-
lowing. Dysphonia is the main drawback of TSS and was 
present in all patients, but severe in only 3 patients (18%). 
It easily resolves with stent removal and the help of a 
speech therapist. It is also interesting to note that long-
term instrumentation-free airway rates are similar with 
TSS and traditional airway stents and that 75% of patients 
had their previous “permanent” tracheostomy removed.

The main limitations of this study include its retro-
spective nature, the small number of patients included, as 
well as the heterogeneity of stents and insertion tech-
niques used.

In conclusion, high BTS treatment with TSS place-
ment is associated with low morbidity and excellent clin-
ical outcomes, with a large proportion of patients free of 
airway instrumentation on long-term follow-up. Hence, 
TSS represent an interesting alternative to permanent tra-
cheostomy and surgery when complex surgical proce-

dures with higher morbidity are required. All cases of BTS 
should be discussed with endoscopists and surgeons ex-
perienced in the treatment of this pathology. Treatment 
should be tailored according to the patient’s fitness to un-
dergo surgery and to the complexity of the required sur-
gical procedure. More prospective studies are required to 
define the ideal stent and appropriates indications for 
TSS. With the anatomic complexity of the laryngotrache-
al region, 3D-printed customized stents certainly repre-
sent an interesting avenue to explore.
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