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Abbreviations

6MWT	 Six-minute walk test
BAO	 Benign airway obstruction
BPF	 Bronchopleural fistula
CAO	 Central airway obstruction
CPAP	 Continuous positive airway pressure
CT	 Computed tomography
DATS	 Dynamic A-shaped tracheal stenosis
EBUS	 Endobronchial ultrasound
ECAC	 Expiratory central airway collapse
EDAC	 Excessive dynamic airway collapse
EPP	 Equal pressure point
ERF	 Esophagorespiratory fistulas
ETT	 Endotracheal tube
FLS	 Flow-limiting segment
HRQOL	 Health-related quality of life
IOS	 Impulse oscillometry
MAO	 Malignant airway obstruction
MRC	 Medical Research Council
P lat	 Lateral airway pressure
PL	 Intraluminal pressure
POTS	 Postoperative tracheal stenosis
Ppl	 Pleural pressure
QOL	 Quality of life
R	 Resistance
RP	 Relapsing polychondritis

RRP	 Recurrent respiratory papillomatosis
SEMS	 Self-expandable metallic stents
TBM	 Tracheobronchomalacia
TLC	 Total lung capacity

�Introduction

This chapter emphasizes on the indications, 
physiologic basis, and complications of airway 
stent insertion. Airway stents have been consis-
tently shown to help patients suffering from 
benign and malignant central airway obstruction1 
and esophagorespiratory fistulas, by improving 
their airflow, quality of life, and potentially sur-
vival. The incidence rate of adverse events 
depends on patient-related factors and on specific 
stent-tissue interactions. Prior to inserting such a 
device, the bronchoscopist should determine the 
need and expected benefits of this procedure. A 
first step is to objectively classify the obstruction 
based on histology, mechanism of obstruction 
and dynamic features (Fig. 11.1). An objective 
assessment of the extent and severity of airway 
narrowing is necessary, as well as an accurate 
assessment of the impact of the airway narrowing 
on functional status (Fig. 13.1).

1 Central airway obstruction is defined in this chapter as 
any clinically significant narrowing of the airway from the 
subglottis to the lobar bronchi.
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�Historical Perspective

Since the beginning of documented airway stent 
insertion at the end of nineteenth century, tra-
cheobronchial prostheses have been generally 
made of two types of materials: metal or rubber. 
As the understanding of airway physiology and 
its interaction with the prosthetic materials has 
advanced, the manufacturers take into consider-
ation the biomechanical and biocompatibility 
characteristics, even though this information is 
not always available to the practicing bronchos-
copist. Clinically used airway stents are currently 
made of polymers, alloy metallic mesh, or a com-
bination of the two (aka hybrid stents). In gen-
eral, the pure metallic stents have been abandoned 
because of severe complications.

The future may see the incorporation of treat-
ment agents such as chemotherapeutic (i.e., mito-
mycin C, paclitaxel), radioactive agents or 
bioabsorbable stents [1]. In theory, stents made of 
bioabsorbable polymers may be ideal, especially 
in pediatric population, as they can support the 
airway wall and dissolve after the remodeling 

process is completed, thus providing temporary 
airway stiffness, sometimes necessary in infants 
with tracheobronchomalacia. Such stents have 
the advantage of potentially avoiding the need for 
repeated interventions under general anesthesia 
for removal or revision [2–4]. Only pilot human 
studies of bioabsorbable stents have been pub-
lished to date [5, 6]. Bioabsorbable drug-eluting 
stents have the potential advantage of reducing 
the risk of stent-related complications, but they 
have only been studied in animal models of 
benign tracheal stenosis [1]. In animal models, 
novel bioabsorbable stents (made of polycapro-
lactone) with cisplatin elution have been devel-
oped to overcome some of the problems 
associated with chronic indwelling stents (tumor 
ingrowth, fracture, migration) [7]. The mechani-
cal strength of these stents was shown to be com-
parable to the strength of Ultraflex SEMS and 
provided a steady release of cisplatin for 
>4 weeks in vitro. The in vivo study showed sus-
tained cisplatin levels in rabbit trachea for 
>5 weeks with a minimum drug level in blood. 
Histologic examination showed an intact ciliated 

Benign
Malignant

Extrinsic compression
Intraluminal

Mixed

Fixed
Dynamic

exophytic; infiltrative; stricture

Normal; Mild: Moderate; Severe

Normal; Mild: Moderate; Severe

Normal; Mild: Moderate; Severe

Classification of Central Airway Obstruction

Qualitative Criteria

I. I.Histology Severity of airway narrowing

Extent of airway narrowing

Functional Impairment

Mechanism of obstruction

Dynamic features

II.
II.

III.

III.

Qualitative Criteria

Fig. 13.1  Classification of central airway obstruction 
based on qualitative and quantitative criteria. Dynamic 
features refer to the phase of respiration during which 
there is flow limitation. In a fixed obstruction, there is 
limitation to flow both during inspiration and expiration, 
while in dynamic obstruction, only during a respiratory 
phase, as is the case with tracheomalacia. The quantitative 
criteria could be objectively assessed. For instance, based 
on physiologic data, for tracheal stenosis, the severity of 

airway narrowing can be quantified as mild (<50% nar-
rowing), moderate (50–70%), and severe (>70%); the 
extent is the vertical length of the stenosis and, based on 
outcomes from bronchoscopic and open surgical interven-
tions, can be quantified as mild (<1  cm), moderate 
(1–4 cm), and severe (>4 cm). Functional impairment can 
be objectively assessed using a variety of validated tools 
such as MRC dyspnea scale or WHO functional class
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epithelium and marked leukocyte infiltration in 
the submucosa of the stented area, findings sug-
gesting potential use in malignant CAO.  In a 
recent human study, six biodegradable polydiox-
anone tracheal stents were safely implanted in 
four patients with benign inoperable tracheal ste-
nosis. The authors report that all patients had 
“some” benefit from treatment and suggested that 
further research is needed to fully assess the out-
comes of this therapy [8]. Whether these stents 
will be incorporated into clinical practice remains 
to be determined.

As of this writing, the originally described 
problems of migration, granulation, mucus plug-
ging, infection, and even airway perforation and 
fatal hemoptysis are still present after stent inser-
tion [9]. Therefore, operators have to carefully 
review the indications and expected results before 
inserting airway stents.

�Indications

Airway stents are generally used for symp-
tomatic extrinsic airway compression with or 
without associated airway mucosal infiltration. 
Stents can also be used if there is still significant 
(generally considered more than 50%) narrow-
ing after the endoluminal component of a purely 
exophytic or mixed type of obstruction has been 
treated using one or more bronchoscopic tech-
niques2 [10]. Various stents have been used as 
well for sealing malignant esophagorespiratory 
and bronchial stump fistulas. Stents are occa-
sionally used to improve symptoms of severe 
tracheobronchomalacia or excessive dynamic 
airway collapse, in patients who are refractory 
to more conservative measures (i.e., continuous 
positive airway pressure) and are not candidates 
for an open surgical procedure (i.e., tracheobron-
choplasty for diffuse disease or sleeve resection 
for focal disease) [11, 12]. Studies performed 
within the last 20 years have shown that airway 

2 These include rigid or flexible bronchoscopic resection, 
laser, electrocautery, cryotherapy, photodynamic therapy, 
or brachytherapy and are described in detail in other chap-
ters in this book.

stents improve lung function in patients with 
central airway obstruction. In this section, we 
will describe the indications of stent insertion 
based on the mechanism of obstruction.

�Extrinsic Compression

Extrinsic compression from benign or malignant 
thyroid disease, primary lung tumors (Fig. 11.2), 
mediastinal masses, or massive intrathoracic 
lymphadenopathy is the most common indica-
tion for airway stent insertion. Rarely, vascular 
abnormalities such as aortic aneurysm, vascular 
sling, and double aortic arch may cause symp-
tomatic airway obstruction and may require stent 
insertion for patients who do not undergo correc-
tive surgery.

�Intraluminal Obstruction

Stent insertion may be useful in selected cases of 
endoluminal exophytic benign central airway 
obstruction (CAO); this is the case of refractory 
endobronchial recurrent respiratory papillomato-
sis (RRP) when medical and other endobronchial 
therapies fail to restore airway patency. Case 
reports show that papilloma debulking and sili-
cone stents can offer adequate control of symp-
toms [13]. However, histologically benign 
intraluminal obstruction necessitating stent inser-
tion is mostly caused by strictures, either idio-
pathic or related to other disorders. The most 
common cause of benign strictures is post-
intubation and post-tracheostomy stenosis 
(Fig. 13.2), but it is important to note that a vari-
ety of other conditions associated with strictures 
should be ruled out before making the diagnosis 
of idiopathic stenosis. This is relevant as the 
management strategies need to be individualized. 
Examples include granulomatosis with polyangi-
itis (GPA; formerly Wegener granulomatosis), 
amyloidosis, sarcoidosis, ulcerative colitis, post-
tuberculosis, or Klebsiella rhinoscleromatis 
infection. For example, 12–23% of patients with 
GPA develop tracheobronchial stenosis. A recent 
multicenter retrospective study of 47 patients 
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with GPA-associated tracheobronchial stenosis 
found that these patients benefit from a delay in 
any interventional procedures following the diag-
nosis, allowing for a “cooling off” period from 
the associated inflammation. It is also advisable 
to have patients on an increased dose of cortico-
steroids to >30 mg/day during the periprocedural 
period [14].

The remainder of this section will focus on the 
role of stent insertion for benign stenoses asso-
ciated with intubation (PITS) and tracheostomy 
(PTTS). The incidence rate of benign tracheal 
stenosis following intubation has historically 
ranged from 0.6 to 19% and following trache-
ostomy from 6 to 65%. Fortuitously the advent 
of low-pressure cuffs has substantially decreased 
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Fig. 13.2  Indications for airway stent insertion. Severe 
extrinsic compression of the right mainstem bronchus due 
to primary lung cancer, before (a) and after (b) silicone 
stent insertion. Severe, complex post-tracheostomy, trian-
gular or A-shaped stenosis with malacia in a nonsurgical 
candidate before (c) and after (d) a 16 × 40 mm straight 
silicone stent was inserted. Follow-up bronchoscopy trig-
gered by excessive coughing and inability to raise secre-

tions demonstrated restored tracheal patency, but the stent 
migrated down to the main carina (e) and required removal. 
Benign gastro-tracheal fistula (f) after esophagectomy and 
gastric pull-up procedure. As repeat surgery was unsuc-
cessful at closing the fistula, a fully covered SEMS was 
used (g). Four weeks later the stent was removed and, for-
tunately, the airway wall completely healed (h) without 
recurrence of the fistula during the follow-up
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these rates (by up to tenfold), yet still 1–5% of 
patients suffer from traumatic symptomatic PITS 
or PTTS, typically occurring 2–3 months follow-
ing the event [15]. It remains to be determined 
whether the introduction of new mechanical venti-
lators with continuous endotracheal cuff pressure 
monitoring could further reduce the incidence of 
PITS.  For post-intubation or post-tracheostomy 
strictures, stent placement should be considered 
only in inoperable patients; in addition, patients 
need to be symptomatic and the lumen of the air-
way below half of its normal after other interven-
tional endoscopic techniques have been applied.

Benign airway obstruction can be classified in 
a variety of ways, and management techniques 
and success rates vary based on the type of steno-
sis. For example, a simple web-like stricture 
(extent less than 1 cm), which is dilated and does 
not recur, will not require a stent [16, 17]; a com-
plex stricture, however, often has associated 
chondritis, and dilation alone (with or without 
laser assistance) is not usually successful, and a 
stent would be required to maintain airway 
patency [18]. Another way of classifying stric-
tures uses the terms “structural” and “dynamic”: 
a structural stenosis is a result of scarring and 
fixed constriction of the airway—this is the most 
common form. A dynamic stenosis is a form of 
focal, localized malacia with variability of 
obstruction dependent on the variability of trans-
thoracic pressures during respiration. Another 
classification has been proposed to exist: that of a 
dynamic A-shaped tracheal stenosis (DATS) 
which is an amalgamated variation that combines 
both a structural stenosis from a fractured ante-
rior cartilage ring with a dynamic stenosis from 
posterior malacia (Fig. 13.2). This results in a tri-
angular “A-shaped” trachea on imaging. This is 
an important finding as the structural component 
is not the result of scaring/shrinkage of the tra-
chea, and as such the management of DATS dif-
fers significantly from that of other structural 
forms of benign airway strictures. Specifically, 
patients with DATS do not benefit from dilation 
alone. At the same time, due to the dynamic com-
ponent to the stenosis, patient experiences higher 
rates of stent migration than typical structural 
stenosis patients (Fig. 13.2) [15].

Silicone stent insertion performed using rigid 
bronchoscopy under general anesthesia is consid-
ered an acceptable alternative to surgery for inop-
erable patients with complex tracheal strictures. 
A 2016 retrospective study of 90 patients under-
going stenting for histologically benign airway 
obstruction showed that in patients with simple 
stenosis undergoing stenting, there was a 100% 
success rate with a single stent placed and mean 
stent duration of 5.6 months. On the other hand, 
patients with complex stenoses did not fare as 
well: 45% required multiple re-stenting proce-
dures, 60% required stent repositioning, the 
stents remained in place for 12  months, and 
despite this the success rate was 70% at 1 year 
[17]. In an older study of 42 patients with com-
plex stenoses, only 9 were surgical candidates, 
and 33 were treated with silicone stent insertion, 
with a success rate of 69% [19]. The success rate 
of bronchoscopic treatment once stents are 
removed (usually after at least 6 months) in cases 
of complex stenosis is reportedly low (17.6%) 
suggesting the need for long-term indwelling air-
way stent. A higher rate of airway stability after 
stent removal (46.8%, in 22 out of 47 patients) 
was described after stents remained in place for a 
longer period of time (mean of 11.6  months) 
[20], with almost 50% of patients (12/22) having 
their stents for more than 12 months. Predictors 
of success of bronchoscopic treatments are steno-
ses less than 1 cm in vertical extent and without 
associated malacia (i.e., chondritis). Lesion 
extent (i.e., height) and intubation-to-treatment 
latency have also been reported to independently 
predict the success of bronchoscopic interven-
tion. In one study, 96% of patients with lesions 
<3 cm in height were successfully treated bron-
choscopically, but the success rate decreased to 
20% for lesions longer than 3 cm. Patients with 
stenosis present for more than 6 months since the 
original injury were also less likely to be success-
fully treated bronchoscopically [21], suggesting 
that the established fibrotic tissue counteracts the 
expansile force of the remaining cartilage [22]. In 
fact, knowing the integrity of the cartilage in 
post-intubation or post-tracheostomy stenoses is 
important in the treatment decision-making pro-
cess. In complex post-intubation/tracheostomy 
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stenosis, cartilage integrity or lack thereof is not 
always easily assessed on white-light bronchos-
copy, mainly because of the overlying stenotic 
hypertrophic tissues [23] (Fig.  13.3). To assess 
the integrity of the cartilage, one may use high-
frequency endobronchial ultrasound (20  MHz 
balloon-based radial probe) during the broncho-
scopic intervention. The EBUS image using this 
system has a high resolution and allows visual-
ization of the stenotic tissue and the cartilaginous 
structures and may be a surrogate of gross histol-

ogy for tracheal stenosis; for instance, in idio-
pathic tracheal stenosis, the cartilage is known to 
be normal, but there is clear hypertrophy of the 
mucosa and submucosa as visualized by EBUS 
as well. On the other hand, in complex stenoses, 
there is partial or total destruction of cartilage 
histologically which can be identified by EBUS 
[23] (Fig. 13.3).

When used for benign stenosis, silicone stents 
are preferable and can be helpful for splinting 
post-intubation/tracheostomy stenoses and are 

Fig. 13.3  Rigid bronchoscopic and sonographic view of 
laryngotracheal stenosis. In the upper panel, the circum-
ferential post-intubation tracheal stenosis is noted, but on 
white-light imaging, the cartilage cannot be assessed. 
High-frequency endobronchial ultrasound (20  MHz 
probe) can identify the cartilage and its disruption. The 
knowledge that the cartilage is affected could impact man-

agement since simple laser-assisted mechanical dilation 
without stent insertion is unlikely to maintain airway 
patency in the long term. In the lower panel, idiopathic 
subglottic stenosis at the level of the cricoid is seen on 
white-light imaging, but the intact cricoid cartilage itself 
is only identified on high-frequency endobronchial 
ultrasound
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considered appropriate to palliate airway narrow-
ing in nonsurgical candidates3 [18, 24, 25]. Stent-
related complications, however, are not 
uncommon in this disease and include migration, 
obstruction from secretions, infection, and sig-
nificant granulation tissue formation at the proxi-
mal or distal extremities of the stent [9, 26].

Silicone T-tubes (Montgomery T-tubes) or tra-
cheostomy tubes are sometimes used for benign 
tracheal strictures; they should be inserted 
through the area of stenosis, if possible, to con-
serve airway not involved by the stenosis lesion. 
For most patients who do not require mechanical 
ventilatory support, a silicone T-tube could pro-
vide symptomatic improvement [27]. These ther-
apies are warranted in the few patients with 
critical stenoses who are neither candidates for 
surgery or indwelling airway stent insertion or 
who develop recurrence after such interventions 
[18]. T-tubes can also be used when tracheal 
resection and reconstruction or dilation tech-
niques are either not available or have failed or as 
a solution for patients who had silicone stent 
placement complicated by frequent migrations 
[26]. In a large case series including 53 patients 
with complex tracheal stenoses (24 post-
tracheostomy), silicone T-tube insertion was 
effective in 70% of patients with limited compli-
cations [28]. The sharper edge of the proximal 
aspect of the T-tube, in cases when it has to be 
cut, suboptimal tracheostomy tract (i.e., non-
midline stoma), as well as its placement within 
0.5 cm from the vocal cords are known risk fac-
tors for granulation tissue development4 [28]. In 
addition, airway secretions may become dry and 
cause obstruction. Patients, families, and refer-
ring physicians probably benefit from instruction 
on how to care for and monitor T-tubes. Frequent 
bronchoscopies may be necessary to remove 
mucus plugs, with some investigators performing 
a 3–4 biweekly bronchoscopies, followed by 

3 Coexistent diseases: coronary heart disease, severe car-
diac or respiratory insufficiency or poor general 
condition.
4 Granulation tissue formation at the proximal end of the 
T-tube has also been described, and it is believed that 
chronic airway irritation incites infection and promotes or 
aggravates granulation tissue formation.

once every 4 weeks once stent patency has been 
documented [28].

Self-expandable metallic stents (SEMS) have 
been associated with significant complications and 
are to be avoided, if possible, in benign disorders. 
Immediate symptomatic improvement is reported 
and expected, but the long-term complications are 
common and may be life threatening [29].

Self-expandable silicone stents, contrary to 
metal stents, have the advantage of being easily 
removable. They are, however, placed under rigid 
bronchoscopy or suspension laryngoscopy. Some 
of these silicone stents have been studied in 
benign airway obstruction including tracheal 
stenosis and malacia [30]. While immediate 
symptom palliation was established in most 
cases, the incidence of complications was high 
(75%) with stent migration occurring in 69% of 
cases [30, 31].

�Postoperative Tracheobronchial 
Stenosis

A variant of histologically benign tracheal ste-
nosis, postoperative tracheal stenosis (POTS) is 
a challenging problem following tracheal resec-
tion. Despite improved recognition and surgical 
techniques, the rate of POTS is 2–9% following 
tracheal resection. The majority patients with 
POTS are not candidates for further surgical 
management due to a combination high general 
surgical risk, poor lung function, and technical 
difficulties associated with previously resected 
tracheal segments. As such, bronchoscopic inter-
vention is considered a therapeutic option. In a 
single-center retrospective review, 30 patients 
with POTS managed by bronchoscopic inter-
vention were studied. Interventions included 
dilations (balloon or bouginage), YAG laser, 
and stenting (63% underwent silicone stents, 
no metallic stents were used). The majority 
(97%) achieved improvement in dyspnea within 
24-h post-procedure. Stents were successfully 
removed in 37% of patients. Average stent dura-
tion in those amenable to removal was 7 months; 
16% of those with stents removed developed tra-
cheobronchomalacia [32].
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�Mixed Obstruction: Malignant Central 
Airway Obstruction

Malignant central airway obstruction (CAO) is 
a frequent complication of primary lung can-
cer and other cancers, which metastasize to the 
chest (especially breast, colon, melanoma, and 
renal cell cancers). Malignant CAO can be intrin-
sic (endobronchial/intraluminal), extrinsic, or a 
mixed obstruction, which has features of both 
intrinsic and extrinsic obstructive patterns. The 
most common form of malignant CAO is a mixed 
obstruction [33]. In a series of 172 patients who 
underwent stent insertion for malignant CAO at 
a tertiary cancer institution, 62.5% of the stents 
were placed for mixed disease, while only 16.4% 
and 14.8% were placed for extrinsic compression 
and intraluminal obstruction, respectively [9]. In 
general, the management principles for malignant 
intraluminal obstruction are the same as those for 
benign disease: if there is still obstruction after 
recanalization with various ablative techniques, 
if extrinsic compromise is present, or if there is a 
loss of airway structure (i.e., severe malacia due 
to cartilage invasion and destruction by tumor), a 
stent is placed to maintain airway patency.

Management of malignant CAO often requires 
a combination of multiple different management 
modalities. The choice of technique and method 
is operator dependent and is contingent not only 
on the etiology of the obstruction but also opera-
tor familiarity and preference. To study the impact 
of procedural volume and choice of technique in 
bronchoscopic management of malignant CAO, 
a large multicenter retrospective review of bron-
choscopic management of patients with malig-
nant CAO was undertaken from the American 
College of Chest Physicians (CHEST) Quality 
Improvement Registry, Evaluation, and Education 
(AQuIRE) registry. Overall the study found that 
despite significant inter-institutional differences 
in procedural preferences and volumes, there was 
no impactful difference in technical success and 
that one specific therapeutic modality could not 
be recommended over another [33].

Interventional treatment of malignant CAO is 
considered to be primarily palliative as once can-
cer progresses to the point of CAO, it is almost 

invariably incurable. As such endoscopic inter-
ventions focus predominantly on attempting to 
improve quality of remaining life. Relieving the 
CAO due to malignant disease has been proposed 
to prevent post-obstructive pneumonia, sep-
sis, and septic shock, allow extubation, change 
in level of care, permit initiation of systemic 
therapy, and potentially improve survival. There 
is evidence that bronchoscopic therapies often 
provide acute relief of the obstruction, improve 
quality of life, and serve as a therapeutic bridge 
until systemic treatments become effective 
[34–36]. Prospective studies show that broncho-
scopic intervention for malignant CAO is associ-
ated with improvement in the six-minute walk 
test (6MWT), spirometry, and dyspnea [37]. In 
addition, studies show that airway stent insertion 
resulted in significant palliation of symptoms in 
patients with malignant CAO as evaluated by 
Medical Research Council (MRC) dyspnea scale 
and performance status [38].

In the AQuIRE registry mentioned above, 
bronchoscopic interventions were associated 
with a significant decrease in dyspnea (decrease 
in Borg score by 0.9  ±  2.2). Specifically, 
48% reported clinically significant improve-
ment in dyspnea, 43% reported no change, and 
9% had worsened dyspnea. Of particular rel-
evance, dyspnea improved proportionally to the 
pre-procedure severity of dyspnea: the more 
dyspneic prior to procedure, the more improve-
ment in dyspnea after the intervention. Another 
notable finding was that those with lobar (as 
opposed to more central) obstruction were less 
likely to have much improvement in dyspnea. 
Bronchoscopic interventions were also associ-
ated with a significant increase in health-related 
quality of life (HRQOL). Overall 42% had 
a significant improvement of HRQOL, 33% 
remained unchanged, and 25% reported wors-
ened HRQOL. Again, as with the predictors of 
dyspnea relief, a higher baseline Borg (i.e., worse 
baseline dyspnea) predicted a more pronounced 
improvement in HRQOL, while those with lobar 
obstruction were found to have less improve-
ment in HRQOL [33]. While airway patency 
was improved in >90% of patients, less than half 
improved their HRQOL scores. These findings 
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suggest that we need better prediction models for 
who will improve dyspnea and HRQOL after such 
interventions. Despite the focus on palliation and 
improved quality of life with these procedures, 
a significant post-procedural survival advantage 
was also apparent in those without severe perfor-
mance limitations prior to their procedures when 
compared with historical controls [38].

The presence of stridor (reflecting critical 
CAO) prior to intervention was found to be a 
poor prognostic indicator for survival in patients 
undergoing bronchoscopic intervention for malig-
nant CAO: those without stridor had a 1-year and 
2-year survival of 35.5% and 31%, respectively, 
while those with stridor had a 1-year and 2-year 
survival of 12.5% and 0%, respectively. Patients 
requiring stent placement for malignant CAO as 
opposed to dilation ± other non-stenting interven-
tions had significantly lower 1- and 2-year sur-
vivals [39]. It is not clear whether lower survival 
rates are because of the stenting or just because 
patients requiring stents had more severe/exten-
sive airway obstruction.

Subsequent chemotherapy and/or radiother-
apy has been shown to increase disease-free sur-
vival during the first year after restoration of 
airway patency [34, 40]. A retrospective single-
center study of 48 patients with malignant CAO 
who underwent bronchoscopic intervention 
reviewed the effects of chemotherapy following 
bronchoscopic interventions. The patients who 
received post-procedural palliative chemotherapy 
had a median survival of 6 months with a 1-year 
and 2-year survival of 35% and 31%, respec-
tively. Those patients who received no post-
procedural chemotherapy had a median survival 
of 2.5 months with a 1-year and 2-year survival 
of 18% on 14%, respectively [39]. In addition, it 
appears that airway stent insertion followed by 
adjuvant therapy may improve survival of 
treatment-naive patients with severe symptom-
atic airway obstruction caused by advanced lung 
cancer. In one study, while the performance sta-
tus and dyspnea scales improved in both 
treatment-naive and terminal-stage lung cancer, 
the median survival time and 1-year survival rate 
after stent insertion were 1.6 months and 5.1%, 
respectively, in the terminal-stage group and 

5.6  months and 25.0%, respectively, in the 
treatment-naive group [41].

Lung cancer patients who develop respiratory 
failure due to CAO have particularly poor prog-
noses: only 25% are successfully liberated from 
the ventilator, and 40–70% die in the hospital. In 
addition to the quality of life issues, ventilated 
patients are often not considered candidates for 
additional oncologic treatment. Furthermore, 
patients with malignant CAO are given low prior-
ity for ICU level admission in the Society of 
Critical Care Medicine ICU admission recom-
mendations [42], as they are considered to have 
low probability of reversibility and survival. A 
small single-center retrospective study addressed 
this assumption of lack of reversibility. Twelve 
patients with non-small cell lung cancer with 
associated CAO resulting in respiratory failure 
requiring mechanical ventilation who were not 
candidates for surgical procedures were managed 
with bronchoscopic intervention and various 
combinations of mechanical debulking, laser 
resection, and airway stenting: 66% underwent 
stenting. The majority (83%) was successfully 
liberated from mechanical ventilation, and the 
post-procedural median survival was 313  days. 
As such bronchoscopic intervention should be 
considered for lung cancer patients with respira-
tory failure due to CAO [43].

�Stump Fistulas

A less common indication for stent insertion is to 
cover large stump fistulas after lobectomy or 
more commonly, after pneumonectomy [44]. In 
general, management strategies for bronchopleu-
ral fistula (BPF) depend on the underlying histol-
ogy (malignant versus benign), size, time to 
fistula formation postsurgery, and health status of 
the patient. Surgery is the treatment of choice of 
this condition, but bronchoscopic techniques 
have been advocated as an option when surgery is 
not possible or has to be postponed [45]. Surgical 
repair is not a good option for patients requiring 
mechanical ventilatory support because postop-
erative mechanical ventilation is associated with 
a high failure rate due to persistent barotrauma on 
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the repaired stump [45]. As a general rule, when 
stents are used for this indication, a large stent 
must be used to seal the stump fistula as tight as 
possible in order to prevent aspiration pneumonia 
and empyema and allow satisfactory single-lung 
ventilation when the patient requires mechanical 
ventilation. Stent selection would depend on the 
size and location of the fistula, as well as on the 
physical properties of the stent and the operator’s 
ability to manage potential stent-related compli-
cations. Several case reports and case series of 
endobronchial stent insertion for isolated fistulas 
have been published [46]. The effect of case 
selection is difficult to assess from the limited lit-
erature on this topic.

�Esophagorespiratory Fistulas

Tracheoesophageal or broncho-esophageal fistu-
las can be covered by airway stents. While these 
fistulas can be congenital, the majority are 
acquired either after esophagectomy, after intu-
bation, or in the setting of malignancy. Benign 
esophagorespiratory fistulas (ERFs) are not 
expected to improve after stent insertion, and, in 
fact, it should only be considered as a palliative 
intervention if there are no operative modalities 
(Fig. 13.2) [47].

Malignant ERF is common in esophageal can-
cer, having a 5–15% occurrence, and occurs 
rarely in bronchogenic carcinoma (~1%). Once 
developed, the prognosis is poor, with a poor 
QOL and 3–4 month survival. Although surgical 
resection and reconstruction has the greatest 
potential benefit, it comes at a high cost of com-
plications and prolonged hospitalized recovery. 
Alternatively, gastro/jejunostomy tube feeding is 
a strategy utilized to minimize effect of malig-
nant ERF, but this may not be accepted by patients 
and has the potential to further reduce quality of 
remaining life [48]. Palliation for malignant ERF 
is usually achieved with endoscopic placement of 
esophageal, airway, or parallel (dual) stent inser-
tion (in the esophagus and airway). Dual stent 
insertion appears to work better than a single 
prosthesis. Particular attention should be paid to 
airway compression or erosion caused by place-

ment of esophageal stents; if there is concern for 
significant tracheobronchial obstruction, opera-
tors should consider placement of an airway stent 
prior to the esophageal one (Fig. 13.4).

The choice of tracheal stent used for ERF clo-
sure should take into consideration the size and 
location of the fistula. The Freitag classification 
system [49] was developed to systematically 
define the location and severity of central airway 
stenosis, but this system can be used to define the 
location of an ERF: Location I, upper third of tra-
chea; II, middle third or trachea; III, lower third 
of trachea; IV, carina; V, right mainstem; VI, 
bronchus intermedius; VII, left mainstem; and 
VIII, left distal bronchus. Using this system and 
by defining a small fistula as one that is <1 cm in 
size, a single center developed an algorithm for 
stent choice in ERF stenting: an I-shaped stent 
for small fistulas in Locations I, II, and VIII; an 
L-shaped stent for small fistula in Locations V, 
VI, VII; and a Y-stent for any fistulas in Locations 
III or IV or large fistulas in Locations II, V, and 
VII.  This approach resulted in complete fistula 
closure in 72% of patients and clinically benefi-
cial partial closure in the remaining patients [48].

A dedicated fistula stent, the DJ cufflink-
shaped prosthesis, was designed exclusively for 
closure of malignant ERF secondary to esopha-
geal or lung cancer. It can be sized to the fistula 
diameter to occlude the abnormal communica-
tion [50, 51]. Insertion of silicone Y-stents was 
shown to improve symptoms, reduce infections, 
and improve the quality of life in patients with 
malignant ERF. Mean survival of these patients, 
however, remains dismal and is in the range of 
2 months [52]. A conservative palliative approach 
including only symptomatic control but no palli-
ative interventions (i.e., stent insertion) is not 
unreasonable especially since interventions in 
this frail population could be harmful. Without 
treatment, however, survival may be limited to 
only a few days [53]. On the other hand, a recent 
prospective study of 112 patients with malignant 
ERF, airway stents were inserted in 65 (58%) 
patients, esophageal stents in 37 (33%) patients, 
and both airway and esophageal stents in 10 (9%) 
patients. Contrary to previous data, the authors 
found an overall mean survival of 236.6  days 
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(airway stent 219.1  days, esophageal stent 
262.8  days, and combined airway-esophageal 
stent 252.9 days). Since a few patients are oper-
able, currently airway and/or esophageal stent 
insertion is mainly used with a palliative intent to 
improve the quality of life (QOL) in patients with 
malignant ERF [54].

�Expiratory Central Airway Collapse

Airway stent insertion has been used to improve 
cough, secretions, and QOL in patients with expi-
ratory central airway collapse (ECAC) [11, 12]. 
There are, however, different morphologic types 
of ECAC, for some of which stent insertion is not 
physiologically justifiable. Excessive dynamic 
airway collapse (EDAC) is due to bulging of the 
posterior membrane within the airway lumen 
during exhalation that narrows the lumen by 50% 
or more, and the cartilage is intact in this process. 

Tracheobronchomalacia (TBM), on the other 
hand, refers to softening of the airway cartilagi-
nous structures [55]. The decision to insert an 
airway stent in these processes is complicated by 
at least two factors: (1) the lack of standardized 
definitions and cutoff values to define abnormal 
airway narrowing and (2) the lack of clear under-
standing if these entities are truly responsible for 
airflow limitation. In fact, the limit between nor-
mal and abnormal narrowing of the central air-
ways has not been physiologically established, 
and different investigators propose different cut-
off values. In addition, there is no standardized 
way to measure the narrowing in terms of loca-
tion or respiratory maneuver (Table  13.1) [55]. 
To illustrate this lack of consensus, a study found 
that almost 80% of normal individuals met the 
currently accepted 50% narrowing during forced 
exhalation criterion [56]. In an attempt to provide 
a common language for these patients with 
ECAC, a classification system was proposed 

Fig. 13.4  Airway stents in obstruction caused by esopha-
geal tumors. In the upper panel, chest computed tomog-
raphy (CT) shows severe tracheal narrowing from a 
mediastinal mass, known to be esophageal carcinoma. 
Bronchoscopy confirmed the CT findings, and a partially 
covered metallic stent was placed to palliate the airway 
obstruction prior to esophageal stent insertion for dyspha-

gia. In the lower panel, severe tracheal and right mainstem 
obstruction occurred after the insertion of an esophageal 
stent and resulted in respiratory failure in this patient with 
poor lung function from his previous pneumonectomy. A 
partially covered metallic stent was inserted from the lower 
trachea to the mainstem bronchus, palliating the obstruc-
tion and allowing liberation from mechanical ventilation
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based on objective quantifiable criteria, which 
can be applied before and after stent insertion 
(Table 13.1) [55].

Studies show that in the short term (up to 
10–14  days), airway stabilization with silicone 
stents in patients with expiratory central airway 
collapse (malacia and EDAC) improves symp-
toms, quality of life, and functional status [11, 
12]. QOL and functional status scores improved 
in 70% of patients, and dyspnea scores improved 
in 91% of patients after stent insertion [12]. 
Stent-related complications in this case series 
included obstruction from mucus plugging and 
migration, and almost 10% of patients (5/52 
patients) had complications related to the bron-
choscopic procedure itself. Because the dynamic 
features of expiratory central airway collapse 
continuously alter the shape of the central air-
ways as well as the surface contact between a 
stent and the airway wall, stent-related complica-
tions may occur more frequently in dynamic 
forms of airway obstruction than in fixed benign 
obstruction. Although not life threatening, these 

stent-related adverse events required multiple 
repeat bronchoscopies [11]. In another series of 
patients with mostly TBM, adverse effects from 
silicone stent insertion were very common, how-
ever, with a total of 26 stent-related adverse 
events noted in 10 of 12 patients (83%), a median 
of 29 days after intervention [11]. TBM due to 
relapsing polychondritis (RP) is one disease for 
which stent insertion is often necessary due to a 
diffuse lack of airway cartilaginous support. Both 
self-expandable metallic stents and silicone 
stents have been used in patients with malacia 
from RP [57, 58]. Sometimes, more than one 
stent may be required if symptoms persist after 
stent insertion, presumably because of distally 
migrated choke points [58]. Because airway 
stents are not the best solution for this disease, a 
more conservative approach such as continuous 
positive airway pressure (CPAP) may be safer. 
CPAP may indeed be considered a “pneumatic 
stent.” The excessive airway narrowing in ECAC 
and the resulting turbulent flow result in increased 
airway resistance. This requires greater trans-

Table 13.1  Summary of classification systems for expiratory airway collapse

First author/year Parameters Comments

Rayl/1965 Extent: proximal, mediastinal, and 
intrapulmonary airways

Collapse during cough on cine-bronchography

Johnson/1973 Severity: four degrees and focal type TM: more than 50% collapse during coughing on 
fluoroscopy

Feist/1975 Etiology: congenital and acquired TM: more than 50% collapse during coughing on 
fluoroscopy

Jokinen/1977 Severity: mild, moderate, severe First classification based on bronchoscopic findings

Extent: TM, TBM, BM

Mair/1992 Etiology: congenital, extrinsic 
compression, acquired

Described for pediatric TBM

Severity: mild, moderate, severe Empirical severity score

Masaoka/1996 Etiology and extent criteria TBM: >80% collapse during expiration

Pediatric, adult, and secondary

Murgu/2007 Functional class Stratification criteria (Functional class, extent and 
severity are objectively assessed)

Extent Morphology includes EDAC and three forms of TBMa

Morphology Origin: idiopathic or secondary

Origin (Etiology)

Severity

TM tracheomalacia, TBM tracheobronchomalacia, BM bronchomalacia, EDAC excessive dynamic airway collapse
aThere are three morphologic types of TBM: crescent type, when the anterior wall is collapsing; saber-sheath type, when 
the lateral walls are collapsing; and circumferential or mixed type, when the anterior and the lateral walls are collapsing, 
as is seen with relapsing polychondritis
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pulmonary pressures to maintain expiratory air-
flow and will increase the work of breathing and 
result in dyspnea. Thus, noninvasive positive-
pressure ventilation such as CPAP decreases pul-
monary resistance and can be used to maintain 
airway patency, facilitate secretion drainage, and 
improve expiratory flow. Small studies showed 
that nasal CPAP improves spirometry values, 
sputum production, atelectasis, and exercise tol-
erance, but its long-term efficiency has not been 
clearly demonstrated [59]. As of this writing, 
however, the limited published evidence suggests 
that QOL and functional status are improved in 
patients with ECAC undergoing stent insertion, 
but the lung function as measured by FEV1 has 
not been consistently reported to improve after 
stent insertion or other forms of central airway 
stabilization (i.e., membranous tracheoplasty) 
[12]. These facts raise questions about the physi-
ologic basis for stent insertion for both fixed and 
dynamic forms of CAO.

�Physiologic Rationale for Airway 
Stent Insertion

In general, for symptomatic patients with fixed 
tracheal obstruction, a stent is inserted to improve 
the lumen to less than 50% obstruction; for symp-
tomatic patients with dynamic obstruction, stents 
are meant to stabilize the airway at the collaps-
ible segment responsible for flow limitation (aka 
choke point).

For tracheal stenosis, symptoms depend on 
the amount of pressure drop along the stenosis; 
this depends on the degree of the obstruction but 
also on the flow velocity through the airway nar-
rowing. This flow dependence of symptoms 
explains why different patients with similar 
degree of airway narrowing have different clini-
cal presentation, depending on their level of 
activity. These facts highlight the need to indi-
vidualize treatment based not just on degree of 
narrowing as assessed by radiographic or bron-
choscopic imaging but also on the stenosis impact 
on functional status. In fact, functional status and 
dyspnea scales may be more relevant than static 
lung function measurements, which were shown 

to weakly correlate with the MRC dyspnea scales 
in laryngotracheal stenosis [60]. In addition to 
functional status, a classification system for tra-
cheal stenosis should include the extent, mor-
phology, and severity of airway narrowing, 
factors that impact the decision to insert an air-
way stent. To quantify the severity of airway nar-
rowing, the cutoff values used in the available 
systems are 50% and 70% to define moderate and 
severe stenosis, respectively [61]. These values 
seem to be justified by physiologic studies in 
which the investigators found that the effect of 
the glottis narrowing was noted to be of the same 
order as that of the 50% stenosis; these data sug-
gests that a 50% or less narrowing may not even 
be clinically detected or require treatment; how-
ever, a significant pressure drop is seen at 75, 85, 
and 90% stenosis, pressure drop which correlates 
with significant work of breathing [62]. Based on 
these physiologic data, therefore, one could clas-
sify stenosis as mild, when less the 50% narrow-
ing; moderate, from 50 to 70%; and severely 
narrowed when more than 70% of the lumen is 
occluded, justifying the practice of improving the 
airway lumen to less than 50% narrowing, with 
stent insertion, if necessary.

For expiratory central airway collapse, it is 
still not clear what degree of airway collapse is 
physiologically significant; furthermore, as of this 
writing, there are no accepted noninvasive physi-
ologic tests to predict response to stent insertion. 
However, when patients have clear inability to 
raise secretions and recurrent pneumonia or even 
respiratory failure, then a stent is inserted regard-
less of the cause of collapse. From flow dynam-
ics standpoint, the clinically relevant question in 
this process is whether stent insertion improves 
the expiratory flow. Physiologists proposed a the-
ory to explain expiratory flow limitation, theory 
which is useful to understand the role of stent 
insertion in patients with dynamic CAO such as 
malacia or EDAC.  Physiologic studies showed 
that once expiratory flow becomes limited at 
a given lung volume, there would be a region 
within the intrathoracic airway where intrabron-
chial and extra-bronchial pressures become equal  
(equal pressure point, EPP) (Fig.  13.5) [63]. At 
a given lung volume, driving pressure upstream 
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(alveolarward) from the EPP would be equal to 
lung elastic recoil, because pleural pressure (Ppl) 
equals the intraluminal pressure (PL); down-
stream from the EPP (mouthward), airways would 
be compressed during expiration. This region of 
compression of intraluminal caliber is referred to 

as a flow-limiting segment (FLS) or “choke point.” 
As lung volume decreases and pleural pressure 
(Ppl) increases during forced expiration, the EPP 
migrates upstream, resulting in a lengthening of 
the increasingly narrow downstream segment. 
This increases airway resistance and prevents 

FLS FLS

TLC

FRC

RV

Lung elastic recoil (Pst)

Lu
ng

 v
ol

um
e

Pst

a c

db

Ppl

PLPalv

upstream downstream

EPP Patm

FLS
Extrathoracic

airway

Fig. 13.5  Choke point physiology based on Starling 
resistor. (a) The alveolar pressure (Palv) is the driving 
pressure that causes gas to flow through airways during 
expiration and is approximately equal to the recoil pres-
sure of the lungs (Pst) plus the pleural pressure (Ppl): 
Palv = Ppl + Pst. Normally, a pressure drop is required to 
accelerate a gas as it moves from an upstream (alveolar-
ward) region of low velocity to a downstream (toward the 
mouth) region of high velocity. Because of this pressure 
drop, the intraluminal pressure (PL) eventually becomes 
equal to pleural pressure (Ppl). The point within the air-
way at which this occurs is called the equal pressure point 
(EPP). This equal pressure point (EPP) divides the air-
ways into upstream segments (alveolarward from the 
EPP) at which transmural pressure is positive and down-
stream segments (mouthward from the EPP) at which the 
transmural pressure is positive within the extrathoracic 
airways and negative within the intrathoracic airways. At 
a given lung volume, driving pressure upstream from the 
EPP would be equal to lung elastic recoil, while down-
stream from the EPP, airways would be compressed dur-
ing expiration. This region of compression of intraluminal 
caliber is referred to as a flow-limiting segment (FLS) or 

“choke point.” (b) As lung volume decreases from TLC 
toward RV, the elastic recoil (Pst) decreases as well, and 
pleural pressure (Ppl) increases during forced expiration. 
(c) Thus, the EPP migrate upstream, resulting in a length-
ening of the increasingly narrow downstream segment. 
This increases airway resistance and prevents further 
increases in expiratory airflow, causing the EPP to become 
fixed when airflow becomes constant. FLS has tracheal 
location at high lung volumes, (i.e., TLC), whereas others 
found FLS in lobar and segmental airways over a range in 
volume approximating TLC to functional residual capac-
ity (FRC). As lung volume decreases during exhalation, 
the FLS move peripherally to the lobar/segmental and at 
most subsegmental bronchi. (d) Therefore, if the choke 
points (FLS) in humans are often located in the lobar 
bronchi, a mainstem bronchial or tracheal collapsibility 
should not result in any pressure drop between the mouth 
and the choke point and should not affect flow. Thus, 
bronchoscopic or radiologic detection of expiratory tra-
cheal or mainstem bronchial compression (excessive 
dynamic airway collapse) should trigger a search for 
causes of airflow obstruction within the lung, not the cen-
tral airways
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further increases in expiratory airflow, causing 
the EPP to become fixed when airflow becomes 
constant. EPP and therefore the FLS have tracheal 
location at high lung volumes (TLC), but as lung 
volume decreases during exhalation, the FLS 
moves peripherally, but they still stay in the cen-
tral airways, in the lobar/segmental, the farthest 
in subsegmental bronchi [64]. Therefore, if the 
choke points in humans are often located in the 
lobar bronchi, a mainstem bronchial or tracheal 
collapsibility in the form of EDAC, often seen 
on CT or bronchoscopy, should not result in any 
pressure drop between the mouth and the choke 
point and should not affect flow. In fact, physiolo-
gists suggest bronchoscopic or radiologic detec-
tion of expiratory tracheal or mainstem bronchial 
compression (EDAC) should trigger a search for 
causes of airflow obstruction within the lung, 
not the central airways [65]. Loss of pressure in 
the abnormally narrowed peripheral airways in 
patients with asthma, COPD, or bronchiolitis will 
lead to decreased intraluminal pressure by the 
time that airflow reaches central airways, so that 
these airways (trachea and mainstem bronchi) 
will collapse at the weakest point, which is the 
posterior membrane. Thus, EDAC is most often a 
reflection of peripheral airway disease, but it can 
also be seen with morbid obesity due to increased 
pleural pressure and possible flow limitation at 
rest. A study of patients with obesity and COPD 
and normal volunteer controls found that EDAC 
was significantly associated with BMI (69% tra-
cheal collapse among morbidly obese patients 
with BMI  ≥  35 compared to 57% in others, 
p = 0.002) [66]. EDAC has been documented in 
22% of patients with COPD assessed by dynamic 
chest CT and in morbidly obese patients under 
general anesthesia likely due to positive pressures 
throughout the chest [67]. This does not mean that 
EDAC is responsible for flow limitation. In fact, 
even when defined as forced expiratory collapse 
of >80%, according to some reports, EDAC is not 
flow limiting as there is no significant correlation 
between end-expiratory or dynamic expiratory 
collapse and percent predicted FEV1 [68].

That being said, recent epidemiologic studies 
show that EDAC is responsible for worse QOL in 
smokers [69]. A total of 8820 patients from 21 

clinical centers were enrolled in the COPD gene 
study. On paired inspiratory-expiratory dynamic 
CT (measurements at aortic arch, carina, and 
bronchus intermedius), EDAC was found in in 
443/8820 patients (5%). The primary outcome 
variable, quality of life (QOL) as measured by 
SGRQ, was worse in EDAC, which was also 
responsible for increased frequency and severity 
of exacerbations. In addition, some patients may 
improve their functional status after stent place-
ment in the central airways not only for malacia 
but also for EDAC; one explanation is that 
improved central airway stability, regardless of 
which wall is collapsing, makes the flow less tur-
bulent, similar to heliox, which was shown to 
improve exercise capacity in patients with mod-
erate to severe COPD, even though these patients 
typically have choke points in the small airways 
(of 2 mm or less) [70]. It is possible than in the 
future, in addition to bronchoscopic and imaging 
methods, new physiologic or imaging studies 
may have a role in identifying the choke point 
physiology in CAO. For instance, using impulse 
oscillometry (IOS), increased resistance (i) at a 
low oscillation frequency (5  Hz) reflects an 
increase in total respiratory resistance suggestive 
of airway obstruction such as that found in 
patients with COPD, while increased R at a 
higher frequency (20  Hz) reflects more specifi-
cally increased central airway resistance such as 
that found in patients with malacia [71]. Until 
these methods are validated in large studies, a 
trial and error approach is still clinically used: 
temporarily place a stent and test whether the 
patient improves clinically; if they do, a surgeon 
may perform an external splinting procedure; if 
not, the stent is removed [72]. Another assess-
ment method, more accurate but minimally inva-
sive, is the intraluminal pressure monitoring 
using a small pressure catheter. As pointed above, 
dynamic airway compression causes the forma-
tion of FLS in the central airways during forced 
expiration. Both in animal and human studies, 
these FLS could be located with the use of intra-
luminal airway catheters by measuring lateral 
airway pressure (Plat) during induced flow limi-
tation generated by either an increase in pleural 
pressure or a decrease in downstream pressure. 
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The measurements of lateral pressure in malacia 
before and after stent insertion show that before 
stenting, a large pressure difference is seen 
between the upper trachea and right lower bron-
chus and carina. After stenting, the pressure dif-
ference could vanish for both inspiration and 
expiration, and a regular respiratory cycle is seen 
[73]. By measuring lateral airway pressure on 
each aspect of the airway narrowing (proximal 
and distal) and plotting the two pressures against 
each other (pressure-pressure curves) during 
quiet breathing intraoperatively, the site of maxi-
mum obstruction and the degree of airway nar-
rowing can be determined quantitatively [74]. 
Analysis of the pressure difference and the angle 
of pressure-pressure curve allow intraoperative 
estimation of the outcomes of a particular inter-
ventional bronchoscopic procedure. However, 
stents may improve flow but the choke points 
migrate distally. This process can be addressed 
either by additional stent insertion or by the use 
of noninvasive positive-pressure ventilation. 
Detection of choke point migration can be dem-
onstrated bronchoscopically or by dynamic com-
puted tomography (CT) in the form of airway 
wall collapse distal to the stent.

�Stent Selection Criteria

Stent retrievability is an important criterion in 
patients with benign disease and with malignancy 
for which a temporary stent placement is 
expected. For example, for patients with malig-
nant CAO who will undergo further systemic 
chemotherapy and/or radiation therapy and 
respond to treatment, the stent may become 
loose, migrate, and require removal [75]. 
Inserting a stent into the patient is not always the 
biggest challenge encountered in caring for these 
patients. It is advisable to select a stent that can 
be removed if necessary without causing further 
tissue damage. Another selection criterion is 
based on the stent’s morphology and positioning: 
for instance, T-tubes require a tracheostomy, 
straight indwelling stents splint open the trachea 
and the mainstem bronchi, while bifurcated stents 
are placed at the main carina and sometimes at 

secondary carinas. One criterion to consider prior 
to insertion is the stent material. In fact, the tradi-
tional way to classify stents was based on mate-
rial type: metal, polymers, and hybrid stents 
partially covered or fully covered.

The type of stent, however, should also be 
decided based on the biomechanical characteris-
tics (dependent on the material but also on design 
and thickness) because stents differ greatly in 
their elasticity and resistance to angulation  
[76, 77]. The expansile force (strength) and abil-
ity to withhold angulation (buckling) varies 
among different types of stents. In this regard, the 
studded-silicone type stent and Polyflex stents 
have a high expansile force [60] and may be pre-
ferred in obstruction due to severe and extensive 
airway compression. However, for a distorted, 
curved airway, angulation properties become 
important because they determine whether the 
stent can conform to an acutely angulated airway 
and still remain patent, such as is often the case in 
patients with left main bronchial obstruction due 
to extrinsic compression (Fig.  13.6). In these 
cases, the Ultraflex stent may be a better choice 
than a straight silicone stent because of the 
Ultraflex stent’s known resistance to angulation. 
A study evaluating the role of interventional 
bronchoscopy for malignant CAO showed that 
the most common stent used in the trachea and 
right mainstem bronchi (relatively straight air-
ways) was the Dumon stent, while the most com-
mon one for the left mainstem bronchus (curved, 
tapered airway, often distorted in the setting of 
malignancy) was the Ultraflex stent, likely 
because of its better ability to withhold angula-
tion5 [78]. Therefore, stent biomechanics bench 
testing data such as the crush (expansile) force, 
infolding (angulation) properties, and fatigue 
life, which are for the most part considered confi-
dential and proprietary information, may be very 
useful to the interventional bronchoscopist. For 
instance, fatigue life may become important in 
patients with benign etiology of CAO, especially 

5 In this study, patients with esophageal carcinoma involv-
ing the airway mostly required only stent placement with-
out laser-assisted debulking, probably because the main 
problem was extrinsic compression.
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malacia, in which cycled compression of the 
stent with each exhalation may lead to stent frac-
ture and its associated complications.

In regards to size, following dilation, usu-
ally a stent with a diameter that is bigger than 
the remaining stenosis should be inserted. The 
actual size of the stent could be objectively 
determined by carefully evaluating the airway 
diameter using CT, measuring devices or even 
radial probe EBUS, or long range, anatomical 
optical coherence tomography. Many expe-
rienced rigid bronchoscopists, however, do 
not need or use these technologies and often 
choose the size of the stent based on the “tac-
tile feedback” resulting from the viscoelastic-

ity property of the airway; in general, the stent 
is slightly larger (1–2 mm) than the size of the 
dilating bronchoscope. However, if CT scan-
ning is used to determine the stent size, one 
should remember that for mainstem bronchi, 
contrary to trachea, the diameter of the air-
way on the CT is different than the actual air-
way diameter, and corrections are necessary 
(Fig. 13.7) [79].

Contrary to size, the length of the stent does 
not have an important impact on flow dynam-
ics [62]. That is simply because the resistance 
to flow is linearly and directly proportional to 
the length of stenosis and inversely propor-
tional to the radius of the airway narrowing at 

Fig. 13.6  Example of how airway anatomy impacts stent 
selection. Chest radiograph reveals nearly horizontal left 
main bronchus (upper left). Chest computed tomography 
shows that this was in part caused by volume loss from 
radiation fibrosis (lower left). Bronchoscopy revealed  

significant torsion of the left main bronchus and mid-dis-
tal left main bronchial stenosis (upper right). Due to its 
resistance to angulation, a partially covered self-expand-
able metallic stent was inserted to restore airway patency
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the power of 4 (for laminar flow). In simula-
tion studies, for instance, long stenoses show 
a modest difference in pressure profile with a 
slightly bigger magnitude of total pressure drop 
than the web-like stenosis of comparable air-
way narrowing (90%) [62]. The extent of the 
narrowing is important, however, for surgical 
decisions and for stent’s length selection. In 
general, the length of the stent should be longer 
than the actual stenosis, to avoid migration and 
obviously to properly palliate the airway nar-
rowing. In general the stent should exceed the 
stenosis by 0.5–1 cm on both sides. This prin-
ciple may be difficult to apply in short airway 
such as the right main bronchus, when the stent 
may need to be customized on-site in order to 
provide ventilation to the right upper lobe. The 
exact length can be measured based on previ-
ously performed chest CT scanning for a dif-
ferent indication. Given the risk of radiation 
and alternative methods, ordering a CT scan 
for the sole purpose to determine stent size 
or length  may not be warranted or cost-effec-
tive. The operator can use the scope itself, the 
telescope or accessory instruments (available 

sizing devices) to measure the extent of stenosis 
during bronchoscopy.

All these stent factors (size, length, morphol-
ogy, material, and biomechanics) become impor-
tant in selecting a particular stent for a specific 
type of obstruction. For instance, the dynamic fea-
tures of TBM can make the selection of the type 
and size of the stent being inserted problematic. 
Sometimes very large stents (20–22  mm diam-
eter) are required for those patients with tracheo-
bronchomegaly. In addition, the expansile force 
has to be high enough to prevent significant col-
lapse during expiration. Even though they rarely 
migrate, we use Y-shaped stents infrequently 
because we try to preserve as much normal 
mucosa as possible and thus decrease the like-
lihood of stent obstruction by tenacious mucous 
secretions, a common complication, especially 
in patients with chronically inflamed airways. In 
addition, Y-stent insertion in a patient with com-
plete airway collapse and inflamed and friable 
airway mucosa is not always straightforward and 
could be complicated by lack of unfolding, air-
way perforation and subsequent ventilation, oxy-
genation, and hemodynamic disturbances.

Fig. 13.7  Chest computed tomography use for stent size 
selection. Contrary to trachea (upper right), for mainstem 
bronchi and bronchus intermedius (lower right), the diameter 
of the airway on the CT (Y) is different than the actual airway 
diameter, and corrections are necessary (right panel). Y rep-

resents the measured transverse diameter of the bronchus on 
chest tomography, and X represents the corrected transverse 
bronchial diameter. α denotes the angle between the central 
axis of the trachea and bronchus, which equals the angle 
between Y and X
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�Technique and Equipment

Airway stents can be placed via flexible (for 
SEMS) or rigid bronchoscopy (SEMS or sili-
cone). The principles are the same: first, the 
operator will dilate the lesion (extrinsic com-
pression, stricture, or significant residual 
obstruction after other endobronchial thera-
pies); second, a stent large enough is deployed 
inside the airway to prevent migration and prop-
erly restore airway patency.

In case of rigid bronchoscopy, the scope is 
introduced through the mouth and then between 
the vocal cords under direct visualization to 
assure a secure airway at all times. We usually 
choose large rigid bronchoscopes (12–13  mm 
diameter) to allow deployment of a large tra-
cheal/bronchial stents and facilitate easy passage 
of accessory instruments (large grasping forceps 
or large suction tubing that may become neces-
sary in severe airway bleeding). The beveled tip 
of the scope facilitates lifting of the epiglottis and 
atraumatic passage of the scope through the vocal 
cords, but also assists for dilation and removal of 
exophytic endoluminal lesions (i.e., rigid bron-
choscopic debulking). Operators should be famil-
iar with the length of their scope and be able to 
decide how much the stent introducer should 
be inserted inside the scope in order to avoid 
deployment of the stent too distally (beyond the 
stenosis) or too proximally (inside the rigid bron-
choscope). There are two techniques of straight 
silicone stent insertion, as one can expulse the 
stent either beyond the stricture and then pull it 
back or to directly deploy it within the stricture 
itself. There are also two techniques to deploy a 
Y-stent, and the operator can choose the one he or 
she is most familiar with: the “push” technique, 
in which the stent is ejected from the broncho-
scope above the carina and then is pushed down 
with an open rigid grasping forceps placed at 
stent bifurcation, and the “pullback” technique, 
in which both bronchial limbs are placed within 
one bronchus (usually the one involved with most 
disease) and then the stent is pulled back slowly 
until the shorter limb pops out. While this has 
not been studied, the “pullback” technique may 
be safer in patients with abnormal airway wall 

(friable, infiltrated mucosa, preexistent fistula) 
because of potential reduced risk of pushing the 
stent into the mediastinum. Accessory instru-
ments such as grasping forceps may be needed 
post deployment to assist with stent unfolding 
and positioning in the desired location. If the 
operator works through an open system, he or she 
may occasionally need to use Vaseline petroleum 
gauze packing strip or Kerlex gauze roll to pack 
the nose and the mouth, respectively, in case of 
significant air leak and subsequent impaired ven-
tilation and oxygenation.

Flexible bronchoscopy is used by many oper-
ators to insert SEMS. This procedure can even 
be performed while the patient is on the ventila-
tor in the intensive care unit. The technique of 
placing these stents under fluoroscopic guidance 
is well described [80], but fluoroscopy in the 
intensive care unit is cumbersome and often 
unavailable. There are techniques for placing 
these stents without fluoroscopy, one of which 
will be described here. First, the bronchoscope is 
inserted in the mouth through a bite block along-
side the endotracheal tube (ETT), after deflating 
the ETT cuff, and advanced into the space 
between the tracheal wall and the ETT.  The 
scope is then positioned proximal to the stenosis. 
A guide wire is inserted through the broncho-
scope and passed alongside the lesion, after 
which the bronchoscope is withdrawn, leaving 
the guide wire in place. The scope is reinserted 
into the ETT to confirm guide wire location. A 
stent delivery catheter is advanced over the guide 
wire, and the stent is deployed under broncho-
scopic visualization. The delivery catheter and 
guide wire are withdrawn together, leaving the 
stent in position. If necessary, the stent can be 
repositioned by grasping its proximal loop with 
a flexible alligator forceps.

�Stent-Related Complications

Complications following stent placement can be 
divided into procedure-related complication and 
long-term sequelae of the physical presence of an 
airway stent. While rarely reported, procedure-
related complications can occur during stent 
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insertion and as a result of their deployment and 
include perforation of the airway wall resulting in 
broncho-mediastinal fistula, massive hemorrhage 
(from large vessel laceration) and potentially 
mediastinal misplacement of the stent, and 
hypoventilation and hypoxemic respiratory fail-
ure caused by the large stent not unfolding satis-
factorily or by occlusion of the stent with mucus 
or blood immediately following deployment.

A study of the aforementioned AQuIRE regis-
try found that in patients undergoing any type of 
bronchoscopic intervention (including stenting) 
for malignant CAO, the overall severe 30-day 
complication rate was 4%. Overall complication 
risk was increased by moderate sedation (as 
opposed to general anesthesia), urgent or emer-
gent procedures, American Society of 
Anesthesiologists (ASA) score  >  3, and redo 
therapeutic bronchoscopy. The rate of significant 
bleeding necessitating intervention was 0.5%. 
The risk for significant bleeding was increased in 
patients undergoing urgent and emergent proce-
dures, APC use, redo therapeutic bronchoscopy, 
and patients who were never smokers. The rate of 
procedurally related death was 0.5%. Risk of 
death as a result of procedural complication was 
increased in urgent or emergent procedure and in 
never-smoking patients. In these patients with 
malignant CAO, the post-procedure 30-day over-
all mortality was 15%. Risk of death within 
30  days increased with the use of stents, and 
Y-stents in particular had a significantly higher 
risk of 30-day mortality compared to straight 
“tube” stents: it is unclear if this is a result of the 
stent itself or, more likely, the increased severity 
and extent of disease which necessitates a stent 
and more-so a Y-stent. In addition, the risk of 
30-day mortality was increased in patients with a 
Zubrod performance status score  >  1, ASA 
score  >  3 or any intrinsic or mixed obstructive 
disease. Overall the rate of immediate procedur-
ally related complications is rare. Of the modifi-
able risk factors, the two most pertinent are 
utilizing general anesthesia instead of moderate 
sedation, a judicious decision for the use of stent-
ing, and the type of stent employed [81].

The remainder of this section will address 
long-term adverse events related to the presence 

of indwelling airway stent. In this regard, stents 
are indeed foreign objects inside the airway, and 
adverse events are therefore expected. Several 
complications have been identified and reported 
as incidence proportion6 [9] in case series, but 
only recently this issue has been systematically 
approached using clear definitions and statistics 
using incidence rate7 rather than proportions to 
report these adverse events [9]. Because of differ-
ent biomechanics, significant differences exist 
between airway stent types in terms of long-term 
complications related to stent infection, granula-
tion tissue, mucus plugging, stent migration, and 
stent fracture which could injure the airway wall 
or the adjacent mediastinal vessels [82]. While 
perioperative complications are rare and the 
immediate effects of stent insertion could be grat-
ifying, both bronchoscopists and patients should 
be aware that long-term complications are com-
mon and potentially life threatening [83].

�Granulation Tissue

This complication may also promote the develop-
ment of secondary stenoses [84]. The exact preva-
lence of stent obstruction by granulation tissue 
versus tumor overgrowth or ingrowth in patients 
with malignant obstruction is somewhat con-
founded by the fact that studies tend to report 
them together rather than separately but when it 
occurs may be clinically significant in approxi-
mately 25% of patients [85]. The estimated inci-
dence proportion of recurrent obstruction from 
either granulation tissue or tumor is 9–67% in 
patients with metal stents and 6–15% in patients 
with silicone stents [86]. The likely mechanism 
for granulation tissue formation consists of exces-
sive pressure on the airway wall, which may lead 
to ischemic necrosis due to capillary closure. 
From physics standpoint, if the expansion force of 
a stent would be distributed equally over its com-

6 An incidence proportion is defined as the number of 
cases with complications divided by the number of cases 
overall and is an appropriate measure for analyzing imme-
diate perioperative complications [6].
7 It measures events per person-time at risk [6].
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plete outer surface, this would result in a relatively 
small contact pressure on the airway wall. 
However, if the stent wall touches a small portion 
of the inner tracheal wall (as may be the case with 
cylindrical stents for stomal, triangular stenoses), 
then the local pressure at that contact zone would 
be much higher and would result in considerable 
impairment of mucosal blood flow promoting fur-
ther tissue ischemia and damage. This process 
could be worse if a SEMS is used. Though such a 
stent may have the same overall expansion force 
as a silicone stent, it can shut down the mucosal 
blood flow at spots where the thin wires come in 
contact with the tissue (Fig. 13.8). Thus the cili-
ated epithelium is replaced by fibroblasts and 
granulation tissue. Oversizing the stent has been 
suspected as a risk factor especially when stents 
are placed in the upper trachea or subglottis. In 
one study, Dumon stent insertion for benign tra-
cheobronchial stenoses showed an incidence pro-
portion of 28% for granulation tissue after a mean 
period of follow-up of 303 days. The stent-to-air-
way diameter ratio of 90% was found to be the 
critical cutoff point for predicting granulation tis-
sue formation (OR, 47.5285) [79]. The optimal 
ratio between the stent and the airway diameter 
that could reduce granulation tissue formation has 
yet to be determined. Friction between the sharp 
edges of the stent and airway mucosa and the for-
mation of galvanic currents may cause granula-
tion tissue formation; this is especially true if 
electrocautery is used, and these currents are gen-
erated8 around the metal wires [85]. This granula-
tion tissue ingrowth can make removal difficult 
and result in substantial airway wall trauma [87]. 
It is likely that factors such as stent kinking or 
fracture also contribute to granulation tissue for-
mation. Overall, however, granulation tissue for-
mation is not easily predictable but seems to be 
more common in patients with keloids and in 
those with chronic airway infection [88]. 
Management of this problem is complicated by 

8 An electrical current in which the electron flow is in only 
one direction; galvanic currents cause fibroblasts prolif-
eration resultant increase in collagen synthesis, property 
used for wound healing and also implicated in keloid 
formation.

the difficulty of removing metal stents [88, 89]. 
Interestingly, one study addressing malignant 
CAO, compared with Ultraflex stents, both sili-
cone stents and Aero stents seem to be more likely 
to lead to granulation tissue formation [9]. In the 
multivariate model, however, only silicone stents 
(HR = 3.32) and lower respiratory tract infection 
(HR = 5.69) were associated with increased risk 
for granulation. It is likely that the observed dif-
ferences in granulation tissue may be related to 
repetitive motion trauma and infection. Coated 
stent models such as polyurethane-coated metal-
lic stent may reduce the histobiological reaction 
to foreign bodies in animal experiments (i.e., 
granulation tissue formation) and still maintain 
sufficient expansion force [90]. In vivo human 
studies are warranted.

�Stent Fracture

This is a rare complication seen with metal stent 
insertion, but it may result in airway wall perfora-
tion and hemoptysis, potentially fatal events [9, 
29, 91]. United States Food and Drug 
Administration warned that metallic tracheal 
stents in patients with benign airway disorders 
should be used only after thoroughly exploring 
all other treatment options (such as surgical pro-
cedures or placement of silicone stents) [29]. The 
use of these stents as a bridging therapy to sur-
gery is also not recommended, because the 
removal of these stents is associated with signifi-
cant complications.

�Stent-Associated Lower Respiratory 
Infection and Mucus Obstruction

When a definition of respiratory infection is 
based on the presence of clinical findings (fever, 
increased volume and purulence of sputum, and 
worsening cough), with or without radiographic 
evidence of pneumonia but requiring the manag-
ing physician to prescribe antibiotics, the inci-
dence proportion of lower respiratory tract 
infections was 36–39% in patients suffering from 
cancer [9]. The authors of this study found that 
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respiratory infections led to significant morbidity 
and mortality: over half the patients were hospi-
talized, and 23% of patients with respiratory 
infections died within 14 days of their infection. 
Respiratory infections were more frequent in 
patients with Aero stents compared with silicone 
or Ultraflex. Various degrees of obstruction by 
mucus are not uncommon. This tends to be more 
common in patients with ineffective cough and in 
smokers. In patients with malignant CAO, having 
a left-sided stent (HR = 3.07), age (HR = 0.97), 
having a silicone stent (HR  =  2.72) versus 
Ultraflex stents, and having chemotherapy post-
stent placement (HR  =  0.32) had significant 
impact on time to mucus impaction. The higher 
risk with left-sided stents makes sense; because 
of the sharper angle9 between the left main bron-
chus and trachea, the patient may have difficulty 
in raising secretions. In addition to obstructing 
the airway, in time this could also lead to halitosis 
because the stent becomes covered chronically 
with a biofilm (Fig. 13.8). Recent in vitro studies 
evaluated a new methodology to create highly 
hydrophobic micro-/nanostructured silver anti-
bacterial surfaces against Gram-positive and 
Gram-negative bacteria, using low-pressure 
plasma. This micro-/nanostructured silver coat-
ing demonstrated antibacterial properties causing 
a reduction of Gram-positive and Gram-negative 
bacteria viability on airway stents [92].

�Migration

While an oversized stent could cause granulation 
tissue formation, an undersized stent would likely 
migrate. In one study, stent migration was 5.26%, 
6.06%, and 15.38% in patients in whom the stent-
to airway diameter was between 90% and 100%, 
80% and 90%, and <80%, respectively [79]. The 
migrated stent, in addition to not palliating the 
airway narrowing for which was initially placed, 
could result in inability to clear secretions, in 
continuous friction between the wall of the stent 

9 Especially in patients with tumors who might have a 
nearly horizontal left main bronchus due to large subcari-
nal adenopathy.

and the airway mucosa, and cause granulation as 
well. Ideally a stent is well compressed once is 
deployed, but even if it is sized appropriately and 
placed properly and sitting tightly at the end of 
the procedure, it can still migrate later because of 
the visco-elastic properties of the tracheal tissues 
(Fig. 13.8). This complication is seen more com-
monly in benign disease or in patients with can-
cer undergoing therapy, likely because patients 
with benign disease survive longer and because 
of the changes in airway viscoelastic properties 
(in time the airway stenosis progressively dilates). 
This probably explains why about 20% of 
patients with strictures may have their stent 
removed after ~18  months. For patients with 
ECAC, silicone stent insertion improves func-
tional status immediately post-intervention, but is 
associated with a high rate of adverse effects with 
quite frequent stent migration. In fact, in one 
study of malignant CAO, among various stents 
(Ultraflex, Aero, and silicone), only silicone tube 
stents had a significant effect on migration risk 
with an HR of 3.52 [9]. Stent migration requires 
a revision procedure to maintain satisfactory air-
way patency and prevent further complications.

Bronchoscopy is currently the standard for the 
detection and treatment of stent-related compli-
cations and, in nonurgent situations, usually 
involves a two-step procedure. Initially, diagnos-
tic flexible bronchoscopy is performed to detect 
and characterize a stent complication; if a treat-
able complication is detected, rigid bronchos-
copy may be required for therapeutic intervention. 
In this regard, from regulatory perspective, the 
stent insertion package should probably contain 
information about stent’s biomechanics, steriliza-
tion (although this may not affect the infection 
rate) [9] in addition to reporting indications, 
expected results, incidence rates of long-term 
complications, as well as potential contraindica-
tions to stent insertion.

�Contraindications

There are certain circumstances when stent inser-
tion should not be offered. For instance, in idio-
pathic or secondary benign subglottic stenosis 
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(within 2 cm from the vocal cords), stents may 
extend the length of the stenotic segment [93]. 
This is particularly true for metallic stents. In one 
study, all patients with laryngotracheal stenosis 
who had undergone covered or uncovered metal-
lic stent placement developed new strictures or 

granulation tissue that precluded definitive surgi-
cal treatment or required more extensive resec-
tions [93]. In fact, some tracheal surgeons believe 
that SEMS should never be used in patients who 
are potential candidates for resection because 
these are likely to cause additional airway injury 

Fig. 13.8  (a) Severe, complete left main bronchial 
obstruction due to extrinsic compression and mucosal 
infiltration (left panel); a partially covered self-expandable 
metallic stent was inserted which caused at blanching 
spots where the thin wires come in contact with the tissue, 
suggesting mucosal ischemia from mucosal blood flow 
compromise (right panel). (b) Post-tracheostomy-related 
tracheal stenosis with chondritis and hypertrophic tissues 
(left panel). Post-dilation; a straight silicone stent was 
placed which was well compressed after deployment 
(right panel). (c) In the same patient, several months later, 

bronchoscopy showed that the stent migrated downward 
to the main carina (left panel); this resulted in significant 
obstruction of the left main bronchus and inability to clear 
secretions (right panel). (d) Computed tomography per-
formed 3 months prior to bronchoscopy showed complete 
absence of aeration in the right lower lobe, thus preclud-
ing bronchoscopic intervention to restore airway patency 
(left panel); bronchoscopy in this case showed mucosal 
infiltration and friability and no evidence of airway 
patency distal to the obstruction (right panel)

a

b
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and possibly make a potentially resectable patient 
unresectable10 [93].

The absence of a functional “distal airway” such 
is the case with significant and chronic (usually 
>1 month) distal parenchymal tumor infiltration or 
confirmed lack of perfusion of underlying lung are 
also contraindications to stent insertion and, for the 
same reasons, for any endoluminal therapy aimed at 
restoring airway patency. In patients with CAO 
(lobar or mainstem bronchi), assessing the function-
ality of the lung parenchyma distal to the obstruc-
tion is useful when considering interventions meant 
to establish airway patency. Functionality of the 

10 In this regard, histologically benign CAO should be 
treated surgically or for nonsurgical candidates, with sili-
cone stents whenever possible.

lung distal to the obstruction may not be restored in 
patients who have had chronic complete obstruction 
and lack of ventilation (Fig.  13.8). Determining 
whether there is functional airway and lung beyond 
an obstruction is essential to any successful bron-
choscopic intervention,11 in part because significant 
friability of bleeding from thin infiltrated bronchial 
mucosa, or lack of lung perfusion12 despite restored 

11 Other conditions include experienced bronchoscopist 
and team, experienced anesthesiologist, control of 
patient’s overall performance status, additional systemic 
or local therapy still possible, and control of 
comorbidities.
12 One way to assess the perfusion status of lung paren-
chyma distal to an airway obstruction is to attempt bypass-
ing the stenosis using a high-resolution EBUS radial 
probe.

c

d

Fig. 13.8  (continued)
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airway patency might preclude intervention. In one 
study, 71% of patients who initiated radiation ther-
apy within 2 weeks after radiological evidence of 
atelectasis had complete re-expansion of their lungs, 
compared with only 23% of those irradiated after 
2 weeks [94]. Studies pertaining to successful bron-
choscopic treatment and time to treatment are lack-
ing. In addition, significant mucosal friability and 
bleeding of bronchial mucosa might also preclude 
interventions because stent insertion may result in 
broncho-mediastinal fistula, loss of the stent within 
the mediastinum, or hemorrhage (Fig. 13.8).

�Follow-Up and Patient Education

Immediately after stent insertion, a chest radio-
graph is performed to confirm its location. 
Because stents are associated with significant 
adverse events, a stent alert card should be given 
to the patient upon discharge from the hospital; 
this provides information both for patients and 
for the doctors that may encounter patients with 
airway stents. They are informed that even though 
some stents (i.e., silicone) are not radiopaque, 
one can still identify them on the chest radio-
graphs as straight lines. In addition, the card 
includes the patient’s name, indication for stent 
insertion, type, location and size of stent inserted, 
contact information, and instructions for both 
patients and physicians in case of stent-related 
complications. Also, if intubation is necessary 
for whatever reason, bronchoscopic intubation 
using a cuffless # 6 ETT to avoid stent dislodge-
ment or mucosal trauma is advisable.

Granulation tissue, secretions, migration, 
tumor progression, and fistula formation are usu-
ally detected during follow-up bronchoscopy 
or on chest CT. Studies show that the extent of 
air pockets around the stent on follow-up chest 
CT correlates with the success of stent removal, 
indicates regression of stenosis, and may help 
guide the optimal time for stent removal [95]. 
Stent-related complications, however, are usu-
ally detected by the onset of new respiratory 
symptoms and do not necessitate systematic 
(scheduled) routine flexible bronchoscopy. In 
those patients suspected of having stent-related 

adverse effects, however, bronchoscopy should 
be performed for diagnosis and potentially for 
therapy. While routine follow-up bronchoscopy 
in the lack of symptoms may not be warranted 
in all patients after stent insertion, given that 
most complications occur within 6 weeks post-
stent insertion [9, 11, 12], one could choose to 
perform surveillance bronchoscopy in patients at 
high risk for complications after stent insertion. 
There are reports, however, suggesting that time 
to granulation tissue detection after SEMS inser-
tion is longer in patients with dynamic airway 
obstruction than in those with structural airway 
obstruction (396 vs. 95 days p = 0.02) [84], so 
a need for prolonged follow-up in these patients 
may be warranted. Some physicians perform 
routine bronchoscopy every couple of months, 
while others only do it when patients complain 
of new symptoms [96]. Preventive measures for 
obstruction by mucus such as aerosol therapy, 
respiratory physiotherapy, and clinical visits are 
advocated. Also, while not a universal practice, 
saline nebulization is offered by many bronchos-
copists to keep the stent humidified in order to 
avoid excessive mucus plugging. In fact, severely 
disabled patients such as those who are bedrid-
den and with poor cough or impaired metal status 
are unlikely to benefit from indwelling airway 
stents since the risk of obstruction by mucus may 
outweigh the benefit gained by placing the stent 
and only temporarily restore airway patency.

�Summary and Recommendations

Airway stents improve symptoms of selected 
patients with malignant and benign central air-
way obstruction, esophagorespiratory, and bron-
chial stump fistulas, but in general, their insertion 
should be reserved to patients for whom cura-
tive open surgical interventions are not feasible 
or contraindicated. Metallic stents should be 
avoided in benign disease unless surgery or sili-
cone stent placement is not possible or feasible. 
For malignant disease, stents are placed with a 
palliative intent. They should therefore be placed 
by operators able to handle intraoperative, short-
term, and long-term complications. Long-term 
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complications after placing such prostheses are 
not uncommon and can occasionally be fatal. 
Not all stents are equivalent in terms of biome-
chanics and stent-tissue interactions. Currently, 
this information may be considered confidential; 
proprietary and regulatory bodies do not mandate 
its reporting. However, manufacturers should 
probably describe some key biomechanical prop-
erties including the resistance to angulation, 
expansile force, and mechanical failure to help 
physicians predict successful airway patency 
restoration and immediate and long-term stent-
related complications.
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