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Introduction

Airway stenting is one of the most commonly performed 
procedures in interventional pulmonology (IP). An airway 
stent is a type of endobronchial prostheses used to palliate 
airway obstruction and maintain airway patency. While 
airway stent has a long history that can be traced back to the 
late 19th century, the rapid advancement of stent technology 
only occurred in the past 25 years.

Implantable airway stents could be dated to late the 
1800s, when Trendelenburg and Bond first described 
implanting an airway prosthesis (1,2). The first clinical 
application of a T-tube for airway stenting was reported by 
Montgomery in 1960 (3). In the 1980s, early expandable 
metallic stents made from stainless steel were introduced 
(Gianturco Z-stent and Wallstent). However, these stents 
suffered from several limitations due to unfavorable 
mechanical properties (4,5). Silicone stent was introduced 
and popularized by Dumon in 1990s (6). This marked 

a milestone in airway stent development, as the silicone 
stent had a favorable biomechanical profile that allowed 
its wide adoption. However, the placement of the silicone 
stent requires rigid bronchoscopy, a skillset that is not as 
universal as flexible bronchoscopy.

Over the past several decades, airway stents have 
undergone significant development including expansion 
of indications, improvement of stent manufacturing, and 
placement/removal techniques. These changes have led 
airway stenting to become one of the standard therapies in 
IP. Here, we review the current indications and available 
airway stents, the challenges with their use, and future 
developments in airway stents.

Summary of current available airway stents

There are three main classes of airway stents—silicone, bare 
metallic, and hybrid stents (Figure 1). Metallic stents can be 
further divided into three generations. The first generation 
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is composed of uncovered balloon-expandable metallic stents 
made from stainless steel, the second generation consist of 
partially covered or uncovered self-expandable metallic stents 
(SEMS) made from nitinol, and the third-generation are the 
hybrid fully covered SEMS usually made from nitinol with 
a polymer covering like silicone or polyurethane (PU). The 
first-generation metallic stents are now rarely used in clinical 
practice due to the difficulty in removal and associated 
complications due to the high pressure it exerted on the 
airway wall. Current commercially available stents on the 
market are listed in Table 1.

Interventional pulmonologist should choose the 
appropriate stent according to the clinical scenario of each 
patient. Unfortunately, the commercially available stents still 
suffer from several limitations, which will be discussed in 
detail. At present, the “ideal stent” does not exist (7). A list of 
current indications for airway stenting is listed in Table 2.

In China, the first report of airway stent was performed 
using nitinol spiral metallic stent for malignant tracheal 
stenosis in 1993 (8). The mainstay of airway stents in China 
are silicone and SEMS (uncovered and covered). The most 
common commercially available domestic airway stents are 
SEMS and hybrid stents from Micro-Tech (Nanjing, China).

Current challenges

Lack of comparative clinical research data

Despite airway stents have been used in clinical practice 
for several decades, there are many challenges at present. 
Most importantly, there is a lack of head-to-head clinical 
trials to compare any given stent to another. Most of the 
data have only been described in retrospective studies. 
A large retrospective analysis of incidence of long-term 
complications among Ultraflex (Boston Scientific, USA), 
Aero (Merit Endotek, USA), Dumon silicone bronchial 

and Y-stents (Boston Medical/Novatech, USA) for 
malignant airway obstruction was performed by Ost et al. 
from 2005–2010 (9). Aero stents were associated with an 
increased risk of infection [hazard ratio (HR), 51.98; 95% 
confidence interval (CI), 1.03–3.81] and silicone tube stents 
had an increased risk of migration (HR, 53.52; 95% CI, 
1.41–8.82). Moreover, silicone stents and lower respiratory 
tract infections both increased risks of granulation tissue 
formation. A more recent retrospective cohort study by 
Lee et al. compared the complications of different types 
of metallic, silicone (straight, Y-stent, T-tube), and hybrid 
stents. They found hybrid stents were more likely to 
migrate [odds ratio (OR), 6.60; 95%, CI: 2.16–20.2] or 
obstruct by secretions (OR, 2.53; 95%, CI: 1.10–5.84) 
compared to all other stents (10). Comparative, prospective, 
randomized controlled trial has yet been performed.

Airway stenting complications

Airway stenting has its complications. There is a wide 
range (40–60%) of stent-related complication rates in 
the literature due to differences in study population 
and the types of airway stents examined (10). The 
overall rate of complications has been reported to be 
around 15% (11). This issue is further exacerbated by the 
significant variability of airway stenting in clinical practice. 
A large and multicenter cohort study based on the AQuIRE 
registry examined the incidence of complications of  
1,115 procedures with malignant central airway obstruction 
(CAO) from 15 US centers from 2009–2013, the authors 
noted that significant practice pattern differences among 
different centers in airway stent use and associated 
complications reported (12). This observation is also noted 
in a European report by Dutau et al. (13).

Most important bronchoscopy-related complications 

Figure 1 Three classes of airway stents. (A) Post-Y silicone stent in a TBM patient undergoing stent trial; (B) uncovered SEMS (Ultraflex) 
in a TBM patient undergoing stent trial; (C) fully covered SEMS (Bonastent) in a patient with squamous cell lung cancer occluding the right 
mainstem. TBM, tracheobronchomalacia; SEMS, self-expandable metallic stents.
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Table 1 Current available stents

Type of stent (material) Manufacturer Pros Cons Size (diameter × length) Placement technique

Tubular silicone (silicone) Hood Laboratories, 
Pembroke, MA, USA

Less granulation Migration 9–20 mm × 20–80 mm RB

Boston, Medical 
Products, 
Westborough, MA, 
USA

Less tumor 
infiltration

Mucus 
plugging

Bryan Corporation/
Lymol Medical, 
Woburn, MA, USA

Long-term 
placement

Easily remove

Y-stent silicone (silicone) Boston, Medical 
Products, 
Westborough, MA, 
USA

Less granulation Migration Wide range in diameters of 
tracheal-bronchial-bronchial: 
14-10-10 to 18-14-14

RB; direct 
laryngoscopy with 
“pull technique”,  
modified laryngoscopy 
and “push technique”

Novatech, Grasse, 
France

Less tumor 
infiltration

Mucus 
plugging

Bryan Corporation/
Lymol Medical, 
Woburn, MA, USA

Long-term 
placement

Easily remove

T-tube silicone (silicone) Boston Medical 
Products, 
Westborough, MA, 
USA

Horizontal 
limb prevents 
migration

Granulation Adult: 10–16 mm vertical limb 
and 8 or 11 horizontal limb

Tracheostomy and 
umbilical tape or Kelly 
technique

AERO stent (laser-cut 
nitinol structure with PU 
cover)

Alveolus, Inc., 
Charlotte, NC, USA

Antimigration 
embed into the 
mucosa

Migration 8–20 mm ×15–80 mm RB

Harder to 
remove

Ultraflex stent (nitinol 
structure partially with/
without PU or silicone 
cover)

Boston Scientific, 
Natick, MA, USA

Easily 
placement

Epithelization 8–20 mm × 20–80 mm RB/FB

Migration

Dynamic Y-stent 
(stainless steel structure 
with silicone cover), rigid 
stent

Boston Scientific, 
Natick, MA, USA

Maintains 
airway patency 
well due to rigid 
profile

Harder to 
remove

Tracheal limb: 11–15 mm × 
110 mm

Requires laryngoscopy 
during the initial 
stages of implantation

Main bronchi limbs: 8–12 mm 
× 25–40 (right/left) mm

Bonastent stent (nitinol 
structure with silicone 
cover), self- expanding

EndoChoice, 
Alpharetta, GA, USA

Removable Migration 10–30 mm × 20–80 mm  
(fully-covered)

RB/FB, with delivery 
catheter

With ultra-thin 
delivery catheter

Fracture

Resist sever 
stricture

Mucus 
plugging

Silmet stent (nitinol 
structure with polyester 
cover), self-expanding

Novatech, La Ciotat, 
France

Multiple shapes Migration 10–20 mm × 20–60 mm  
(fully-covered)

RB/FB

Fracture

Table 1 (continued)
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from airway stenting are associated with the technique 
used during placement and sizing of the stent. Long term 
stent-related complications (such as mucus plugging, 
stent migrations or fractures, infections, and obstructions 
by tumor or granulation tissue) have been reported with 
metallic, silicone, and hybrid stents. These complications 
are believed to be due to interruption of mucociliary 
clearance, over- or under-sizing of stent, stent covering/
lack thereof, dynamic nature of airway movement with 
respiration, and stent biomechanical properties. Yet, no 
randomized control studies have examined how to minimize 
these complications. Interestingly, Hoag et al. reported 
airway stent complications were seen evenly among training 
groups and practice settings. However, those with increased 
interventional training are more likely to use chest X-ray to 
evaluate stent at follow up; hence, more frequently detected 
stent migration (P=0.036) and mucus plugging (P=0.009) (14). 
This data suggests that systematic surveillance strategy 
post-stenting, including stent maintenance and follow-up 
(see post-stent management), is needed.

Perhaps equally important in minimizing stent-related 
complications is patient selection. Several factors should 
be considered to determine whether or when to perform 
airway stenting. First, whether the airway stenosis is causing 
clinically significant dyspnea. Tracheal diameter typically 
has to decrease below 8 mm prior to exertional dyspnea 
and below 5 mm prior to resting dyspnea/stridor. Second, 
careful pre-procedural planning is an essential component 
of airway stenting. Ost et al. reported that urgent and 
emergent stenting were associated with higher rates of 
complications than elective procedures (12). Thus, it is 
best to stabilize and optimize the patient prior to airway 
stenting. Finally, there should be patent airways distal to the 
stenosis for stenting from a technical standpoint. In terms 
of malignant CAO at the end of life, specific goals for the 
palliative benefit of stents balanced by the complications 
associated with airway stenting must be addressed with the 
patient and family (15).

In the near future, improvement of design and material 
of airway stents could potentially reduce stent-related 

Table 1 (continued)

Type of stent (material) Manufacturer Pros Cons Size (diameter × length) Placement technique

Hanaro stent (nitinol 
structure with silicone 
cover), self-expanding

M.I.Tech Co., Ltd., 
Seoul, South Korea

Antimigration 
flares at both 
end

Migration 10–22 mm × 30–80 mm RB/FB

Fracture

Micro-Tech stent
(nitinol structure with/
without elastic cover), 
self-expanding

Micro-Tech Co., Ltd., 
Nanjing, China

Multiple 
selection

Migration Sraight RB/FB

12–18 mm × 40–60 mm

Straight Inexpensive Fracture Y-shape

Y-shape Easier to deploy Tracheal limb: 16–20 mm 
× 40–50 mm

J-shape Main bronchi limbs:  
12–14 mm × 20/30 (right/
left) mm

TTS J-shape

Tracheal limb: 16–20 mm 
× 40–50 mm

Main bronchi limbs:  
12 mm × 30 mm

Balloon-expanding stents 
(fully covered stainless 
steel in two layers of 
polytetrafluoroethylene)

Atrium iCast, Maquet, 
Getinge, Hudson, NH, 
USA

For distal airway Migration 5–10 mm × 16–38 mm RB/FB, with the 
balloon

RB, rigid bronchoscope; PU, polyurethane; FB, flexible bronchoscope; TTS, through-the-scope.
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complications. For example, drug-eluting stent (DES) to 
reduce granulation tissue formation (16). Recent advances 
in stent designs will be discussed in detail.

Post-stent management

With increasing use of airway stents, the importance 
of post-stent management has become more widely 
recognized. The goal is to facilitate airway clearance (with 
nebulized saline or hypertonic saline and bronchodilators, 
with/without acapella valve, with or without guaifenesin). 
However, there is no standard practice pattern for 
surveillance and follow-up after stent placement. Long-
term follow-up data in post-stent period are limited. 
Considerable variability exists in both maintenance and 
surveillance schedules for the post-stent period.

Hoag et al. surveyed 62 members of the American 
Assoc ia t ion  o f  Bronchology  and  In tervent iona l 
Pulmonology (AABIP) or attendees at their annual meeting 

during CHEST 2008. The authors found less than 50% 
responders have a protocol for post-stent management and 
significant variability in the practice of post-stent care (14). 
Seventy-five percent of respondents prescribed inhaled 
medications for posts-tent maintenance (bronchodilators 
were most commonly used (59.8%) followed by either 
humidification (46.8%) or mucolytics (46.8%) (14). Thus 
far, there are no conclusive studies post-airway stenting to 
support the use of inhaled steroids or antibiotics to prevent 
granuloma formation and infection, respectively.

Add i t iona l l y,  the  f r equency  and  moda l i t y  o f 
surveillance after stent placement are highly variable. The 
surveillance methods consist of physical examination, 
chest  radiography,  computed tomography (CT), 
and bronchoscopy (17). In 2000, Matsuo and Colt 
found that routine surveillance bronchoscopy within 
2–3 months after stent placement did not detect a 
high incidence of stent-related complications (17).  
However, recently follow-up data in post-stent (metallic, 
silicone, and hybrid) period show that surveillance 
bronchoscopy, regardless of symptomatic status, within 4 
to 6 weeks post-stent may be useful for early detection of 
complications and subsequent management (10). This data 
included the largest number of follow-up post-stent ever 
studied. Smaller studies suggested that CT was an accurate, 
non-invasive method to evaluate airway stents and lumen 
patency, but it was unable to observe stent epithelialization 
and granulation formation (18,19). Our practice is to 
routinely use surveillance bronchoscopy or CT scan at  
6 weeks post-stenting. However, the effect of these different 
surveillance methods on patient’s mortality, morbidity, and 
overall healthcare costs still remains to be examined.

Stent for complex airway stenosis

Complex airway stenosis is always a challenging clinical 
scenario. Complex stenosis is defined by the involvement of 
cartilaginous rings and stenosis length longer than 1 cm (20). 
Examples are airway stenosis due to inflammatory diseases 
such as granulomatous polyangiitis [granulomatosis with 
polyangiitis (GPA) or Wegener’s] or relapsing polyarthritis, 
multiple distal airway stenosis post-lung transplant, complex 
tracheobronchial-esophageal fistulas due to infection, stenosis 
involving carina and/or main bronchus. Diseased airways 
are deformed anatomically into triangular, slit, or twisted 
morphology. Perhaps the most challenging aspect of airway 
stenting for these clinical entities is not the technological 
placement but the lack of appropriate stents to match the 

Table 2 Indications of airway stenting

Benign airway diseases

Post-tuberculosis or post-infectious tracheobronchial stenosis

PTBS

Post-intubation stenosis

Post-traumatic stenosis

Pseudotumor: papillomatosis, amyloid, hamartomas, 
bronchialith

TBM

EDAC

Tracheobronchial stenosis: idiopathic, GPA, RP

Benign TEF

Malignant airway diseases

Extrinsic compression by tumor or lymphadenopathy

Endobronchial tumor

Mixed endobronchial and extrinsic tumor

Malignant TEF

Relief of post-obstructive pneumonia in patient allowing for 
inclusion in chemotherapy protocols

P T B S ,  p o s t - t r a n s p l a n t  b ro n c h i a l  s t e n o s i s ;  T B M , 
tracheobronchomalacia; EDAC, excessive dynamic airway 
collapse; GPA, granulomatosis with polyangiitis; RP, relapsing 
polychondritis; TEF, tracheoesophageal fistula.
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deformed airway. A possible solution could be personalized 
airway stent for the patient-specific anatomy using three-
dimensional (3D) printing technology (discussed below).

Metallic stents in benign airway stenosis

Post-tuberculosis tracheobronchial stenosis and post-
traumatic stenosis (after intubation or tracheostomy) 
are considered to be the most common causes of benign 
airway stenosis (21). Other less common indications 
include benign tracheoesophageal fistula (TEF), relapsing 
polychondritis (RP), excessive dynamic airway collapse 
(EDAC) or tracheobronchomalacia (TBM), and post-lung 
transplantation airway stenosis. The causes of benign airway 
stenosis are listed in Table 2.

Over the past several decades, the application of metallic 
stent for airway stenosis has fluctuated greatly. The use 
of metallic stents in benign airway disease was cautioned 
by United States Food and Drug Association (FDA) in 
2005 due to their significant associated complications (22).  
However, it is noteworthy that at the time of FDA 
recommendation, the available metallic stents were mostly 
uncovered and with limited biomechanical properties. With 
advancements in manufacturing, third-generation metallic 
stents (hybrid SEMS), such as Bonastent (EndoChoice, 
USA) and Silmet stent (Novatech, France), were developed. 
Over the last decade, these hybrid stents have been used to 
treat benign airway stenosis with satisfactory safety profile.

The recent large series documenting the safety and 
efficacy of a third-generation SEMS (Silmet stent) in benign 
airway stenosis was reported by Fortin et al. (23). In their 
study, 50.0% stents were removed because of stent-related 
complications after a median of 77.0±96.6 days. About 
90.0% stents were removed successfully after a median 
of 122.0±113.2 days without any complications from 
the removal procedure. The clinical success rate of stent 
treatment for benign airway stenosis was 40.7%. A larger, 
more recent retrospective study from 2003–2016 by Xiong 
et al., 131 stents were deployed on 116 patients for benign 
airway stenosis (24). SEMS (Micro-Tech, Nanjing, China) 
were used in this study. The authors showed acceptable 
complication profile of SEMS, with most frequently 
encountered being granulation formation (37.29%). Data 
at follow-up (median: 1,276 days; range, 2–4,263 days) 
indicated 68 patients had complete resolution of stenosis, 
15 had additional interventional treatment, 8 had bronchial 
occlusions, 7 underwent surgery, and 4 died of causes 
unrelated to the stent. These results suggest that the use 

of hybrid SEMS for benign airway stenosis can be safe and 
effective long-term.

In general, metallic stents should only be used in benign 
airway disease when surgery is not possible and silicone stent 
cannot be used. However, with the evolving third-generation 
hybrid stent, it is likely that one day soon silicone stent 
may be replaced. Additional large comparative studies are 
needed to compare the cost effectiveness and efficacy of new-
generation SEMS for benign airway stenosis.

Metallic stents removal

In clinical scenarios where stents need to be removed, 
the uncovered metallic stents are often very challenging 
due to epithelialization of the stent into the airway wall. 
Endoscopic metallic stent removal usually requires rigid 
bronchoscopy with general anesthesia due to significant 
complications associated with this procedure (25,26). This 
has led FDA to issue a black box warning about the use of 
metallic stent in benign airways (22).

Here are some suggestions with SEMS (covered or 
uncovered) removal. As a general principle, the stent 
should be removed in one piece. As such, using fully 
covered SEMS is referred over the uncovered SEMS, due 
to the ease with removal process. Second, any ingrown 
granulation or epithelialized tissue should be removed prior 
to stent removal (27). The methods treating granulation/
epithelialized tissue include thermal modalities (laser, argon 
plasma coagulation, electrocautery) and cryotechnologies 
(cryospray/cryotherapy) (25,27,28). Moreover, balloon 
dilatation could be used to ensure adequate airway and to 
free the stent from airway wall prior to stent removal (25).  
Third, one must be cognizant of the different stent removal 
techniques for the various types of stents. Folch et al. 
reported covered/partially covered stents (i.e., Aero or 
Ultraflex) can be removed using twist and pull technique 
similar to that used in removal of silicone stents (7). 
Uncovered nitinol stents (Ultraflex) need to be freed from 
the airway wall with various bronchoscopic techniques and 
pulling on the proximal circumferential purse-string to 
collapse proximal end of the stent to facilitate removal.

Perhaps the most important question is when should a 
stent be removed. This is highly depended on the purpose 
of stenting and patient factors. Majid et al. recommended 
short-term (1–2 weeks) use with uncovered nitinol stents 
with TBM for evaluation benefit to tracheoplasty (29). 
This is appropriate as epithelization can occur as early as 
3–6 week after bare SEMS implantation. Bi et al. suggested 
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a 3-month retention time is reasonable for airway stents 
placed for post-tracheotomy tracheal stenosis (PTTS) and 
post-intubation tracheal stenosis (PITS) (30). Ultimately, 
specific timing of stent removal should be tailored to each 
patient as stent-related complications may require stent 
removal earlier than initially intended.

Recent advances

Recent design with airway stents

Fully covered SEMS
The latest fully covered SEMS available in the US is 
Bonastent (Endo Choice, Alpharetta, GA, USA). Bonastent 
is composed of nitinol wire weaved using a hook and cross-
wire framework fully covered with silicone membrane 
(Figure 1C). Approved by the FDA in October 2014 and 
officially launched in the United States in 2016, Bonastent 
is gaining popularity (31). There are several reported 
advantages. First, the ability to recapture after up to 
70% deployment and conforms to airway without loss of 
diameter. Second, Bonastent has an ultra-thin delivery 
catheter [ranging from 2.66 mm (8 Fr) to 5.20 mm (15.6 Fr)]  
that allows for 10 mm stent to be deployed through the 
flexible bronchoscope (FB) working channel. Third, 
multiple different stent sizes (diameter ranging from 10 
to 20 mm) fully covered with silicone to reduce tissue in-
growth and allowing for easy removal.

To date, only two single-center case series using 
Bonastent have been published (32,33). Avasarala et al. 
reported a 13 Bonastents placement in 11 patients. The 
authors noted 3 incidences of tissue ingrowth through 
the stent’s covered membrane, 3 incidences of clinically 
significant mucus plugging, 2 incidences of migration, and 
1 incidence of stent fracture (32). Similarly, Makkar et al. 
reported 13 Bonastents placement in 11 patients. These 

authors noted 3 cases of mucus plugging, 1 case of stent 
migration, but no cases of fracture or tumor ingrowth (33). 
While promising, more data with Bonastent will be needed 
to fully assess its clinical characteristics.

Fully covered metallic Y-stent
A customizable fully covered self-expanding Y-stent 
(Micro-Tech, Nanjing, China) is available in China and 
Europe. The stent consists of a nitinol frame with silicone 
membrane covering (Figure 2). There are limited data 
available regarding the use of this particular stent. Conforti 
et al. presented a retrospective case series of 20 consecutive 
patients with malignant tracheobronchial stenosis who 
underwent successful placement of fully covered metallic 
Y-stent under fluoroscopic and/or guidewire guidance (34). 
Interestingly, Özdemir et al. reported neither fluoroscopic 
nor guidewire guidance was required for such stent 
placement via rigid bronchoscopy (35). Several reports 
in China with larger cohorts demonstrated successful 
treatment of complex tracheobronchial-esophageal fistulas 
and airway stenosis with multiple fully covered metallic 
Y-stent (36,37). Li et al. reported successful treatment of 
stomach-right mainstem fistulae (close to the right upper 
lobe take off) with two custom Y-stents (one stent in right 
mainstem branching into upper lobe and intermediate 
bronchus, the other in the trachea branching into right 
and left mainstem) placed under radiographic guidance in 
15 patients. The authors noted improvement in patient 
symptoms, such as cough while lying down and with food 
ingestion with an average of 26.65 months of follow up (36). 
Bi et al. showed successful use of full covered Y-stent in 93% 
(26/28) patients with either gastrobronchial/gastratracheal 
fistula or bronchopleural fistula or severe tracheobronchial 
stenosis (30). The authors noted improvement in patient 
symptoms, no perioperative death, with median survival 

Figure 2 Hybrid Y-stent (Micro-Tech). (A) Hybrid Y-stent from Micro-Tech; (B) hybrid Y-stent in a patient with malignant CAO. Courtesy 
of The First Affiliated Hospital of Wenzhou Medical University. CAO, central airway obstruction.

A B



Shanghai Chest, 2020Page 8 of 14

© Shanghai Chest. All rights reserved. Shanghai Chest 2020;4:6 | http://dx.doi.org/10.21037/shc.2019.11.02

of 33 months. However, there were 19 complications in 
12 patients (43%) that lead to stent removal in 8 patients. 
Interestingly, complications included stent migration in 2 
(7%) and mucus plugging 6 (21%) (37). More experiences 
with fully covered metallic Y-stents are needed to determine 
optimal deployment techniques and post-stent management.

Through-the-scope (TTS) stents
TTS stent is a novel SEMS (Micro-Tech, China) with the 
delivery system can be directly passed through the flexible 
bronchoscopy working channel for all available stent sizes. 
TTS delivery system is achievable only by eliminating 
guidewire channel to reduce the outer diameter of this 
delivery system to 2.67 mm. Furthermore, TTS-SEMS 
ends are in acute angle to aid with loading of the stent 
into the delivery device (Figure 3). TTS-SEMS uncovered 
stent goes up to 18 mm in diameter and covered stent goes 
up to 16 mm in diameter. Jiang et al. reported successful 
placement of 36 TTS-SEMS (covered and uncovered) in 
treatment of malignant CAO in 25 patients using a FB 
with a 2.8 mm working channel under general or local 
anesthesia (38). Modified Medical Research Council 
(mMRC) score and stenosis grade improved significantly 
post-stent placement. Stent-related complications were 
secretion retention (25.0%, 9/36), development of 
granulation tissue (13.9%, 5/36), tumor in-growth (13.9%, 
5/36, all in uncovered), stent migration (8.3%, 3/36, all in 
covered), hemoptysis (8.3%, 3/36, all in uncovered). TTS-
SEMS delivery can be done under direct visualization 
resulting in much faster stent deployment, with reported 
operative time averaging only 60 (range, 25–160) seconds. 
Additional large cohort studies are needed to further 
evaluate the stent long term safety profile.

Three-dimensional (3D) printed stents
In the last decade, 3D printing technology or additive 
manufacturing has been applied in multiple medical 
specialties. This is also true for airway stenting. The 
FDA recently released guidelines on the 3D printing of 
medical devices (39). As mentioned above, complex airway 
stenosis has been a major challenge in IP. 3D printed 
stents could address this problem by tailoring the stent 
to an individual’s airway anatomy creating a personalized 
stent (Figure 4). Freitag et al. summarized three methods 
in manufacturing of customized airway stents—direct 3D 
printing with thermoelastic polymer, 3D printed core 
silicone dipping, and silicone injection molding (where 
the mold is 3D printed) (40). There are several recent 
reports using 3D printed airway prosthesis for stenosis. 
Cheng et al. successfully designed and placed a 3D designed 
injection molded Montgomery T-tube for a patient with 
complex tracheal anastomotic dehiscence (41). This is 
the first reported case of a personalized T-tube deployed 
successfully. No granulation tissue or mucus plugging 
were reported at 1-year follow-up. Additionally, Gildea  
et al. reported 1-year outcome of 2 patients with silicone 
stents made from injection molding in 3D printed molds 
for complex bronchi stricture caused by polyangiitis 
(Wegener’s) (42). This is the first reported case of an 
implantable bronchial stent for compassionate use in benign 
airway disease. Both patients maintained the stents long-
term with surveillance bronchoscopy. While exciting, 3D 
printing is definitely not the last step in the evolution in 
airway stents. Four-dimensional (4D) printing is being 
applied to generate printed objects with biological activities 
for localized pre-programming of tissue differentiation and 
cell seeding using highly complex smart polymers (40,43). 

Figure 3 TTS stent (Micro-Tech). (A) TTS delivery device; (B) TTS stent design; (C) TTS in stent view. Courtesy of The First Affiliated 
Hospital of Wenzhou Medical University. TTS, through-the-scope.
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This may be the future for creating biological airway stents 
and possibly airway replacements.

DESs
DESs were initially developed targeting granulation tissue 
by inhibiting fibroblast growth (16). Human trials of 
DES are underway but animal studies have shown some 
promising results (44). Animal study in canine model with 
paclitaxel-eluting stent showed decreased granulation 
tissue formation with paclitaxel-treated stents than that 
with the regular stents (16). In a separate study, cisplatin-
eluting stents were implanted in rabbits. The authors 
observed a sustained release for >5 weeks as measured by 
serum levels of cisplatin with only mild mucosal changes 
in the trachea. This observation suggests potential future 
application in treatment of malignant airway stenosis (45). 
In another rabbit model, mitomycin-eluting stent had 
the least granulation formation and mucus trapping at 12 
weeks compared with the control groups (46). However, the 
efficacy of DES has not been always positive. Sigler et al. 
reported no difference between sirolimus-eluting stent and 
bare metal stent in rabbit with regard to quality and quantity 
of granulation tissue proliferation (47). More recently, 

Chen et al. successfully designed a DES coating for local 
release of the antitumor drug gefitinib in vitro (48). A PU 
sandwich construct was prepared by spray coating method 
in which gefitinib was embedded between PU support layer. 
This research suggests that the gefitinib/gefitinib-loaded 
microspheres incorporated PU constructs are suitable for 
stent coating, although this study was performed in vitro. 
Currently, there is no commercially available drug eluting 
airway stent on market.

Biodegradable stents (BDSs)
A BDS has been an appealing option as it avoids a separate 
stent removal procedure. BDS could maintain patency of 
the airway for a predetermined duration as it gradually 
degrades to non-toxic byproducts. Currently, BDS are also 
being studied in drug delivery models. Most BDS has been 
made with polydioxanone (Figure 5). To date, only a handful 
of studies have been conducted. Lischke et al. placed  
20 BDS (polydioxanone) in 6 adult patients with post lung 
transplant bronchial stenosis (49). After 4-year follow-up, 
authors reported a median time to re-stenting of 5 months 
and median intervention free time of 24 months. All patients 
were relieved of stenosis initially and no complications peri-

Figure 4 Personalized airway stents: (A) 3D designed airway stent based on CT scan; (B) right mainstem in-stent view of the 3D injection 
molded silicone stent; (C) tracheal view of the 3D injection molded silicone stent; (D) left mainstem in-stent view of the 3D injection 
molded silicone stent. Courtesy of Thomas Gildea; (E) CAD model of airway and stent in airway design; (F) 3D printed airway stent from 
the airway design (Restor3D). 3D, three-dimensional; CT, computed tomography; CAD, computer-aided design.
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stent implantation. Fuehner et al. described a similar series of 
BDS for 10 adult patients with post-transplant stenosis (50).  
All patients had symptom relief and improvements in lung 
function. Stents were completely degraded in a median 
of 141 days. Sebastian et al. reported a case of BDS with 
vanishing bronchus intermedius syndrome after lung  
transplant (51). The authors placed a biodegradable  
10×22 mm stent (ELLA-CS, Hradec Kralove, Czech 
Republic) after Aero stent failure. Airway improved from 
20% to 60% patency and stent degraded in 6 months. Given 
biodegradable and biocompatible characteristics, BDS 
appears most suitable for the benign airway stenosis, especially 
in the setting of post-transplant/operative airway stricture and 
pediatric airway stenosis (52,53). Additional studies will be 
needed to assess BDS utility in other benign disease conditions 
and possible roles in malignant disease of adult.

Stent for distal airway stenosis

Airway stenting is well accepted in CAO. Stenting for distal 
and segmental bronchi have been more controversial. The 
segmental airways have not been amenable to stenting due to 
unclear benefits and lack of appropriate stent sizes. However, 
in recent years, distal airways stenosis associated with lung 
cancer and post-lung transplantation are increasingly observed. 
Concurrently, manufacturing improvements have made distal 
airway stents more readily available. Atrium iCAST stents 
(Atrium Medical, USA) are balloon-expandable, film-cast 
encapsulated, fully covered metallic stent (over-balloon) and 
FDA approved for use in the airway. These stents come in 
various sizes, from 5 to 10 mm in diameter to 16 to 59 mm in 
length. In the largest series to date (122 iCAST stents deployed 
in 38 patients with lobar bronchial stenosis), Sethi et al. showed 

all patients had symptomatic or radiographic improvement 
post-stenting. iCAST stent had an acceptable safety profile 
(10% migration, 5% granulation tissue formation, 2% 
deployment malfunction, 2% stent dislodgement immediately 
after deployment, 1% mucous plugging, and 1% tumor 
occlusion) (54). Additionally, a smaller study by Fruchter et al. 
demonstrated in 14 patients with SMART nitinol stent (Cordis, 
USA) and Palmaz stents (Johnson & Johnson, USA) in lobar 
airways had both significant improvement in their pulmonary 
function testing and lung functional capacity as measured via 
6-min walk test (55). These data suggest stenting for lobar 
salvage is feasible, safe, and provide clinically significant 
outcomes. Future larger studies are needed to confirm long-
term safety and clinical utility.

Airway stents used in post-transplant airway stenosis

Post-transplant bronchial stenosis (PTBS) is the most 
common large airway complication after lung transplant 
with an incidence between 1.6% to 32.0% (56-58). 
The management of PTBS often requires a stepwise, 
multimodality approach including dilation, ablation, stent 
placement, and sometime even repeat transplant. Generally, 
stent placement is reserved for severe and refractory 
stenosis. Silicone, fully covered SEMS, and BDS have all 
been used in treatment of PTBS. While the use of stents has 
been accepted as an effective therapy for PTBS; however, 
the timing of removal still remains the question. According 
to current literature, stent placement with removal after  
6 months has been suggested (59).

Bronchial anastomotic dehiscence, another potentially 
devastating airway complication after lung transplant, has 
been treated with airway stenting. An uncovered SEMS can 

A B C

Figure 5 BDSs: (A) Polydioxanone stent external view; (B) stent appearance immediately after placement; (C) degraded stent at follow-up 
view. BDS, biodegradable sten. Courtesy of Ludek Stehlik.
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be placed temporarily, utilizing SEMS ability to stimulate 
granulation tissue, to help in healing the defect. Mughal 
et al. described the successful management of severe 
dehiscence using Ultraflex uncovered stents. In this study, 
the authors had observed that these stents can be easily 
removed by 6–8 weeks after adequate healing has occurred 
and before epithelialization. The mean time to stent 
removal was 37.5 (range, 21–54) days (60).

Stent for expiratory central airway collapse (ECAC)

ECAC cons i s t s  o f  2  d i s t inc t  cond i t i ons  o f  the 
central airways: TBM and EDAC (61). Although the 
pathophysiology and morphology of TBM and EDAC are 
different, their clinical symptoms and management are 
similar. Airway stenting should not be considered as the 
definitive treatment option for ECAC. While stenting could 
reduce dyspnea immediately and improve the quality of life, 
the long-term complications with stenting often worsens the 
clinical picture and cause more harm. The important value 
of airway stents for ECAC is to determine the candidacy 
for tracheobronchoplasty (TBP). Majid et al. demonstrated 
that use of silicone Y-stent or uncovered Ultraflex stent 
in patients with severe TBM for a short-term evaluation 
(approximately 2 weeks) resulted in improved outcomes 
with few complications and helped in selecting the patient 

for TBP (29,62). Ozgul et al. reported their experience on 
silicone Y-stent for severe chronic obstructive pulmonary 
disease (COPD) complicated with ECAC. Interestingly, 
changes of forced expiratory volume in 1 second (FEV1) 
was not significant while mMRC score improvement was 
statistically significant (P<0.05) (63). ECAC patient should 
be managed in a systematic fashion, where medical and non-
invasive therapy should form the core of treatment, with 
subgroup of patients undergo rigorous evaluation (including 
stent trial) prior to definitive surgical correction.

Future of airway stents

In conclusion, there have been significant advances in 
airway stents in the past decade. Individualized airway 
stents for each patient could be available in the future as 
additional medical-grade materials and manufacturing 
techniques develops. Truly optimized airway stent with 
the potential of minimizing long-term complications is 
within reach. Furthermore, airway stents have become 
increasingly versatile, particularly in allowing complex and 
smaller airways to be treated. Despite all the advances, 
the most important question remains whether the patient 
requires a stent or not. We propose the following algorithm 
to determine the need for airway stent in Figure 6.  
Nonetheless, one should always remember that the best 

Figure 6 Flowchart of airway stenting for CAO. CAO, central airway obstruction; SEMS, self-expandable metallic stents.

1, balloon dilation, electrocautery knife for radial ablation, cryotherapy such as cryospray 
2, mechanical, laser, electrocautery, cryotherapy, photodynamic therapy, argon plasma coagulation 
*, recommend to initiate post-stent care with hypertonic saline nebulization, bronchodilator 
nebulization, guaifenesin
+, symptom driven, may need to adjust stent or replace stent depending on the clinical situation
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airway stent for a patient is “no airway stent”.
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