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Introduction

Central airway obstruction (CAO) can be from malignant 
and non-malignant diseases. Malignant etiology is more 
common of the two and is reported in the literature up 
to 20–30% of lung cancers (1). Airway stents are effective 
in the treatment of airway obstruction; although not 
definitive therapy, they can be used as bridge to therapy 
or a palliative approach. Airway stenting is effective in 
alleviating symptoms, but complications related to airway 
stenting are not uncommon. Immediate perioperative 
complications are rare but long-term complications are 
common and are more serious (2,3). Lower respiratory 

tract infection (LRTI), granulation tissue, mucus plugging, 
stent migration, and stent fracture are possible long-term 
complications from airway stenting. AQuiRE registry was 
the largest study that specifically addressed stent related 
complications and therapeutic bronchoscopy, and found 
the procedural complication rate to be only 3.9% with 
0.5% resulting in death (4). There is a wide range of stent-
related complication rates reported in the literature due to 
heterogeneous patient population and the types of airway 
stents used, with an overall infection rate of 19% reported 
in a systematic review (3). The largest studies summarizing 
this data can be found in Table 1. 
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Table 1 Summary of airway stent literature and LRTI rates 

Authors  
and year

Type of study and 
time frame

Patient population LRTI rate Other

Agrafiotis  
et al. (3),  
2009

Systemic review 19 cohorts; 4 case reports;  
501 patients

19%; most common pathogens: 
Staphylococcus aureus and Pseudomonas 
aeruginosa; 68% mortality rate

– 

Grosu  
et al. (5),  
2013

Retrospective, 
September 2009–
August 2011

Malignant airways disease, 
N=72; 24 patients received  
one or more stents

32%; hazard ratio of infection (stent: no 
stent) 3.76; 95% CI: 1.57–8.99; P=0.003

– 

Ost et al.  
(6), 2012

Retrospective Malignant airway disease, 
N=172; 195 stents in total 
[Ultraflex: 118; Aero: 31; Dumon 
Silicone (Y/Straight): 46]

Median time to infection: 1 month; aero 
stent: increased risk of infection; 23%:  
died of respiratory infection within 14 days 
of infection

Time to 
complications: 
~1–1.4 months 

Zhang  
et al. (7),  
2016

Prospective nested 
case-control, January 
2011–March 2015

103 patients 27.2%; most common pathogens: 
Staphylococcus aureus and Pseudomonas 
aeruginosa

Favorable risk factor: 
female gender; age 
<50 years 

LRTI, lower respiratory tract infection; CI, confidence interval.

Epidemiology

Grosu et al. compared the incidence rates of infection 
in patients who underwent therapeutic bronchoscopy 
for malignant airway obstruction, and found stents were 
associated with an increased risk of infection [hazard ratio 
(HR), 3.76; 95% confidence interval (CI): 1.57–8.99; 
P=0.003] (5). The incidence rate of LRTI was 0.0057 
infections per person-day in patients with stents vs. 0.0011 
infections per person-day in patients without stents. The 
incidence rate difference, 0.0046 infections per person-day, 
was significant (95% CI: 0.0012–0.0081; P=0.0002), and 
translates into a 13% increased risk of LRTI per month, 
equal to one infection for every 8 stents placed. 26% of the 
study patients with infections died within 2 weeks of the 
stent placement (5).

Ost et al. conducted a retrospective comparing various 
airway stents in patients with malignant airway obstruction 
from January 2005 to August 2010. One hundred and 
seventy-two patients with 195 stent procedures were 
included. They found 106 LRTI in 73 patients, with a 
median time to infection being 1 month. More than half 
of these patients with LRTI were hospitalized, and 23% of 
them died within two weeks of their infection. The cause 
of death was not specified for these patients, however. 
The authors mentioned that left sided stents, stents for 
compression/barrier and LRTI were associated with 
increased mortality. With regards to stent type, the incidence 
rate of stent infections was double for Aero compared to 
other stents (HR =1.98; 95% CI: 1.03–3.81; P=0.041). 

Silicone stents (HR =3.32; 95% CI: 1.59–6.93; P=0.001) and 
LRTIs (HR =5.69; 95% CI: 2.60–12.42; P<0.001) increased 
the risk of granulation tissue. Respiratory infections were 
found to be associated with decreased survival (HR =1.57; 
95% CI: 1.11–2.21; P=0.011) (6).

Agrafiotis et al. [2009] performed a systematic review 
to report the evidence on infections related to airway 
stenting. Twenty-three reports involving 501 patients with 
airway stents were included. They found that 19% of the 
stented patients experienced stent-associated respiratory 
tract infection (SARTI), with pneumonia being the most 
common infection followed by bronchial infection, cavitary 
pneumonia/lung abscess or intraluminal fungus ball  
(Figure 1 ) .  Infection was based on microbiologic 
confirmation. The most common pathogens were 
Staphylococcus aureus and Pseudomonas aeruginosa. The 
mortality rate of SARTI was high (68%). The authors 
concluded that  SARTI i s  a  common and ser ious 
complication of airway stenting and suggested the need 
for a consensus definition and diagnostic criteria for 
SARTI (3). A prospective case-control study by Zhang 
et al. [2016] evaluated the incidence and predictive risk 
factors of SARTI. They included 103 total patients and 
found an incidence of SARTI of 27.2% (28/103). There 
was no difference in the incidence of SARTI between 
stent types and shapes of stents. The most common 
pathogens were Staphylococcus aureus (50%) and Pseudomonas 
aeruginosa (35.7%). Time to infection for Staphylococcus 
aureus was 7 (range, 4–60) days, while time for infection 
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with Pseudomonas aeruginosa was 53 (range, 15–67) days. 
Favorable predictive factors for SARTI included female sex 
and younger age below 50 years old (7).

In 2018, Huang et al. conducted a retrospective single 
center cohort study of lung cancer and esophageal cancer 
for patients who received stent placement for malignant 
airway lesions to assess stent related complications. Fifty-
six patients underwent 66 stent procedures (29 in the 
lung cancer group, 27 in the esophageal cancer group). 
Only two patients in the lung cancer group and one in the 
esophageal cancer group developed stent related infection. 
The esophageal cancer patient with SARTI had a prolonged 
procedure duration (>110 minutes), but analysis is limited 
by small sample size (8).

The above data highlights the heterogeneity in the 
published literature for incidence of SARTI which might 
be attributable to a difference in how SARTI is defined, 
and symptom overlap in patient with SARTI and other 
pulmonary disease processes. 

Pathogenesis

Bacterial colonization and biofilm formation are though to 
play a significant role in stent related infections. In a small 
39 patient study who underwent airway stenting for benign 
and malignant stenosis, bacterial colonization of airway 
stents was found in 87.5% of patients after 12 months. The 
most frequent microorganisms were Staphylococcus aureus and 
Pseudomonas aeruginosa. These bacteria were also associated 
with a higher risk of developing airway granulation, which 
can cause further narrowing of the airway and bleeding (9).  

Vitsas et al. found that out of 24 airway stents placed 
(16 silicone, 8 metal), 14/24 (58%, 12 silicone stents,  
2 metal stent) were positive for a pathogen on bronchial 
washing, but only three patients required antibiotics 
for true infection. Pseudomonas aeruginosa followed by 
Klebsiella pneumonia were the most commonly encountered  
bacteria (10). In a prospective study by Noppen et al. where 
they performed protected brush specimen sampling of the 
airway before and after stent placement, as high as 78% of 
stents were colonized within 3–4 weeks of implantation (11).  
Gottlieb and colleagues analyzed complications in lung 
transplant recipients who underwent self-expandable 
metallic stents (SEMS) [65 (9.2%) out of 706 recipients, 
underwent 111 (91% noncovered) bronchial SEMS]. New 
bacterial airway colonization occurred after SEMS insertion 
in 40% of the patients with 5-year survival significantly 
lower (60% vs. 76%; P=0.02). Re-stenosis and airway 
colonization were major late complications (12).

Biofilms have been recognized in other implants related 
infections (ureteral stents, central lines, biliary stents) and 
similar mechanisms are likely in the respiratory tract. A 
recent study of airway stents found that the stent biofilm 
type was significantly correlated with stent material: covered 
metal with the Staphylococcus-type biofilm, silicone with the 
Corynebacterium-dominated biofilm, and uncovered metal 
with the polymicrobial biofilm. Subjects with sequential 
stents had frequent transitions between community types. 
Fungal analysis found Candida was most prevalent (13).

Another hypothesis suggests impaired ciliary function 
from the radial compression of stent on the airway 
leading to mucus accumulation and infection thereafter  
(Figures 2,3). It has been previously found that sterilization 
did not affect stent associated airway infection given that 
there was no difference in the infection rate between non 
sterilized ultra-flex stent and the sterilized silicone stents. 
Instead, they suggested that the stent design or the way the 
stents were manufactured made the difference in infection 
rate. Interestingly, Aerostents were manufactured with 
inner lumen hydrophilic coating to prevent mucostasis but 
is found to have the highest infection risk (6). It is unclear if 
this protective coating increases or decreases the infection 
risk. Multiple studies found coalition between airway 
granulation, polymicrobial colonization and respiratory 
infections. Polymicrobial colonization is associated with 
increased granulation tissue which can lead to infections, 
or obstruction from granulation tissue results in infection 
(14,15).

Figure 1 Bronchoscopic view of cavitary pneumonia distal to an 
airway stent.
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Diagnosis

Currently there is no solidarity on the diagnostic criteria 
for SARTI. Acceptable criteria from the multiple authors 
include constitutional symptoms of fever, chills, and 
increased sputum production and purulence, with or without 
evidence of pneumonia or lung abscess and microbacterial 
cultures (6). We believe this is a reasonable definition and 
would encourage treatment based on clinician discretion 
rather than solely on strict criteria requiring radiographic 
correlation. Pathogenesis includes impaired ciliary function 
from the radial compression of stent on the airway leading 
to mucus accumulation and thereafter infection (Figures 2,3). 

Prevention and treatment

Airway stenting practices vary widely by region. A recent 
international survey within 26 European counties on airway 
stent practices found significant heterogeneity in regard to 
the type of anesthesia used, bronchoscopy type (rigid vs. 
flexible), type of stent used, and the personnel performing 
the therapeutic bronchoscopy. The authors hypothesized 
that the variations could be from the difference in the level 
of training and reimbursement pattern in different health 
care systems (16).

With regards to preventing or reducing airway stent 
infections and colonization several strategies have 
been proposed. These include antibiotic prophylaxis, 
antimicrobial coating of stents, regular bronchoscopic 
cleaning of stents, and removal or replacement of infected 
stents. Matsuo et al. did not find that routine surveillance 
bronchoscopy after stent insertion in asymptomatic 
patients resulted in early detection of stent related  
complications (17). Contrary to the prior study, a more 
recent study by Lee et al. assessed the utility of surveillance 
bronchoscopy. This was a retrospective cohort of 94 
surveillance bronchoscopies in 134 patients, in which 
147 stents were placed for benign or malignant disease. 
Bronchoscopy was done 4–6 weeks post stenting or earlier 
if symptomatic. They found that routine surveillance 
bronchoscopy may have utility in early detection of stent 
associated airway complications and help delay post-
obstructive pneumonia and respiratory failure. Of the three 
stent materials used (metallic, silicone, hybrid), hybrid 
stents were more likely to migrate or obstruct secretions. 
Additionally, they could not determine if this practice could 
impact mortality, morbidity, length of hospitalization and 
the health care burden (18). 

A French survey was sent to interventionalists regarding 
prophylactic antibiotics before and after airway stenting. 
Of thirty-six participants, 86% did not use prophylactic 
antibiotics before airway stenting, and 68% did not use 
them after airway stent; 30% however did use prophylactic 
antibiotics post airway stent in high-risk situations such as 
chronic respiratory failure, or immunosuppression such as 
lung transplant and active cancer treatment (19).

A recent United States survey to understand post-
stent management strategies found that the practice 
varied markedly in the country. At least one medication 
was prescribed by 75% of the practitioners to prevent 
post-endobronchial stent infection. Routine surveillance 

Figures 3 Another view of a recently removed airway stent with 
mucous impaction. 

Figures 2 A recently removed airway stent with mucous impaction. 
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bronchoscopy was done by 53%, mucociliary clearance 
regimens were prescribed by 26%, and routine imaging 
was done by 17%; 8.3% replaced the stents routinely (20). 
None of the above strategies have been fully elucidated, and 
practice varies among individuals.

The treatment of airway stent infections and colonization 
depends on the type and severity of the infection, the 
underlying cause of the airway obstruction, the type and 
material of the stent, and the patient’s condition and 
preferences. The main goals of treatment are to eradicate 
the infection, relieve symptoms, preserve the patency of the 
stent, and avoid complications. Treatment options include 
systemic or topical antibiotics, bronchoscopic debridement 
or lavage of the stent, removal or exchange of the stent, or 
additional interventions such as laser therapy, cryotherapy, 
or balloon dilation. The choice of treatment should be 
individualized and based on a multidisciplinary assessment 
of each case.

Overall, there is no consensus on the optimal approach, 
and the evidence for the efficacy and safety of these 
interventions is limited. Moreover, some of these strategies 
may have adverse effects, such as antibiotic resistance, 
toxicity, or damage to the stent or the airway wall. Until 
data is available regarding prophylactic antibiotics, 
differentiating colonization from true infection will remain 
important in post-airway stenting management. When true 
infection is present, timely antibiotics may limit further 
complications. There is definitely an urgent need for a 
diagnostic criteria and definition of airway stent associated 
respiratory infections

Future direction 

3D stents: in the era of personalized medicine, patient 
specific individualized airway stents for airway specific 
conditions using 3D printing have been developed recently 
hoping to minimize complications and the need for repeat 
interventions. Since 2015 there have been multiple case 
reports and case series reported, most with benign lesions 
using silicone stents. Guibert et al. used 3D stents for 
patients with anatomically complex airway stenosis in 10 
patients and found a 3-month complication rate of 40%. 
Complications included mucus plugging, migrations, and 
cough. No infections were reported (21). Shan et al. assessed 
3D printed airway stents in malignant laryngotracheal 
stenosis in 10 patients. All patients had symptomatic relief, 
with restenosis occurring in 2 patients between 3- and 
5-month post stenting, mucus retention in 3 patients, and 

stent migration in 1 patient. No SARTI were reported (22). 
Currently the complications from 3D stents seem to be 
acceptable with a low infection risk from available data but 
larger randomized studies are necessary to comment on the 
safety profile. 

Drug eluting stents (DES): sustained drug release from 
these stents could inhibit granulomatous tissue formation 
and possibly reduce infections. A recent study by Debiane  
et al. randomly assigned pigs to DES and traditional silicone 
stents and found no difference in the amount of granulation 
tissue, but noticed that the DES stents demonstrated 
antimicrobial activity (23). Similarly, Wang et al. found 
reduced granulation tissue in experimental group with 
paclitaxel DES compared to standard stents in beagles (24). 
Currently there is limited data available, with the majority 
of them are in animal models. Mitomycin C and sirolimus 
administration locally post stent placement was shown 
to reduce granulation formation in small studies (25,26). 
There are multiple studies that are currently looking into 
DES with cytotoxic drugs including paclitaxel and cisplatin. 
Silicone rubber stents infused with paclitaxel reduced 
interleukin-8 (IL-8) levels in cancer cell lines, which may 
suppress growth of granulation tissue (27).

Biodegradable stents: despite data being limited to 
animal models and small case studies, these stents have 
gained interest lately because they can degrade slowly, 
thereby reducing stent associated complications. The 
largest study by Lischke et al. reported insertion of 
20 biodegradable stents in post-transplant bronchial 
stenosis with good outcomes (28). Fuehner et al. observed 
satisfactory results as well in their small cohort of 11 
biodegradable stents in 10 lung transplant patients with 
all patients free from further airway intervention for  
6 months; 100% survival was seen (29). Biodegradable 
stents were also combined with DES in an animal study 
using biodegradable cisplatin eluding stents. Stent 
strength was comparable to self-expandable stents, and 
cisplatin release occurred over 5 weeks. These provided 
encouraging data, however clinical efficacy still needs to 
be determined for these agents (30). Animal model data is 
available on mitomycin C bioabsorbable with stents as well 
showing promising results (31).

Radioactive stents: a recent metanalysis by Meng et al. 
found that radioactive stents were associated with higher 
survival rates and reduced stent restenosis rate compared to 
normal stents in treating malignant airway stenosis (32).

There is no data regarding the utility of inhaled 
antibiotics to prevent or treat SARTI. Most data on 
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inhaled antibiotics are regarding cystic fibrosis related 
bronchiectasis, with limited and conflicting data for non-
cystic fibrosis bronchiectasis. Inhaled antibiotic use for 
SARTI will likely be a topic for further investigation (33).  
Silver has high antimicrobial activity, and its usage has 
been well documented in the literature. Silver coated 
endobronchial stents could possibly be of utility in the 
future as they exhibit antimicrobial activity thereby 
reventing biofilm formation and reducing infections (34). 

Conclusions

Airway stent infections and colonization are common 
complications in patients treated for airway obstruction. 
LRTI associated with airway stents can lead to increased 
morbidity, mortality,  and health care costs.  Stent 
colonization with microbacterial biome is much more 
common than actual infections and there are no consensus 
criteria to delineate the transition from colonization to 
infection. Emerging data suggests that the stent design 
and type might have a role in pathogenesis. The protocols 
for diagnosis, prevention as well as treatment vary widely 
between institutions which can impede progress towards 
developments of standardized protocols. 

Airway stent infections and colonization are challenging 
complications that require careful monitoring and 
management. More research is needed to establish the 
definition and best practices for preventing and treating 
these conditions in patients with airway stents. Further 
studies investigating antibiotic impregnated airway stents 
could reduce airway infections are warranted. DES and 
biodegradable stents may be helpful in reducing granulation 
tissue and thereby ultimately reducing the infection risk, 
but further data is needed. 
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