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Abstract

OBJECTIVES: Tracheobronchial stenting has an established role in the palliation of malignant central airway obstruction (CAO). The
purpose of this study is to describe the experience with self-expanding metal airway stents in 2 tertiary referral centres, covering a third of
the population of Finland.

METHODS: Patients referred to and treated with airway stenting for malignant CAO using self-expanding metal-stents were identified
from electronic patient records, and data were collected using a structured Endoscopic Lower Airway Management instrument. Statistical
analysis to reveal factors affecting patient benefit and survival was carried out.

RESULTS: A total of 101 patients (mean age 65.8) and 116 procedures were identified. Procedure-related mortality was rare (3/101
patients) and complications infrequent. The median survival was 2.3 months [95% confidence interval (CI): 1.4–3.1). Stent benefit was not
significantly affected by clinical characteristics. Survival was impacted by the use of adjunct procedures [hazard ratio (HR) 0.36, 95% CI:
0.23–0.58, P < 0.001), procedural urgency (HR 0.40; 95% CI: 0.23–0.71, P = 0.002) and post-treatment chemoradiotherapy (HR 0.29, 95% CI:
0.15–0.56, P < 0.001).
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CONCLUSIONS: The beneficial impact observed supports the further use of tracheobronchial stenting in malignant CAO. The use of self-
expanding metal stents is encouraged.

Keywords: Tracheal stents • Bronchial stents • Cancer

ABBREVIATIONS

CAO Central airway obstruction
CI Confidence interval
CT Computed tomography
FDA Food and Drug Administration
HR Hazard ratio
NA Not applicable
OR Odds ratio

INTRODUCTION

Tracheobronchial stents are inserted endoscopically mainly to
provide symptom palliation in patients with central airway
obstruction (CAO) due to either direct obstruction of the airway
or compromised airway due to extrinsic compression. Malignant
CAO may be caused by primary lung or oesophageal cancer, but
also by metastatic cancer leading to mass in thoracic cavity [1].
A variety of endoscopic interventions are available for the
treatment of malignant CAO, including balloon dilation, laser
therapy and airway stents [2].

First introduced in 1987, endoscopically inserted tracheobron-
chial stents have proven useful in providing symptom palliation
and, thus, improving the quality of life in patients with CAO [3].
Palliative airway stenting has been extensively studied in several
patient cohorts [4–10]. Most previous studies have important lim-
itations, however. They are relatively small, based on single-cen-
tre analysis, and have limited follow-up time. Thus, despite the
obvious beneficial impact in patient quality of life with restora-
tion of an obstructed airway, concerns regarding stent-associated
complications and mortality have limited the application of
airway stenting even in malignant obstruction. Recently, a U.S.
Food and Drug Administration (FDA) black box warning was re-
leased, advising against treating benign airway obstruction with
metal stenting [11, 12].

In this study, patients treated with tracheobronchial stenting
for malignant CAO using self-expanding metal-stents in 2 tertiary
referral centres of Turku and Oulu University Hospitals in 2002–
2014 are described. The main objective is to evaluate the success
rate and long-term symptomatic relief in this patient population.
Furthermore, the benefit from concomitant endotracheal inter-
ventions such as lasertherapy is investigated. While endoscopic
interventions in the treatment of malignant airway obstruction
has previously been studied in Finland [13, 14], to our knowledge,
this is the first study on exclusively tracheobronchial stenting in
Finnish population.

PATIENTS AND METHODS

Patient population

All patients treated with tracheobronchial stenting for malignant
airway disease between 2002 and 2014 in Turku University

Hospital and Oulu University Hospital were identified. These
2 tertiary care university hospitals provide care for about
1.5 million people, representing a third of Finnish population.
Altogether 101 patients were identified for the study. Patient
charts were analysed, and relevant data were extracted using a
structured data collection instrument, the Endoscopic Lower
Airway Management form, including patient age, gender, treat-
ment intent, site of the lesion, procedure details and follow-up
data including complications. Patient data were handled in ac-
cordance with local research council permit (Dnro T81/2015).
The retrospective chart review was not subject to an ethics
committee approval.

Overall survival was calculated from stent placement to death
or end of follow-up. Immediate benefit was assessed at 24 h after
insertion and long-term palliation at the end of follow-up, based
on patient electronic chart review. Benefit was defined as clear
subjective patient-reported and objective physician-assessed im-
provement in shortness of breath, recorded to electronic patient
charts at the time of treatment by the endoscopist or attending
physician. Symptom palliation at the end of follow-up was
extracted from the electronic patient charts as evaluated and
recorded at the end of follow-up. The possible benefit was
analysed separately for early benefit during hospitalization and
long-term palliation during the follow-up period (median follow-
up 2.3 months; range 0–27 months).

Operative complications occurring during procedure including
stent insertion problems, early complications occurring within
3 days and late complications occurring after 3 days of stent in-
sertion were recorded. Procedure urgency was assessed prior to
stenting and was categorized as urgent, semi-urgent and elective.
Urgent and semi-urgent procedures could not be postponed for
>24 h or for >7 days, respectively, whereas elective procedures
were scheduled to the normal workflow of the operating rooms.

Insertion of tracheobronchial stents

All patients were referred to endoscopic procedures by the at-
tending pulmonologist or oncologist. Stenting was used only
when other procedures such as laser resection did not prove suf-
ficient to dilate the compromised airway. Final decision to use a
stent was made by the endoscopist and informed consent was
obtained. Stents were placed with a rigid bronchoscope under
general anaesthesia and under local anaesthesia using a flexible
videobronchoscope. The stents used were self-expanding nitinol
stents (Boston Scientific Corporation or Olympus Medical
Systems). Fully covered, half-covered and uncovered stents were
used. The stents characteristics including the size of the stent
were selected according to the clinical view of the intervention
site acquired by a preoperative computed tomography (CT) and
an intraoperative evaluation. Fluorography evaluation was not re-
quired intraoperatively and no problems in stent insertion were
encountered.
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Statistical analysis

Patient data were entered into SPSS 25 software (SPSS, IBM). A lo-
gistic regression model was used for the assessment of factors con-
tributing to stent benefit and patient discharge status. Survival
estimates were calculated using Kaplan–Meier method for overall
survival after stent placement. For both univariable and multivari-
able survival analyses, Cox proportional hazards models were used.

For all multivariable models, step-wise backward LR method was
applied for the identification of significant factors, setting exclusion
P-value at 0.10. For two-step models investigating the impact of,
for example stent details or oncological treatments, identified fac-
tors were entered into the first block of the model as indicated. For
all analysis, P-value <0.05 was considered significant.

RESULTS

Patients and procedures

Overall, tracheobronchial stents were applied to 101 symptom-
atic patients for the palliation of malignant CAO. In addition to
stenting, laser resection or dilatation was used when appropriate.
Stenting was indicated only when other endoscopic procedures
were successful in clearing the compromised airway and the
distal airway was patent.

The stenting procedure was classified as urgent (scheduled
within 24 h) in 18% of cases. Almost half of the stents were placed
in trachea or carina (Table 1). A total of 31/101 patients were ad-
mitted to procedure from home. Four patients were admitted to
procedure from intensive care unit, and 64 patients from regular
wards. The mean and median follow-up times were 5.4 and
2.3 months (range 0–27 months), respectively.

Stent insertion problems occurred in 5 patients. Two of these
patients did not receive any benefit from stenting, 1 dying on the
day of the procedure. One patient developed severe dyspnoea
after the procedure, leading to death on the day of the proce-
dure, while another death occurred after an unproblematic
procedure. The only early-onset complication after procedure
was dyspnoea, occurring in 6 patients within 24 h of procedure.
Late complications occurring during the follow-up period were
rare events, with 2 patients developing granulation and 1 patient
experiencing stent migration.

Twenty-five of the 31 home-admitted patients were dis-
charged by day 3, whereas only 6 of the 68 previously hospital-
ized patients were discharged by the 3rd postoperative day.
Discharge of patients by the third postoperative day was strongly
dependent on admission to procedure from home [odds ratio
(OR) 44.4, 95% confidence interval (CI) 13.1–150.9, P < 0.001], but
not patient age, gender or other clinical variables.

Symptomatic relief and follow-up treatments

Stent application had a favourable impact on symptoms (as eval-
uated by a significant subjective and objective improvement of
breathing) for most patients, which lasted throughout the follow-
up period in 75/101 patients. Importantly, no patients died of
complications after a primarily successful procedure.

Stent benefit was not strongly dependent on clinical variables
(Table 2). In a multivariable analysis, admission to procedure from
home was the strongest predictor of stent benefit (OR 7.50; 95% CI:

0.94–69.8, P = 0.057). Univariable logistic regression did not reveal
strong association of clinical variables with long-term stent benefit,
although patient gender was included in multivariable logistic re-
gression (OR 0.41; 95% CI: 0.16–1.06, P = 0.065). Notably, early ben-
efit from stenting was not associated with long-term benefit.

For 54 patients, repeat endoscopic procedures were required
(mean 2.09, median 1, range 1–23). The highest rates of re-proce-
dures (6 and 23 re-interventions) were observed in the 2 patients
experiencing stent-related granulation. Re-stenting was, however,
less common, with 15 repeated stent applications for 11 patients.
Re-procedures and re-stenting did not impact stent benefit or
patient discharge status. Stent removal was used in 6 patients, all
of whom received postprocedural oncological treatment. No
complications occurred during stent removal.

Patient survival

The overall survival of patients was poor, with median survival <3
months (Fig. 1A). The number of patients alive at 1, 3 and

Table 1: Clinical characteristics, procedural details and
survival impacta of the patient cohort

Patient cohort OS impact

n % HR (95% CI) P-value

Age
<65 52 51 1.02 (1.00–1.04)/year 0.034
>65 49 49 – –

Gender
Male 54 53 0.89 (0.59–1.33) 0.57
Female 47 47 1 –

Malignancy
Lung cancer 62 61 1.00 (0.66–1.51) 0.99
Others 39 39 1 –

Treatment intent
Palliative 93 92 1 –
Curative 8 8 0.12 (0.04–0.34) <0.001

Oncological treatment
None 26 26 1 –
Prior 38 38 0.55 (0.33–0.92) 0.022
After 21 21 0.31 (0.17–0.58) <0.001
Both 16 16 0.48 (0.25–0.89) 0.021

Urgency
Non-urgent 22 22 1 –
Semi-urgent 61 60 0.85 (0.51–1.40) 0.52
Urgent 18 18 1.73 (0.92–3.28) 0.09

Procedure type
Stent only 62 61 1 –
Stent + laser 34 34 0.60 (0.39–0.93) 0.021
Stent + dilation 5 5 0.40 (0.14–1.10) 0.076

Site
Upper trachea 18 18 1 –
Lower trachea 17 17 1.49 (0.74–3.00) 0.26
Carina 10 10 2.16 (0.95–4.91) 0.065
Right main bronchus 23 23 1.66 (0.87–3.16) 0.12
Left main bronchus 31 31 1.36 (0.74–2.49) 0.33
Both main bronchi 2 2 2.53 (0.57–12.24) 0.22

Stent type
Coated 75 74 1 –
Non-coated 11 11 0.78 (0.40–1.52) 0.47
No data 15 15 – –

aImpact of each variable on OS was tested in a univariable analysis using
Cox proportional hazards model. HRs with 95% CIs are reported.
CI: confidence interval; HR: hazard ratio; OS: overall survival.

TH
O

R
A

C
IC

559J. Routila et al. / Interactive CardioVascular and Thoracic Surgery



12 months after procedure were 66 (65%), 41 (41%) and 15
(15%), respectively. Five patients (5%) survived until the end of
follow-up, which is accounted for by the palliative nature of the
treatment. Two of the survivors required repeat interventions,
and 4 had been given curative therapy.

The univariable survival effects of clinical variables used in
multivariable modelling are shown in Table 1. In a multivariable
survival analysis of clinical variables, favourable survival after
stent placement was associated curative treatment intent, and
the use of postprocedural oncological treatment. In addition, ad-
junct procedures were associated with a favourable prognosis in
both univariable (Fig. 1B) and multivariable analyses [hazard ratio
(HR) 0.36, 95% CI: 0.23–0.58, P < 0.001). Adjunct procedures were
associated with a favourable prognosis independently of the pri-
mary tumour site.

Procedure urgency

There was a trend for lesser likelihood of discharge within 3 days
in the semi-urgently (scheduled within 1 week) treated patients
(n = 61, OR 0.42; 95% CI: 0.1–1.14, P = 0.088), reaching signifi-
cance in the urgently treated patients (n = 18, OR 0.13; 95% CI:
0.023–0.68, P = 0.016), compared to the 22 electively treated

patients. Similarly, urgently treated patients had a poor survival
(Fig. 1C), remaining significant in multivariable adjustment for
treatment intent and oncological therapy (HR 0.40; 95% CI: 0.23–
0.71, P = 0.002). Somewhat surprisingly, procedure urgency was
however not a significant predictor of either early or long-term
success from stenting.

Impact of oncological treatment

Majority of patients were treated oncologically either prior to
stent placement or after airway stenting (Table 3). Discharge of
patients by the third postoperative day was more likely, when
prior oncological treatment was used. However, in a multivari-
able model adjusting for admission from home this trend did not
reach significance (OR 2.14; 95% CI: 0.60–7.62, P = 0.242).
Oncological treatments prior to airway stenting were not associ-
ated with patient survival. Furthermore, stent benefit was not af-
fected by prior oncological treatment.

Postprocedural oncological treatment was a favourable prog-
nostic indicator. Patient discharge status was understandably not
affected by the use of postprocedural treatments. The use of che-
moradiotherapy after application of airway stent was associated
with a favourable patient prognosis in both univariable (Fig. 2A)

Table 2: The association of clinical variablesa with early symptomatic relief after stent placement (primary success, right columns)
and long-term symtomatic relief (left columns)

Overall, n = 101 Primary success Long-term success

n = 86 n = 75

n OR (95% CI) P-value n OR (95% CI) P-value

Age
<65 43 0.99 (0.94–1.03)/year 0.57 38 0.99 (0.95–1.03) 0.65
>65 43 – – 37 1 –

Gender
Male 43 1 – 36 0.41 (0.16–1.06) 0.065
Female 43 2.75 (0.81–9.31) 0.10 39 1 –

Malignancy
Lung cancer 52 0.77 (0.24–2.43) 0.65 45 0.79 (0.31–2.01) 0.63
Others 34 1 – 30 1 –

Oncological treatment
None 19 1 – 18 1 –
Prior 31 1.63 (0.50–5.38) 0.42 26 0.96 (0.33–2.83) 0.95
After 20 7.37 (0.83–65.66) 0.074 16 1.42 (0.39–5.24) 0.60
Both 16 NA 0.99 15 6.67 (0.75–59.50) 0.089

Admission to procedure
Home 30 1 – 26 1 –
Hospital 56 0.13 (0.017–1.06) 0.057 49 0.45 (0.15–1.33) 0.15

Procedure type
Stent only 50 1 – 45 1 –
Stent + laser/dilation 36 2.88 (0.76–10.95) 0.12 30 0.79 (0.31–2.01) 0.63

Urgency
Non-urgent 19 1 – 15 1 –
Semi-urgent 53 1.05 (0.25–4.36) 0.95 47 1.57 (0.53–4.60) 0.41
Urgent 14 0.55 (0.11–2.87) 0.48 13 1.21 (0.31–4.76) 0.78

Stent site
Upper trachea 16 1 – 12 1 –
Lower trachea 17 NA 1.00 15 3.75 (0.64–22.04) 0.14
Carina 5 0.13 (0.018–0.86) 0.034 4 0.33 (0.067–1.65) 0.18
Right main bronchus 19 0.59 (0.096–3.68) 0.58 17 1.42 (0.37–5.47) 0.61
Left main bronchus 27 0.84 (0.14–5.14) 0.85 25 2.08 (0.55–7.83) 0.28
Both main bronchi 2 NA 1.00 2 NA 1.00

aThe association of clinical variables with treatment success was analysed using a univariable logistic regression analysis. ORs with 95% CIs are reported.
CI: confidence interval; OR: odds ratio; NA: not applicable.
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and multivariable analyses (HR 0.29, 95% CI: 0.15–0.56,
P < 0.001). The survival effect was more pronounced in patients
with non-lung cancer (Fig. 2B). The use of radiotherapy alone
afforded no survival benefit in neither univariable nor multivari-
able survival analyses. Interestingly, neither early- nor long-term
stent benefit was associated with postprocedural oncological
treatments. However, in 6 cases, postprocedural oncological
treatment using chemoradiotherapy led to stent removal. Two of
these patients were alive at the end of follow-up, while 4 died af-
ter a median follow-up of 64 months (range 8–21 months).

DISCUSSION

Our data support the benefit of tracheobronchial stenting in the
context of malignant CAO. Most importantly, the goal of long-
term airway patency was achieved in the majority of patients,
leading to palliation for the rest of the patients’ life. In accor-
dance with prior studies, pulmonary symptoms associated with

Figure 1: (A) Kaplan–Meier estimates of overall survival in patients treated with airway stents for malignant airway obstruction. (B) A significant benefit was associated
with the use of adjunct procedures in addition to airway stenting. (C) The need for urgent airway stenting was associated with a poor prognosis. Censoring (the end of
follow-up) is indicated by a stick.

Table 3: The use of oncological treatments prior or after air-
way stenting and their associationa with survival

n HR (95% CI) P-value

Prior oncological treatment
None 47 1 –
Radiotherapy 13 0.59 (0.29–1.17) 0.13
Chemoradiotherapy 23 1.31 (0.79–2.19) 0.29
Chemotherapy 18 1.10 (0.63–1.89) 0.746

Oncological treatment after stenting
None 57 1 –
Radiotherapy 19 0.79 (0.47–1.34) 0.38
Chemoradiotherapy 15 0.36 (0.19–0.66) 0.001
Chemotherapy 3 0.54 (0.17–1.73) 0.30
No data 7 0.76 (0.34–1.67) 0.49

aThe associations between oncological treatments and overall survival were
analysed using Cox proportional hazards model. HRs and 95% CIs are
reported.
CI: confidence interval; HR: hazard ratio.
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malignant CAO can feasibly be palliated with tracheobronchial
stenting resulting in long-term central airway patency [15]. The
benefits associated with bronchoscopy-guided airway stenting to
prevent suffocation include the direct observation of the airway
and possibility for adjunct procedures such as laser therapy [16].
In suitable patients, fast-track discharge after airway stenting was
possible, in concordance with previous studies [8, 17].

Limitations

A major limitation of retrospective studies into airway interven-
tions is the lack of objective evaluation of stent benefit. The lack
of reliable objective measurements or validated Finnish language
questionnaires makes it impossible to absolutely determine the
impact procedures have on patient quality of life even in pro-
spective settings. At our institutions, however, as a part of usual
clinical practice, the stent benefit is carefully evaluated after the
procedure and recorded on electronic patient charts. In addition,
we were able to retrospectively follow-up patients due to the ex-
tensive electronic medical records in use in Finland. Due to the
palliative nature of the treatment, no routine follow-up imaging
or bronchoscopic assessment was used in asymptomatic patients.

The overall prognosis of malignant CAO is dismal [18]. However,
the significant improvement attainable in both the quality of end-
of-life and life-expectancy supports the use of tracheobronchial
stenting [15, 18, 19]. Prognostic factors associated with therapeutic
success have previously been identified as distal airway patency in
direct observation or imaging studies [20] and oncological treat-
ment for the obstructing malignancy [21, 22]. A requirement for
palliative tracheobronchial stenting at our institutions is the pres-
ence of a patent distal airway. In this study, improved survival was
observed in patients treated with chemoradiotherapy after stenting,
but not if oncological treatments were used prior to stent applica-
tion. However, due to possible confounding bias associated with
the ability to undergo oncological treatments, an observational
study such as ours cannot confirm the relation between survival,
stents and oncological treatments.

The impact of the obstruction site on the therapeutic benefit is
less clear [23]. In our patients, there was a non-significant trend for
poor survival in carina level obstruction, while otherwise the stent
application site had no impact on patient survival. In our study,
the complication rate of stent application was low (6/101), simi-
larly to other observational studies. Especially since no deaths re-
lated to airway stents were observed during the follow-up, the use
of tracheobronchial stenting in the palliation of symptomatic ma-
lignant CAO is supported, even when the patient has a relatively
long prognosis. Importantly, based on prior studies as well as our
experience, stenting should not be postponed when deemed nec-
essary [7, 15]. This is highlighted by the observation that procedure
urgency did not impact patient benefit, while being associated
with poorer survival and lesser likelihood of discharge. While pro-
cedure urgency may indicate more acute symptoms of dyspnoea
and thus a more pronounced need for the procedure, it may also
indicate a more serious background illness. Finally, as the use of
adjunct procedures during the stent application procedure was as-
sociated with a favourable prognosis, such procedures may well
be beneficial, when an endobronchial tumour can be debulked to
better accommodate for stent placement.

In this study, either coated or uncoated self-expanding metal
stents were used. Traditional silicone stents have several issues,
most importantly stent migration, which are overcome by the
use of self-expanding metal stents [1]. The burying of the stent in
the airway mucosal or the ingrowth of granulation tissue or can-
cer through the uncoated surface of metal stent can be overcome
by the use of polyester coating on the surface of stents [24]. In
this study, uncoated stents were used for a minority of patients
with short prognosis, while coating was not associated with a
favourable prognosis. Overall, metal stenting cannot generally be
preferred, when only short-term dilation of airway is attempted,
as the removal of metal stent is more difficult and prone to com-
plications. In this study, however, the removal of metal stents was
not associated with complications, when performed in carefully
selected situations. Future prospects include investigations into
bioabsorbable and 3D-printed stents, with potential to overcome
several problematic issues.

Figure 2: (A) The use of chemoradiotherapy after stent application was associated with improved survival overall and (B) in non-lung cancer patients. Censoring (the
end of follow-up) is indicated by a stick.
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CONCLUSION

In conclusion, this study supports the practice of applying ex-
pandable, endoscopically inserted stents for malignant tracheo-
bronchial obstruction. Further investigation into earlier
intervention in patients with symptomatic malignant airway ob-
struction is encouraged, as stent-related complications are rare,
and no clinical factors were associated with an unequivocally
poor prognosis.
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