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Background: To evaluate morbidity, mortality, and survival of interventional bronchoscopy for
management of critical neoplastic central airway obstruction.

Methods: This is a retrospective single-center study included all consecutive patients with neoplastic central
airway obstruction undergoing interventional bronchoscopy. Characteristics of obstruction, endoscopic
strategy, adjuvant treatments, morbidity, mortality, and survival were recorded and then statistically analysed.
Results: Our study population counted 37 patients (mean age 67=15 years old). The trachea was involved
in 6 (16%), the carina in 5 (14%), and the main bronchus in 26 (70%) patients. Restore of airway patency
was obtained in 33 (89%) patients. A stent was inserted in 21 (57%) patients. Adjuvant therapy was carried
outin 13/37 (35%) patients. The median overall survival was 17 months. The re-opening of airway (P<0.001)
and the administration of adjuvant therapy (P=0.001) significantly improved the survival.

Conclusions: Interventional bronchoscopy is a life-saving procedure in non-surgical patients with central
airway obstruction. Recanalization of airway and the administration of adjuvant therapy remain the only

significant survival prognostic factors.
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Introduction the morbidity and mortality and maximize the quality of

c [ ai b ] CAO) is a life-th ) life. Generally, surgery is not indicated due the poor clinical
entral airway obstruction ( ) is a life-threatening patient’s condition while chemotherapy and radiotherapy

condition due to the reduction of lumen of trachea, carina . . .
present inconsistent and delay beneficial effects on dyspnoea

and main bronchus. Lung cancer patients developed CAO
in 30% of cases while up to 40% of the deaths are attributed
to loco-regional progression (1,2). Clinical symptoms
depend on the level and degree of obstruction, ranging
from minimal stridor to severe dyspnoea. The survival of
patients with untreated CAO usually ranges between 1 and
2 months. Rapid and accurate diagnosis is crucial to plan
the prompt treatment in order to relief dyspnoea, minimize
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(1,2). Thus, interventional bronchoscopy remains the
treatment of choice to restore and maintain airway patency
and improve the functional status. The choice of endoscopic
techniques depends on the characteristic of stenosis and
the operator’s expertise. Mechanical debulking and thermal
techniques (laser and thermo-coagulation) without stent
insertion are indicated for management of intraluminal
tumour while stent is usually used for assure airway patency
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in case of extrinsic tumor (3). Despite the palliative effects
of endoscopic management of CAO is well established, its
indications have still to be optimised. In the present paper
we retrospectively reviewed the medical records of patients
with critical neoplastic CAO and undergoing interventional
bronchoscopy in order to evaluate the morbidity, mortality,
and survival.

Methods
Study design

This is a retrospective single-center study included all
consecutive patients with critical neoplastic CAO and
undergoing interventional bronchoscopy from January
2012 to April 2017. Patients with CAO who refused
interventional bronchoscopy or with incomplete follow-
up were excluded. The end-points were to evaluate the
clinical outcome, the morbidity, mortality and survival
of the procedure. Patients or their family (i.e., in case of
intubated patients) give a written informed signed consent
for the procedure and they were informed that their clinical
data could be used for scientific purpose only. Endoscopic
tumor debulking followed by stent insertion is a standard
procedure performed worldwide as palliative treatment of
CAOQO. Thus, no specific approval by Institutional Review
Board (IRB) was required. In the present study, all patients
received the same surgical procedures and post-operative
treatments without any type of randomization; the clinical
data were prospectively registered in a data base and then
retrospectively analyzed. Thus, it was not registered as
randomized control trial (RCT).

Study population

In the most of cases, all patients underwent a high
resolution computed tomography (HRCT) scan with
3-D reconstruction (4) in order to determinate the side
and the extension of the obstruction. Spirometry, six-
minute walking test (6MW'T) and flexible bronchoscopic
were performed only in patients who did not require
an emergent treatment. Indications for interventional
bronchoscopic and adjuvant therapies were considered after
a multidisciplinary counselling with pneumologist, thoracic
surgeon, radiologist and oncologist. Technical success of
the procedure was defined as reopening of airway lumen to
>50% of normal. After treatment, patients were scheduled
for adjuvant chemotherapy (CT) and/or radiotherapy (RT)
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or surgery according to the current guideline. Patients
were excluded if they presented any medical conditions
that contraindicated rigid bronchoscopy. The demographic
details, the characteristics of CAO including the site
(trachea, main bronchus, mixed) and the diameter (mild,
moderate, severe), the endoscopic strategies (debulking,
dilatation, stent insertion), other treatments (chemotherapy,
radiotherapy, surgery) applied before and after endoscopic
treatments, morbidity, mortality and survival were recorded
for each patient and then statistically analysed.

Interventional bronchoscopy

All procedures were performed in operative room and under
general anaesthesia using intravenous propofol injection.
The patient was intubated with a rigid bronchoscopy (Stortz,
Tuttlingen, Germany) and standard procedures including
core-out, dilation and stenting (if indicated) were applied
in order to restore and control airway patency. In case of a
growing tumor, it was devascularized using Neodymium-
doped yttrium aluminium perovskite (Nd-YAP) laser (Lokki
Lis Laser-Bryan Corporation; Woburn; Mass); then it was
resected with tip of the rigid bronchoscopic; and finally
the debris was removed with graspers or suction. Flexible
bronchoscopy also supplemented rigid bronchoscopic to
perform recanalization and to aspirate blood and purulent
secretion of the more-distal lobar or distal segmental stenosis.
Bleeding resulting by resection of the tumor was addressed
by direct tamponade with the rigid bronchoscopy, or using
Nd-YAP laser. In case of extrinsec tumor, the dilatation was
performed with rigid bronchoscopes of increasing size and/or
with angioplastic balloons. The stent was inserted in case of
(D) stenosis that persisted after dilatation; (II) growing tumors
where mechanical debulking failed to restore normal airway
patency; (III) and tracheoesophageal fistula. The stent was
deployed under endoscopic view and only in selected cases
with the aid of the intraoperative fluoroscopy. A silicone or a
metallic stent was used, choosing the shape (cylindric, conical,
Y or J shape stent) according the airway anatomy. Generally,
patients were extubated at the end of the procedure and send
to intensive care unit (ICU) or to the ward according to the
anaesthetist’s decision.

Statistical analysis

Data are presented as number and percentages for
categorical variables, and as mean and standard deviation
for normally distributed variables. Quantitative variable
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Table 1 Characteristics of central airway obstruction
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Type of stenosis Total, n [%] Trachea, n [%] Carina, n [%)] Main bronchus, n [%]
All stenosis 37 5[14] 26 [70]
Intraluminal 18 [49] 3[17] 13 [72]
Extraluminal 12 [32] 2[17] 9 [75]
Mixed 7[19] — 4[57]

Table 2 Aetiology of central airway stenosis (n=34)

Aetiology Number [%]
Primary air-way tumor 2 [6]
Local extension 32 [86]
Lung cancer 27 [84]
Esophageal cancer 2 [6]
Thyroid cancer 3[10]
Metastatic disease 31[8]
Renal cell carcinoma 1[33]
Colon carcinoma 2 [67]

was compared with 7-test. Survival curve was calculated by
the Kaplan-Meier method, and the log-rank test was used
for the survival comparison. Survival time, expressed as
median and interquartile range (IQR), was defined as time
from the endoscopic diagnosis of CAO until death. Death
was confirmed from the medical records or by calling the
patient’s family. A P value <0.05 was considered significant.
MedCalc statistical software (Version 12.3, Broekstraat 52;
9030 Mariakerke; Belgium) was used for the analysis.

Results

During the study period, 58 patients were referred to our
attention for the management of CAO. Of these 21 patients
were excluded since they presented a benign obstruction
(n=19) or refused the endoscopic treatment (n=2). Thus,
our study population counted 37 patients. The mean
age of population was 67+15 years old and there were 21
(57%) male and 16 (43%) female. In the 21 (57%) patients
emergent endoscopy was required (within 24 hours at the
admission) due to the life-threatening condition. According
to the site of stenosis, the trachea was involved in 6 (16%)
patients, the carina in 5 (14%) patients, the main bronchus
in 26 (70%) patients (right main bronchus in 15 cases

© Shanghai Chest. All rights reserved.

shc. amegroups.com

and left main bronchus in 11 cases). The tumors were
intraluminal in 18 (49%) cases, extraluminal in 12 (32%)
cases and mixed (intraluminal and extraluminal tumors)
in the remaining 7 (19%) cases (Table 1). The stenosis was
severe with reduction of airway lumen more than 75% in 30
(81%) cases and moderate with reduction of airway lumen
between 50% and 75% in 7 (19%) cases. The etiology of
CAO (Table 2) was a primary airway tumor in 2 (6%) cases;
a local extension in 32 (86%) cases due to lung cancer (n=27),
to esophageal cancer (n=2) and to thyroid cancer (n=3);
and a metastatic disease in 3 (8%) cases due to renal cell
carcinoma (n=1) and to colon carcinoma (n=2). A successful
restore of airway patency was obtained in 33 (89%) patients
while in 4 (11%) patients (three with extrinsic obstruction
of main left bronchus and one with tracheoesophageal
fistula associated with obstruction of main left bronchus)
the procedure was unable to restore an adequate lumen
of airway. In all patients with reopening of airway, a relief
of dyspnoea and a resolution of atelectasis on radiological
exams were obtained. Twenty-one (57%) patients completed
the spirometric and 6MWTT evaluation before and after the
procedure. A significant improvement in FEV1% (from
35+8.9 to 67+7.2, P=0.003); in FVC% (from 33x6.3 to
65+8.1, P=0.002); and in SMWT (from 127+35 to 231+61 m,
P=0.01) was found. Five patients required a further
bronchoscopic intervention to maintain airway patency after
follow-up period of 5+1.3 months. Adjuvant therapy was
carried out in 15 of 37 (43%) patients, of these 5/15 (33%)
patients underwent RT alone and 10/15 (67%) underwent
RT and CT. In other 22 (57%) patients any additional
treatments were contraindicated because of exhaustion of
radiation or chemotherapy options.

Stent insertion

Stent was inserted in 21 (57%) patients in whom it was
impossible to restore more than 50% of the lumen even
after airway dilatation. The underlying diseases including

Shanghai Chest 2018;2:10



Page 4 of 8

Shanghai Chest, 2018

Figure 1 A 73-year-old man presented a squamous cell carcinoma originating from right upper lobe and obstructing the main right

bronchus (arrow) (A,B). The air-way patency (arrow) was obtained with resection of the tumor and stent insertion (C,D).
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Figure 2 A 67-year-old woman had a thyroid cancer that obstructed the carina (A,B). The airway patency was assured with insertion of a Y

metallic stent (C,D).

1 (6%) case of esophageal cancer with tracheal invasion
(tracheoesophageal fistula), 13 (61%) cases of lung cancer
with main bronchus invasion, 3 (14%) cases of carina
obstruction, and 4 (19%) cases of trachea obstruction. A'Y
Self-Expandable Metallic Stent (SEMS) stent was used in
3/21 (14%) cases since the obstruction involved the carina
and trachea; a conical SEMS stent was in 1/21 (5%) cases
to exclude the right main bronchus and assure patency
of the left lung, while a cylinder stent was used in 17/21
(81%) cases for obstruction of main bronchus and/or of the
trachea without carina involvement. Of these, 5/21 (24%)
were silicone stent and in 16/21 (76%) SEMS (5-8). No
complications were observed during the stent deployment.
No stent migration was found. Only a patient experienced a
little granulation at the proximal and distal end of the stent
that did not require additional bronchoscopic intervention.
Examples of stent insertion were reported in Figures 1-7.

Survival

At the follow-up 15 (40%) patients were still alive. The
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median overall survival was 17 (IQR, 15-21) months
(Figure 84). No intra-procedural deaths were observed.
The 30-day mortality was 2/37 (5%); a patient died 3 days
after the procedure for acute respiratory failure and another
died 5 days after the procedure for acute cardiac failure.
Patients in whom an adequate restore of airway was not
obtained (n=4) presented a poorer survival than patients
with successful airway reopening (n=33) [2 IQR, 1-3) vs.
18 (IQR, 15-22), respectively, P<0.001; HR =8.86; 95%
CI: 0.592-12.5; Figure 8B]. Among patients with complete
restore of airway lumen (n=33), the administration of
adjuvant therapy was the only favourable prognostic factor.
In fact, patients receiving stent insertion (n=21) had a
similar survival compared to those where stent was not
deployed (n=12) [15 (IQR, 13-23) vs. 18 (IQR, 14-23)
months, respectively, P=0.48; HR =0.7; 95% CI: 0.227-
2.171; Figure §C], while patients undergoing adjuvant
therapies (n=13) compared to those who did not receive
adjuvant therapy (n=20) had a better survival [23 (IQR,
18-23) vs. 15 (IQR, 13-17) months, respectively; P=0.001;
HR =3.74; 95% CI: 1.359-10.59; Figure 8D).
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Figure 3 A 57-year-old man had a squamous cell carcinoma (arrow) that obstructed the tracheal lumen. The air-patency was obtained with

tumor resection and metallic stent insertion (arrow). (A) Axial; (B) coronal; and (C) sagittal views.

After stent
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Figure 4 A 49-year-old woman had a squamous cell carcinoma that obstructed the main right bronchus and the lower carina (arrow). The

CT scan showed the atelectasis (*) of right lung that resulted to be no-perfused on scintigraphy. Thus a conical metallic stent (arrow) was

inserted with the distal end into the main left bronchus and the proximal end in the lower trachea to assure air-patency and prevented tumor

growing from main right bronchus. (A) Axial; (B) coronal; and (C) sagittal views.

Discussion

CAQ is a life-threatening condition that require an
emergent treatment if carina and trachea are involved.
Despite surgery is the treatment of choice, it is usually
contraindicated due to poor patient’s condition. Thus,
interventional bronchoscopy remains the best treatment
to relief obstruction and assures airway patency. The
improvement in respiratory condition and in general clinical
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status can then provide an opportunity for performing
additional treatment as surgery, radiotherapy and/or
chemotherapy aiming to prolong survival.

Our experience confirmed that a restore of >50% of
airway lumen was associated with an improvement in
dyspnoea, spirometric values, 6MW'T and resolution of
atelectasis. Similarly, other authors reported significant
improvements in spirometric data and 6MW'T (12), in
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Video 1. A tumor originating from right
upper bronchus [OF;
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Alfonso Fiorelli*, A e=Gascone, Davide Di
Natale, et al.

Thoracic Surgery Unit, University of Naples “Luigi
Vanvitelli”, Naples, ltaly

Figure 5 A tumor originating from right upper bronchus and
obstructing the main right bronchus and the lower trachea (9).
The tumor was resected with laser and mechanical coring; then, a
metallic stent was inserted into the right main bronchus to assure
air-way patency.

Available online: http://asvidett.amegroups.com/article/view/22872

AME

Publishing Company

Video 2. An extn i_ obstruction of the
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Figure 6 An extrinsic obstruction of the carina due to thyroid
cancer (10). To assure air way patency, a Y metallic stent was
inserted into the trachea, main right bronchus and main left
bronchus.

Available online: http://asvidett.amegroups.com/article/view/22873

dyspnoea (13) and in quality of life (14) after endoscopic
treatment of CAQO. The restore of airway patency needed
in 21 patients a stent insertion due to the presence of an
extrinsic tumor or intrinsic tumor that could rapidly recur
(i.e., tumor that originated of upper lobe growing into the
main bronchus). Silicone or metallic stent are currently
available. Silicone stents are the most widely used airway
stent. It is easily shaped, well tolerated, and relatively
expensive but it can migrate and be obstructed by secretion
and granulation tissue. Metal stents are easily placed and
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Video 3. A squamous cell carcinoma of the
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Vanvitelli”, Naples, ltaly

Figure 7 A squamous cell carcinoma of the trachea (11). The
tumor was resected with laser and mechanical coring; then, a
metallic stent was inserted into the trachea below the vocal folds to
assure phonation and air-way patency.

Available online: http://asvidett.amegroups.com/article/view/22874

rarely migrated after insertion but compared to silicone
stent they are more expensive, more difficult to remove, and
can be obstructed by tissue ingrowth. Thus, the ideal stent
does not exist and the choice depends on characteristics of
CAO and operator’s experience. In the most of our cases
(76%) we preferred to use metallic rather than silicone
stents for the presence of a severe external compression that
caused distortion and persisted obstruction of airway (15).
In agreement with the results of Jeon ez /. (13) and of
Stratakos er al. (14), we found that the restore of airway
patency and adjuvant therapy after endoscopic dilation
were significant survival prognostic factors while the
stent insertion did not significantly improve the survival.
Interventional bronchoscopy remains a high risk procedure
and the risk increases in case of severe obstruction of
trachea and carina, in patients with poor clinical condition
and without a spontaneous breathing (under mechanical
ventilation). Our 30-day mortality was 5%. Guibert
et al. (16) conducted a retrospective study involving 204
patients with malignant CAO. They found that higher ASA
score, non-squamous histology, metastatic tumors, and those
who were treatment naive patients had the worst survival.
In the largest multicentre study, Ost et a/. (4) showed that
patients with ASA >3, renal failure, primary lung cancer, left
mainstem involvement and tracheoesophageal fistula was
associated with failure. Thirty-day mortality was associated
with poor performance status and ASA >3. However,
patients with higher baseline Borg score had the greater
improvement in dyspnoea and QOL. Since patients at
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Figure 8 Patients survival. The median overall survival was 17 months (A). Patients without restore of airway presented a poorer survival
than patients with airway reopening (B). Among patients with complete restore of airway lumen (n=35), the stent insertion did not
significantly improve survival (C) while the administration of adjuvant therapies was a significant favourable survival factor (D).

the highest risk may have the greatest benefit, therapeutic
bronchoscopy should not be withheld from patients solely
based on risk assessment.

We are known that the retrospective nature of our study,
the lack of randomization, the small number of patients
and the different clinical conditions do not allow drawing
definitive conclusions on the significant survival prognostic
factors.

In conclusion, the management of CAO requires a
multidisciplinary therapy, including pneumonologist,
thoracic surgeon, oncologist and radiotherapist.
Interventional bronchoscopy is a life-saving procedure
to restore the airway lumen, avoid asphyxia and improve
respiratory and clinical status. Recanalization of airway
and the administration of adjuvant therapy are the only
significant survival prognostic factors.
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