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ABSTRACT
Purpose: No report of rigid bronchoscopy (RB) has been described from Singapore. 
Methods: We did a retrospective review of medical records of patients undergoing RB 
between November 2009 and November 2019 at Tan Tock Seng Hospital.
Results: 135 patients underwent 203 RB. RB was done for malignant central airway ob-
struction (MCAO) in 91 and benign diseases in 44 patients. The techniques used were 
Nd: YAG laser (n=56), stenting (n=63), transbronchial needle aspiration (n=5), clot re-
moval (n=9), ballooning (n=15), argon plasma coagulation (n=5), and electrocautery 
(n=37).  Procedural complications occurred in three (2.2%). Median survival was 10.1 
months (interquartile range [IQR], 2.2 to 45.3) in the whole group, 7.8 (IQR, 2 to 18.3) in 
MCAO and 42.6 (IQR, 8.9 to 77.5) in benign diseases respectively. Twenty-two (16.3%) 
patients requiring intensive care unit survived for 7.1 months (IQR, 1.6 to 9.8) after RB. 
Twenty-eight (21%) patients required repeat RB 68 times. Of these 34 (50%) were for 
granulation tissue removal. 
Conclusion: RB was safe and improved survival however, the demand was low. The 
most common indications were re-canalization of MCAO and granulation tissue remov-
al. The later was the most resource consuming indication for repeat RB. Future research 
should focus on minimization of granulation tissue formation. 
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INTRODUCTION

From a clinical standpoint, the value of rigid bronchoscopy (RB) in prolonging survival in pa-
tients with malignant central airway obstruction (MCAO) has been well established [1-3]. As the 
median survival in patients with untreated advanced lung cancer is only 6 months, re-canaliz-
ing their airway, and giving them a chance to undergo cancer target therapy prolongs their sur-
vival identical to those who do not have MCAO and are able to undergo chemotherapy without 
difficulty [2,4]. Its role as an alternative to surgery in establishing airway patency in benign dis-
eases such as TB stricture and post-intubation tracheal stenosis (PITS) is also adequately de-
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scribed [5,6]. 
 Those who present with respiratory failure (RF) requiring 
intensive care unit (ICU) from MCAO or benign disease are 
hardest to manage. It is challenging to administer radiother-
apy or chemotherapy to intubated patients in the ICU. Lack 
of RB in such situations predisposes them to remain depen-
dent on mechanical ventilation (MV) for prolonged period 
and eventually succumb to its complications resulting in a 
very short survival. However, RB, by enabling liberation from 
MV, allows survival benefit to ensue from chemoradiothera-
py by enabling them to undergo it [7].
 From an economic standpoint, RB has been described to 
show the potential for economic benefit for ICU patients [8]. 
Several patients are admitted to ICU for RF from MCAO. Lack 
of RB would predispose them to failure to wean from MV for 
prolonged period lengthening the ICU length of stay (ICU-
LOS). RB however allows sparing ICU beds by de-escalation 
of care in such patients thus conferring economic benefit [7]. 
As a result, training in RB has picked up in recent years. We 
did the present study to review the overall demand, domi-
nant indications, commonly required techniques, survival 
benefit, and potential for any economic benefit from RB 
done over a 10-year period at our centre. 

METHODS

We retrospectively reviewed patients undergoing RB be-
tween November 2009 and November 2019 at Tan Tock Seng 
Hospital. Variables such as demographic data, indication of 
RB, types of endoscopic techniques, sites of intervention, ef-
fect of intervention on luminal patency, radiological effect of 
intervention, effect on change in level of care, survival, and 
complications were collected. 
 RB was performed in the operating room. A rigid broncho-
scope either BRONCHOSCOPE EFER-DUMONTM (EFER Endos-
copy, La Ciotat, France) or KARL STORZ Endoscopy-America, 
Inc. (El Segundo, CA, USA) was inserted in the airway under 
general anaesthesia. Patients were ventilated using an auto-
mated jet ventilator. Rigid telescope, flexible bronchoscope, 
and other instruments were inserted through the primary lu-
men of the rigid bronchoscope. Airway dilation was per-
formed with controlled radial expansion pulmonary balloon 
dilators (Boston Scientific, Natick, MA, USA). Tumour de-
bridement was performed with flexible or rigid forceps or by 
coring out with the barrel of the rigid bronchoscope. Nd: YAG 
laser, and argon plasma coagulation (APC; ERBE USA Inc., 
Marietta, GA, USA), and Electrocautery were used as pre-

ferred heat modalities for tumour ablation, granulation tis-
sue removal, or haemostasis. The metal stents used were Ul-
traflex (Boston Scientific), and silicone stents were NOVAT-
ECH Dumon stents (Boston Medical Products Inc., Westbor-
ough, MA, USA).
 Blood clots causing central airway obstruction were ex-
tracted with rigid forceps and/or suction through the barrel 
of the RB.
 In general, intraluminal malignant lesions were debrided 
after using heat modalities for tumour ablation and haemo-
stasis. Extra-luminal lesions causing compression of the air-
way were stented. Debridement with stent placement was 
performed for mixed lesions. Silicone stents were used pref-
erentially for the benign lesions. Covered metal stents were 
used for malignant lesions. Routine treatment including che-
motherapy and radiation were provided to the patients un-
der the supervision of their oncologists. Patients with benign 
central airway obstruction also underwent routine therapy 
for the underlying condition. All procedures were performed 
by two experienced interventional pulmonologists-AWKN 
(from 2009 to 2019) and AV (2014 to 2019). Approval was ob-
tained from the Institutional Review Board of National Health 
Care Group to review and publish patient records retrospec-
tively (IRB No. 2017/01019). Informed consent was waived 
because of the retrospective nature of the study.

RESULTS

One hundred thirty-five 135 patients underwent 203 RB over 
a 10-year period. Median age was 63 (interquartile range 
[IQR], 51 to 73). Seventy-six (56.2%) were males; 22 (16.3%) 
patients were in the ICU at the time RB and three (2.2%) had 
tracheostomy. 
 Ninety-one patients underwent RB for MCAO and 44 for 
benign diseases (Tables 1, 2). Among patients with MCAO, 
squamous cell carcinoma 17 (18.7%), adenocarcinoma lung 
15 (16.5%), and oesophageal carcinoma 14 (15.3%) were the 
most common malignancies (Fig. 1). Among patients with 
benign diseases, TB stricture 14 (31.8%) and blood clot in the 
airways nine (20.5%) were the most common conditions (Fig. 
1).
 The techniques used via RB were Nd: YAG laser (n=56), 
stenting (n=63), transbronchial needle aspiration (n=5), clot 
removal (n=9), ballooning (n=5), APC (n=5), and electrocau-
tery (n=37) in six of which, snare was used (Table 3).
 Sixty-three patients had 72 stents placed. Metal stent was 
the most commonly placed stent in 50 (79.4%) patients. 
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Among 50 patients with MCAO, 45 (90%) had metal stent 
placed. Thirteen had benign disease of whom five (38.5%) 
had metal stent placed. Median stent in-dwelling time was 
6.4 months (IQR, 1.7 to 14). In-dwelling time for MCAO and 
benign disease was 5 months (IQR, 1.2 to 9.8) versus 82.3 
months (IQR, 5.7 to 101.7) respectively. Longest indwelling 
time for the metal and silicone stent was 4.8 years in a pa-
tient with oesophageal cancer and 11.4 years in patient with 
amyloidosis respectively (Table 3). 
 Two (1.4%) patients experienced coughing out stent, two 
(1.4%) fracture, five (3.7%) migration, and eight (6%) granu-
lation tissue formation. In stented MCAO group, 3/50 (6%) 

survived >2 years, and in stented benign diseases group, 8/ 
13 (61.5%) survived >2 years (up to 6 years), and 2/13 (15.3%) 
survived >9 years. Although metal stent is contraindicated in 
benign diseases, it was placed in 5/13 (38.4%) of such pat-
ents. 
 Median survival was 10.1 months (IQR, 2.2 to 45.3) in the 
whole group. Survival in MCAO and benign disease was 7.8 
months (IQR, 2 to 18.3) versus 42.6 months (IQR, 8.9 to 77.5) 
respectively. In the poorest prognosis group of 22 patients 
(those having RF from advanced cancer requiring MV) sur-
vived for the period of 7.1 months (IQR, 1.6 to 9.8). In addi-
tion, level of care could be de-escalated to general ward soon 
after the RB in these patients. Patients with advanced lung 
cancer without RF survived for 9.2 months (IQR, 4.1 to 16.9)—
2 months longer than the anticipated survival associated 
with untreated advanced lung cancer. 
 Out of 135, 28 (21%) patients required repeat RB 68 times 
(Table 4). Thirty-four (50%) of these repeat RB were for gran-
ulation tissue removal in eight patients, 10 (14.7%) were for 

Table 1. Malignant diseases requiring rigid bronchoscopy (n=91)

Malignant disease  No. (%)

Primary lung cancer

   Non-small cell carcinoma

      Squamous cell carcinoma lung 17 (18.7)

      Adenocarcinoma lung 15 (16.5)

      Large cell carcinoma lung 1 (1.1)

   Small cell carcinoma lung 5 (5.5)

   Poorly differentiated carcinoma lung 2 (2.1)

   Neuroendocrine carcinoma lung 2 (2.1)

   Adenoid cystic carcinoma 4 (4.3)

   Mucoepidermoid carcinoma 2 (2.1)

   Carcinoid 2 (2.1)

   Granular cell tumor 2 (2.1)

Metastatic cancer

   Breast carcinoma 1 (1.1)

   Renal cell carcinoma 3 (3.3)

   Thyroid carcinoma 2 (2.1)

   Esophageal carcinoma 14 (15.4)

   Colorectal carcinoma 1 (1.1)

   Gastric carcinoma 1 (1.1)

   Glomus tumor 1 (1.1)

   Nasopharyngeal carcinoma 1 (1.1)

   Sarcomatoid carcinoma 1 (1.1)

   Leiomyoma 1 (1.1)

   Lymphoepithelioma-like lung carcinoma 1 (1.1)

   MALT lymphoma 1 (1.1)

   Epstein Barr virus related neoplasm 1 (1.1)

   Other carcinoma 10 (11)

Total 91 (100)

MALT, mucosa associated lymphoid tissue.

Table 2. Benign diseases requiring rigid bronchoscopy (n=44)

Benign disease No. (%)

Post tuberculosis stricture 14 (31.8)

Blood clot removal 9 (20.5)

Post-intubation tracheal stenosis 4 (9.1)

Foreign body removal 4 (9.1)

Acute on chronic inflammation 3 (6.8)

Tubercular lymphadenitis 2 (4.5)

Goitre 2 (4.5)

Broncholith 1 (2.3)

Pneumonia 1 (2.3)

Bronchogenic cyst 1 (2.3)

Tracheal amyloidosis 1 (2.3)

Unknown 3 (6.8)

Total 44 (100)

Fig. 1. (A) A 32-year-old female presented with stridor and loss of 
voice. The bronchoscopy revealed a polypoidal lesion causing 
near complete occlusion of the mid trachea. (B) This was removed 
with electrocautery snare. (C) Removed tumour. Histology showed 
leiomyoma.

A B C
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stent removal, 23 (33.8%) for stent insertion, 10 (14.7%) for 
ballooning, and 16 (23.5%) for tumour or web resection. Most 
frequent indication for repeating the RB was granulation tis-
sue removal making it the most resource consuming condi-
tion for a small proportion 6% of patients (Table 4). The medi-
an interval between stent placement and granulation tissue 
formation requiring intervention was 13.3 months (IQR, 5.4 to 
19.4). In two patients with Ultraflex metal stent in the trachea, 
the interval between stent placement and granulation tissue 
formation was 402, and 461 days respectively. Electrocautery 
was the most commonly used modality for managing the 
granulation tissue formation (Fig. 2). Thirty-five (26%) pa-
tients underwent inspection flexible bronchoscopy within 
median of 4 days (IQR, 2.5 to 8.5) prior to RB. 
 Procedural complications occurred in three (2.2%) patients 
(Table 5). One (0.7%) sustained hypoxic encephalopathy 
(HIE) from pulse less electrical activity (PEA) due to excessive 
bleeding from laser resection and one had stroke (0.7%). Un-
expected RF within 24 hours was seen in two (1.5%) patients. 
Fifteen (11.1%) patients died within 30 days of intervention. 

Table 3. Rigid bronchoscopy techniques and outcomes (n=135)

Variable Value

Resource utilization (n=135)

   Number of rigid bronchoscopies 203

   Rigid bronchoscopies per patient in the whole 
group

1.5

   Patients requiring repeat (>1) RB 28 (21)

   Rigid bronchoscopies per patient in the repeat 
group

2.4

Techniques (n=203)

   Balloon dilatation (sessions) 15 (7.4)

   Nd:YAG (sessions) 56 (27.6)

   Stenting (number of patients) 63 (31)

   Electrocautery  (sessions) 37 (18.2)

   Argon plasma coagulation 5 (2.5)

   Airway clot extraction 9 (4.4)

   Transbronchial needle aspiration 5 (2.5)

   Mechanical dilatation 3 (1.5)

   Stent removal 10 (4.9)

Patients requiring stent (n=63)

   Number of stents placed 72

   Silicone stent 22

   Ultraflex covered metal stent 50

   Stent indwelling time (mo) 6.4 (1.7–14)

   Stent indwelling time (MCAO) (mo) 5 (1.2–9.8)

   Stent indwelling time (BCAO) (mo) 82.3 (5.7–101.7)

   Longest indwelling time for the metal stent (mo) 57.6

   Longest indwelling time for the silicone stent (mo) 136.8

Survival (n=135)

   Whole group (mo) 10.1 (2.2–45.3)

   Malignant central airway obstruction 7.8 (2–18.3)

   Benign central airway obstruction 42.6 (8.9–77.5)

   Patients with advanced lung cancer with RF 
requiring MV

7.1 (1.6–9.8)

ICU patients (n=22)

   Patients in ICU 22 (16.3)

   Prompt successful extubation 12 (54.5)

   ICU length of stay (day) 11.5 (1–70)

   Post-intervention ICU length of stay (day) 3 (1–60)

Values are presented as number (%) or median (interquartile range). 
RB, rigid bronchoscopy; MCAO, malignant central airway obstruc-
tion; BCAO, benign central airway obstruction; RF, respiratory failure; 
MV, mechanical ventilation; ICU, intensive care unit.

Table 4. The burden of repeat (>1 in single patient) rigid bronchoscopy 
(n=28)

Variable
Bronchoscopy 

(n=68)
Patients  
(n=28)

Granulation tissue removal 34 (50) 8 (5.9)

Stent insertion 23 (33.8) 21 (75)

Balloon dilatation 10 (14.7) 7 (25)

Laser resection of tumor or web 16 (23.5) 5 (17.8)

Stent removal 10 (14.7) 9 (32.1)

Values are presented as number (%).

Fig. 2. (A) A 60-year-old female with adenoid cystic carcinoma in the 
mid trachea requiring Ultraflex covered metal stent for recanalization. 
She developed granulation tissue over the proximal end of the stent 
causing stridor. (B) The granulation tissue was removed using argon 
plasma coagulation and electrocautery with good result. 

A B
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Six (4.4%) patients required transfer to ICU after the RB for 
stabilization and overnight monitoring.

DISCUSSION 

The demand of RB was 1.1 patients per month. RB carried 
survival benefit and potential for economic benefit with a 
low complication rate. First RB prompted repeat sessions in 
21% patients. Granulation tissue formation after stent place-
ment was the most common, most detrimental, and most 
resource consuming reason for requiring repeat RB. 
 The demand of RB was low. Since RB is performed at three 
large tertiary centres in Singapore, the approximate national 
demand can be extrapolated to 3.3 patients per month over 
the population of 5.5 million. To find how this compares with 
other regions, we found lack of studies reporting the national 
demand of RB. When we tried to glean information by ex-
trapolation of the data from the existing literature, we could 
deduce this demand approximately. For example, in South 
Korea, a demand of 2.6 patients per month can be derived 
based on the reported 307 patients undergoing RB over 10 
year period in Samsung Medical Centre, one of the five larg-
est tertiary hospitals in South Korea [9-12]. If extrapolated to 
all five largest tertiary hospitals in Korea (The Big-5), the na-
tional demand can be derived to be 12.7 patients per month 
over the population of 51 million, which is consistent with 
our demand [13]. 
 Correspondingly, the AQuIRE registry from USA reported 
733 RB done over 5-year period from 15 centres in 11 states 
in USA suggesting the national demand of 12.2 per month 
over the population of 111 million, which is lower than our 
demand [14]. Investigators from East Malaysia with a popula-
tion of 5 million reported 90 patients requiring RB over 1 year 

suggesting the demand of 7.5 patients per month, which was 
higher than our demand [15]. Based on these data, the de-
mand for RB can be summarised as 1.3 to 3 patients per 
month per 2 million. 
 This carries implications for training. Learning a technique 
with potential risks, with low volume of patients not only 
makes acquiring the skill difficult, it also makes it difficult to 
maintain the competency. This may warrant modulation for 
recruitment into national RB training programs so as to 
match the national volume with the number of training posi-
tions in a way that sufficient work load exists per interven-
tional pulmonologist to maintain competency. 
 Malignant disease was the indication for performing RB in 
more than half of the patients in keeping with previous re-
ports. This suggests greater demand for RB for malignant 
diseases than benign [16,17]. This is due to the lower inci-
dence of PITS or post-TB strictures compared to primary lung 
malignancy or metastasis from extra pulmonary malignancy 
to lung. Even where the incidence of endobronchial tubercu-
losis (TB) is reported as high as 50% in regions with high inci-
dence of TB, the number of patients who develop strictures 
requiring re-canalization are low [18]. However, one study of 
126 patients undergoing RB for re-canalization from Thailand 
reported modestly higher number (41.3%) of patients with 
TB strictures than malignancy (35.7%) [19].
 Among malignant diseases requiring RB, adenocarcinoma 
lung affected the central airways as much as the squamous 
cell carcinoma in our cohort [20-22]. Since the survival has 
improved dramatically in adenocarcinoma by virtue of tyro-
sine-kinase inhibitors (TKI’s), approach to MCAO should be-
come even less nihilistic than ever to tide patients over the RF 
from central airway obstruction to enable them for good sur-
vival downstream. In our study squamous cell carcinoma 

Table 5. Procedural complications (n=135)

Variable Total (n=135) Malignant (n=91) Benign (n=44)

Procedural complications 3 (2.2) 3 (3.3) -

   Cardiac arrest requiring CPR 1 (0.7) 1 (1.1) -

   PEA collapse from massive haemorrhage complicated by HIE 1 (0.7) 1 (1.1) -

   Right hemiparesis 1 (0.7) 1 (1.1) -

Transferred to  intensive care unit post-procedure 6 (4.4) 4 (4.4) 2 (4.5)

30-Day mortality 15 (11.1) 10 (11) 5 (11.3)

Unexpected respiratory failure in 24 hours 2 (1.5) 2 (2.2)

Values are presented as number (%). 
CPR, cardiopulmonary resuscitation; PEA, pulse less electrical activity; HIE, hypoxic ischemic encephalopathy.
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lung, adenocarcinoma lung, and squamous cell carcinoma of 
the oesophagus were the commonest histological subtypes 
requiring RB in keeping with previous reports [2,16,17,23]. 
 Among benign diseases requiring RB, post-TB stricture and 
blood clots were most commonly encountered conditions. 
This highlights the importance of maintaining skills of radial 
laser resection, silicone stent placement, and cryo-therapy. 
TB strictures often present as circumferential membrane-like 
narrowing at multiples sites. This requires either radial resec-
tion with the laser, or silicone stent placement by virtue of 
unfeasibility of surgical resection and anastomosis. Patients 
with blood clots on the other hand pose a different chal-
lenge. They frequently cause cardiac arrest from them and 
are too soft to be removed by grasping with the biopsy for-
ceps. They are best removed by cryo-adherence to the cryo-
probe highlighting the importance of this service (we do not 
have cryo-therapy at our centre and therefore had to resort 
to RB for clot extraction in nine patients) [24].
 Almost half the patients had stent placed in our cohort. 
Metal stents are contraindicated in benign airway diseases 
[25]. However, they were placed in close to 40% of such pa-
tients in our cohort and were tolerated well as reported by 
other authors and remained in situ for prolonged periods of 
time without any significant complications [26-29]. Longest 
indwelling time for the metal and silicone stent was 4.8 years 
in a patient with oesophageal cancer and 11.4 years in a pa-
tient with tracheal amyloidosis respectively. 
 Multiple RB was required in 1/5th of the patients. It is note-
worthy that half of the repeat RB were paradoxically per-
formed on minority of patients (n=8) for the purpose of 
granulation tissue removal, making it the most resource con-
suming condition. 
 Incidence of granulation tissue formation after stent rang-
es from 0.9% to 14.6% [23,26,30,31]. In a study by Chung et 
al. [27], the granulation tissue formation was seen in 15.2% 
of patients after uncovered self-expanding metal stent 
(SEMS) insertion. In a study of 47 patients by Abdel-Rahman 
et al. [29], granulation tissue requiring treatment was seen in 
65% of patients with uncovered SEMS with the indwelling 
time of 30 months (IQR, 16 to 48). Lower rate of granulation 
tissue formation in our cohort could be due to the use of sili-
cone or “covered” SEMS in our cohort compared to the use 
of “uncovered” SEMS in the above two studies. 
 The median interval between stent placement and granu-
lation tissue formation requiring intervention was 13.3 
months (IQR, 5.4 to 19.4) in our cohort. In a study by Chung 
et al. [27], time to develop granulation tissue was shorter—

2.6 months (IQR, 1.1 to 12.6) than our cohort likely due to use 
of uncovered SEMS [27]. Knowing the time taken to form 
granulation tissue is important as it can be used as a yard 
stick to anticipate onset of airway compromise and plan 
bronchoscopic intervention electively.
 With regards to its management, it was the most resource 
consuming indication as well as most detrimental as patients 
often presented with breathing difficulty due to compromise 
of the airway lumen from it. For the purpose of this study, 
only the granulation tissue removal performed via RB was in-
cluded in the analysis excluding those in whom FB was used 
to remove granulation tissue. However, if included, the gran-
ulation tissue would turn out to be even more resource con-
suming than the current description. Thirty-four RB and 62 
FB required in eight patients (12 bronchosocpies per patient) 
were for granulation tissue removal only, implying granula-
tion tissue formation to be an expensive condition indicating 
need for research on how to minimize it. Electrocautery with 
or without APC proved to be an effective modality for man-
aging it, in keeping with the report by Chung et al. [27].
 RB provided survival benefit. This was most apparent in 
the ICU patients who were liberated from MV and discharged 
from ICU to go onto receive cancer targeted therapy as a re-
sult of RB. Although MV was effective in splinting open their 
obstructed airways, it would eventually predispose them to 
succumb to the complications of prolonged MV. Such pa-
tients survived for median of 7.1 months, with maximum of 5 
years. Survival benefit was also conceivable in patients hav-
ing central airway obstruction without RF. As the median 
survival in patients with untreated advanced lung cancer is 
only 6 months, re-canalizing their airway, allowed them to 
undergo cancer target therapy which is known to carry medi-
an survival of 1 year and 2 years with chemotherapy and 
TKI’s respectively [32]. 
 Regarding economic benefit, a quarter of patients under-
went inspection flexible bronchoscopy within 4 days prior to 
RB. Since each bronchoscopy costs approximately 1,000 Sin-
gapore dollars, this amounts to 35,000 over 10 years amor-
tised to 3,500 per year. If RB is undertaken directly, it may 
confer economic benefit by saving this cost. Second, it is 
known that ventilator days attributable to prolonged intuba-
tion contribute to cost in the ICU patients. It is also described 
that patients who get operated upon have lesser ICU-LOS 
compared to those who don’t [33]. RB is known to de-esca-
late the level of care to general ward by facilitating prompt 
liberation from MV and discharge from ICU thus carrying po-
tential for economic benefit. In terms of safety, RB was a safe 
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procedure with the complication rate of 2.2%.
 Being from a single centre and of retrospective nature, our 
study has limitations. In addition, the data on date of death 
was not available on some patients to allow accurate assess-
ment of survival. The average was used to key in the place of 
missing data for analysis. Second, the extrapolation of the 
national demand of RB from the existing literature in various 
regions is arguably not an accurate method of identifying 
such demand. However, authors believe that the combina-
tion of the absence of national registries, scarcity of pub-
lished data from each and every centre, and the well known 
fact of few indications for RB, it is reasonable to accept the 
low demand of this procedure to highlight the important 
point of its implications on training. The strength of our study 
is that it is a first report of long term experience of RB from 
Singapore to describe the perspective on clinical and eco-
nomic benefit of RB on one hand, and potential implications 
on training on the other.
 In conclusion, following insights can be gained from our 
study: (1) RB is a safe, and ‘survival prolonging’ procedure. 
(2) Although varies geographically, the most common indica-
tions for RB are re-canalization of MCAO and granulation tis-
sue removal. (3) Granulation tissue develops approximately 
1-year post-stenting and Electrocautery with or without APC 
is effective in its management. It is the most resource con-
suming complication of placing the stent in the airways. (4) 
In ICU patients, RB may confer economic benefit by de-esca-
lation of care. Further economic benefit could be gleaned 
from RB by avoiding inspection FB prior to RB and finding 
ways to minimize granulation tissue formation. Further stud-
ies should focus on these factors. (5) Low demand for RB 
may warrant policy makers and program directors of RB 
training programs to consider matching the enrolment into 
the program with national demand to ensure maintenance 
of competency. 
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