
bronchoscope was inserted through an endotracheal tube into the 
trachea or bronchus, and a guide wire was placed into the stenosis 
site. The bronchoscope was reintroduced into the airway outside the 
endotracheal tube. Under bronchoscopic visualization, the delivery 
catheter was advanced over the guide wire to deploy the stent.
RESULTS: These procedures were successfully performed in all 
patients, with three stents placed in the trachea and five stents in the 
main bronchus. The patients were all successfully liberated from 
mechanical ventilation. Five patients suffered from cough after 
the procedure. One patient, who received a covered metallic stent 
implantation in the left main bronchus, experienced increased mucus 
production. Granulation tissue formation was found in one patient. 
No patient presented with any stent migration or pneumothorax. 
CONCLUSIONS: It is concluded that metallic stents can be safely 
implanted under the direct visualization of a bronchoscope without 
using fluoroscopic guidance in patients with respiratory failure to 
wean the patients from mechanical ventilation.
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INTRODUCTION
Self-expandable metallic stents (SEMSs) have been widely used 
to treat patients with airway stenosis[1-3]. SEMSs can be implanted 
using a flexible bronchoscope[4], rigid bronchoscope[5-6], or combined 
bronchoscopic and fluoroscopic guidance[7], or under the control of 
fluoroscopy[8]. 
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ABSTRACT
BACKGROUND:Stent implantation has been used to liberate 
patients with severe airway stenosis and respiratory failure from 
mechanical ventilation; however, a rare clinical study is reported 
about metallic stent implantation via a flexible bronchoscope without 
using fluoroscopic guidance in ventilated patients. 
AIM: The present retrospective study aims to evaluate the feasibility, 
safety, efficacy, and complications of using a flexible bronchoscope 
without fluoroscopy to implant metallic stent in mechanically 
ventilated patients.
METHODS: From April 2015 to April 2016, eight tracheobronchial 
metallic stents were implanted in six respiratory failure patients 
associated with central airway stenosis or fistula. First, a 
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the hole of a tracheal tube extension (Covidien llc, Mansfield, MA, 
USA), which connects the ventilator and orotracheal tube (Kyoling 
OC-01, Jinlin Medical Appliances Company, Hangzhou, China). The 
pulmonologist inspected and evaluated the airway stenosis under the 
direct visualization of the bronchoscope. If the lesion was at a level 
higher than the tip of the endotracheal tube, the tube was withdrawn 
slightly to provide enough view and space for the stent implantation. 
After determining the type of stent to be used, the bronchoscope 
reached the proximal end of the lesion. A guide wire was inserted 
via the working channel of the bronchoscope and passed through 
the lesion. The bronchoscope was withdrawn, and the guide wire 
was left at the lesion site. The bronchoscope was then reintroduced 
through a nostril into the space between the tracheal wall and the 
orotracheal tube to inspect the location of the guide wire. When 
the bronchoscope started to reach the balloon cuff of the intubated 
tube, air inside the balloon cuff was sucked out by a syringe to save 
enough space for the passing bronchoscope. At the same time, the 
concentration of oxygen from the ventilator was elevated to 100% 
to keep the patient’s peripheral blood oxygen saturation above 95%. 
Under bronchoscopic visualization, the delivery catheter (Micro-Tech 
(Nanjing) Co., Ltd, Nanjing, China, or Boston Scientific, Natick, 
MA, USA) was inserted over the guide wire into the lesion airway 
to deploy the metallic stent. The delivery catheter, guide wire, and 
bronchoscope were then withdrawn consecutively, and the stent 
was left in the lesion site. After completion of the stent deployment, 
the balloon cuff of the intubated tube was inflated again, and the 
bronchoscope was introduced through the tracheal tube extension 
to check the position of the stent. If adjustment of the stent position 
was required, biopsy forceps (Micro-Tech (Nanjing) Co., Ltd, 
Nanjing, China) were used to hold the proximal or distal ring of the 
stent and pull or push the stent to the fine position. Before finishing 
the bronchoscopic procedure, sputum in the trachea and bronchus 
was sucked out by means of a bronchoscope. The operation time 
was defined as the time from first inserting the bronchoscope for 
inspection of the lesion to ending sputum clearance.
    Each patient underwent an X-ray examination or CT scan 12-24 
hours after the SEMS implantation. CT scan was firstly suggested. If 
the patients refused CT scan, X-ray examinations were performed. 
After an assessment of the stent position and an evaluation of the 
patient’s clinical condition, the extubation of the orotracheal tube 
was performed. A bronchoscopy was performed 1 week, 1 month, 
and 3 months after the stent implantation to evaluate the position 
and integrity of the stent and to confirm if there was granuloma 
formation around the metallic stent. If respiratory failure recurred, 
an endotracheal tube was inserted, and mechanical ventilation 
was used. When airway stenosis reappeared or when intractable 
coughing, increased mucus production, or stent-related symptoms 
occurred, an additional bronchoscopic operation was performed for 
further therapy.

Statistical analysis
Data of operation time were expressed as mean ± SD. 

    For some patients who have severe airway stenosis possibly 
obstructing their respiration, mechanical ventilation has to be used 
to treat their respiratory failure. Due to successfully solving the 
problems of airway stenosis, a stent implantation has been regarded 
as an effective method of liberating these patients from mechanical 
ventilation[9-10]. Rigid bronchoscopy with general anesthesia[11] and 
flexible bronchoscopy under fluoroscopic guidance[9] are the most 
common methods of stent implantation in mechanically ventilated 
patients, especially for those patients who are not appropriated for 
surgical intervention. However, rigid bronchoscopy requires special 
facilities that may not be available in every hospital. Fluoroscopy 
exposes patients and pulmonologists to X-ray radiation. In addition, 
a flexible bronchoscope is operated more popularly than a rigid 
bronchoscope. Thus, using a flexible bronchoscope without 
fluoroscopic guidance to implant SEMSs in mechanically ventilated 
patients is potentially promising for pulmonologists; however, rare 
clinical studies are reported about this topic.
    The present study describes the implantation of SEMSs under 
the direct visualization of a flexible bronchoscope without 
fluoroscopic guidance in 6 orotracheal intubated patients and aims 
to evaluate the feasibility, safety, efficacy, and complications of 
this procedure.

MATERIALS AND METHODS
Patients
From April 2015 to April 2016, eight tracheobronchial SEMSs were 
implanted in six patients with respiratory failure associated with 
central airway stenosis or fistula. Informed consent was obtained 
from each patient or their guardian before stent implantation. Five 
patients had late-stage malignant diseases. One patient suffered 
from tracheobronchomalacia. Due to illness severity, late-stage 
malignant tumor, high surgical risk, or surgical refusal, none of these 
patients were candidates for surgery or stent implantation under 
rigid bronchoscopy. The baseline characteristics of the patients are 
shown in Table 1. Before the procedure, all of the patients received 
orotracheal intubation and assistant/control mode ventilation 
because of respiratory failure. All of the patients underwent pulse 
oximeter and arterial line monitoring for oxygen saturation and 
blood pressure. Ventilator liberation was defined as successful if 
reintubation was not required within 48 hours after endotracheal 
extubation.
    This study was performed in accordance with the Ethical Council 
Guide of Tongde Hospital of Zhejiang Province (Hangzhou, China). 

Bronchoscopic procedure
Ultraflex SEMSs (Boston Scientific, Natick, MA, USA) and 
Wallstent SEMSs (Micro-Tech (Nanjing) Co., Ltd, Nanjing, 
China) were used in the present study. The patients received SEMS 
implantation by means of flexible bronchoscopy (BF260, Olympus, 
Tokyo, Japan) without fluoroscopic guidance. The length and type 
of the metallic stent (with or without a cover) for each patient were 
evaluated by an endoscopic examination and a chest computed 
tomography (CT) scan, if a CT scan was available, before stent 
implantation. Each patient underwent flexible bronchoscopy as 
follows: The patient was administered intravenous midazolam (5 
mg) and a local anesthetic with 2% of xylocaine solution. In some 
cases where midazolam did not provide enough sedation for the 
operation, patients received intravenous propofol (1.5 mg/kg in 1 
minute then 4 mg/kg hour). 
    First, the bronchoscope was inserted into the trachea through 
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Case
1
2
3
4
5
6

Table 1 Patients’ baseline characteristics.
Gender
Male
Male
Female
Female
Female
Male

Age
57
68
46
51
79
68

L: left main bronchus; R: right main bronchus; T: trachea.

Diagnosis
Oesophageal cancer
Lung cancer
Thyroid cancer
Cervical cancer
Tracheobronchomalacia
Lung cancer

Stenosis site
L
L and R
T
T
L
T and L



RESULTS
All procedures were performed successfully. The detailed data of 
stents are shown in Table 2. The operation time was 8.81 ± 1.86 
minutes. There was no desaturation less than 90% or hypotension 
(systolic blood pressure less than 90 mmHg) during or after the 
bronchoscopic operation. 
    Malignant diseases contributed to lesions in five patients, including 
esophageal cancer, lung cancer (two patients), thyroid cancer, and 
cervical cancer with mediastinal metastasis. One patient suffered 
from tracheobronchomalacia with the complication of recurrent 
severe pneumonia in the left lower lobe. The esophageal cancer 
patient suffered a tracheoesophageal fistula with the complication of 
severe pulmonary infection. Because of central airway stenosis and/
or severe infection, every patient had respiratory failure and received 
mechanical ventilation. After stent implantation, all of the patients 
were successfully liberated from ventilators. 
    Five patients suffered from cough after stent implantation; 
however, the coughing symptoms were not severe. After use of 
antitussive medications, including Robitussin or Asmeton, the cough 
of these patients was fully or partially controlled. Increased mucus 
production emerged from the esophageal cancer patient who received 
a covered metallic stent implantation in the left main bronchus. This 
patient had to be operated on using a bronchoscope to clean the 
sputum once a week. 
    During the 3-month follow-up period (case numbers 5 and 6 had 
follow-up periods less than 1 month), granulation tissue formation 
was found in the left main bronchus of the lung cancer patient (case 
number 2). The granulation tissue obstructed the left main bronchus 
less than 30% and was successfully treated by cryotherapy. 
    No stent migration or pneumothorax occurred in the patients 
during the 3-month follow-up period.

DISCUSSION
Central airway stenosis is commonly formed from airway 
compression, airway obstruction, and airway invasion. The etiology 
contains malignant tumors and benign diseases[12-13]. Procedures 
of pulmonary intervention, including ablation of argon[14], laser 
resection[15], and stent implantation, are used to treat malignant 
airway stenosis.
    Airway stent implantation mainly involves a silicon stent[16] 
and a metallic stent. The placement of a silicon stent requires 
rigid bronchoscopy, which refrains it from wide use. Flexible 
bronchoscopy is becoming popular in metallic stent implantation[17-20]. 
However, because of its connection to the ventilator, rigid 
bronchoscopy is more appropriate for stent implantation in those 
patients whose airway stenosis is so severe that they cannot 
respire sufficiently without ventilator support. These patients 
need endotracheal intubation and mechanical ventilation. Flexible 
bronchoscopy under fluoroscopy[9] is also performed frequently on 
intubated and ventilated patients for metallic stent implantation. 
Flexible bronchoscopy without fluoroscopy is rarely used in these 
patients due to the following reasons: 
    The diameter of the stent delivery catheter used in the present 
study is 4.0 mm [Micro-Tech (Nanjing) Co., Ltd, Nanjing, China] or 
5.3 mm (Boston Scientific, Natick, MA, USA). The inner diameter 
of an endotracheal tube is 8.0 mm, and the diameter of a flexible 
bronchoscope is 5.9 mm(BF260, Olympus, Tokyo, Japan). Either the 
delivery catheter or bronchoscope can be successfully inserted into 
the endotracheal tube, and some space inside the tube is saved for 
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Table 2 Patients’ metallic stents implantation data.
Stent manufacturer
Micro-Tech (Nanjing)

Micro-Tech (Nanjing)

Micro-Tech (Nanjing)
Micro-Tech (Nanjing)
Boston Scientific

Boston Scientific

Stent type
Covered, 14×50 mm
Uncovered, 14×30 mm (L)
Uncovered, 12×40 mm (R)
Uncovered, 18×50 mm
Uncovered, 18×50 mm 
Uncovered, 16×40 mm 
Uncovered, 16×60 mm (T)
Uncovered, 14×40 mm (L)

Operation time
9.6 min
8.2 min
5.6 min
10.8 min
11.5 min
8.7 min
7.5 min
8.6 min

Figure 1 Cross-section of a schematic plot of simultaneously inserting a 
bronchoscope outside an orotracheal tube and a stent delivery catheter 
inside an orotracheal tube. “A” represents the tracheal wall with a 
diameter of 20.0 mm; “B” represents a flexible bronchoscope with an outer 
diameter of 5.9 mm and a working channel of 2.0 mm; “C” represents a 
delivery catheter with an outer diameter of 4.0 mm; and “D” represents an 
orotracheal tube with an outer diameter of 10.7 mm and an inner diameter 
of 8.0 mm.

Figure 2 Sagittal plane of a schematic plot of simultaneously inserting a 
bronchoscope outside an orotracheal tube and a stent delivery catheter 
inside an orotracheal tube. “A” represents the tracheal wall with a 
diameter of 20.0 mm; “B” represents a flexible bronchoscope with an outer 
diameter of 5.9 mm and a working channel of 2.0 mm; “C” represents a 
delivery catheter with an outer diameter of 4.0 mm; and “D” represents an 
orotracheal tube with an outer diameter of 10.7 mm and an inner diameter 
of 8.0 mm.

ventilation; however, it is not available for simultaneous insertion 
of the delivery catheter and bronchoscope. Essentially, it needs 
another way for the bronchoscope or stent delivery catheter when 
the catheter or bronchoscope passes through the tracheal tube. The 
average diameter of an adult trachea is 20 mm[21]. After tracheal 
intubation, there is enough space (the diameter is about 9.3 mm) for 
a bronchoscope passing outside the endotracheal tube because the 
outer diameter of tracheal tube is 10.7 mm (Figures 1 and 2). 
    Simultaneously inserting a stent delivery catheter through an 
endotracheal tube and a bronchoscope through an airway outside 
the tube guarantees successful SEMS implantation under the direct 
visualization of a bronchoscope. However, it raises another question. 
The balloon cuff needs to be deflated to save enough space for a 
bronchoscope to pass; meanwhile, the stent delivery catheter is in 
the tracheal tube. The latter decreases ventilation, and the former 
increases the risk of air leakage from the ventilator. Will the patient 
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receive sufficient ventilation? The results of the previous research[10] 
and the present study all showed that patients received enough 
oxygen support during the operation. 
    There were at least two tips supporting the bronchoscopic 
procedure’s success. The first was the elevation of the oxygen 
concentration. The patients in these two studies all received 100% 
oxygen support during the operations. The second was that, for a 
bronchoscope and stent delivery catheter, the smaller tool was left 
in the endotracheal tube, and the bigger one passed outside tube. 
This method produced relatively more sufficient ventilation and 
less air leakage. In the previous study[10], the catheter passed outside 
the tube, and a bronchoscope was inserted through the tube. The 
diameter of a No. 22 Fr delivery catheter (Boston Scientific) used in 
the previous study[10] is 7.26 mm. It is bigger than the diameter of a 
bronchoscope. Therefore, a delivery catheter passing outside of the 
endotracheal tube in the previous study was reasonable. Despite all of 
this, a catheter is encouraged to be inserted through an endotracheal 
tube because a catheter is less flexible than a bronchoscope. Winding 
through an airway outside a tracheal tube needs more skill and time. 
It might be an important reason that the operation time of the present 
study was less than that of the previous study[10]. In addition, an ultra-
thin bronchoscope with an outer diameter of about 1.8-2.8 mm may 
be inserted simultaneously with a delivery catheter into a tracheal 
tube to implant a metallic stent. It needs more experience in the 
future.
    The present method of SEMS implantation, using a flexible 
bronchoscope without the guidance of fluoroscopy, was successful 
in all of the orotracheal intubated patients with acute respiratory 
failure mainly due to central airway stenosis. The time required for 
the stent implantation was 8.81 ± 1.86 minutes. Ventilators were 
successfully liberated from all patients after SEMS implantation. 
No life-threatening complications developed as a result of this 
procedure. These outstanding outcomes prove that SEMSs can be 
successfully implanted in the orotracheal intubated patients under the 
direct visualization of a flexible bronchoscope without the guidance 
of fluoroscopy. However, a number of cases in the present study are 
limited. More operations and longer follow-up need to be performed, 
and more experience need to be summed up. 
    In conclusion, the present study describes successful SEMS 
implantation in six mechanically ventilated patients under the 
direct visualization of a flexible bronchoscope without the guidance 
of fluoroscopy. This procedure is feasible, safe, efficient, and 
timesaving. It can successfully liberate patients from ventilators.
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