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Introduction

A tracheal stent implantation is an effective treatment for
benign or malignant tracheal stenosis and tracheal fistula
(1-6). Currently, covered self-expanding metal stents
(SEMS) are generally used in benign cases and uncovered
SEMS for treating malignant tracheal stenosis. However,
the radial force of the stent on the trachea and the friction
between the stent and the tracheal wall during coughing
often provoke granulation tissue hyperplasia (7,8). This
hyperplasia, which appears at the ends of covered stents or
over the entire stented area in the case of uncovered stents,
results in incarceration of the stent and tracheal restenosis
(9,10). Removal of the stent is then necessary (11,12).

Tracheal stent removal can result in complications such
as a tracheal mucosal tear, tracheal perforation, mediastinal
abscess, massive hemorrhage, and asphyxia (13-15). When
the SEMS is embedded in hyperplastic granulation tissue,
tracheal perforation and hemorrhage risks are especially
high (16-18). Despite advances in interventional techniques
and bronchoscopy, both stent removal and treatment of
related complications remain difficult.

Inspired by the success of the stent-in-stent (SIS)
technique for esophageal stent removal (19,20), we applied
it to the removal of tracheal SEMS in four patients with
severe proliferative stenosis. We describe our technique and
report the outcomes.
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Materials and methods

A total of four patients with severe tracheal hyperplasia
and embedded SEMS were treated using the SIS technique
between June 2016 and April 2019. Patients were considered
for this technique if they had a severely embedded stent
according to the definition used for a tracheal embedded
stent (20): >25% of the SEMS uncovered area buried in
proliferative mucosa or malignant tissue overgrowth. The
conventional removal method is considered highly risky in
such cases.

The clinical data of the patients, including medical
history, chest computed tomography (CT) and fiberoptic
bronchoscopy findings, stent type and size, and
complications were extracted from the case records and
retrospectively analyzed. All procedures involving human
participants were performed following the ethical standards
of the institutional research committee and with the
Helsinki Declaration (as revised in 2013). The patients gave
written informed consent.

Interventional technique
Preoperative care

Preoperatively, the extent and location of hyperplastic
granulation tissue were accurately determined by chest CT

(Figure 1A4,B) and fiberoptic bronchoscopy (Figure 1C,D).
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Figure 1 Chest computed tomography of Patient 1 shows stenoses at the proximal and the distal ends of the stent (A, B). Fiberoptic

bronchoscopy also shows severe stenoses at the proximal and distal ends of stent (C, D).

The procedure was performed in awake sedated patients,
with intramuscular injection of diazepam and anisodamine
administered 30 min before the procedure, and 2-3 mL of
1% tetracaine hydrochloride sprayed orally just before the
procedure.

Implantation of a second tracheal stent

The procedure was performed under fluoroscopic guidance.
The patient was positioned supine on the examination table,
and a mouth gag was inserted. A 0.035-inch hydrophilic
membrane guide wire and a SF vertebral artery catheter
were introduced through the mouth and advanced past
the stenosed stented area via the pharynx and trachea to a
lower lobe bronchus. The guide wire was withdrawn, and
5 mL of 2% lidocaine was injected through the catheter
to anesthetize the tracheal mucosa. A solution of 1 mg
epinephrine in 4 mL normal saline was then injected
through the catheter to prevent tracheal mucosal bleeding.
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The hydrophilic membrane guide wire was exchanged for a
stiff guide wire, and the catheter was withdrawn. A covered
tracheal SEMS stent and delivery system (Micro-Tech
Co., Ltd., Nanjing, China) were inserted along the stiff
guide wire. With the same diameter as the original stent
but longer by 1-2 cm, the stent was quickly released at the
position of the original stent. The conveyor was removed,
and the position and expansion of the stent were observed
by fluoroscopy. The patient’s vital signs were checked.

Double tracheal stent removal

Both tracheal stents were removed 10-14 days later. As
before, thoracic CT and fiberoptic bronchoscopy were
performed before the procedure to observe the position
of the stents and the decrease in granulation tissue. Then,
as described for stent placement, a stiff guide wire was
inserted into a lower lobe bronchus. A 12F long sheath
was introduced along the guide wire into the lumen of the
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stent. The stent removal hook (Micro-Tech Co., Ltd.) was
advanced through the sheath till it extended approximately
2 cm beyond the end of the sheath. The metal wire at the
lower end of the second stent was hooked, and, with the
guide wire fixed firmly, steady traction was exerted so that
the stent invaginated into the sheath, which was then pulled
out. The original stent was then removed in the same way
(Video I). The patient’s vital signs and blood loss were
closely monitored throughout the procedure.

Results

The four patients (two males, two females) had a median age
of 71.5 years (range, 67-78 years); Table 1 summarizes their
characteristics. The median indwelling time of the first stent
was 91.3 days (range, 19-172 days). Patients 2, 3, and 4 had
received emergency uncovered tracheal stent placements
because they had initially presented with severe tracheal
stenosis. All patients developed tracheal restenosis due to
granulation tissue hyperplasia and presented with dyspnea or
retained sputum. At admission, thoracic CT and fiberoptic
bronchoscopy showed severe granulation tissue hyperplasia at
both ends of the stents, with hyperplasia also present within
the stent in the two patients who had received uncovered
stents. The trachea was severely stenotic in all patients.

When Patient 1 was treated, a sufficiently long covered
tracheal stent (i.e., 70 mm) was not available, so two shorter
covered stents were used. One stent was first placed such
that it extended 20 mm below the lower end of the first
stent. One week later, when the stenosis had been relieved,
the second stent was removed, and another was inserted
such that it extended 20 mm above the upper end of the
first stent (Figure 2).

In all patients, the second covered SEMS was successfully
placed on the first attempt. The second stents were left
in place for a median of 16.5 days (range 14-18 days).
No stent migration occurred. For Patients 1 and 2, both
stents were hooked and pulled out together (Figure 3).
For Patients 3 and 4, the two stents were removed
separately: the second stent followed by the first stent.
Stents removal was successful in all patients; there were no
serious complications such as major hemorrhage, tracheal
rupture, or mediastinal emphysema. All patients had relief
of dyspnea after stent removal.

Patient 1 had no recurrence of fistula or dyspnea but
died of end-stage malignant disease 6 months after the
procedure. Patients 2 and 3 survived without recurrence
of dyspnea. Patient 4 had tumor recurrence and developed
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Figure 2 Disappearance of the stenoses after stent removal (A, B) and no stenoses visible after stent removal (C, D).

tracheal restenosis 2 months after stent removal, requiring
placement of a new tracheal stent, but has survived without
recurrence of dyspnea.

Discussion

Stent implantation has been traditionally used to treat
tracheal stenosis due to sarcoidosis, tuberculosis, tumor
invasion or compression, and iatrogenic causes (14,16,21,22).
With the introduction of covered SEMS, the indications
for tracheal stent implantation now include bronchopleural
fistula and gastrotracheal fistula (3,4,6,23). SEMS are easier
to place than silicone stents and cause less damage to the
trachea. However, granulation tissue proliferation occurs
more often with SEMS than with silicone stents. Compared
with silicone stents, SEMS may be used in select cases of
benign disease. The deployment mechanism of SEMS may
be better suited for use in severe benign airway stenosis and
in patients who cannot undergo rigid bronchoscopy (24).
The probability of complications such as restenosis,
granulation hyperplasia, and stent fracture increases with
stent indwelling time (8-10). Complications increase
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hospitalization costs and may even fail stent removal
(7,25). Tracheal restenosis is common after stenting,
regardless of the type of stent used (7-10), and may be due
to progressive malignant tumor growth or proliferation
of granulation tissue at the site of stent implantation (26).
Laser electrocoagulation, argon plasma coagulation, balloon
dilation, and bronchoscopic cryoablation are some of the
options available for relieving restenosis (16). Stent removal
or re-implantation of the stent can also be effective (11,12).
Bronchoscopic stent removal is widely used (27-32), but only
a few reports of stent removal use an interventional technique
under fluoroscopic guidance and local anesthesia (33).

The advantage of stent removal using rigid bronchoscopy
is that the trachea above the stent can be directly observed.
After the stent is taken out, ablation of granulation tissue
and hemostatic therapy can be performed under direct
vision. A major disadvantage is that the bronchoscope
cannot be inserted past the stent for cautery if there is
severe hyperplasia. Furthermore, bronchoscopic stent
removal requires general anesthesia, and there is a high risk
of massive hemorrhage and mediastinal fistula.

"The SIS technique of stent removal is useful when the stent
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Figure 3 Stent-in-stent technique. A stenosis is present at the distal end of stent (A); a covered stent is placed (B); the second stent is

removed (C); and finally, the first stent is removed (D).

is embedded in the mucosa or incarcerated in hyperplastic
granulation tissue. A large-diameter stent placed within
the original stent promotes bronchial mucosal necrosis and
makes stent removal easier. The SIS technique has been
successfully applied under endoscopy in gastroenterological
diseases, especially in the treatment of biliary stricture (34).
There are a few reports of the application of the SIS technique
in the trachea. Watanabe er a/. successfully used the SIS
technique in a patient with malignant tracheal restenosis (35).
Xu et al. used the Gianturco-Z stent with the SIS technique to
relieve tracheobronchial strictures (mostly malignant strictures)
and achieved a good improvement in quality of life in patients
with late-stage carcinoma (36). Bondue ez 4l. successtully used
the SIS technique to relieve proximal bronchial restenosis
in two patients: one patient with malignant stricture and the
other with bronchial stenosis after lung transplantation (37).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

For esophageal stent removal by the SIS technique, the
second stent can be left in place for up to 212 days (20). In the
present patients, the second covered stent was inserted and
left in place for a period ranging from 14 to 18 days, which
is similar to the duration reported by DaVee et 4/. in their
report of using the SIS technique for removal of esophageal
stents (20). We believe this is the optimum indwelling time.
There is a higher risk of stent migration and restenosis with
a longer duration, and, with a shorter duration, there is
insufficient necrosis of the granulation tissue and, therefore, a
higher risk of injury during removal of the first stent.

The main limitation of this study is that it is a retrospective
review of only four patients. Our conclusion regarding
the efficacy and safety of the technique, and the optimum
indwelling time for the second stent, need to be validated in
larger samples.
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Conclusions

The SIS technique under fluoroscopy appears to be a
feasible and safe method for removing embedded tracheal
metal stents. Our findings need to be confirmed in larger
cohorts.
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