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Abstract

Tracheobronchial balloon dilation and stent placement
have been well used in the treatment of patients with
benign and/or malignant diseases. Balloon dilation is the
first option in the treatment of benign airway stenosis.
Although balloon dilation is simple and fast, recurrence
rate is high. Stent placement promptly relieves acute
airway distress from malignant extraluminal and intra-
luminal airway obstruction. Temporary stent placement
may be an alternative for benign airway strictures re-
fractory to balloon dilation. This article reviews the indi-
cations, pre-procedure evaluation, technique, outcomes
and complications of balloon dilation and stent place-
ment with regard to benign and malignant tracheobron-
chial stenoses.
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INTRODUCTION

Tracheobronchial obstructions arising from either be-
nign or malignant diseases result in dyspnea, stridor, and
obstructive pneumonia, and can occasionally be life-
threatening due to suffocation. Even in the absence of
parenchymal lung disease, ventilatory failure frequently
occurs if the obstruction is not relieved. Tracheobronchial
obstructions are challenging to manage, particularly in pa-
tients unsuitable for curative surgery, with endobronchial
intervention having an increasing role in their manage-
ment'"!. Endobronchial intervention can be performed
under local anesthesia by fluoroscopic guidance and/or fi-
beroptic bronchoscopy, or under general anesthesia using
rigid bronchoscopy. Although aggressive endobronchial
interventions for tissue destruction (Nd YAG laser, argon
plasma coagulation, cryotherapy, or electrocautery) can
be performed using rigid bronchoscopy, balloon dilation
and stent placement can be performed using fluoroscopic
guidance and/or flexible bronchoscopy.

TRACHEOBRONCHIAL BALLOON
DILATION

Bronchoscopically or fluoroscopically guided balloon dila-
tion is an accepted initial therapy for patients with benign
bronchial strictures, primarily because balloon dilation is
associated with lower morbidity and mortality rates than
corrective surgery. The balloon dilates the stenotic trachea
or bronchus by stretching and expanding the bronchial
wall, making balloon dilation appropriate for the treatment
of cicatric annular strictures. Balloon dilation has been
extended to the treatment of tracheobronchial stenoses
due to, for example, post-intubation tracheal stenosis,
postoperative anastomotic stenosis, granulomatous steno-
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Figure 1 A 43-year-old woman with left main bronchial stricture caused by tuberculosis. A: Radiograph shows irregular narrowing (arrows) of the left main
bronchus; B, C: Radiographs show waist formation (arrows in B) of the inflated balloon and subsequent full inflation; D: Radiograph shows marked improvement in
stricture (arrows); E, F: Bronchoscopic images before (E) and after (F) balloon dilation show substantial improvement in the stricture (arrows in E).

sis (tuberculosis, histoplasmosis), radiation therapy, medi-
astinal fibrosis, congenital stenosis, bronchial trauma and
bronchial artery embolization””. Before balloon dilation,
the site, severity, proximal and distal extent, and charactet-
istics of the stricture should be evaluated by conventional
radiography, computed tomography scans including three-
dimensional reconstructions, and/or bronchoscopy.

In our center, the pharynx and larynx are topically
anesthetized using an aerosol spray 3-5 min before the
procedure, followed by conscious sedation by intrave-
nous administration of midazolam. A 0.035-inch angled
exchange guide wire (Radifocus M; Terumo, Tokyo) is
inserted through the bronchoscope and positioned across
the stenosis. If a bronchoscope is not available, the guide
wire can be inserted across the stenosis under fluoroscopic
guidance. After removing the bronchoscope, the stricture
is measured by passing a graduated sizing catheter over
the guide wite to the distal part of the stricture. The de-
gree and length of the stricture are evaluated in detail by
selective tracheobronchography, by passing approximately
5 mL of water-soluble nonionic contrast medium mixed
1:1 with lidocaine through the sizing catheter (Figure 1).
An angioplasty balloon catheter is then passed over the
guide wite to dilate the stricture. In children, 6-mm diame-
ter balloon catheters are used in the bronchi and tracheae,
whereas in adults, 10-12-mm diameter balloon catheters
are used in bronchi and 14-20-mm diameter balloon cath-
eters are used in tracheae (Figure 1). If the stenosis is too
narrow to allow passage of a balloon catheter > 10 mm
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in diameter, a 6-mm diameter balloon catheter is used first
to provide a passage for the larger balloon catheter. Using
diluted water-soluble nonionic contrast medium, the bal-
loon is inflated at pressures up to 16 atm, as determined
by a pressure-gauge monitor. After the procedure, selec-
tive tracheobronchography is performed to evaluate lu-
men dilation.

A review of several representative studies, each includ-
ing 21-59 patients™”"), found that the technical success
rate was 100% and that all patients achieved initial symp-
tomatic improvement. In some of these studies, however,
up to 80% of patients required adjuvant treatment, in-
cluding stent placement and laser therapy™>".

Complications associated with balloon dilation include
chest pain during dilation, bronchospasm, atelectasis after
dilation, supetrficial or deep mucosal laceration, pneumo-
mediastinum, and massive bleeding have been report-
ed®". In one large series, bronchial lacerations occurred
during 64 of 124 (52%) tracheobronchial balloon dilation
procedutres, but none of these progressed to transmural
laceration"”. The median cumulative airway patency pe-
riod was significantly longer in patients with than in those
without lacerations (24 mo #s 4 mo), indicating that lacera-
tion secondary to balloon dilation may improve patency
outcomes'"”.

Recently, cutting balloon dilation has shown much
better patency, approximately 60% at 2 years, for the treat-
ment of benign bronchial strictures resistant to conven-
tional balloon dilation™. Endobronchial brachytherapy
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may be used to treat benign bronchial strictures resistant
to conventional balloon dilation or as an adjuvant treat-
ment to treat granulation tissue formation after airway
restoration™",

Tracheobronchial balloon dilation is a simple, rapid,
and safe method of restoring airway lumen, providing
immediate symptom relief. This simple procedure may be
a first option in the treatment of benign airway stenosis.
If restenosis occurs, however, adjuvant endobronchial
therapy, consisting of stent placement or laser treatment,
will be necessary.

TRACHEOBRONCHIAL STENT
PLACEMENT

Up to 30% of patients with lung cancer have been re-
ported to develop central airway obstruction secondary
to endoluminal disease or external compression by a hilar
tumor or bulky lymphadenopathy!?. Recent technological
advances have increased the popularity of tracheobronchi-
al stents with interventional radiologists and chest physi-
cians, particularly because stenting is effective for both ex-
traluminal and intraluminal lesions and promptly relieves
acute airway distress from airway obstruction. Expandable
metallic stents are better tolerated than, and preferred to,
non-expandable silicone stents because the former are
more flexible and can be used in smaller delivery systems.

Indications for stent placement

Stent placement is indicated for patients with submucosal
and extraluminal pathology or tracheobronchomalacia, as
well as for patients with intraluminal pathology (Table 1
and Figure 2). Tracheobronchomalacia is a special entity
denoting functional airway obstruction with destruction
of the surrounding airway cartilage. In patients with ma-
lignancies, the most common indication for stent place-
ment is bronchogenic carcinoma, which can present as
extraluminal compression with or without an intraluminal
lesion. Tracheobronchial stenting is the only immediate
treatment for unresectable extraluminal compression,
promptly stabilizing a threatened airway while the primary
tumor is treated with radiation or chemotherapy.

The only definitive contraindication for placement of
an airway stent is in patients with external compression of
the airway by a vessel. Stent placement in these patients
was associated with unacceptably high rates of erosion,
hemorrhage, and death!"”,

Types of stents

At present, two types of stents are available, silicone and
metallic. The advantages of metallic stents include their fa-
vorable ratios of wall to inner diameter and their ability to
be placed using flexible bronchoscopy and/or fluoroscopy.
Metallic stents can be classified as balloon-expandable and
covered and uncovered self-expandable metallic stents. Sili-
cone stents have been associated with high rates of migra-
tion, resulting in reocclusion, adherence of secretions due
to the impairment of mucociliary clearance, and unfavor-
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Figure 2 A 56-year-old woman with a left main bronchial obstruction
caused by cervical cancer metastasis. A, B: Coronal reconstructed computed
tomography (CT) scan (A) and 3D-reconstructed CT scan (B) showing com-
plete obstruction (arrows) of the left main bronchus with left lung atelectasis;
C: Radiograph taken 6 mo after left bronchial stent placement, showing good
expansion of the stent (arrows) and good aeration of the left lung.

Malignant intraluminal or extraluminal obstructive pathology
Benign inflammatory obstructive pathology such as tuberculosis
Benign post-intubation tracheal stenosis

Benign postoperative anastomotic stenosis
Tracheobronchomalacia

Compression by esophageal stents

Esophagorespiratory fistula

able wall to inner diameter ratios. Among the advantages
of silicone stents are their ability to be repositioned or re-
moved as many times as needed, which is especially impor-
tant for benign tracheobronchial stenoses and for slowly
growing, frequently recurring stenoses' . General anesthe-
sia and the use of a rigid bronchoscope are mandatory for
the placement of silicone stents. Among the advantages of
balloon-expandable stents, including Strecker and Palmaz
stents, and of uncovered self-expandable metallic stents,
including Gianturco Z, Ultraflex, and Polyflex stents, are
their lower rates of migration and interference with mu-
cociliary clearance. Among their disadvantages are difficult
removal and the growth of tumors or granulation tissue
through the stent meshes. Because balloon-expandable
metallic stents require an additional step, balloon dilation,
and sometimes require rigid bronchoscopes, they are less
commonly used. Uncovered and covered self-expandable
metallic stents have become increasingly popular due to
their relative ease of placement. These stents can be com-
pressed into a small delivery device, and once deployed,
are embedded into the surrounding tissue iz a radial force.
Whereas uncovered self-expandable metallic stents cannot
be removed or exchanged easily, covered self-expandable
metallic stents, such as Ultraflex, Wall, and Alveolus stents,
can be removed or exchanged relatively easily. Therefore,
temporarily placed retrievable, covered self-expandable me-
tallic stents can be used to treat benign airway strictures as
well as to treat malignant airway strictures in combination
with radiation therapy and/or chemotherapy (Figure 3)"*".
In addition, covered self-expandable metallic stents can
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Figure 3 A 67-year-old man with a left main bronchial stricture caused by
non-small-cell lung cancer. A, B: Axial computed tomography (CT) scan (A)
and anteroposterior view (B) of 3D surface-rendered reconstruction CT scan
performed 3 d before stent placement, showing a severe left main bronchial
stricture (arrows); C: Radiograph showing retrievable covered stent (arrows)
12 mm in diameter and 4 cm in length placed at the stricture. A sizing catheter
(arrowhead) is also shown; D: Radiograph showing the collapse of the proxi-
mal end (arrowhead) of the stent while the retrievable hookwire (arrow) was
withdrawn into the sheath; E, F: Axial CT scan (E) and anteroposterior view (F)
of 3D surface-rendered reconstruction CT obtained 6 mo after stent removal,
showing marked improvement in the stricture (arrows).

be used to seal esophagorespiratory fistulae. Recently in-
troduced barbed retrievable covered metallic stents have
shown particularly low migration rates'"”.

Technique

Expandable metallic stents can be inserted only under flu-
oroscopic guidance and only by radiologists with patients
under topical anesthesia. Due to the importance of bron-
choscopic evaluation immediately before and after stent
placement, bronchoscopic assistance is valuable. Moteovet,
it is relatively easy to insert a guide wire across the stricture
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into the distal portion of the trachea or bronchus through
the working channel of the bronchoscope.

The techniques for providing topical anesthesia, intro-
ducing the guide wire and catheter into the tracheobron-
chial tree, and obtaining selective tracheobronchography
are the same as for balloon dilation. Subsequently, the
location of the narrowed lumen can be marked on the
patient’s skin using radiopaque markers. With the patient
in a supine position and with the neck fully extended, the
delivery system, the proximal part of which is lubricated
with jelly, is passed over the guide wire into the trachea
and is advanced until the distal tip reaches beyond the
stricture. When the stricture is severe (i.e. more than two-
thirds of the lumen is narrowed), the stenotic portion is
dilated with an angioplasty balloon catheter. The stent
should be at least 10 mm longer than the stricture, so that
the proximal and distal parts of the stent rest on the up-
per and lower margins of the stricture, respectively.

Following stent placement, its patency and location
are evaluated by bronchoscopy. It is important to avoid
inexact stent deployment that results in partial obstruction
of a bronchial orifice or incomplete coverage of a tumor
stenosis. If this occurs, the stent should be repositioned
using bronchoscopic biopsy forceps or it should be re-
moved and its placement reattempted.

Early investigators used forceps/rotation techniques
to remove uncovered expandable metallic stents under
general anesthesia'*'". In patients in whom the stent was
tightly welded to the tracheobronchial wall, however,
this removal procedure carried potential risks of muco-
sal bleeding and airway occlusion during the procedure.
Our removal technique uses a hook-like device and has
been reported to be safe and easy to perform because
the stents (Song Airway Stent, S&G Biotech, Seongnam,
Korea) are completely covered and designed for optimal
removal™"*"™. 'To make the stent removable, a nylon loop
is hooked inside each bend of its proximal end and two
nylon threads are passed through each loop. To remove
these stents, a hooked wire is introduced into the sheath
and passed through it into the stent lumen. The sheath
containing the hook is then pulled out of the stent so that
the hook grasps the drawstring. When this occurs, the
hook wire is withdrawn through the sheath, collapsing the
proximal stent. The sheath, hook wire, and stent are then
pulled out of the trachea.

Outcomes and complications

In benign tracheobronchial stenosis, technical success
rates of 100% and clinical success rates of 88-100% have
been reported in 46 patients across three representative
studies using uncovered self-expandable stents'” . The
most common causes of stenosis in these patients wete
post-lung transplantation strictures and tuberculosis. Stent
fracture was the most commonly observed complication,
occurring in seven patients (15%), followed by granula-
tion tissue formation (7%) and stent migration (2%). Four
patients (9%) required stent removal due to stent fracture
or migration, but stent removal was difficult because the
wire mesh was embedded in the airway walls. These find-
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ings indicate that the placement of permanent stents may
not be ideal due to the formation of granulation tissue.
We have placed 30 covered retrievable expandable metallic
stents into 24 patientsm
term clinical success rates of 100%. All stents were suc-
cessfully removed electively, either 2 (# = 12) or 6 (n = 12)
months after placement or when complications occurred (
= 0). The 6-mo stenting group showed a lower recurrence
rate (41.7% vs 83.3%, P = 0.045) and a better mean main-
tained patency (39.7 £ 7.8 mo #5 9.4 * 5.4 mo, P = 0.001)
than the 2-mo stenting group. Although stent migration
and tissue hyperplasia at either end of the stent was ob-
served in 13% and 37% of these patients, respectively,
stent removal was easy and safe.

Four representative studies of stent placement, two us-
ing uncovered™” and two using covered"™¥ stents, in 133
patients with malignant tracheobronchial stenosis showed
technical success rates of 98%-100% and clinical success
rates of 82%0-92%. Covered metallic stents were associ-
ated with much higher rates of stent migration (12%-17%)
and sputum retention (20%-38%) than uncovered metal-
lic stents (0% and 9%, respectively). In contrast, tumor
ingrowth into the stent lumen occurred more often with
uncovered (21%-23%) than with covered (0%) metallic
stents because the former do not contain covering mate-
rial between the wire mesh. In patients with malignant
bronchial obstructions, involvement of the lowert-lobe
segmental bronchus has been associated with lower rates
of radiologic and clinical improvement following stent
placement™,

In patients with benign disease, stent migration is more
likely when there is no substantial extrinsic compression
maintaining the stents in place and when short stents are
placed in conical stenoses. In patients with malignancies,
migration can be expected after tumor shrinkage from
radiation or chemotherapy. Granulation tissue is more
likely to form at the proximal and distal ends of the stent,
and excessive granulation tissue can lead to obstruction
of the airway. This occurs more commonly with metallic
stents, especially uncovered stents (up to 7%), than with
silicone stents because metal stents are more rigid and
have multiple edges, therefore causing more irritation. The
incidence of tumor overgrowth at the tip of the covered
metallic stent depends on the follow-up period and extent
of the malignancy at the time of stent placement and has
been reported to occur in 6%-28% of patients“s’M. Be-
cause airway obstruction by tumor ingrowth/overgrowth
can be life-threatening, patients with new symptoms or
radiographic findings should undergo further diagnostic
evaluation. Sputum retention is more likely to occur after
placement of silicone and covered expandable metal-
lic stents than after placement of uncovered expandable
metallic stents due to impaired mucociliary clearance in
the former. Lack of mucociliary clearance can lead to ob-
struction and infection.

, resulting in technical and short-

CONCLUSION

In summary, balloon dilation is an accepted initial therapy
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for benign airway stricture. It is easy to perform, but is
plagued by a high recurrence rate. While, stent placement
can improve life quality by dramatic resolution of dyspnea
in malignant airway stricture. For benign airway strictures
refractory to balloon dilation, temporary placement of air-
way stent could be considered.
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