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Objectives. The purpose of this study was to assess the long-term results of endoscopic dilatation of airway stenosis and to

evaluate predictive factors for favorable results.

Methods. Fifty-four patients with tracheal and subglottic stenosis who underwent endoscopic dilatation with at least 12
months follow-up were enrolled in this study. We evaluated predictive factors for final treatment outcome such as ste-
nosis length, location, characteristics, procedure type, and the severity of stenosis.

Results. The final outcome of endoscopic dilatation showed a cure rate of 40.7 %, improvement rate of 46.3%, and failure
rate of 13.0%. Patients with mild stenosis or a shorter stenotic segment and those who underwent a touch-up proce-
dure following tracheal resection with end-to-end anastomosis showed better outcomes. The cure rate of endoscopic
dilatation for patients with shorter mild stenosis was 72.2%.

Conclusion. Endoscopic dilatation may be a primary treatment modality for patients with airway stenosis characterized by

mild severity and a short stenotic segment.
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INTRODUCTION

Currently, the standard treatment of airway stenosis is resection
and end-to-end anastomosis. Although end to end anastomosis
has shown a higher success rate than endoscopic dilatation, the
role of endoscopic dilation for airway stenosis has expanded
gradually because of its minimal invasiveness and reversibility
[1]. The final success rate for airway stenosis vary between 40%
and 80% [2,3].

Shapshay et al. [4] first introduced endoscopic dilatation using
a COz laser for patients with tracheal stenosis at 1987. The role
has expanded during the past two decades [5]. Additionally, en-
doscopic dilatation using cold instruments with mitomycin-C
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was introduced recently for the management of tracheal stenosis
[6].

Intial endoscopic management of chronic laryngotracheal ste-
nosis has been advocated over the conventional open surgical
technique for special situations [7]. However, fewer reports and
no long-term follow-up data regarding predictive factors are
available .

The purpose of this study was to demonstrate the long-term
results of endoscopic dilatation for airway stenosis and to iden-
tify predictive factor of favorable outcomes.

MATERIALS AND METHODS

Patients

Fifty-four consecutive patients with tracheal and/or subglottic
stenosis following endoscopic dilatation from March 2005 to
January 2012 at Soonchunhyang University Bucheon Hospital
were included and followed up for at least 12 months postoper-
atively. All medical records were reviewed retrospectively and
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the Institutional Review Board approved the study protocol
(SCHBC_IRB_10_51).

Most enrolled patients had tracheal and/or subglottic stenosis
and a poor general condition or were high-surgical-risk patients.
We retrospectively analyzed specific parameters, including pre-
operative and postoperative stenosis grade, cause of stenosis,
vertical length of stenotic segment, and characteristics and loca-
tions of stenosis, based on the endoscopic findings and medical
records.

Operative techniques
The principles of our endoscopic dilatation were focused on
maximal preservation of the tracheal mucosa and minimal trau-
ma during procedure.

First, we evaluated the location and severity of stenosis. The
characteristics of stenotic lesion and the vertical length of the
stenotic segment were also measured by endoscopy.

To prevent thermal injury, we used cold instruments, such as
microscissors or a knife, instead of a CO; laser, because a laser
may induce thermal injury to the surrounding mucosa and a
higher rate of restenosis. Before mechanical dilatation, a radial
incision was made at 3, 9, and 12 o’clock. Mechanical dilatation
was performed using an esophageal bougie or esophageal baloon
dilators (Boston Scientific Co, Marlborough, MA, USA). An in-
tralesional steroid injection (triamcinolone 40 mg/mL; Hanall
Inc., Seoul, Korea) into the stenotic segments was performed,
and mitomycin C (0.4 mg/mL; Kyowa Hakko Kirin Korea Co.,
Seoul, Korea) was applied for 4 minutes to prevent restenosis
(Fig. 1).
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Stenosis grade and assessment of treatment outcome

All patients underwent airway evaluation following dilatation by
single surgeon (SWL) with a flexible laryngoscope under topical
anesthesia at an outpatient clinic during each follow-up. The se-
verity of stenosis was described based on the Myer-Cotton clas-
sification. The grade I, luminal narrowing of <50%; grade II, lu-
minal obstruction of 51%-70%; grade III, luminal obstruction of
71%-90%; and grade IV, luminal obstruction of 100% (virtually
no lumen) [8].

The treatment outcome was determined based on the defini-
tion of Shapshay et al. [4], considering the grade of stenosis,
symptom improvement, and decannulation.

Postoperative subjective symptoms were described based on
patient’s symptoms following procedure such as no, mild, and
moderate/severe limitations on daily life. A cure was defined
when a patient’s subjective symptoms and objective stenosis
grades dramatically improved and decannulation of the tracheot-
omy tube was achieved. Improvement was defined as improve-
ment in subjective symptoms and objective stenosis grades but
with the inability to decannulate the tracheotomy tube. Failure
was defined as no improvement in subjective symptoms and ob-
jective stenosis grades following endoscopic dilatation.

Statistical analysis

Statistical analyses (SPSS ver. 12.0; SPSS Inc., Chicago, IL, USA)
were performed using the paired ¢-test and chi-square test. P-
values of <0.05 were considered to indicate statistical signifi-
cance.

Fig. 1. Endoscopic views following endoscopic dilatation with subglottic stenosis. (A) Preoperative endoscopic views of subglottic stenosis.

(B) Immediate endoscopic views following endoscopic dilatation.
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RESULTS

Demographic data are shown in Table 1. Of the 54 patients, 40
(74.1%) were male and the average age was 51.7+19.8 years
(range, 9 to 79 years). Underlying comorbidities included cere-
brovascular accidents in 53.7% (29/54), chronic obstructive lung
disease in 18.5% (10/54), diabetes mellitus in 7.4% (4/54), and
malignancies in 5.6% (3/54). Among all patients, only 14.8%
(8/54) had no other chronic debilitating underlying comorbidi-
ties. The most common cause of airway stenosis was a tracheot-
omy (32/54, 59.3%), followed by prolonged intubation (22/54,
40.7%). Other causes included endobronchial tuberculosis in
three patients, an inhalation burn in one, and an emergency cri-
cothyroidotomy in one. The average follow-up duration was
26.5113.7 months (range, 12 to 78 months).

The features of the endoscopic dilatation are shown in Table 2.
The time interval from symptom occurrence to endoscopic in-
tervention was 2.0+0.7 months. Among the 54 patients, airway
stenosis was due to tracheal stenosis in 61.1% (33/54) of pa-
tients, subglottic stenosis 22.2% (12/54), and combined stenosis
16.7% (9/54). In total, 15 patients had grade I stenosis; 20,
grade II; 14, grade III; and 5, grade IV. The characteristics of the
stenotic lesion were fibrotic in 39 (72.2%), granulomatous in 13
(24.1%), and mixed in two patients (3.7%). In total, 48 patients
(88.9%) underwent curative endoscopic dilatation and the other
patients (7.4%) had a touch-up procedure. The average vertical
length of the stenotic segment was 1.94+1.0 cm (range, 0.5 to 4.2
cm), and the average number of interventions was 1.4%0.8
times (range, 1 to 4 times). Regarding repeated interventions, 16
of the 54 patients (29.2%) needed multiple endoscopic dilata-
tion; the rest underwent a single intervention; the mean number
of procedures was 1.4+0.8 (range, 1 to 4).

The average grade of stenosis improved significantly, from
2.3£0.6 to 0.9£0.3 following endoscopic dilation (P<0.05) (Fig.
2). Final treatment outcome based on the endoscopic findings

Table 1. Demographic data of 54 airway stenosis patients

Characteristic Value

Gender (male:female) 40:14
Age (year), mean£SD (range) 51.7£19.8 (910 79)
Underlying disease

Cerebrovascular accidents 29 (53.7)
Chronic obstructive lung disease 10(18.5)
Cardiovascular disease 2(3.7)
Diabetes 4(7.4)
Malignancy 3(5.6)
No chronic disease 8(14.8)
Etiology of stenosis
Previous tracheotomy 32 (59.3)
Prolonged intubation 17 (31.5)
Miscellaneous 5(9.3)
Follow-up (month), mean+SD (range) 26.51£13.7 (1210 78)

Values are presented as number (%).

and patient symptoms were a cure rate of 40.7% (22/54), an im-
provement rate of 46.3% (25/54), and a failure rate of 13.0%
(7/54) (Table 3). Seven patients showed no improvement, or even
aggravation, of airway stenosis despite the procedure. These pa-
tients were treated with tracheal resection with end to end anas-
tomosis (TREE) or cricotracheal resection with end to end anas-
tomosis (CTR) (57.2%, 4/7), airway stenting (28.6%, 2/7), and
laryngotracheal reconstruction with costal cartilage (14.3%, 1/7).

Complications related to endoscopic dilatation were as fol-
lows: no complication, 88.8% (48/54); postoperative airway ob-
struction due to edema, 5.6% (3/54); postoperative bleeding,
1.9% (1/54); sinus bradycardia, 1.9%; and aspiration pneumo-
nia, 1.9%.

Factors that were independently associated with favorable fi-
nal outcome on the basis of a multinomial regression model are
shown in Table 4: the severity of stenosis, length and location of

Grades of stenosis
nN

Post-stenosis

Pre-stenosis

Fig. 2. Preoperative and postoperative airway stenosis grades fol-
lowing endoscopic dilatation. Pre-stenosis, grades of preoperative
airway stenosis; Post-stenosis, grades of postoperative airway ste-
nosis. *P<0.05.

Table 2. Features of endoscopic dilatation

Characteristic Value
Time interval to endoscopic intervention (month) 20+0.7
Location of stenosis
Trachea 33(61.1)
Subglottis 12 (22.2)
Combined stenosis* 9(16.7)
Stenosis grade (I:11:111:1V) 15:20:14:5
Characteristic of lesion
Fibrotic 39(72.2)
Granulomatous 13 (24.1)
Mixed 2(3.7)
Vertical length of stenotic segment (cm), 19+1.0(0.5t04.2)
mean+SD (range)
Type of procedure (curative:touch-up) 48:6
No. of interventions (single:multiple) 38:16

No. of endoscopic interventions,
mean+SD (range)

1.4£0.8 (110 4)

Values are presented as number (%).
*Combined tracheal and subglottic stenosis.



Table 3. Final outcomes of endoscopic dilatation (n=54)

Result No. (%)

Cure* 22 (40.7)
Improvement® 25 (46.3)
Failure* 7(13.0)

*Patient’s subjective symptoms and objective stenosis grade dramatically
improved, and decannulation of the tracheostomy tube was finally
achieved. "Patient’s subjective symptoms and objective stenosis grades
improved, but decannulation of the tracheostomy tube was not possible.
*Patient’s subjective symptoms and objective stenosis grades did not im-
prove following endoscopic dilatation.

the stenosis, and type of procedure were the independent pre-
dictors of favorable results (P<0.05). However, gender, number
of interventions, and characteristics of the stenosis showed no
statistically significant association (P>0.05). This means that pa-
tients with mild, shorter, and isolated airway stenosis will have
better final outcomes than those with more severe, longer, and
combined stenosis. Actually, 72.2% of patients with mild, short-
er and isolated stenosis can be treated by endoscopic procedures
only.

DISCUSSION

Surgical treatment of airway stenosis can be divided into two
modalities: endoscopic intervention and conventional open air-
way surgery. However, the selection of proper treatment remains
controversial and is usually determined based on the general
condition of the patient, location and length of stenosis, and the
preference of the surgeon [3].

Although conventional TREE and CTR can correct more se-
vere stenosis with high decannulation rates, the role of endo-
scopic dilation for airway stenosis has expanded because of its
minimal invasiveness and reversibility [3].

Endoscopic dilatation is usually preferred in patients with mild
stenosis of grade I or IT and a stenotic segment of <1 cm. It is es-
pecially preferred in patients with a high surgical risk and poor
general condition [1,3]. But, it is not effective for circumferential
scarring, longer stenotic segments, or loss of cartilage support
[9].

Although this study was retrospective in design but the aver-
age follow-up was 26.5+13.7 months, this is sufficient duration
to assess the long-term outcomes and prognostic factors of en-
doscopic dilatation.

Among several factors, stenosis severity, location (isolated or
combined), and procedure type (touch-up or curative procedure)
were significantly associated with the final treatment outcome.

The cure rate was 40.7% and improvement rate was 46.3%
(overall improvement, 87%). This procedure was especially ef-
fective for shorter, mild stenotic segments and isolated stenosis
(cure rate, 72.2%). This indicates that accurate assessment of tra-
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Table 4. Predictive factors related to favorable final results following
endoscopic dilatation

Variable P-value
Age 0.425
Gender (male:female) 0.091
No. of interventions (single:multiple) 0.140
Severity of stenosis (mild:severe)* 0.001
Length of stenosis (short:long)" 0.052
Type of operation (curative:touch-up) 0.007
Location of stenosis (single:combined) 0.034
Characteristics of stenosis (circular:localized) 0.351

*Mild, grade of | or II; severe, grade of Ill or IV by Myer-Cotton classifica-
tion. TShort, length of stenotic segment was <1.5 cm; long, >1.5 cm.

cheal stenosis and proper selection of patients are important
factors for predicting the postoperative outcome. Successful en-
doscopic dilatation may be achieved with proper selection, and
a significant number of patients with grades I and II stenosis can
be improved to a near-normal airway by endoscopic means
without undergoing conventional open procedure.

In this study, most patients had underlying chronic comorbidi-
ties such as cerebrovascular accidents, chronic obstructive pul-
monary disease, and cancer. For these patients, who are at high
surgical risk for conventional open surgery, endoscopic proce-
dure may be a good alternative.

If proper selection of patients were guaranteed, endoscopic
dilatation of airway stenosis could be the first or adjunctive treat-
ment modality for those with a poor general condition when
open general surgery is not tolerated and in patients with reste-
nosis of the anastomosis site following TREE and CTR.

Notably, touch-up procedures showed significantly higher suc-
cess rates than primary curative endoscopic procedure in this
study. Therefore, when patients showed re-stenosis at the anasto-
mosis site following TREE and CTR, endoscopic dilatation could
be a useful adjunct treatment that will aid optimizing the final
result [10].

Based on this long-term follow-up results, endoscopic dilata-
tion for tracheal or subglottic stenosis could improve the grades
of stenosis and showed the better outcomes in patients with
mild stenosis and shorter stenotic segments.
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