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Abstract. Preoperative detection and management of tracheomalacia in advanced laryngotracheal stenosis. Objective:
To determine the predictive value of endoscopic examination and radiological imaging in the evaluation of substomal
tracheomalacia in advanced laryngotracheal stenosis.

Methods: Forty nine patients with advanced laryngotracheal stenosis were preoperatively evaluated with radiological
(magnetic resonance imaging [MRI]) and endoscopy to determine the grade of laryngotracheal stenosis and presence
of substomal tracheomalacia. The intraoperative findings were compared with the preoperative findings, and the
percentage of operative plan changes was calculated.

Results: In a preoperative evaluation, 37 patients were found to have no substomal tracheomalacia; but during the
surgical procedure, we detected substomal tracheomalacia in 12 (32.4%) of these patients and changed our preoperative
plan during the procedure (p<0.05).

Conclusion: Laryngotracheal reconstruction plans are dependent on preoperative evaluations which can change
significantly during the surgical procedure. Therefore, experienced physicians who can alter the preoperative plan

immediately during the procedure and successfully perform an alternative procedure are necessary.

Introduction

Planning a laryngotracheal recon-
struction is one of the most diffi-
cult challenges in otolaryngology,
and is a complex procedure that
requires experience. In extensive
laryngotracheal stenosis, loss of
cartilaginous support, long cicatri-
cial stenosis, complete airway
obstruction, and some coexisting
conditions can complicate the
situation.’

Before planning a reconstruc-
tion procedure, the etiology as
well as the characteristics of the
stenosis should be precisely iden-
tified. Prolonged intubation, exter-
nal trauma, and high tracheotomy
are the leading etiological factors
in laryngotracheal stenosis.” The
incidence of tracheal stenosis fol-
lowing tracheotomy ranges from
0.6% to 21%,’* while the incidence

following long intubation ranges
from 6% to 21%.*

There are many techniques
used to treat laryngotracheal
stenosis, ranging from resection
and end-to-end anastomosis to
very complicated grafting and
augmentation techniques,” but
there is no standard technique that
suits every patient. Each patient
must be evaluated individually
and a proper surgical plan that can
be adapted to intraoperative find-
ings must be designed.

Two factors must be considered
in the assessment of laryngo-
tracheal stenosis: the precise
topography of the injury, and a
functional evaluation of the glottic
opening.® Preoperative evaluation
of stenotic patients includes endo-
scopic examinations and imaging
modalities to detect the exact loca-
tion and grade of the disease.

Endoscopy is the gold standard for
preoperative planning for airway
stenosis and  reconstruction.
However, these modalities have
limited value in the detection of
substomal tracheomalacia espe-
cially in high-grade stenosis. This
study reports and discusses the
predictive value of preoperative
evaluations in laryngotracheal
stenosis by imaging techniques
and endoscopy.

Materials and methods

This study included 49 patients
with advanced laryngotracheal
stenosis who were surgically
treated in our department between
1997-2006. The study was
carried out with the permission
of the Medical Research Ethics
Committee of Istanbul University.
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All patients provided informed
consent without funding support.

After obtaining a detailed
history regarding the etiology, pre-
vious surgery, and other medical
problems, and answering ques-
tions about the preoperative
stenotic or canulated period, all
of the patients were examined by
more than one author. In-office
direct and indirect laryngoscopy
was performed preoperatively,
and patients underwent operative
direct laryngoscopy with bron-
choscopy to assess the degree and
length of stenosis intraoperatively.

We used the Myer—Cotton
grading system in which the per-
centage of obstruction and the
anatomic location of the lesion
were determined endoscopically
and assigned a grade of I-IV based
on perceived percentage of
obstruction, as Grade 1 (<50%
obstruction), Grade II (51-70%
obstruction), Grade III (71-99%
obstruction), and Grade IV (no
detectable lumen).’

All patients in the study had
Grade III and IV stenosis. In the
preoperative evaluation we per-
formed radiological imaging
(magnetic resonance imaging
[MRI]) of the neck of each patient
and the same skilled radiologist
assessed the images. The MRIs
were obtained by T1 weighted
spin-echo sequences in axial and
sagital planes without contrast.
During the radiological examina-
tions, the canulas were retrieved
and the images were obtained
without the canula present. After
radiological examinations, we
performed endoscopy or laryn-
goscopy on each patient and
the findings were recorded. The
operative plan was determined
from these findings.

Depending on the MRI results,
the patients were divided into

two groups; patients with or with-
out substomal tracheomalacia.
After radiological examination,
all patients were examined endo-
scopically, and the endoscopic and
radiological findings were com-
pared. For patients with substomal
tracheomalacia (n = 12), perform-
ance of an anterior split through
the diseased segment substomally,
excision of the malasic region,
elevation of the trachea and
tracheostoma to neck skin to create
a new stoma, suprastomal enlarge-
ment of the lumen by performing
anterior split at the stenotic region,
vertical incision and horizontal
suturing at the posterior wall, and
grafting and stenting for about 10-
15 days were planned. In patients
without tracheomalacia (n =37)
performance of an excision of the
stenotic segment and end-to-end
anastomosis as the reconstruction
technique were planned.

We waited at least 6 months for
the perichondritic activity and
inflammatory process to diminish
after the previous operation or
injury to perform the first opera-
tion at our institution. Time to
decanulation was accepted as the
time from the day of surgery to the
day of decanulation. Time to
decanulation of the patients, who
were treated with multi-staged
procedures, was accepted as the
time from the last day of surgery
to the day of decanulation. The
patients who were decanulated
with enough laryngotracheal pas-
sage were considered successful.
We used SPSS for Windows 10.0
to calculate the Student’s t test for
the statistical comparisons.

Results
Laryngotracheal reconstruction

surgery was performed on
49 patients with advanced laryn-
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gotracheal stenosis. The ages of
the patients at the time of diagno-
sis ranged from 17 to 72 years
(mean, 43.2 years). Twenty nine
(59%) patients were male and 20
(41%) were female. The etiologi-
cal factors in the development of
stenosis are presented in Table 1.
Among these, the most frequently
encountered etiological factor was
prolonged intubation followed by
surgical trauma (Table 1). Table 2
lists the localization of the lesions.
Most patients had stenosis in the
subglottic area (Table 2).

The patients had stenosis,
experienced dyspnea, and were
canulated between 4 to
110 months, with an average of
49 months, before the surgery.
Sixteen cases previously required
a total of 55 surgical interventions
(>3 operations per case) for the
correction of their stenosis at other
institutions.

Seven (13.5%) patients had
stenotic segment lengths less than
3cm, 38 (78.4%) patients had
stenotic segment lengths between
3cm and 6 cm, and 4 (8.2%)
patients had stenotic segment
lengths greater than 6 cm.
According to the grading system
and lumen diameters, 34 patients
were found to have grade III
stenosis and 15 patients had grade
IV stenosis.

At our institution, the
49 patients had a total 64 opera-
tions, including those for the man-
agement of major and minor com-
plications. Surgery for complica-
tions and for unsuccessful patients
or second stage operations are
included in the total number of
operations. The ratio of laryngo-
tracheal reconstruction operations
per case was 1.12. We used sterile
glove fingers filled with sponges
as stents in 15 of the 64 opera-
tions. The average duration of
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Table 1 Table 3
Etiology of laryngotracheal stenosis A comparison of preoperative and intraoperative findings of
tracheomalacia
Etiology Cases (n) %
Prolonged intubation 26 53.06 + - Total
Surgical trauma 10 20.4 MRI 9 40 49
Tumour surgery 6 12.2 Endoscopy 12 37 49
External trauma 4 8.1 Intraoperative 24 25 49
Unknown 2 4.08
Perichondritis 1 2.04 + : stenosis with malacia - : stenosis without malacia.
Total 49 100
tive surgical plan from end to end
Table 2 . .
i . anastomosis to an anterior wall
Locations of the laryngotracheal stenosis . .
split along the malasic segment
Location Cases (n) % and elevation of the trachea and
Subglottic 23 46.9 tracheostoma to the neck skin by
Subglottic + Tracheal 10 20.4 suturing the lateral walls of the
Glottic + Subglottic ! 14.2 trachea to the neck. The stomas
Glottic 5 10.2 ]
Tracheal 4 8.10 of these patients were closed
Total 49 100 in second stage operations by

stenting was 6.8 days. In the treat-
ment of the patients without tra-
cheomalacia, we excised the
stenotic segment and made end-
to-end anastomosis. For patients
with tracheomalacia, we per-
formed an anterior split through
the diseased segment substomally,
excised the malacic region,
elevated the trachea, and created
a new tracheostoma. For the
enlargement of the suprastomal
lumen, we performed an anterior
split at the stenotic region, incised
the posterior wall vertically, and
sutured it horizontally, with
insertion of a grafting material
and a stent in some cases, for
about 10-15 days.

During the preoperative evalua-
tions, all patients had MRIs and a
complete endoscopic examina-
tion. According to the MRI find-
ings, we detected substomal tra-
cheomalacia in 3 patients with
grade IV stenosis and in 6 patients
with grade III stenosis for a total
of 9 patients with substomal

tracheomalacia. With the help of
endoscopy we detected tracheo-
malacia in 2 additional patients
with grade IV stenosis, and in
1 patient with grade III stenosis
and planned the surgical course
according to these findings (n=
12). We could not preoperatively
demonstrate substomal tracheo-
malacia in 37 patients with MRI
or endoscopy. In the preoperative
detection of substomal tracheoma-
lacia, endoscopic examinations
were more efficient when com-
pared with radiological imaging,
but this was not statistically sig-
nificant (p = 0.068). However,
among the 37 patients who
appeared to have no substomal
tracheomalacia in the preoperative
examinations, we detected tra-
cheomalacia in 12 (32.4%)
patients (5 patients with grade IV
and 7 patients with grade III
stenosis) intraoperatively (p =
0.033) (Table 3). The detection of
tracheomalacia in these patients
caused us to change our preopera-

primary suturing (6 cases) or by
anterior wall reconstruction with
nasal septal cartilage (4 cases) and
hyoid bone (2 cases) in secondary
operations. As a result, substomal
tracheomalacia were present in
24 patients, but only 12 were
detected preoperatively (p<0.05).

After the surgical treatment,
4 of 49 patients could not be
decanulated (3 patients with grade
IV stenosis and 1 patient with
grade III stenosis) (decanulation
rate was 91.8%). These 4 patients
could not tolerate decanulation
because of collapse of the recon-
structed region. The mean time to
decanulation was 66 days for
grade IV and 15.7 days for grade
IIT stenosis. There were a total of
9 (14%) post-surgical complica-
tions, including 7 granulation,
1 re-stenosis, and 1 graft necrosis.

Discussion

For a precise diagnosis of laryngo-
tracheal stenosis, the entire upper
airway from the supraglottis to the
carina must be explored to define
the site of obstruction and other
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coexisting problems. Even though
patients had successful surgical
intervention, they may be tra-
cheotomy-dependent if coexisting
problems like suprastomal granu-
lation, tracheomalacia, or supra-
glottic collapse are undetected
preoperatively or intraoperatively.®
Preoperative endoscopic and radi-
ological evaluations are the main
methods used in determining the
characteristics of stenosis. The
spiral CT evaluation of subglottic
stenosis correlated well with the
currently used method of visual
inspection at bronchoscopy in
evaluating tracheal stenosis in an
animal model.® Yet, in another
study, rigid bronchoscopy was
identified as the procedure of
choice in evaluating candidates
for tracheal resection and recon-
struction for post-intubation
stenosis. Flexible bronchoscopy
and CT scan were considered
complementary techniques in the
evaluation of laryngeal function,
and during follow-up.'® As a new
technique, virtual endoscopy may
provide useful data on the meas-
urement of stenotic segments pre-
operatively," but the method
requires technical experience. In
our experience, preoperative
endoscopic examinations are
more sensitive than radiological
imaging in the evaluation of
stenosis and the detection of co-
existing problems, but this was not
statistically significant (p>0.05).
We believe that the imaging
techniques and endoscopic laryn-
goscopy are the gold standard in
the preoperative evaluation of
laryngotracheal stenosis, but may
underestimate the severity of the
stenosis, especially in the presence
of substomal tracheomalacia. In
long-standing and advanced
cases, generally the intraoperative
findings are more complicated

than the preoperative examina-
tions (Figure 1). Substomal tra-
cheomalacia, especially in long
standing cases, was more frequent
than expected. Missing the
malacic segment during the inter-
vention and neglecting the precau-
tions against this problem could
surely cause collapse of this seg-
ment postoperatively. Likewise,
suprastomal examination of the
larynx during the operation may
reveal a longer stenotic segment
than the extent of the disease that
was detected radiologically
(Figure 2).

Substomal tracheomalacia is
probably due to the downward
progression of inflammatory
processes or by the stenting effect
of tracheal canula. Tracheotomy
tubes may cause direct trauma to
the tracheal walls, and may also
worsen the  tracheomalacia
because of less resistance to expi-
ration in this region.® During the
preoperative  evaluation with
endoscopy or radiology, it is diffi-
cult to detect the malacia and
weakness of the tracheal walls.
Because of the presence of canula
during radiological imaging or
endoscopy, the collapse of the
substomal region may be missed.
Also the limited time after the
removal of canula during these
examinations may not be long
enough to observe the weakness
of the walls. In cases in which
endoscopy was performed after
the removal of the canula, the col-
lapse may not be noticable due to
the peritracheal scar tissue that
holds the tracheal walls.
Clearance of the peritracheal scar-
ring during the surgical interven-
tion will cause collapse of the tra-
chea substomally. In such cases,
we prefer to use a vertical anterior
tracheal incision (anterior split)
through the diseased segment, and
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Figure 1
T1-weighted magnetic resonance image
of the neck in the sagital plane showing
suprastomal granulation and stenosis of
about 3 cm.

Figure 2
Intraoperative findings of the patient
shown in Figure 1, which show a longer
suprastomal stenosis than that detected
preoperatively by magnetic resonance
imaging.

to suture the tracheal walls to the
neck skin (Figures 3a,3b,3c).
After the inflammatory process
ceases, the stoma can be success-
fully closed with a second stage
operation, either with primary
suturing or with the insertion of
nasal septal cartilage or hyoid
bone grafts. If the problem
continues suprastomally, the same
procedure can also be applied to
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this region. Granulation tissue or
the stenotic segment can be resect-
ed, and with the help of free
cartilage grafts or some suturing
techniques the anteroposterior
diameter of the trachea can be
increased and the anterior wall can
be reinforced.

Thirty seven patients included
in the study had no co-existing
problems in the preoperative endo-
scopic or radiological examina-
tions, but 12 (32.4%) were found
to have substomal tracheomalacia
during the surgical procedures. As
this problem complicates the
laryngotracheal stenosis, we had to
change our preoperative plan, and
the rate of this change was nearly
50%. This change was more pro-
nounced in long-standing and
advanced cases. It is a well-known
fact that the preoperative evalua-
tion with a physical examination
and radiological imaging is vital
in every field of surgery, but
according to our findings, pre-
operative imaging and endoscopic
examinations seem to have limited
value in some fields of laryngotra-
cheal stenosis.

Conclusion

Laryngotracheal reconstruction
plans that depend on preoperative

Figures 3a,3b,3c
Intraoperative pictures of laryngotracheal reconstruction showing vertical anterior tracheal incision (anterior split) through the
diseased segment and the suturing the tracheal walls to the neck skin.

endoscopic and radiological
findings can change significantly
during the surgical procedure
upon detection of coexisting
problems like suprastomal granu-
lation, fibrosis, and substomal
tracheomalacia. For this reason,
such complex procedures must be
performed by experienced physi-
cians who can alter the preopera-
tive plan immediately and perform
an alternative plan successfully.
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