How to Overcome Laryngotracheal Stenosis
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Obijectives : To review and evaluate the outcome of the treatment of laryngotracheal stenosis (LTS).
Design : Descriptive review cases.

Setting : Tertiary care university hospital.

Patients: Series of LTS patients who were treated by the first author (TW) from January 2000 to January
2003.

Main outcome measures : Leading causes of LTS, details of the lesions, therapeutic procedures,
complications of treatment, time to and success in decannulation.

Results : Twenty-one patients (9 females and 12 males), ranging in age from 1 to 32 years old were included
in the present study. Half of the patients were under 10 years old. The most common site of the lesion was the
subglotic lumen (14 cases), followed by the cervical trachea (5 cases). Patients were treated using endoscopic
methods (6 cases), laryngotracheal reconstruction (LTR) (9 cases), tracheal resection (3 cases), and partial
cricotracheal resection (3 cases). Decannulations were achieved in 19 patients (90.5%). Endoscopic
treatment succeeded within 2-4 procedures in properly selected cases. Despite LTR, multiple sessions of
endoscopic laser surgery, and arytenoidectomy, decannulation was not achieved in two of the cases, both of
whom had all-level laryngeal stenosis. Time to decannulation ranged from 2 to 210 days. The major causes
of delayed decannulation were the presence of a large bare area of cartilaginous grafts and restenosis with
granulation tissue formation

Conclusion : Appropriate LTS treatment, which is based on the description of the lesion, results in a high
decannulation rate within a proper time. Multilevel LTS, especially in the supraglottic and glottic area, is
refractory to various treatment modalities, and full function of the larynx may not be restored.
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Nowadays, many complicated and severe
diseases have been successfully treated using

recurrent croup, delayed onset of stridor after a few
weeks of extubation and stridor since birth in cases of

modern medical technology. This has resulted in an
increased survival rate and an increase in the
number of resuscitation procedures available, which
includes prolonged endotracheal intubation. More
patients survive the diseases, but still suffer from
complications such as laryngotracheal stenosis
(LTS). The duration of intubation and other factors
such as type, size, and movement of endotracheal
tube have been proven to be major contributing
factors. Patients may present with failed extubation,
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congenital pathology. Tracheotomy can save patients’
lives by bypassing the obstruction; it cannot however,
restore all functions of the larynx. Thoughtful
management of this condition is necessary in order to
achieve early decannulation and improve the patient’s
quality of life with a functional larynx.

Patients and Method

A retrospective chart review study was
performed on patients who were diagnosed with
laryngotracheal stenosis and personally treated by
the first author “TW” from January 2000 to January
2003 in the Department of Otolaryngology, Faculty of
Medicine, Siriraj Hospital, Mahidol University. The



patients included those who were primarily treated
at our institute as well as patients who were referred
from other hospitals. The upper airway passages of
these patients were examined thoroughly with a
rigid endoscope, and the optical magnification was
achieved using a rigid Storz-Hopkins telescope.
Fiberoptic flexible endoscopy was performed
occasionally in order to evaluate the adequacy of the
patient’s airway without performing a tracheotomy
while they were awake before general anesthesia. The
information obtained from endoscopy includes
vocal cord movement, and the degree, framework,
length, and extension of the stenosis. The stenosis
was graded according to the Myer and Cotton
classification system®3. A plan of treatment was
designed for each individual based on the information
obtained from the endoscopy. Tracheotomy was
performed on the patients with severe upper airway
obstruction and/or stenosis which required
complicated laryngotracheal surgery. Management
was divided into 4 categories: endoscopic methods
including dilatation and laser surgery, laryngotracheal
reconstruction (LTR) by expansion and augmentation,
tracheal resection with primary anastomosis, and
partial cricotracheal resection (PCTR). Underlying
diseases had to be treated until stable before starting
LTS treatment. Only cases of mature fibrosis in which
all inflammation had settled were amenable for
external surgical approaches. Using an endotracheal
tube as a stent, a single-stage procedure without
retention of the tracheotomy tube required ICU care
for atime period ranging from a few days up to a couple
of weeks. Most of the presented patients underwent
a two-stage procedure and retained a tracheotomy
tube after the primary operation. In the two-stage
group, various sizes of medical-grade silicone tubes
were used and tailored for stenting purposes. Stents
were left in place, above tracheostoma up to the level
of false vocal cords, for 1 to 6 weeks depending on
the severity of the lesions. Post-operative endoscopy
was scheduled 7-10 days after stent removal in order
to examine the mucosal healing of the cartilaginous
graft, assess the patency of the airway, and remove
any granulation tissue. The decannulation program
was started in the ordinary ward when all swelling had
subsided, cartilaginous grafts covered with healthy
mucosa, and all granulation tissues excised. The
tracheotomy tube was changed to a smaller one and
finally occluded using adhesive tape. If there was no
breathing difficulty, patients were observed for an
additional 24 hours before removing the tracheotomy
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tube. If patients developed dyspnea, the tape was
removed and the patients needed reassessment. If
the decannulation succeeded, follow-up endoscopy
was performed 1- 3 months later.

Amoxicillin-clavulanic acid (40 mg/kg/day)
was prophylactically prescribed in all cases during
the stenting period and for at least 2 weeks following
surgical intervention. Although the authors did not
routinely screen for gastroesophageal reflux (GER), a
H2-blocker was prescribed in all patients according to
the same protocol as antibiotic.

Results

Twenty-one patients (9 females and 12 males)
with ages ranging from 1 to 32 years were included in
this study. Half of the patients were under the age of
ten. The most common leading cause of LTS was
prolonged endotracheal intubation (16 cases). The
common sites of stenosis were the subglottic lumen
(14 cases) and the cervical trachea (5 cases). Of the
14 cases with subglottic stenosis, five cases had
stenosis extending to the posterior glottic area. Two
cases of stenoses, which were caused by caustic
ingestion and a gunshot wound, involved all levels of
subglottic, glottic and supraglottic areas. Six cases
were treated primarily with endoscopic methods that
included endoscopic dilatation, laser vaporization,
and intralesional corticosteroid injection. Nine
cases were treated with LTR using expansion and
augmentation procedures. Three cases were treated
with tracheal resection and primary anastomosis.
Three cases were treated with PCTR (Tablel).
Decannulation was achieved in 19 cases (90.5%).
Details of each patient are shown in Table 2.

Of the six patients who had endoscopic
treatments, two cases were not tracheotomized.
Decannulation was always achieved within 2-4
procedures. One patient (WC) failed to achieve
decannulation from former endoscopic approach by

Table 1. Treatment options

Options of Number Successful

the treatment of cases decannulation (%)
Endoscopic method 6 6 (100)
Laryngotracheal 9 7 (78)
reconstruction

Partial cricotracheal 3 3 (100)

resection

Tracheal resection 3 3 (100)

Total 21 19 (90)
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our junior colleague. The patient had membranous
grade-3 tracheal stenosis. The laser accidentally
injured the tracheal cartilaginous framework,
resulting in the collapse of the anterior tracheal wall.
The patient was then treated using the external
approach. However, he was finally decannulated
after tracheal resection with primary anastomosis.

Two-cases of complete all-level laryngeal
stenosis as a result of caustic ingestion and gunshot
wound were not successfully decannulated. Both
were treated surgically using LTR with posterior
cricoid split and costal cartilaginous graft. In both
cases, silicone tube stents were used for 6 weeks.
Multiple endoscopic laser surgeries were performed
in order to remove supraglottic scars. In addition to
those procedures, NK underwent left arytenoidectomy
and cordectomy, followed by right arytenoidectomy.
KJ also underwent left cordectomy. Ultimately, both
of them retained stomal buttons with an acceptable
voice quality without aspiration. Their stomal buttons
could not be plugged because of some dyspnea and
noisy breathing.

Overall cannulation time was prolonged
because of delayed proper treatment before and
during the referral period. Cannulation time after
treatment at our institute ranged from 2 to 210 days. In
case of SC, prolonged cannulation time (130 days)
was due to a large raw surface on cartilaginous grafts
involving more than 70% of the luminal circumference.
It took about 6 weeks for healthy respiratory mucosa
to cover this area (Fig. 1). Cannulation time of DR
was 96 days because her family lived in a rural area
and she could not receive treatment according to
the authors’ schedule. AW had a problem with
restenosis and development of granulation tissue at
the anastomotic area, which resulted in prolonged
cannulation time (210 days). Five consecutive endo-
scopic laser surgeries were performed before
decannulation was finally achieved with application
of topical mitomycin C.

Complications of therapeutic procedures
were found in three cases. AW developed restenosis
at the anastomotic site after having PCTR and anterior
graft augmentation as previously mentioned. SN had
complete subglottic stenosis and was treated with
partial cricotracheal resection. Because of the high
level stenosis, dissection of the cricoid accidentally
injured the left RLN, resulting in a permanent
paralysis of the left vocal cord. However, the patient
had a good and functional voice without aspiration
after a 10-year period of aphonia. TT had grade-3
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subglottic stenosis and was treated with LTR.
He developed breathing difficulty 24 hours after
decannulation. Endoscopic examination revealed
tracheomalacia at the stomal level. Tracheoplasty was
then performed in order to remove the redundant soft
tissue at the stomal region followed by augmentation
using an auricular cartilaginous graft. He was
successfully extubated after the operation without
any complication. Follow-up endoscopy showed
no tracheomalacia and a well-healed auricular
cartilaginous graft on the native tracheal cartilage.

after

Fig. 1 Endoscopic
reconstruction in which anterior and posterior
cartilagenous grafts involved more than 70% of
luminal circumference: (Upper) Shows a large bare
area (BA) of cartilaginous grafts without mucosal
covering 2 weeks postoperatively, (Lower) Complete
mucosal healing 6 weeks postoperatively

findings laryngotracheal
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Discussion

Endoscopy is the gold standard for
diagnosis and an aid in the treatment of LTS. A
fiberoptic endoscope and rigid rod-lens telescope
magnify visualization and help the surgeon to better
manage LTS. The use of a tracheotomy with a “wait
and see” attitude should be the last option for
treatment of LTS, used only if there are no better
alternatives. Early decannulation is essential in order
for the patients to have a good quality of life. No
single option of treatment is suitable for all cases of
laryngotracheal stenosis, thus patients should be
assessed individually. Modalities of treatment
should be properly selected based on assessment of
the lesions, not the surgeon’s preference. The surgeon
should be armed with up-to-date knowledge, available
equipment and skills necessary to perform various
surgical procedures.

Endoscopic treatments include dilatation
and laser surgery. Judicious use of endoscopic
dilatation can establish an adequate laryngeal lumen
and prevent complete laryngeal stenosis for a future
reconstruction. Dilatation of a thin fibrosis separates
the scar at the point of lowest resistance, providing
the correct pathway for further laser surgery. Laser
surgery in the wrong direction may destroy the
laryngeal cartilaginous framework, leading to
formation of a worse fibrotic scar. Inappropriate
dilatation using too large a bronchoscope causes
more traumatic injury to the soft tissue and cartilage,
resulting in more stenosis or even microfracture of
the cricoid. Dilatation is contraindicated in the
following conditions: 1) the tracheal lumen beyond
the stenosis can not be examined, 2) the presence of a
severe and hard stenosis, long-segment stenosis and
the loss of rigid laryngotracheal framework. Dilatation
in such conditions may create a false tract for
bronchoscope insertion, the disruption of the
laryngotracheal complex especially at the posterior
membranous part of the trachea, and finally, loss of
the airway control. The tip of the bronchoscope may
enter into the mediastinum, where the normal tracheal
landmarks cannot be found.

Laser surgery is limited to soft tissue stenosis
with a good framework. It is difficult to assess the
outline of the framework in patients with severe-degree
stenosis (grade 3-4) except for a thin segment.
Laser surgery should be discouraged in these cases
because of the high risk of injuring the cartilaginous
framework, which would preclude future LTR by
expansion and augmentation procedures. For example,
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in the case of WC, cartilaginous injury from laser
surgery caused the framework to collapse, and thus
the treatment plan had to be switched to a resection
procedure. The amount of raw surface area after
laser surgery needs to be considered since a large
area may heal with restenosis. An intralesional
corticosteroid and topical application of mitomicin
C have been reported to have beneficial effects in
the treatment and prevention of laryngotracheal
stenosis“'®). In the present series, the patients who
were properly treated with endoscopic treatment
could achieve decannulation within 2-4 procedures.
Repeated laser surgery without any improvement of
the lesion indicates failure of the procedure, and
reevaluation of the lesion and selection of other
treatment modalities are required.

Thanks to the original work by Fearon and
Cotton in 1972 and 1974, expansion and augmenta-
tion with a cartilaginous graft has become the
standard laryngotracheal reconstructive technique
with a high success rate of decannulation®”-2),
However, not all LTS can be treated with this
procedure. Proper evaluation and selection of the
patient is essential. A successful operation requires
a substantial lumen and availability of the rigid
framework. A stent helps to support and stabilize
the reconstructed framework during the healing
process. A complete healing period takes about 1-6
weeks, depending on the severity of the lesion. If
there is only a small lumen and little amount of
reconstructable framework, the proper treatment is
to use a resection procedure. Although the single-
stage approach has been proven to be an effective
treatment 2427 the authors prefer the two-stage
approach with retaining of the tracheotomy tube. This
technique allows the physician to observe the patient
in an ordinary ward; the patient does not need care in
the intensive care unit (ICU), and sedation or use of
neuromuscular blocking agents is not necessary. In
the present series, the patients could usually be
decannulated within a few weeks after the operation.
Decannulation may have a few weeks delay compared
to the single-stage approach, but the advantage is
that the surgeon can wait safely while patients have
a tracheotomy tube until the reconstructive site is
optimal for decannulation. Most of the patients have
had a tracheotomy for months or years; waiting an
additional few weeks will not make any difference and
can save an ICU bed for patients who really need
it. Otolaryngologists should be able to perform this
two-stage operation in a secondary care hospital

J Med Assoc Thai Vol. 87 No.7 2004



without referring the patient to a university hospital.
The perichondrium of the cartilaginous graft acts like
a bridge for respiratory mucosa to grow on. From the
authors’ observation, complete healing takes 2-4
weeks, depending on the size of the bare area. The
bare area of cartilaginous graft which involves less
than one-third of the luminal circumference needs
about 2 weeks; an area involving one-third to two-
thirds needs 2-4 weeks, and an area involving more
than two-thirds needs more than 4 weeks to obtain
complete healing. Mucosal or skin grafts may hasten
the healing period and decannulation@®3 ; however,
itis technically difficult to perform especially in a small
larynx.

Patients who have severe stenosis and/or
lose the rigid framework are candidates for the
resection procedure. Isolated tracheal stenosis can
be treated with tracheal resection and primary
anastomosis. If the stenosis extends to the
subglottic level, some part of the cricoid has to be
resected. Partial cricotracheal resection with primary
anastomosis has been proven to be a safe and
effective procedure for pediatric patients with severe
subglottic stenosis®%. The highest margin for
partial cricotracheal resection reported was for the
level of the undersurface of the true vocal cords.
However, the smaller the area of mucosa left below
the true vocal cords, the higher the risk of restenosis
and glottic edema G132, The authors’ suggestion is
that a few millimeters of mucosal strips should be
left below the true vocal cords. If the stenosis extends
to the level of the upper border of the cricoid, anterior
laryngotracheal spilt above and below anastomosis

Fig. 2 Cricoid cartilage was sculptured into a diamond
shape (CCG) for anterior augmention in partial
cricotracheal resection (T = trachea, TN = thyroid
notch)
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level and/or posterior cricoid split with cartilage
augmentation will help to enlarge the anastomotic
lumen. It also helps to approximate both resected
ends. Resected cricoid can be transformed in to a
diamond shape for the augmentation (Fig. 2).
Again, the two-stage approach is certainly safe for
partial cricotracheal resection, especially when the
anastomotic level is high in the subglottic lumen.
Treatment of complete all-level laryngeal
stenosis is time consuming and not straightforward.
Although many options of treatment including
open laryngeal surgery have been performed, the
final result is usually disappointing. Usually, full
function of the larynx can not be restored. LTR with
cartilaginous augmentation, lysis of fibrotic scar, and
placement of a stent are the mainstays of the treatment.
A static lesion of the subglottic area responds well
to expansion and augmentation procedures along
with a period of stenting. A stent can be placed as
high as the level of the false vocal cords; however,
this will not totally prevent supraglottic fibrotic
adhesion and posterior glottic stenosis. The
framework of the larynx is usually distorted.
Supraglottic and glottic stenoses are always the
barrier to decannulation. Since structures in this
area are not static, but dynamic during deglutition
and phonation, they tend to collapse together,
resulting in fibrotic adhesion in spite of previous
lysis procedures. Supraglottic scaring causes
adhesion of the aryepiglottic (A-E) folds, false vocal
cords, and laryngeal surface of the epiglottis. A
retronagtic position of the epiglottis caused from
fibrosis, which cannot be totally prevented by any
stent, shortens the true vocal cords’ length. Fibrotic
scar at the glottic level creates bulginess of arytenoids
and interarytenoid fibrosis. All of these conditions
are refractory to many treatment options.
Endoscopic laser excision of supraglottic
scar needs to be done repeatedly in order to create
a substantial lumen above the true vocal cords.
Posterior glottic stenosis fixes the vocal cords in a
paramedian position; this is the most difficult part of
treatment. Posterior augmentation with cartilaginous
graft has been proven to be effective in pediatric
patients®-%, In the present series, such an operation
in an adult failed to create an adequate posterior
glottic lumen. This could be due to a higher rate of
cartilaginous resorption, more severe degree of
fibrosis, and more compromised blood supply.
Microtrapdoor flap with microexcision of the scar
using either an endoscopic or an external approach
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has been reported to be successful®4), However,
this is technically difficult, especially in such
conditions. In spite of performing arytenoidectomy
and cordectomy, two of the presented cases of
complete all-level laryngeal stenosis could not be
decannulated. While the patients used stomal
buttons, they had acceptable voice quality without
aspiration. Their stomal buttons could be temporary
plugged, with mild dyspnea and noisy breathing on
exertion. Aggressive surgical procedures may lead
to untreatable complications such as aspiration
and aphonia.

Stents are often required in laryngotracheal
surgery in order to provide stability for the newly
reconstructed airway, to minimize the shearing forces
between opposing laryngeal structures, to force
distraction of cartilaginous segments, and to maintain
mucosal grafts. Although cartilage generally requires
4 to 8 weeks of healing time in order to allow enough
intrinsic structural support to develop between the
graft and the native laryngeal cartilage, stable
cartilaginous grafts in a good native laryngeal
framework may not need stenting®?. One to two
weeks of endotracheal tube stenting have proven to
be sufficient for single-stage laryngotracheal
reconstruction (SSLTR)®24+2743449 This will provide
good mucosal healing on the graft, a decrease in
swelling, and a healing of the framework between
graft and native structure. In the present series, 1-2
weeks of stenting for two-stage laryngotracheal
reconstruction (TSLTR) in a good reconstructed
framework was sufficient before decannulation. In
case of an unstable reconstructed framework, the
duration of stenting should be prolonged for an
additional 2-4 weeks. However, if three to six
months of stenting are required to distract and fix
the segment with fibrosis, that means the framework
is not good enough for reconstruction then the plan
of treatment should be switched to a resection
procedure, which has a better outcome and shorter
cannulation time. There are many types of stents, for
example the Cotton-Lorenz rigid Teflon stent, the
Alboulker stent, Silastic roll, Montgomery T-tubes,
and the nasotracheal tube. Commercial stents are
too expensive for Thai patients. They cost 200 $US
(8400 baht) each. The use of medical-grade silicone
tube in the present series yielded an acceptable
outcome. It costs 4000 baht for 20 feet, which is not
as expensive as the commercial ones and can be used
for many patients.
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Infection and gastroesophageal reflux (GER)
have been demonstrated to be major aggravating
factors for laryngotracheal stenosis and failure of
laryngotracheal surgery®4®. The authors do not
routinely screen for GER. Although the incidence of
GER in Asiaand Thailand is not as high as in Western
countries“”4® there is still a significant association
between GER and upper airway problems“®. Since
infection and GER can interfere with the success of
laryngotracheal surgery, it is worth prescribing a
prophylactic antibiotic and H2-blocker.

Most of the presented patients were
referred from other hospitals and proper treatment was
delayed. This prolonged the overall cannulation time.
After proper treatment was initiated at our institute,
the cannulation time of each treatment group is
comparable. Except for complicated cases, most of the
patients had a cannulation time from weeks to months.
The major reasons for prolonged cannulation time
in the present series were having a large bare area of
cartilaginous grafts and restenosis with granulation
tissue formation.

Complications including atelectasis,
pneumonia, cortical blindness from accidental
extubation, opioid withdrawal symptom, and neuro-
mucular fatigue due to usage of a neuromucular
blocking agent and sedation during the intensive
postoperative period of SSLTR have been reported
(20234449 Other complications such as granulation
tissue at the graft site, cervical emphysema, wound
infection, graft loss and tracheomalacia have also
been reported in other studies®®. Only minor compli-
cations were noted in the present series. Granulation
tissue, which occurs at the reconstruction area, may
be due to a large raw surface area, irritation from
the stent and tracheotomy tube, aggressive scar
dissection, and the individual response of the
patient. Despite prophylactic treatment with an
antimicrobial agent and H2 blocker, infection and
GER could still be the major contributing factors to
the occurence of these complications, which require
reevaluation and intensive treatment. Follow up
endoscopy with sequential removal of granulation
tissue and topical application of mitomicin C is
beneficial to resolve this condition. Recurrent
laryngeal nerve injury from PCTR can be prevented
by meticulous surgery. Dissection is limited to the
subperichondrial plane, and resections of the cricoid
must be performed anterior to the cricothyroid
joints. Tracheomalacia at the stomal level is the result
of tracheal framework collapse from previous
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tracheotomy or irritation from the lower end of the
stent. Preoperative endoscopy is essential for
detecting any existing stomal collapse and this area
should be included in the reconstructive plan. The
stent should be removed as early as possible to
reduce the irritation. From the authors’ experience,
placing a stent in for 1-2 weeks should not cause
resorption of cartilage.

Conclusions

Prevention is absolutely the best method
to overcome LTS. Good endotracheal intubation care
and conversion to tracheotomy at the proper time
need to be encouraged. Furthermore, when LTS occurs,
selection of the proper treatment is the key to success.
Endoscopic treatment is suitable for a thin web and/or
soft and short-segment stenosis that has a good
framework. Patients who fail from repeated endoscopic
procedures should be reevaluated and considered
for other treatment options. LTR by expansion and
augmentation yields a high success rate in moderate
to severe stenosis that has a good framework. Poor
cartilaginous framework and/or severe stenosis are
indications for a resection procedure. The result of
the treatment for complete all-level laryngeal
stenosis is usually disappointing. All functions of
the larynx may not be restored. Appropriate
treatment will not only lead to early decannulation
but will also reduce costs, number of operations and
prevent complications.
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