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Abstract Objective: To identify the incidence of laryngotracheal stenosis (LTS) in burn pa-
tients requiring mechanical ventilation at a regional academic burn center.
Methods: A retrospective review of all burn patients requiring endotracheal intubation or tra-
cheostomy for airway management between 2003 and 2009 was performed. A group of trauma
patients requiring similar airway instrumentation during the same period of time was used as a
control.
Results: None of the trauma patients and 2 of the burn patients developed LTS. Both presented
with stridor and were diagnosed within 2e5 weeks after extubation. One patient underwent
successful carbon dioxide laser radial incision and dilation and continues to do well. The other
patient failed endoscopic treatment and required T-tube placement. The incidence of LTS in
burn patients requiring mechanical ventilation was 2.98% overall and 4.76% among those with
inhalational injury.
Conclusions: Patients become symptomatic within weeks of the initial injury. Treatment is
challenging and multiple surgical procedures are often required. A larger study is necessary
to determine if the incidence is higher among burn patients.
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Table 1 Demographics of burn and trauma groups.

Group Mean age, years (range) Males Females

Burn 50 (14e90) 39 28
Trauma 38 (14e87) 62 10
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Introduction

Acquired laryngotracheal stenosis (LTS) continues to be a
formidable challenge for the otolaryngologist. Its etiology
has changed over the years from infectious and traumatic,
to primarily iatrogenic as a result of mechanical ventila-
tion.1,2 The incidence of LTS ranges from 1% to 10% after
intubation but increases to 19% in critically ill patients
requiring mechanical ventilation.3e8

It is generally accepted that iatrogenic LTS begins with
mucosal damage by pressure from a translaryngeal or
transtracheal tube. This leads to disruption of the micro-
circulation within the mucosa resulting in ischemia.9e11

Superficial injury, in which the integrity of basement
membrane is preserved, usually recovers completely in a
matter of weeks. Deeper damage, however, takes longer to
heal, and the normal respiratory epithelium is often
replaced with squamous epithelium which impairs tracheal
ciliary transport.12 A breached mucosal barrier, exposed
cartilage and impaired ciliary motility all increase the risk
of infection and scar formation.3,4

Inhalational injury accompanies at least one third of all
major burn accidents. The thermal injury to the airway is
magnified by a chemical burn from the products of incom-
plete combustion.13,14 Together, these two insults cause
mucosal sloughing and tracheobronchitis, which in turn
results in scarring.

As a large proportion of burn victims require mechanical
ventilation at some point during their hospital course, it is
often difficult to separate out the two etiologies. Previous
reports have suggested that post-intubation LTS tends to be
more severe after an inhalation injury.15 The incidence of
LTS in burn patients with inhalational injury requiring
endotracheal intubation or tracheostomy has been re-
ported to be between 5% and 24%.16e18

We present a series of 67 consecutive patients admitted
to our burn unit who required mechanical ventilation and
compare them to a similar group of non-burn patients to
determine the incidence of acquired laryngotracheal ste-
nosis in burn patients overall and in those with inhalational
injury.

Materials and methods

After institutional review board approval was obtained, a
retrospective review of all burn patients requiring endo-
tracheal intubation or tracheostomy for airway manage-
ment at Temple University Hospital, a Level 1 trauma
center and a regional burn center, between 2003 and 2009
was performed. A group of non-burn trauma patients
requiring endotracheal intubation or tracheostomy during
the same time period was used as a control.

Demographic information, past medical and surgical
history, mechanism and extent of burn or trauma injury was
collected from the inpatient records. In addition, the
method and duration of airway management, broncho-
scopic findings, time to decannulation and to diagnosis of
LTS was recorded. The incidence of LTS was calculated and
compared for both groups. Statistical analysis to compare
the difference between the two groups was performed
using a Student t-test.
For patients diagnosed with LTS, the time to presentation,
presenting signs and symptoms, management, and follow-up
were compiled from the inpatient and outpatient record.

Results

Demographics

One hundred-fourteen burn patients who required me-
chanical ventilation between 2003 and 2009 were identi-
fied. Of these, 47 expired and were excluded. The
remaining 67 patients were included in the analysis. In
addition, 72 mechanically ventilated non-burn trauma pa-
tients were used as a control group.

The mean age was 50 years (range 14e90 years) for the
burn patients and 38 years (range 14e87 years) years for the
trauma group. Males dominated both groups comprising
58.2% of the burn patients and 86.1% of the trauma patients
[Table 1]. The groups were not significantly different in
terms of their past medical, surgical, or social history.

Injury

The mechanisms of burn were house fire (60%), gasoline
explosion (14%), oxygen explosion (10%), motor vehicle
accidents (10%), and electrical burn (6%) [Fig. 1]. The
average body surface area burned was 17% (1%e68%).
Eleven patients (16%) exhibited inhalation injury only. Of
those who suffered cutaneous burns, 28 (49%) had face
involvement. The mechanisms of trauma were multiple
with motor vehicle accidents, gunshot wounds and falls
comprising the majority [Fig. 2].

Airway management

The vast majority of patients in both groups were intubated
before arrival to the hospital with 19 patients (28.4%)
intubated in the field and an additional 24 patients (35.8%)
intubated at an outside institution. The remaining patients
were successfully intubated in the Emergency Department,
except for one burn victim who required an emergency
cricothyrotomy. The mean duration of intubation was 8.8
days (range 1e13 days) for the burn group, and 5.8 days
(range 1e16 days) for the trauma group. Twenty-one
(31.3%) burn patients underwent bronchoscopy within 10
days of admission and were found to have bronchoscopic
findings of inhalational injury.

Forty-six (68.6%) burn victims and 22 (30.6%) trauma
patients required tracheotomy. The pre-tracheotomy intu-
bation period was 11.4 days (range 1e19 days) for the burn
group and 13.5 days (range 1e23 days) for the trauma
group. After tracheotomy, 56.7% of burn patients and 66.7%
of trauma patients were decannulated prior to discharge or
during outpatient follow-up. The mean time to
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Fig. 2 Mechanism of trauma injury.

Fig. 3 Patient 1 endoscopic view of upper tracheal stenosis.

Table 2 Airway management of burn and trauma groups.

Item Burn Trauma

Duration of intubation,
days (range)

8.8 (1e13) 5.8 (1e16)

Duration of intubation prior to
tracheotomy, days (range)

11.4 (1e19) 13.5 (1e23)

Percentage requiring
tracheotomy (%)

68.6 30.6

Percentage decannulated (%) 56.7 66.7
Time to decannulation,

days (range)
31.3 (10e64) 30.9 (16e56)

Laryngotracheal stenosis in burn patients 119
decannulation was 31.3 days (10e64 days) for the burn
group and 30.9 days (range 16e56 days) for the trauma
group (Table 2).

Follow up

The follow-up rate among burn patients was 89.6%, but only
52.7% for the trauma patients. The average length of
follow-up was 31.9 months (range 10e59 months) for the
burn group and 40.6 months (0.3e96 months) for the
trauma group.
Laryngotracheal stenosis

Overall, 2 (2.98%) burn patients and none (0%) of the
trauma patients developed LTS. One (4.76%) of the inha-
lational injury patients developed LTS. However, given the
low incidence of this complication in our patient popula-
tion, the difference between the burn and trauma groups
was not statistically significant.

Patient 1 is a 14 year-old male who was found in car-
diopulmonary arrest after a lightning strike. He was intu-
bated in the field with a #8 endotracheal tube. He suffered
32% total body surface area burn not involving the face. The
patient was successfully extubated 9 days later. On post-
extubation day 33, he presented with gradually progres-
sive stridor. Flexible bronchoscopic evaluation demon-
strated approximately 70% upper tracheal stenosis [Fig. 3].
The patient underwent bronchoscopy with CO2 laser inci-
sion and dilation of the stenotic segment with excellent
relief of his symptoms. He has remained symptom free.

Patient 2 is a 34 year-old female who was evacuated
from a burning car. She was intubated in the emergency
department with a #6 endotracheal tube. She suffered a
29% total body surface area burn, with head and face
involvement. Flexible bronchoscopic evaluation via the
endotracheal tube demonstrated mild edema with soot.
She remained intubated for 7 days. She developed
tachypnea on post-extubation day 16 and was re-intubated
with a #6 endotracheal tube. After self-extubation 3 days
later, she developed stridor. Bronchoscopic evaluation at
that time demonstrated a 90% stenotic segment 4 cm in
length, starting 3 cm below the true vocal folds. The pa-
tient failed bronchoscopy with CO2 laser incision, dilation
and Mitomycin C application. She underwent placement of
a #14 T-tube [Hood Laboratories, Pembroke, MA]. She has
failed two additional endoscopic procedures, refused
resection, and remains T-tube dependent [Fig. 4].

Discussion

Laryngotracheal stenosis is a relatively uncommon problem
among intubated patients, with an incidence ranging from
1% to 19%. Yang et al18 reported the bronchoscopic pres-
ence of LTS in 0.37% of all their burn patients and in 5.49%



Fig. 4 A: External view of T-tube in neck B: Endoscopic view inside T-tube.

120 Y.A. Koshkareva et al.
of those clinically suspected with inhalational injury. Kim
et al19 reported a 12% incidence of LTS in the inhalational
injury group. In our series, we found a similar incidence of
2.98% among the overall group, and 4.76% among those with
inhalational injury.

The most common cause of laryngotracheal stenosis
reported in the literature is mechanical ventilation. Inha-
lational injury has also been implicated in the development
of LTS. Lund et al16 reports LTS in 4 of 17 (23.5%) survivors
of inhalational injury who required ventilator support.
Jones et al17 found LTS in 6 of 28 patients with inhalational
injury who developed major upper airway sequelae after a
tracheotomy. Although limited, our data supports this hy-
pothesis, as the patient with inhalational injury presented
earlier with symptoms, required a greater number of airway
procedures, and remains T-tube dependent.

Intubation causes LTS by inciting mucosal ischemia and
subsequent necrosis. While the tube is still in place, the
airway is stented open. Upon extubation however, healing
by secondary intention begins, which may result in scar
formation and stricture over several weeks. Consequently,
the patients do not become symptomatic for some time
after the initial insult. Both patients in our series who
developed LTS presented between 2 and 5 weeks after
extubation.

Laryngotracheal stenosis manifests itself primarily
through symptoms of airway compromise. Endoscopic
evaluation of the airway in usually not performed unless
symptoms present. As patients generally do not become
symptomatic at rest until the airway lumen decreases to
less than 30% of normal, a large proportion of patients with
LTS may be undiagnosed.3 Most published series of LTS are
unfortunately biased in this way. In our series, only 31.3% of
patients underwent bronchoscopy for evaluation of the
airway. Routine endoscopy of patients after extubation
would allow a more accurate assessment of the true inci-
dence of the problem.

The goal insurgical management of LTS is to restore a
maximally functional airway. Treatment of LTS includes a
wide spectrum of procedures from endoscopic incision and
dilation, combined with steroid injections or Mitomycin C
application, to placement of stents, open resection or
reconstruction.1,2,20e22 No one procedure is applicable in
all situations, nor uniformly successful. At our institution
we use the carbon dioxide laser incision, dilation, steroid
injection, and Mitomycin C application for relatively un-
complicated LTS. For more complicated cases or for pa-
tients who fail the above, we proceed to T-tube placement
or an open procedure, as in our second patient.

Prevention of laryngotracheal stenosis after mechanical
ventilation is the ultimate objective for all patients. Mea-
sures such as keeping the cuff pressures below the capillary
filling pressure of the tracheal mucosa (20e30 mm Hg,
1 mm Hg Z 0.133 kPa) have been shown to be success-
ful.1,9,12 Grillo et al23 demonstrated the benefit of using a
high-volume, low-pressure cuffs to reduce the incidence of
LTS. Ferdinande and Kim also cite endotracheal tube and
cuff material, size and design, method of intubation,
trauma during insertion and maintenance of the endotra-
cheal tube as other factors that contribute to the patho-
genesis of LTS.19,24 There is also likely a genetic
predisposition as well as racial differences in the likelihood
of developing laryngotracheal stenosis.25,26 These have not
been specifically studied in burn patients but may be useful
in identifying patients at risk, with the goal of potentially
decreasing this serious complication in an already severely
injured group of patients.
Conclusion

Laryngotracheal stenosis in burn patients requiring me-
chanical ventilation is rare. It is more common in those with
inhalational injury. A high index of suspicion must be
maintained as symptoms may present several weeks after
the initial injury and intubation. Its treatment continues to
be a challenge in the 21st Century. A larger study is
necessary to determine if this problem is more common
among burn patients.
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8. Luká�s J, Votruba J, Paska J, Cernohorský S, Luká�s D, Macho�n V.
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