
Introduction
Iatrogenic airway injury after endotracheal

intubation and tracheotomy is still a serious
clinical problem. Endotracheal tubes cause
pressure injury to the glottis that can result in
severe commissural scarring which is difficult
to treat. Tracheotomy tubes can cause severe

stomal stenosis in the trachea or infraglottic re-
gion. Both methods of airway intubation can re-
sult in pressure necrosis because of the tubes
cuff, which is a preventable problem. The diag-
nosis of tracheal stenosis encompasses a broad
spectrum of lesions with varying severity [1].
Long segment tracheal stenosis and recurrent
tracheal stenosis can be life-threatening prob-
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Abstract
Background: Iatrogenic airway injury after endotracheal intubation and tra-

cheotomy remains a serious clinical problem. In this study we reviewed post-intuba-
tion and traumatic tracheal stenosis in 47 patients with a special attention to the
cause, hense surgical treatment of the stenosis  was performed and the results com-
pared with the literatures.

Methods: Since February 1995 through January 2005 a total of 47 patients with
tracheal stenosis and subgllotic as a result of tracheostomy or intubation in a single
institution, were explored in this study and examined for the outcomes of stenosis
management. There were 39 tracheal and 8 infraglottic stenosis. Our management
strategy for stenosis was end-to-end anastomosis, and cartilage graft tracheoplasty.

Results: Our management strategy for treatment of tracheal stenosis with resec-
tion and end-to-end anastomosis was associated with good outcomes. Patients were
treated by tracheal or partial laryngotracheal resection. The overall success rate was
93% with the complication rate of 18%. A second operation was required on 2 pa-
tients (4%).

Conclusions: Long term tracheal tubes or intubation tubes and poor quality mate-
rial tubes were the most common causes of these  respiratory strictures .Our current
procedures of choice for tracheal stenosis is sleeve resection with end- to -end anas-
tomosis for short- segment stenoses (up to six rings). Cartilaginous homograft was
performed when the loss the cartilage  limited to the anterior part of trachea. The most
common late complication was the formation of the granulations at the suture line.
Granulation tissues can usually be managed with Laser or bronchoscopic removal.
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lems [2]. Although resection and primary end-
to-end anastomosis has been the initial treat-
ment choice for shorter stenoses, but it  consid-
ered to be a rather difficult treatment for long
segment tracheal stenosis [3]. Severe subglottic
stenosis is a difficult condition to manage and
can be treated by laryngotracheal reconstruc-
tion or cricotracheal resection [4]. Management
of infraglottic stenosis is difficult, particularly
when a large laryngeal defect exist or when
there have been previous surgical attempts at
the same site [5-7]. In this study we couldn't
manage subglottic & tracheal stricture by Laser
in high thickness of stricture or long stricture
instead we used end to end anastomosis for this
kind of stricture.

Methods
Since February 1995 through January 2005,

we managed 47 patients who had experienced
subgllotic , and tracheal stenosis. The tracheo-
plasty operation was conducted, to investigate
the outcomes of management in patients devel-
oping tracheal stenosis after tracheostomy or
intubation. The study was reviewed and ap-
proved by the Mashhad University of Medical
Sciences Research Ethics Review Board and
was conducted in a single institution.All surgi-
cal proccdures were done with agreement and
consent of the patients.  In 26 patients, the
stenosis was a complication due to hospitaliza-
tion in intensive care unit. Other affected pa-
tients were referred by other hospitals. Patient
consisted 41 males and 6 females, with age
range of 12-64 years. 39 patients were treated
with end to end anastomosis, and 8 with Carti-
lage Graft Tracheoplasty. Among 47 patients
some had experienced the tracheal trauma with-
out postintubation stenosis. The initial diagnos-
tic evaluation included plain radiography, com-
puted tomography or both, and meticulous en-
doscopic assessment.

All surgical procedures were performed un-
der general anesthesia, and a rigid broncho-
scope used at the time of resection. The distal

airway was divided after subperichondrialy re-
section of the stenotic segment, and ventilation
performed through a spiral tracheal tube in the
distal tracheal segment. In most cases especial-
ly those with infraglottic stenosis, the pre exist-
ing stoma was used for intubation.

All patients underwent rigid bronchoscopy.
If the severity of the stenosis was less than 1 cm
in length and provided the lesions had neither
circumferential scarring nor loss of cartilagi-
nous support, bronchoscopic treatment was
performed. Those patients, with granular tissue
at the anastomotic line, were treated by laser
surgery and bronchoscopic removal of the
granulomata. Cryosurgery or forceps resection
of the endoluminal scars followed by a local
steroid injection to prevent restenosis was ade-
quate for these patients.  Patients with long and
thick, moderate or severe stenosis had resection
via a cervical incision, a complete resection of
the stenotic lesions between proximal and distal
disease-free cartilage for a healthy anastomo-
sis. Laryngeal release was done when it was
necessary. Careful mucomucosal approxima-
tion at the anastomotic site with respect to re-
current laryngeal nerve was performed using
interrupted sutures with its knots tied outside
the lumen.

Stents (Montgomery T- tuba) were used in
some patients and placed in situ for six weeks.
The tracheal allograft reconstruction was ap-
plied as a treatment for patients with long seg-
ment and  recurrent tracheal stenosis. The
stenosed tracheal segment was opened to widen
the patient's segment. The anterior cartilage
was resected with the posterior tracealis muscle
or tracheal wall remained intact. A temporary
silastic intraluminal was placed in the stricture's
place, and absorbale suture secured the chemi-
cally preserved trachea. In this study 8 patients
underwent formal partial laryngotracheal re-
construction with costal cartilage grafting [8].

The outcome was considered good, when pa-
tients had no limitation in activity, had normal
airway and good voice. Outcome was deemed
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satisfactory, when patients had adequate voice
with dyspnea during exercise. Failure was de-
fined by the need for reoprative or permanent
tracheostomy tube. [Tabel 1] 

Results
The clinical records and physical findings of

all of the patients were reviewed for etiological
factors, diagnostic methods, surgical therapies,
and outcomes. The initial diagnostic evaluation
included plain radiography, computed tomog-
raphy, or both. The severity of the stenosis was
classified as mild if less than 50 % of the tra-
cheal lumen was obstructed, moderate if the ob-
struction was 50% to 90%, or severe if 90% or
more of the lumen was obstructed. [7, 9-11].
The severity of stenosis was mild in 15 patients,
moderate in 26 patients, and severe in 6 pa-
tients. The length of stenosis in 39 patients was
2-5 centimeters, and 6 patients 2-4 centimeters,
and  2 patients 2-3 centimeters. 39 patients were
treated by sleeve resection and end to end anas-
tomosis (the length of stenosis was 2-5 cen-
timeters) and 8 patients by cartilage graft tra-
cheoplasty (the length of stenosis was 2-4 cen-
timeters). Distribution   of causes of cervical
tracheal stenosis in our patients.(Tables 2&3).
Our management strategy for treatment of tra-
cheal stenosis with resection and end-to-end
anastomosis was associated with good out-
comes. The outcome of patients with otocarti-
laginous graft was perfect.  Patients were treat-
ed by tracheal or partial laryngotracheal resec-
tion with the overall success rate of 93% and the
complication rate of 18%. A second operation
was required for 2 patients (4%).

Discussion
The postintubation tracheal stenosis mostly

occurs in one segment of trachea and usually in-
volves in less than one third of the length of air-
way [12,13]. Therefore, most cases can be suc-
cessfully managed by resection and anastomo-
sis [14,15]. The surgical management of sub-
glottic stenosis has continued to advance since

posterior cricoidotomy was first described by
Rethi [16] in 1956. In 1972, Fearon and Cotton
[17] introduced paediatric laryngotracheal re-
construction with cartilage interpositional
grafting. This method has become one of the
most common techniques of expanding stenot-
ic airway segments. The therapeutic approach
for management of postintubation tracheal
stenosis is thoroughly discussed by Grillo, Ab-
basi, Pearson and others [18-22]. They have al-
so discussed resection procedures for treatment
of subglottic stenosis.

Conservative treatments may be carried out
for stenosis smaller than 1 cm in length with no
circumferential scarring and no loss of carti-
laginous support [23].

Costal cartilagoplasty is most often used in
children, but it may be used to repair large ante-
rior wall defects after resection in adult patients
with infraglottic stenoses.

Long segment tracheal stenosis and recurrent
tracheal stenosis can be life threatening prob-
lems. Although resection and primary end-to-
end anastomosis has been the initial treatment
of choice for shorter stenoses, this treatment is
considered difficult in long segment tracheal
stenoses. Numerous other treatment options
have been proposed for long segment tracheal
stenosis, but none has been uniformly success-
ful [11, 24]. Recurrent tracheal stenosis is a par-
ticularly challenging surgical problem due to
scarring, impaired healing, infection, devascu-
larization, and life-threatening anastomotic dis-
ruptions. Like long segment tracheal stenosis,
recurrent tracheal stenosis may be treated with
a variety of both nonsurgical and surgical op-
tions, each with different success rates in differ-
ent subgroups of patients. Tracheal allograft re-
construction represents a therapeutic modality
with encouraging short- to medium -term re-
sults for patients with complex recurrent long
segment tracheal stenosis who have not re-
sponded to conventional management. Numer-
ous techniques has been described for the treat-
ment of long segment tracheal stenosis and re-
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current tracheal stenosis, including endo-
bronchial stenting, aggressive balloon dilation,
pericardial patch tracheoplasty, cartilage and
rib graft tracheoplasty, and recently the tracheal
autograft. Nevertheless, an important subgroup
of patients exists who do not respond to these
conventional treatments. Despite technological
improvements and more skillful patient care in
intensive care units, tracheal and laryngotra-
cheal stenoses still constitute an important
group of iatrogenic squeal after intubation and
tracheostomy. Tracheal Stenosis mostly occurs
at the cuff of the tube. In our series, however,
the percentage of cuff stenosis is lower than that
reported in published series (31%).large-vol-
ume; low-pressure cuffs markedly reduce the
occurrence of cuff injury. Conservative treat-
ments may be carried out for stenoses smaller
than 1 cm in length with no circumferential
scarring and no loss of cartilaginous support. In
our series, patients whom had mild stenosis un-
derwent bronchoscopic treatment with good re-
sults and without complication. Tracheal resec-
tion followed by end-to-end anastomosis is
now a well established technique performed
under well established indications. According

to literature, the success rate is 71% to 97% [11]
in our series, a satisfactory result was obtained
in 93% of tracheal resections and  this is compa-
rable  to the literature Lesions that involve the
infraglottic larynx as well as the upper trachea
are much more difficult to repair surgically. In-
fraglottic stenoses caused by a high tracheosto-
my are more extensive lesions than are infra-
glottic stenoses due to endotracheal tubes.
Costal cartilogoplasty is most often used in
children [7, 8], but it may be used to repair large
anterior wall defects after resection in adult pa-
tients with infraglottic stenoses, as in our pa-
tients. The complication rate is generally low
for tracheal lesions. Serious sequels more often
follow parial laryngotracheal resections. In our
series, the overall complication rate was 18%.
The most common late complication was the
formation of granulations tissue at the suture
line in 9 patients. Granulations can usually be
managed with bronchoscopic removal.

The role of tracheal allograft reconstruction
in the management of tracheal disease is not yet
established. Tracheal allograft reconstruction
certainly represents an important additional op-
tion for the treatment of severe long segment
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Table 1. Distribution of causes of cervical tracheal stenosis in 47 patients.

Table 2. Result of intervention for Tracheal and infraglottic Stenosis
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tracheal stenosis or recurrent tracheal stenosis
[24]. Primary short segment stenosis is still best
treated with resection and end-to-end anasto-
mosis. For primary long segment tracheal
stenosis, if nonoperative treatment fails, peri-
cardial patch tracheoplasty, and rib cartilage

tracheoplasty and tracheal autograft recon-
struction are all reasonable treatment options.

The tracheal allograft has numerous advan-
tages including adequate availability, nearly
circumferential  tissue for reconstruction and a
carina that may be used to permit extensive re-
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Table 3: Demographic data of 47 patients underwent tracheoplasty
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pair. In addition . the procedure can be repeated
if required . Follow - up bronchoscopic and his-
tologic studies have shown clear evidence of lu-
minal epithelialization. Ciliated columnar res-
piratory epithelium has been shown to cover the
lumen of the allograft [24].

Conclusion
Oral or nasal endotracheal tubes or tra-

cheostomy tubes are most commonly used to
deliver mechanical ventilator support in respi-
ratory failure. Despite technological improve-
ments and more skillful patient care in intensive
care units, tracheal and  laryngotracheal steno-
sis still constitue and important group of iatro-
genic sequelae after intubation and tracheosto-
my.

The longer the tracheal tube remained the
more chance for trachealstenotic complication.
It should be insisted that the duration, the mate-
rial and poor quality are among the most impor-
tant causative factors in our 47 cases of laryn-
gotracheal Stenosis. Stenosis at both cuff site
and stoma managed by resection of lesion and
anastomosis. To select the treatment of choice
for this problem meticulous evaluation of stric-
tures including their clinical course, bron-
choscopy finding, and response to nonsurgical
methods such as dilatation, laser therapy, and
stenting are all useful. 47 patients with tracheal
stenosis were treated by tracheoplasty. 39 pa-
tients were treated with End to End anastomo-
sis, 8 Cartilage Graft Tracheoplasty. Our cur-
rent procedures of choice for tracheal stenosis
are resection with end-to-end anastomosis for
short-segment stenoses and the autograft tech-
nique for long-segment stenoses.
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