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Background: Postintubation tracheal stenosis remains the most common indication for tracheal 

surgery. In the event of a rapid and progressive course of the disease after extubation, surgical 

approaches such as primary resection and anastomosis or various methods of tracheoplasty 

should be selected. We report our experience with surgical management of moderate to severe 

postintubation tracheal stenosis. We also compared intraoperative variables in postintubation 

tracheal stenosis between those with and without previous tracheostomy.

Methods: Over a 5-year period from June 2005 to July 2010, 50 patients aged 14–64 years 

with moderate (50%–70% of the lumen) to severe (.70%) postintubation tracheal stenosis 

underwent resection and primary anastomosis. Patients were followed up to assess the surgical 

outcome. To study the effect of previous tracheostomy on treatment, surgical variables were 

compared between patients with previous tracheostomy (group A, n = 27) and those without 

previous tracheostomy (group B, n = 23).

Results: Resection and primary anastomosis was performed via either cervical incision 

(45 patients) or right thoracotomy (five patients). In two patients with subglottic stenosis, 

complete resection of the tracheal lesion and anterior portion of cricoid cartilage was performed, 

and the remaining trachea was anastomosed to the thyroid cartilage using a Montgomery T-tube. 

There was only one perioperative death in a patient with a tracheo-innominate fistula. The length 

of the resected segment, number of resected rings, and subsequent duration of surgery were 

significantly greater in group A compared with group B (P , 0.05). Six months after surgery, 

the outcome was satisfactory to excellent in 47 (95.9%) patients.

Conclusion: This surgical approach leads to highly successful results in the treatment of 

moderate to severe postintubation tracheal stenosis. In addition, previous tracheostomy might 

prolong the duration of surgery and increase the need for postoperative interventions due to 

an increase in the length and number of resected tracheal segments. Therefore, in the event of 

emergency tracheostomy in postintubation tracheal stenosis, insertion of the tracheostomy tube 

close to the stenotic segment is recommended.
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Introduction
Postintubation tracheal stenosis is a clinical problem caused by pressure necrosis of the 

airway. The incidence of postintubation tracheal stenosis has decreased with recognition 

of its etiology and modifications in the design and management of endotracheal and 

tracheostomy tubes; however, it remains the most common indication for tracheal surgery.1 

In a patient with a recent tracheal stenosis, the airway can be managed initially with 

rigid bronchoscopic dilation or other treatment modalities such as stenting, percutaneous 

dilatation, fiberoptic-assisted balloon dilatation, argon plasma coagulation, and laser 
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therapy with or without stenting.2 The major determinant of 

the treatment method used is whether postintubation damage 

extends to the tracheal cartilage. Even in successful cases 

of nonsurgical management, stenosis will eventually recur 

due to the extent of necrosis. Therefore, surgical treatment 

would be the only definitive treatment modality in such 

cases.3 For a patient with a rapid and progressive course of 

the disease after extubation, surgical approaches such as 

primary resection and anastomosis or various methods of 

tracheoplasty should be selected.4 Emergency tracheostomy 

is a management strategy for patients in very poor condition 

or in centers where surgical expertise is lacking, resulting in 

further complications during subsequent definitive surgical 

repair. We report our experience of the surgical management 

of moderate to severe postintubation tracheal stenosis in 

a consecutive series of 50 patients treated in the previous 

5 years. Moreover, we compared intraoperative variables 

in postintubation tracheal stenosis between those with and 

without previous tracheostomy.

Methods
Patients and study protocol
Over a 5-year period from June 2005 to July 2010, 50 patients 

aged 14–64 years with moderate (50%–70% of the lumen) 

to severe (.70%) postintubation tracheal stenosis were 

admitted to our center for surgical repair. In all of the patients 

studied, tracheal stenosis was a complication of their hospital 

course in the intensive care unit. Patients with mild tracheal 

stenosis (,50% of the lumen) treated with bronchoscopic 

dilatation and those who remained asymptomatic after 

bronchoscopic dilatation for over 6 months were excluded. 

Initial preoperative diagnostic evaluation included pulmonary 

function tests, computed tomography, and fiberoptic and 

rigid bronchoscopic examinations. Resection and primary 

anastomosis was performed via either a cervical incision or 

right thoracotomy. Preoperative bronchoscopic dilatation 

was performed where indicated. Patients were followed 

up to assess the surgical outcome. To study the effect of 

previous tracheostomy on treatment, surgical variables 

including length of resected segment, number of resected 

rings, duration of surgery, total intensive care unit stay and 

duration of hospitalization were compared between patients 

with previous tracheostomy (group A, n = 27) and without 

previous tracheostomy (group B, n = 23).

Surgical approach
All surgical procedures were performed under general 

anesthesia using standard techniques for airway surgery. 

A rigid bronchoscope was used at the time of induction 

for intubation. After the stenotic segment was resected, 

ventilation was performed through a spiral tracheal tube 

inserted in the distal tracheal segment. In patients with previ-

ous tracheostomy, existing stomas were used for intubation. 

To enable safe anastomosis, complete resection of the 

stenotic lesions was performed between proximal and distal 

disease-free cartilage. Careful mucomucosal approximation 

at the anastomosis was done using interrupted 4-0 polyglactin 

(Vicryl) absorbable sutures, with knots tied outside the 

lumen. In patients with previous tracheostomy, the stoma site 

as well as the stenotic lesion was resected. In patients with 

subglottic stenosis, complete resection of the tracheal lesion 

and anterior portion of the cricoid cartilage was performed, 

and the remaining trachea was anastomosed to the thyroid 

cartilage. In those with intact cricoid cartilage, tracheal 

resection and cricotracheal anastomosis was performed. 

Besides the tracheal resection, suprahyoid laryngeal release, 

pericardial incision and mobilization of the right lung hilus, 

and laryngeal release and hilus mobilization were used to 

reduce tension on the anastomosis.5 All anastomoses in these 

patients were done using interrupted 4-0 Vicryl absorbable 

sutures, with the knots tied outside the lumen.

Postoperative care
At the end of the procedure, the patient’s chin was sutured 

with heavy silk to the presternal skin in neck flexion to prevent 

sudden hyperextension or tension on the anastomosis. These 

sutures were removed after one week and prior to hospital 

discharge. All patients were extubated in the operating 

room. The patients were given low-dose hydrocortisone and 

prophylactic intravenous antibiotics for the first 24  hours 

after surgery.

Outcome
The outcome was classified as excellent, good, satisfactory, 

or not satisfactory according to patient status at the time of 

discharge and after 6 months.3 The results were classified as 

“excellent” if voice and respiration were completely normal. 

“Good” results were judged in the presence of slight less-

ening of maximum voice volume, slight hoarseness, slight 

weakness of the voice after prolonged use, and adequate 

breathing for normal activities. Results were classified 

as “satisfactory” in the case of a hoarse voice with slight 

wheezing or shortness of breath on exercise, not sufficient 

to impair normal activities. Results were “not satisfactory” 

in the event of major complications and need for numerous 

postoperative bronchoscopic dilatations.
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Statistical analysis
Data are presented as the mean  ±  standard deviation or 

percentage. Statistical analysis was performed with SPSS 

for Windows (v 13.0; SPSS Inc, Chicago, IL) using the 

Chi-squared test, Fisher’s Exact test, or independent-samples 

t-test, wherever appropriate. A P value , 0.05 was consid-

ered to be statistically significant.

Results
Fifty patients, comprising 32 (64%) men and 18 (36%) 

women, were recruited for the present study. The severity of 

tracheal stenosis was moderate in five patients and severe in 

45 patients, respectively. Thirty-nine patients had a history 

of bronchoscopic dilatation 1–5 times before operation 

but stenosis recurred in these patients after 1–5  months. 

Emergency preoperative bronchoscopic dilatation was 

indicated in six patients during the same hospital admission 

before definitive repair. Patients with previous tracheostomy 

(n  =  27) had prolonged intubation (n =  10) or previous 

postintubation tracheal stenosis (n = 17). The latter group 

underwent tracheostomy in other centers due to lack of 

expertise (n = 12), bad general condition, or inflammatory 

status of the trachea (n  =  5). Table  1  shows the patients’ 

preoperative variables, including age, causal factors for 

prolonged intubation, location of stenosis, duration of 

the intubation, and time interval between extubation/

decannulation and onset of symptoms.

Resection and primary anastomosis was performed 

via a cervical incision in 45 patients. Right thoracotomy 

was required in five patients who had thoracic (n = 3) and 

supracarinal (n = 2) stenosis. Partial sternal split was added 

to the cervical incision in three patients with cervicothoracic 

tracheal stenosis. In two patients with subglottic stenosis, 

complete resection of the tracheal lesion and anterior por-

tion of cricoid cartilage was performed and the remaining 

trachea was anastomosed to the thyroid cartilage using 

a Montgomery T-tube. The T-tube was removed without 

any complication 3 months later without any anesthesia. 

In the other four patients with subglottic stenosis and intact 

cricoid cartilage, tracheal resection and cricotracheal anas-

tomosis was performed.

Mean length of the resected segment was 3.66 ± 1.01 

(range 2–6) cm. The mean number of the resected rings was 

5.46 ± 1.43 (range 3–10). Mean duration of surgery, intensive 

care unit stay, and total hospitalization was 3.61 ± 0.64 hours, 

3.42 ± 1.52 days, and 9.30 ± 2.28 days, respectively. Length 

of the resected segment as well as number of resected 

rings was significantly greater in group A compared with 

group B (P , 0.05, Table 2). Subsequently, the duration of 

surgery was significantly prolonged in group A compared 

with group B (4.05 ± 0.44 hours versus 3.10 ± 0.41 hours, 

P = 0.0001, Table 2).

Minor perioperative complications including superfi-

cial wound infection (four patients), temporary vocal cord 

dysfunction (four patients), and pneumonia (two patients) 

occurred in nine patients. We had only one inhospital death. 

This patient with a history of previous brain tumor surgery 

developed postoperative mediastinitis and severe bleeding 

secondary to a tracheo-innominate fistula. At the time of 

hospital discharge, the outcome was excellent in 33 (67.3%), 

good in 11 (22.4%), and satisfactory in five (10.2%) patients 

(Table 3).
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Table 1 Preoperative variables according to tracheostomy status

Variable Tracheostomy 
(n = 27)

No tracheostomy 
(n = 23)

P value

Age 32.92 ± 15.95 34.21 ± 13.89 0.75
Cause of prolonged intubation 
Multiple trauma 
Suicide attempts 
Cerebral vascular accident 
Chronic pulmonary disease

21 (77.8%) 
1 (3.7%) 
0 (0%) 
3 (11.1%) 
2 (7.4%)

10 (43.5%) 
7 (34.4%) 
6 (26.1%) 
0 (0%) 
0 (0%)

NA

Location of stenosis 
  Subglottic 
  Cervical 
  Cervicothoracic 
  Thoracic 
  Supracarinal

 
3 (11.1%) 
21 (77.8%) 
2 (7.4%) 
1 (3.7%) 
0 (0%)

 
3 (13%) 
16 (69.6%) 
1 (4.3%) 
2 (8.7%) 
1 (4.3%)

NA

Duration of intubation (days) 9.00 ± 3.62 11.07 ± 4.10 0.06
Time interval between extubation  
and stenosis (days)

23.13 ± 22.23 27.62 ± 20.55 0.44

Abbreviation: NA, not available.
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The patients were followed up from 6 to 43 (median 17) 

months. Six months after the operation, the outcome was 

excellent in 31 (63.3%), good in 13 (26.5%), and satisfactory 

in three (6.1%) patients. Meanwhile, the surgical outcome 

was not satisfactory in two (4.1%) patients due to the need 

for numerous bronchoscopic dilatations. These two patients 

had subglottic tracheal stenosis secondary to the previous 

tracheostomy. Table 3 shows the values of the surgical out-

come in groups A and B and in total.

Discussion
The present study revealed an acceptable surgical outcome 

(95.9% excellent to satisfactory results) in a group of patients 

with postintubation tracheal stenosis. This finding is consis-

tent with previous research.3,6–8 In contrast, Abbasidezfouli 

et al achieved a 61.5% success rate in surgical treatment of 

the postintubation multisegmental tracheal stenosis.9 This 

discrepancy might be attributed to the complexity of thera-

peutic approaches toward multisegmental tracheal stenosis. 

Moreover, Grillo et al7 reported a failure rate similar to that 

of the present study (about 4%). However, Rea et  al had 

no “not satisfactory” results in their surgical treatment of 

benign tracheal and laryngotracheal stenosis.3 Although 

their study included patients with postintubation tracheal 

stenosis as well, no individuals had a previous history of 

tracheostomy.3 This feature might have accounted for their 

lack of cases of surgical failure. In the present study, both 

cases of “not satisfactory” results had subglottic stenosis 

due to previous tracheostomy. Furthermore, the periopera-

tive mortality rate in our study was quite similar to that of 

previous studies.3,7,8

The present study also demonstrates that previous tra-

cheostomy significantly increases the duration of surgery, 

length of tracheal resection, and number of resected rings, 

but no significant effect on intensive care unit stay or total 

hospitalization. To the best of our knowledge, the present 

study is the first to compare intraoperative variables in postin-

tubation tracheal stenosis between patients with and without 

previous tracheostomy. In those who previously underwent 

tracheostomy for transient relief of respiratory symptoms 

of postintubation tracheal stenosis, we had to sacrifice the 

normal trachea between the tracheostomy stoma and stenosis 

site, and this increased the length of resection and duration 

of surgery. This would theoretically increase the tension on 

Table 3 Outcome of operation at time of hospital discharge and 6 months after surgery*

Outcomes Tracheostomy 
(n = 27)

No tracheostomy 
(n = 22)

Total 
(n = 49)

Outcome at hospital discharge
Excellent 17 (63%) 16 (72.7%) 33 (67.3%)
Good 7 (25.9%) 4 (18.2%) 11 (22.4%)
Satisfactory 3 (11.1%) 2 (9%) 5 (10.2%)
Not satisfactory 0 (0%) 0 (0%) 0 (0%)
Outcome 6 months after operation
Excellent 15 (55.6%) 16 (72.7%) 31 (63.3%)
Good 8 (29.6%) 5 (22.7%) 13 (26.5%)
Satisfactory 3 (11.1%) 0 (0%) 3 (6.1%)
Not satisfactory 1 (3.7%) 1 (4.5%) 2 (4.1%)
Minor complications 5 (18.5%) 4 (18.2%) 9 (18.4%)
Bronchoscopic dilatation
1 3 (11.1%) 1 (4.5%) 4 (8.2%)
2 4 (14.8%) 1 (4.5%) 5 (10.2%)
$3 2 (7.4%) 0 (0%) 2 (4.1%)

Note: *One mortality case was excluded from the outcome assessment.

Table 2 Intraoperative variables according to preoperative tracheostomy status

Variable Tracheostomy 
(n = 27)

No tracheostomy 
(n = 23)

P value

Length of resected segment (cm) 4.13 ± 0.95 3.11 ± 0.78 0.000
Number of resected rings 6.04 ± 1.60 4.78 ± 0.79 0.001
Duration of surgery (hours) 4.05 ± 0.44 3.10 ± 0.41 0.000
Total intensive care stay (days) 3.37 ± 1.50 3.48 ± 1.59 0.807
Total hospitalization (days) 8.93 ± 0.87 9.74 ± 3.22 0.252
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the anastomosis and the possibility of restenosis. In prac-

tice, the need for postoperative bronchoscopic dilatation 

was greater in patients with previous tracheostomy in the 

present study. In other words, tracheostomy itself may be 

considered as a factor of increased length of resection and 

subsequent restenosis.

Despite technological improvements and more skillful 

patient care in the intensive care unit, tracheal and 

laryngotracheal stenoses still constitute an important group 

of iatrogenic sequelae after intubation and tracheostomy.6,10 

The reported incidence of tracheal stenosis following 

tracheostomy and laryngotracheal intubation ranges from 

0.6% to 21% and 6% to 21%, respectively.6 Studies have 

shown that the main cause is pressure exerted on the tracheal 

mucosa by the cuff. Any pressure over 30 mmHg exceeding 

the mucosal capillary perfusion pressure causes mucosal 

ischemia and leads to ulceration and subsequent stenosis.11 

Using a tracheostomy tube with a high volume and low 

pressure cuff has been shown to reduce postintubation injury. 

However, prolonged ventilatory support with tracheostomy 

still affects the trachea despite best nursing care.12 Damaging 

the cartilage during tracheostomy or wound sepsis at the 

stoma site with subsequent granulation tissue formation are 

other causes of tracheal stenosis in those patients who need 

tracheostomy for airway protection.6

The current treatment strategies for tracheal stenosis vary 

widely. Apart from its preoperative application for diagnosis 

of tracheal stenosis, rigid bronchoscopy plays an important 

role in maintenance of a safe airway prior to the surgical 

treatment and, in some cases, definitive management of 

stenosis through dilatation.1,3,13 Alternatively, laser therapy 

can be applied to cicatrized lesions leading to airway 

stenosis. However, definitive management of only thin 

webline strictures and damage to the cricoid posterior plate in 

repeated applications has limited the use of laser in treatment 

of tracheal stenosis.3,14 Laser therapy is now recommended 

only in patients with true contraindications to surgery.3 

Currently, the best treatment for postintubation tracheal 

stenosis is a surgical approach accompanied by the basic 

principles of tracheal reconstruction, including appropriate 

reduction of tension, maintenance of tracheal blood supply, 

and meticulous dissection and anastomosis.1 Nonetheless, 

treatment of extensive lesions remains an unsolved problem. 

Therefore, recent studies have been initiated to investigate 

plausible treatment alternatives (eg, a tissue-engineered 

airway, revascularized allografts in the heterotopic position, 

and cryopreserved aortic allografts) for extensive lesions in 

postintubation tracheal stenosis.15–17

In conclusion, our findings confirm that a surgical 

approach leads to highly successful results in the treatment 

of moderate to severe postintubation tracheal stenosis. In 

addition, previous tracheostomy might prolong duration of 

surgery and increase the need for postoperative interventions 

due to an increase in length and number of resected tracheal 

segments. Therefore, in the event of emergency tracheostomy 

in postintubation tracheal stenosis, insertion of a tracheos-

tomy tube close to the stenotic segment is recommended. 

Moreover, treatment of subglottic stenosis might require use 

of a Montgomery T-tube to support the anastomosis.
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