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ABSTRACT
Objective: Iatrogenic tracheal stenosis is a life threatening iatrogenic complication of prolonged endotracheal intubation 
and tracheostomy in intensive care units (ICUs). It is one of the toughest morbidities in otolaryngology. 
Aim of the Study: This prospective observational study was conducted to detect the factors affecting occurrence of 
tracheal stenosis in patients subjected to tracheostomy after endotracheal intubation in ICUs.
Patients and Methods: Sixty eight patients were included in this prospective study. They were admitted to (ICUs) and 
were subjected to endotracheal intubation, mechanical ventilation and tracheostomy due to prolonged intubation during 
their stay in (ICUs). The patients were followed up after being discharged for six months to detect incidence and factors 
affecting occurrence of tracheal stenosis. They were followed up using flexible fiber optic tracheobronchoscopy under 
local anesthesia, just after weaning from mechanical ventilation three and six months later.
Results: Of the studied patients, 50 patients had no tracheal stenosis until the end of follow up period (without tracheal 
stenosis (WTS) group) while, 18 patients had tracheal stenosis (TS group). The mean duration of mechanical ventilation in 
WTS group (12.1 ± 7.6 days) was statistically shorter than that of TS groups (16.6 ± 10.4 days) (P = 0.048). Tracheostomy 
stoma wound sepsis was recorded in 4 patients in TS group and in 2 patients in WTS group.
Conclusion: The main predisposing factors for post intubation and post tracheostomy tracheal stenosis are tracheostomy 
stomal wound sepsis and prolonged duration of mechanical ventilation.  In contrary, tracheal cartilage injury during 
tracheostomy, age, sex and reason for mechanical ventilation was found to have no role in occurrence of tracheal stenosis.
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INTRODUCTION                                                                 
Tracheal stenosis after prolonged intubation and 

tracheostomy is one of the challenging problems in 
otolaryngology. It is an iatrogenic life threatening 
complication of prolonged intubation and ventilation 
in intensive care units (ICUs)[1]. In spite of the marked 
improvement of the ways of management of critically ill 
patients as well as modifications in designs of endotracheal 
and tracheostomy tubes, post intubation and tracheostomy 
tracheal stenosis still occurs[2]. It remains one of the most 
common indications for tracheal resection anastomosis[3]. 

Incidence of tracheal stenosis post intubation and 
tracheostomy ranges from 0.6 -22 % of patients subjected 
to prolonged intubated and ventilation[4-6]. This prospective 
study was conducted to investigate the factors affecting 
occurrence of post intubation and post tracheostomy 
tracheal stenosis in prolonged mechanically ventilated 
patients who underwent tracheostomy during their 
admission in ICUs.

MATERIALS AND METHODS                                                                 
This prospective cohort study was conducted after 

obtaining approval of medical ethics committee. It was 
conducted to detect factors affecting occurrence of tracheal 
stenosis in patients subjected to prolonged intubation, 
ventilation and tracheostomy in ICUs. The study included 
patients who were intubated, mechanically ventilated 
and subjected to tracheostomy during the period of their 
admission in ICUs regardless to sex, age, and diagnosis 
of admission. An informed consent was obtained from the 
guardians of all the patients and another one was obtained 
from the patients themselves after improvement of their 
general conditions. Patients with disease or condition 
that may influence occurrence of tracheal stenosis, for 
example; patients neck , laryngeal or tracheal trauma, 
goiter, laryngeal tumors, benign or malignant tracheal 
tumors, previous tracheal surgery, autoimmune diseases 
(Wegener's granulomatosis, sarcoidosis) and patients who 
received neck radiation therapy, were excluded.

Patient's data including age, sex, diagnosis of admission, 
duration of endotracheal intubation before tracheostomy, 
duration of mechanical ventilation, tracheal cartilage injury 
during tracheostomy and complications of tracheostomy, 
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including stomal wound sepsis, were collected during the 
period of their stay in ICUs. Tracheostomy was performed 
in all patients with open surgical techniques and was 
performed in the ICUs without transfer to operating 
theater. Timing of tracheostomy was determined by the 
staff members of ICUs according to daily evaluation of 
every patient. Patients were followed up daily during their 
admission in ICUs. The cuffs of endotracheal tubes and 
tracheostomy tubes were monitored during the duration 
of mechanical ventilation using cuff manometer “Posey 
Cufflator” TM Endotracheal Tube Inflator and Manometer. 
The cuff pressure was kept below 30 cm H2O during the 
whole period of mechanical ventilation.

After weaning from mechanical ventilation, patients 
of the study were subjected to flexible fiberoptic 
tracheobronchoscopy “Olympus BF type 20 D” under 
local anesthesia, to diagnose tracheal stenosis, whenever 
possible directly after weaning from mechanical 
ventilation. Follow up fiber optic tracheobronchoscopy 
was performed after three and six months from weaning of 
mechanical ventilation to all the patients whose first fiber 
optic tracheobronchoscopy was free. Once a patient was 
suspected to have tracheal stenosis he/she was subjected to 
rigid bronchoscopy to confirm diagnosis and management 
according to the protocol of tracheal stenosis management 
in our department. Site and degree of tracheal stenosis were 
recorded as well as the duration between termination of 
endotracheal intubation and diagnosis of stenosis. Cotton-
Meyer grading system was used to determine the degree 
of stenosis[7].

According to the presence of tracheal stenosis, patients 
were divided into two groups; group of tracheal stenosis 
(TS) which included the patients who were diagnosed 
to have tracheal stenosis using bronchoscopy and group 
without tracheal stenosis (WTS) included the patients 
whose bronchoscopies were free of stenosis until the 
end of follow up period. The two groups were compared 
regarding the collected data to detect the factors that had a 
role in development of tracheal stenosis.

Statistical Analysis                                      
Unpaired t-test was used to compare between 

continuous variables for normally distributed 
data and Mann Whitney U for non-normally                                                                                          
distributed data. A two-tailed P<0.05 was considered 
statistically significant. All analyses were performed with 
the International Business Machines Statistical Package 
for the Social Sciences IBM SPSS 20.0 software.

RESULTS                                                                 
Out of 237 patients admitted to ICUs during the period 

of the study only 68 patients fulfilled inclusion criteria and 
were included in the study. Of them, 50 patients had no 
tracheal stenosis until the end of follow up period (WTS 
group) while, 18 patients had tracheal stenosis (TS group).

Both WTS and TS groups had males more 
than females. The male to female distribution was                                                 
5.25:1 and 5:1 in WTS group and TS group respectively. 
The mean age of WTS and TS groups was 22.5 (± 15.7) 
and 23.5 (± 20.1) respectively. (Table 1).

Table 1: Demographic and clinical data of the studied patients

WTS group 
(n=50)

TS group 
(n=18) P.value

Age (mean±SD) 22.5 (±15.7) 23.5 (±20.1) 0.8
Sex F/M 8/42 3/15 0.7
Causes of admission
• traumatic causes n(%)
• other causes n(%)

47 (94%)
3 (6%)

16 (88.8%)
2 (1.1%)

Data represented by (n) number of patients, (%) percentage, (F/M) 
females/ males, (WTS) without tracheal stenosis, (TS) tracheal 
stenosis, (mean±SD), *P.value< 0.05 statistically significant

Most of the patients in both groups were trauma patients 
with multiple head, chest and limbs injuries. It represented 
(88.8%) of patients in TS group and (94%) of WTS group. 
(Table 1) Respiratory distress due to myasthenia gravis, 
post-partum pneumonia and post arrest due to hypoxia 
were the non-traumatic causes of admission in TS group 
while drowning and organophosphorus poisonings were 
the non-traumatic causes of admission in WTS group.

Tracheal stenosis was detected in 18 patients out of 68 
patients of the study with incidence 26.5 %. Tracheal stenosis 
was confirmed in all patients by rigid bronchoscopy under 
general anesthesia after a mean duration of (51.2±35.7) 
days after end of endotracheal intubation. (Figure 1) Sites 
of stenosis in the studied patients were summerized in 
(Table 2). Three patients (3/18) had stenosis of Cotton-
Meyer grade one, eleven patients (11/18) had stenosis of 
Cotton-Meyer grade two, three patients (3/18) had stenosis 
of Cotton-Meyer grade three and one patient (1/18) had 
stenosis of Cotton-Meyer grade four.
Table 2: Comparing the two groups regarding tracheostomy 
technique and stomal wound infection
Sites of stenosis Number (n) Percentage (%) 
Subglottic 5 27.8%
At level of Tracheostomy 
stoma 10 55.6%

Below tracheostomy stoma 2 11%
Long segment stenosis 1 5.6%

Data represented by (n) number of patients, (%) percentage
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Fig1: Duration between end of intubation and diagnosis of 
stenosis in days.

The duration of intubation of the WTS group (8.8 ± 5.8 
days) was shorter than that of TS group (9.3 ± 4.4 days) 
but without statistical significance (P=0.74) (Table 3). 
Notably, no tracheal stenosis was detected in patients who 
were intubated for duration less than 6 days.

Table 3: Comparing the two groups regarding data of intubation 
and mechanical ventilation

WTS (n=50) TS (n=18) P.value
Duration of intubation 

in days (mean±SD) 8.8 (±5.8) 9.3 (±4.4) 0.72

Duration of 
mechanical 

ventilation in days* 
(mean±SD)

12.1 (±7.6) 16.6 (±10.4) 0.048*

Data represented by (n) number of patients, (%) percentage, 
(WTS) group without tracheal stenosis, (TS) tracheal stenosis, 
(mean±SD), *P.value< 0.05 statistically significant

There was no correlation between the duration of 
intubation and degree of tracheal stenosis; the average 
duration of intubation of patients with Cotton-Meyer grade 
one stenosis was nine days, while that of patients with 
Cotton-Meyer grade two was seven days. On the other 
had those had Cotton-Meyer grade three stenosis were 
intubated for  13 days and those had Cotton-Meyer grade 
four stenosis were intubated for five days.

The mean duration of mechanical ventilation in WTS 
group (12.1 ± 7.6) was statistically shorter than that of TS 
groups (16.6 ± 10.4) days (P = 0.048, Table 3) The mean 
duration of mechanical ventilation through endotracheal 
tube was 8.8 (± 5.8) days and 9.2 (± 4.4) days for TS 
group and WTS group respectively. The mean duration 
of mechanical ventilation through tracheostomy tube was 
(5.9 ± 5.4) days and (9.1 ± 6.5) days for TS group and WTS 
group respectively.

Tracheal stoma wound sepsis was recorded in six 
patients (8.8 %) while tracheoesophageal fistula was 
documented in one patient, secondary heamorrahge was 

recorded in one patient (1.4 %), insertion of tracheostomy 
in false passage in one patient (1.4 %), and cardiac arrest in 
one patient (1.4 %).

Tracheostomy stoma wound sepsis was recorded in 
4 patients in TS group and in 2 patients in WTS group. 
There was a statistically significant association between 
tracheostomy stomal wound infection and occurrence of 
tracheal stenosis (P = 0.02). (Table 4)

Table 4: comparing the two groups regarding tracheostomy 
technique and stomal wound infection

WTS (n=50) TS (n=18) P.value
Tracheostomy stomal 

wound infection* n (%) 2 (4%) 4 (22.2%) 0.02*

Tracheal cartilage 
injury during 

tracheostomy n(%)
20(40%) 9 (50%) 0.46

Data represented by (n) number of patients, (%) percentage, 
(WTS) group without tracheal stenosis, (TS) tracheal stenosis, 
(mean±SD), *P.value< 0.05 statistically significant.

There was no statistically significant difference between 
the two groups regarding age, sex, diagnosis of admission 
and cartilage injury during tracheostomy. (Table 1)

DISCUSSION                                                            
Many publications discussed the etiology of post 

intubation and/or tracheostomy tracheal stenosis.1-6 Usual 
factors responsible for tracheal stenosis are: cuff pressure, 
size of the tube relative to tracheal lumen, duration of 
intubation and movement of the tube during the period of 
intubation.7 Tracheal stenosis was attributed to mechanical 
damage to the tracheal mucosa, compression and ischemia 
which leads to necrosis.8 While others explained tracheal 
stenosis by increase cuff pressure more than the mucosal 
capillary pressure (30 mm Hg) of the trachea, thus the 
mucosa that lies between the cuff and the underlying 
cartilages develops ischemia, long standing ischemia can 
lead to ulceration and chondritis of tracheal cartilages 
followed by fibrotic healing, leading to progressive 
tracheal stenosis 4 Some authors attributed tracheal 
stenosis to tracheostomy stomal wound sepsis, aspiration 
of gastric juice, corticosteroids administration and low 
blood pressure during period of intubation[6, 9, 10].

In the current study, tracheostomy stomal wound 
infection was associated with occurrence of tracheal 
stenosis. This was in consentience with Stauffer et al. 
(1981) as well as Sarpar et al. (2015), who stated that 
tracheostomy stomal infection lead to delayed healing of 
the stoma and it was the cause of tracheal stenosis in 42 
% of their cases[4, 8]. Squire et al. (1990) studied the role of 
infection in acquired tracheal stenosis and stated the same 
results[9]. More attention should be given to tracheostomy 
stoma care to decrease the incidence of tracheostomy 
stomal wound infection and thus the tracheal stenosis.

Also in this study, prolonged duration of mechanical 
ventilation was found to be associated with tracheal 
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stenosis. This was identical to Badr El Din et al. (2014) 
who attributed tracheal stenosis to prolonged mechanical 
ventilation. This can be explained by prolonged 
mechanical injury to the tracheal mucosa, the effect of cuff 
pressure, either of endotracheal or tracheostomy tubes, 
on the tracheal wall as well as the unsupported weight of 
connectors of mechanical ventilators[10].

Thought, the duration of intubation of the TS group 
was longer than that of WTS group and tracheal stenosis 
was not detected in patients who were intubated for less 
than 6 days, the duration of intubation was found not to 
have significant association with tracheal stenosis. These 
results were the same as that of Stauffer et al. (1981) but in 
contrary to Lee et al. (2015)[4, 11].

The mean duration between weaning from mechanical 
ventilation and diagnosis of tracheal stenosis was 51 days, 
this was in coherence to Wain et al. (2003) who stated that 
the ischemic injury begins within the first few hours of 
intubation and healing of the damaged region can result in 
fibrosis within 21 to 50 days[3].

In the current study, tracheal cartilage injury 
during open surgical tracheostomy was found not to 
be predisposing factor for post tracheostomy tracheal 
stenosis. This was in contrary to Jung kwon et al. (2003) 
who studied experimental tracheal stenosis after tracheal 
cartilage injury in animals[12].

In this study, the incidence of tracheal stenosis (26.5 %) 
was relatively higher than that reported in the literature[13,14]. 
More attention should be given in our ICUs to detect the 
causes of tracheal stenosis and trials should be done to 
decrease this high incidence of stenosis. In the literature, 
incidence of tracheal stenosis Post percutaneous dilatation 
tracheostomy was higher than open surgical technique[6].

CONCLUSION                                                                 
The main predisposing factors for post intubation and 

post tracheostomy tracheal stenosis are tracheostomal 
wound sepsis and prolonged duration of mechanical 
ventilation.  In contrary, tracheal cartilage injury during 
tracheostomy, age, sex and the cause of mechanical 
ventilation was found to have no role in occurrence of 
tracheal stenosis. There was no relation between the 
duration of intubation and the degree of tracheal stenosis. 

CONFLICT OF INTEREST                                      
There are no Conflict of Interest.

REFERENCES                                                                  
1.	 Nair S, Mohan S, Mandal G, Nilakantan A. Tracheal 

Stenosis: Our Experience at a Tertiary Care Centre in 
India with Special Regard to Cause and Management. 
Indian Journal of Otolaryngology and Head & Neck 
Surgery. 2014;66(1):51-6.

2.	 Duncavage JA, Koriwchak MJ. Open surgical 
techniques for laryngotracheal stenosis. Otolaryngol 
Clin North Am. 1995;28(4):785-95.

3.	 Wain JC. Postintubation tracheal stenosis. Chest Surg 
Clin N Am. 2003;13(2):231-46.

4.	 Stauffer JL, Olson DE, Petty TL. Complications 
and consequences of endotracheal intubation and 
tracheotomy. A prospective study of 150 critically ill 
adult patients. Am J Med. 1981;70(1):65-76.

5.	 Grillo HC, Donahue DM, Mathisen DJ, Wain 
JC, Wright CD. Postintubation tracheal stenosis. 
Treatment and results. J Thorac Cardiovasc Surg. 
1995;109(3):486-92; discussion 92-3.

6.	 Sarper A, Ayten A, Eser I, Ozbudak O, Demircan A. 
Tracheal stenosis after tracheostomy or intubation: 
review with special regard to cause and management. 
Texas Heart Institute journal. 2005;32(2):154-8.

7.	 Myer CM, 3rd, O'Connor DM, Cotton RT. Proposed 
grading system for subglottic stenosis based on 
endotracheal tube sizes. The Annals of otology, 
rhinology, and laryngology. 1994;103(4 Pt 1):319-23.

8.	 Sarper A, Ayten A, Eser I, Ozbudak O, Demircan 
A. Tracheal Stenosis after Tracheostomy or 
Intubation: Review with Special Regard to Cause and 
Management. Tex Heart Inst J. 2005;32(2):154-8.

9.	 Squire R, Brodsky L, Rossman J. The role of infection 
in the pathogenesis of acquired tracheal stenosis. 
Laryngoscope. 1990;100(7):765-70.

10.	 Badr El Din M, Ahmed M, Hinnis A, Abd El Baky 
M. Serial histopathological tracheal changes from 
prolonged intubations. The Egyptian Journal of 
Otolaryngology. 2014;30(2):142-6.

11.	 Lee HS, Kim SW, Oak C, Ahn YC, Kang HW, 
Chun BK, et al. Rabbit model of tracheal stenosis 
induced by prolonged endotracheal intubation using 
a segmented tube. Int J Pediatr Otorhinolaryngol. 
2015;79(12):2384-8.

12.	 Jung Kwon O, Young Suh G, Pyo Chung M, Kim J, 
Han J, Kim H. Tracheal stenosis depends on the extent 
of cartilaginous injury in experimental canine model. 
Experimental lung research. 2003;29(6):329-38.

13.	 Farzanegan R, Farzanegan B, Zangi M, Golestani 
Eraghi M, Noorbakhsh S, Doozandeh Tabarestani 
N, et al. Incidence Rate of Post-Intubation Tracheal 
Stenosis in Patients Admitted to Five Intensive Care 
Units in Iran. Iranian Red Crescent Medical Journal. 
2016;18(9):e37574.

14.	 Wood DE, Mathisen DJ. Late complications 
of tracheotomy. Clinics in chest medicine. 
1991;12(3):597-609.


