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Abstract
Background and aim  Post-intubation tracheal stenosis (PITS) is an iatrogenic injury that involves some patients. Given the 
importance of this issue and the referral of a significant number of children with tracheal stenosis to Masih Daneshvari Hos-
pital in Tehran, Iran, the present study investigated tracheal stenosis following prolonged intubation in the pediatric age group.
Methods  In this observational retrospective study, from 1994 to 2018, the medical records of all children under 14 years 
of age with a history of PITS were reviewed. Demographic and clinical characteristics including signs and symptoms, the 
underlying condition that leads to intubation, duration of intubation, type of stenosis, and the therapeutic approach, type of 
surgery, and follow-up were collected and analyzed using SPSS.
Results  Among 161 patients with a mean age of 9.8 ± 4.2 years, 69% were male. The site of stenosis was limited to the trachea 
in 47% and others both trachea and subglottic area were involved. The most common cause of intubation was trauma. The 
most common symptoms were dyspnea and wheezing. Success rates of reconstruction were 93.75% in type I, 82.15% in type 
II, and 35.70% in type III. Among the 16 patients who underwent Type III surgery, decannulation was not performed in 11 
patients. Traction in the anastomosis and complications were stated in 26 and 10% of the patients respectively, a mortality 
rate of 8.7% was also reported.
Conclusion  In the case of endotracheal intubation, PITS should be considered in the differential diagnosis of dyspnea in 
children as well as adults.
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Introduction

Airway management is the most important issue with 
endotracheal intubation, which is required in some patients 
with acute respiratory failure or trauma; however, this pro-
cedure may cause some complications. In this regard, tra-
cheal stenosis secondary to intubation is a common acquired 
airway disorder [1, 2]. Other causes of acquired tracheal 

stenosis include tracheostomy, direct trauma, tumor, and 
burn [3].

Mostly, pure tracheal involvement is less common in chil-
dren, and most of these stenoses involve the subglottic area 
[4, 5]. PITS occurrence have been reported to a large extent, 
varies between 6 and 22% [6] and 3 and 8% [7]. In this 
regard, endotracheal tube size, the duration of intubation, 
traumatic intubation, the number of procedure, the route of 
intubation, the composition of the tube and cuff, and inflam-
mation related to gastroesophageal reflux, bronchiolitis and 
viral infection are considered for airway stenosis [8].

In a prospective cohort study conducted by Schweiger 
et al., stridor was detected in 44.38% of the pediatric patients 
with the 59.18% specificity according to laryngoscopy. In 
case of mild and transient post-extubation stridor, bronchos-
copy is not mandatory. But, sever, late onset or progressive 
stridor require more investigation [9]. Our 24-year experi-
ences revealed that 7% of all registered PITS are occurred 
in pediatric age group.
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Tracheal injury has a wide spectrum from mucosal dam-
age and inflammation to granulation formation, destructive 
changes in the cartilage tissue, and finally tracheal narrow-
ing. The exact cause of PITS is unknown, although some 
factors including duration of intubation, cuff pressure in case 
of using cuffed endotracheal tubes, and local infection have 
been discussed [6].

The patient's signs and symptoms are related to the 
tracheal lumen narrowing and include a wide range from 
asymptomatic condition to severe stridor, dyspnea, and 
death [10]. Almost, when the diameter of the tracheal lumen 
reaches 50% the patient becomes symptomatic [11]. And, 
it is considered that in more than 40% of all cases, the first 
diagnose of symptomatic patients is asthma [10, 12]. Mild 
stenosis in patients may result in recurrent pneumonia and 
progressive dyspnea [13]. Hence, in all children with res-
piratory symptoms and a history of endotracheal intubation, 
the possibility of stenosis should be considered.

From a therapeutic approaches point of view, tracheal 
resection-anastomosis is recommended based on feasibility 
[13]. However, when we face a long segment of stenosis 
i.e. one-third of the total tracheal length, the anastomosis 
site will be prone to dehiscence, Therefore, other treatment 
options such as dilatation via rigid bronchoscopy and laser 
therapy or stenting should be considered. Each of these 
options has its limitations and sometimes tracheal recon-
struction using an autograft or allograft is the last plan [14]. 
In the report from Yamamoto et al. of 45 children out of 
141(31.9%) required laryngotracheal reconstruction [15] and 
24% restenosis was observed with mortality rate of 4.4%.

With respect to the high prevalence of tracheal stenosis 
in our society according to the Alborz database (more than 
2000 patients in 20 years of data registry) [6] and specific 
consideration in children, in the present study, we aimed 
to evaluate tracheal stenosis following prolonged intubation 
and the results of surgery in the pediatrics. We focused expe-
rience in the management of this very much challenging and 
uncommon complication that could be useful in the field of 
tracheal surgery.

We decided to report our updated,

Materials and methods

Study design

This retrospective observational study was performed on all 
patients with endotracheal stenosis after intubation in the 
pediatric age group who were treated at Masih Daneshvari 
Hospital, from 1994 to 2018. The files that were registered 
in the Research Institute of Tuberculosis and Lung Diseases 
of Masih Daneshvari Hospital were included in the study 
after in case of meeting the inclusion criteria.

Inclusion and exclusion criteria

All patients registered at the Alborz database (under 
14 years of age) with tracheal stenosis due to intubation.

The primary object was decannulation of the airway 
with no tracheostomy or T-tube.

Data collection

The medical record of the patients with tracheal stenosis 
following prolonged intubation were reviewed; then, the 
demographic and clinical information including clinical 
symptoms, cause of intubation, duration of intubation, 
complications, treatment outcome and mortality, and 
other required information were extracted and entered in 
the study information form.

Treatment approach

Types of interventions performed included resection and 
anastomosis of the trachea (type I), resection and anasto-
mosis of the trachea, and part of the anterior cricoid arch 
(type II), and resection and anastomosis of the trachea part 
of the cricoid and posterior and/or anterior laryngofissure 
(type III). In some patients, no resection treatment was 
performed due to the improper condition of the larynx 
and they underwent supportive treatments such as trache-
ostomy or T-tube implantation.

Data analysis

After the data collection, study groups were compared 
employing SPSS software version 16. Descriptive vari-
ables were presented as frequency and percentage, quan-
titative variables were presented as mean ± SD. Based on 
the types of comparison, chi-squared and t test and one-
way ANOVA were performed considering a significance 
level of 0.05.

Ethical considerations

This study was approved by the Ethics Committee of the 
university. Confidentiality of the patient's name and details 
and observance of Helsinki provisions, as well as obser-
vance of ethical principles in collecting library informa-
tion, were considered in all stages of the study.
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Results

Among the 161 children who had tracheal stenosis following 
prolonged intubation, 69% were boys (age: 9.8 ± 3.6 years) 
and 31% were girls (age: 8.4 ± 4.2), with no considerable 
difference in the age in different genders, (P = 0.054).

63% of children were under 12 years old; the mean age 
of cases was 9.8 ± 4.2 years with the range of 4 months to 
14 years (Table 1).

Regarding symptoms: the most complaint was dyspnea 
with the frequency of 53% and at the second place, wheezing 
was considered in 20% of the patients (Table 2).

Intubation etiology

The most common causes of intubation were trauma and 
injuries to the head (65.2%), falls from a height (13.6%), 
burns (2.5%), and suicide (1.8%), other causes were Guil-
lain–Barre syndrome, history of asthma, and leukemia, and 
each of them was observed in 2 cases, with no significant 
difference, (P = 0.18).

Involved area

In 76 patients (47%), the site of involvement was only the 
trachea, and in 85 patients (53%) the site of involvement was 
the trachea and subglottis are. Involvement of subglottic are 
accompanied with trachea was significantly more than pure 
trachea involvement (P = 0.002). There was no significant 
difference regarding age, gender and days of intubation in 
pure tracheal involvement and subglottic stenosis (Table 3).

Duration of intubation

In most patients (36%) the duration of intubation was 
1–14 days. Also, there was a history of more than 30 days 
intubation period in 30% of the patients. There was no sig-
nificant difference between groups of intubation-duration 
(P = 0.47).

Regarding type of surgery, there was no significant dif-
ferences in duration of intubation. In type I, II, III and IV, 
intubation time was 17.4 ± 11.2, 14.10 ± 7.9, 15.8 ± 10.1 and 
11.6 ± 5.7 days respectively, (F = 0.47, P = 0.7).

The location of stenosis and types of intervention

In total, 71 patients had a tracheostomy before getting treat-
ment, and 5 had a T-tube. Type I procedure was performed 
in 42% of patients, and type II was used in 38% of patients. 
Among the studied variables, only the site of involvement 
and the type of intervention had a significant relationship 
with tracheal stenosis (P < 0.05).

According to Fig.  1, which shows the frequency of 
interventions performed in all patients with pure tracheal 

Table 1   Demographic information of the children with tracheal ste-
nosis following prolonged intubation

Demographic characteristics Frequency Percentage P value

Gender
 Female 49 31% 0.25
 Male 112 69%

Age
 Under 1 year 3 1.8% 0.95
 1–2 years 11 6.8%
 3–5 years 26 16%
 6–8 years 27 16.7%
 9–11 years 35 21.7%
 12–14 years 59 36.6%

Cause of intubation
 Accident 105 65.2% 0.18
 Trauma and injuries to the head 10 6.2%
 Falls from a height 12 7.4%
 Burn 4 2.5%
 Suicide 3 1.8%
 Others 13 8%
 Not mentioned 14 8.6%

Diagnosis
 Stenosis following intubation 157 98.5% 0.45
 Airway injury 4 1.5%

Site of involvement
 Trachea 76 47.2% 0.002
 Trachea and subglottis 85 53.8%

Duration of intubation
 1–14 days 59 36.5% 0.47
 15–20 days 36 21.5%
 21–25 days 8 4%
 26–30 days 11 9%
 More than 30 days 47 30%

Type of intervention
 Type I 32 42% 0.04
 Type II 28 38%
 Type III 16 20%

Table 2   Frequency of symptoms of post-intubation tracheal stenosis 
in the pediatric age group

Symptoms Frequency Percentage

Shortness of breath 84 53
Wheezing 32 20
Fever and seizures 7 5
Decreased level of consciousness 4 3
Severe respiratory distress and restlessness 3 2
Others 27 17
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stenosis, 38 patients (29: type I and 9: type II) underwent 
surgery, 13 patients underwent T-tube implantation and 
13 patients underwent tracheostomy. 28 patients were dis-
charged in good general condition without stenosis and 
hoarseness.

According to the frequency of surgeries performed in 
patients in which the site of involvement was trachea and 
subglottis, 38 patients (3: type I, 19: type II, and 16: type 
III) underwent surgery, 21 patients underwent tracheostomy, 
and 4 patients underwent T-tube implantation. Patients who 
underwent type III surgery were usually discharged with a 
T-tube or tracheostomy stand.

Recurrences of stenosis

A total of 10 re-stenosis were reported, of which 8 patients 
were treated with dilatation, and corticosteroids, and trache-
ostomy were performed for two patients.

No recurrence of stenosis was reported in patients who 
underwent type I surgery. Out of 20 patients who underwent 
type II surgery, 3 patients had a recurrence of stenosis, and 
during follow-up, one patient had to undergo tracheostomy.

Decannulation and complications

Among the 16 patients who underwent type III surgery, 
decannulation was not performed in 11 patients. The success 
rate in type I operations was 93.75%, in type II was 82.15%, 
and in type III operations was equal to 35.70% (Table 4).

Based on the operation description, it was shown that 42 
patients (26%) of the total patients had traction in the anas-
tomosis. 10% of patients had complications including vocal 
cord injury, vocal cord paralysis, hemorrhage, site seroma, 
site hematoma, and need for repeated dilatation. A total of 
14 deaths were reported, of which 8 were related to suffoca-
tion due to surgery (suffocation, injury, and tracheal rup-
ture), and the exact causes of death in the remaining cases 
were not known based on the medical records.

The duration of intubation in survived and not survived 
cases was 15.8 ± 101 and 15.22 ± 9.2 days (P = 0.87). Also, 
there was no significant differences between in survived and 
not survived groups. Indeed, mean age was 9.60 ± 3.9 and 
9.19 ± 3.3 years in these patients respectively, (0.773).

Discussion

Despite efforts to prevent and reduce the complications 
of endotracheal intubation, tracheal intubation and its 
complications still cause many respiratory problems for 
patients [6]. Our study inconsistent with the other studies 

Table 3   Involved area and 
the type of surgery in the 
airway among PITS patients in 
pediatric aged group

Type of surgery Recurrence of 
stenosis

Tracheostomy T-tube

Trachea 38 10 13 13
Type I Type II
29 9

Trachea and 
subglottis

38 12 21 4
Type I Type II Type III
3 19 16

Fig. 1   Type of intervention in different locations of stenosis

Table 4   The rate of 
decannulation after treatment of 
tracheal stenosis according to 
the type of surgery in pediatric 
age group

Type of surgery Number of 
patients

Airway decannulation
N (%)

Not decannulation
N (%)

P value

Type I 32 30 (93.75) 2 (6.25) 0.07
Type II 28 23 (82.15) 5 (17.85)
Type III 16 5 (35.70) 11 (64.3)
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showed that the most common cause of prolonged intuba-
tion was vehicle accident and then brain injury [16].

In our study, the most common site of involvement was 
the subglottis with the trachea. Similar studies also showed 
that in children, the most common site of involvement was 
the subglottis in addition to the upper trachea [17]. A study 
by Meneghini et al. on the risk factors for subglottic steno-
sis following prolonged intubation in children showed that 
the incidence of subglottic and tracheal stenosis in children 
was higher than in adults [18]. In addition, the duration of 
intubation is an important factor in endotracheal stenosis, 
although, in our study, 36% of the patients reported one 
to 14 days of intubation, on the other hand, intubation-
duration was more than 30 days in 30% of people.

Our study revealed that decannulation is poor in the 
case of type III surgery rather than type I and type II. In 
this regard, a study by Abbasi et al. showed that resection 
procedure had excellent efficacy in 52 patients (74.2%), 
good efficacy in 9 patients (12.8%), and acceptable efficacy 
in 6 patients (8.5%), but in 3 cases the surgery resulted in 
death (4.2%) [19]. Marstone et al. showed that resection 
had appropriate results for grade III and IV subglottic ste-
nosis. This method has no harmful effects on the growth 
and function of the larynx, and sound quality improves 
significantly after surgery, however, largely depends on 
preoperative conditions. Other studies have also reported 
that surgical treatment is effective in reducing tracheal 
complications [20, 21]. Monnier et al. examined 38 infants 
and children with severe subglottic stenosis undergoing 
surgery. No laryngeal nerve damage and no mortality were 
observed among the cases. The 10-year follow-up showed 
that all patients had normal growth of the larynx and tra-
chea. The results of this study showed that, in compari-
son with laryngotracheoplasty, the resection method has 
good efficacy for the treatment of subglottic stenosis. They 
stated that this operation should be selected for patients 
with severe stenosis (grade III and IV) [22].

Providing endotracheal intubation training programs 
can positively affect the performance of health profession-
als. A recent study in this regard considered poor skill lev-
els as one of the causes of tracheal stenosis after intubation 
and stated that training is needed to prevent complications 
and reduce cases of tracheal stenosis [23].

In general, early consultation with surgeons who have 
great experience in the treatment of cases with stenosis is 
recommended for better treatment planning.

To minimize the complications regarding laryngotra-
cheal resection and reconstruction, two key points includ-
ing tension and devascularization should be managed. 
Resections greater than 4 cm should be considered to 
reduce anastomotic tension. Some techniques such as 
pretracheal plane dissection, neck flexion to avoid head 

extension for 5 days, traction sutures and suprahyoid laryn-
geal release in case of long stenosis is recommended [21].

In addition, careful planning and preparation of a stenosis 
prevention chart can be useful in the intensive care unit. Also, 
airway management workshops and classes for nurses and car-
egivers of intubated patients in the intensive care unit can be 
effective in reducing the incidence of this complication.

One of the limitations of this study was the incomplete file 
of some patients, which is one of the disadvantages of retro-
spective studies, and it was eliminated as much as possible 
through telephone coordination and information review. Also, 
only demographic characteristics and duration of intubation 
was considered for location of the stenosis and other factors 
including endotracheal tube characters, infection during ICU 
admission, and the care of the tube and so on were not assessed 
as the background for the level of involvement.

Conclusion

In the case of endotracheal intubation, PITS should be con-
sidered in the differential diagnosis of dyspnea in children as 
well as adults. The frequency of subglottic involvement in tra-
cheal stenoses after intubation is high in children, but similar 
to adults, if there is no subglottic involvement, most patients 
are treated completely by resection and anastomosis. In cases 
of subglottic and laryngeal involvement, decannulation rate 
is lower than pure tracheal involvement and complex surgical 
treatments are required, such as the reconstruction of the cri-
coid cartilage and larynx, which in many cases do not induce 
the desired results. Certainly, acquaintance with the strengths 
and weaknesses of treatment strategies and further under-
standing of the effectiveness of new methods will be effective 
in preventing post-intubation tracheal stenosis and reducing 
related complications.
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