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Abstract: SARS-CoV-2 virus has led to an unprecedented amount of tracheal stenosis. Rigid bronchoscopy can serve as a curative measure 
or bridge therapy to tracheal resection. We also briefly discuss the pathophysiology of tracheal stenosis from prolonged intubation and 
SARS-CoV-2 virus. This should be differentiated from other forms of airway obstruction such as tracheobronchomalacia which would be 
considered a pseudo-tracheal stenotic disease. The aim of this study is to evaluate stenosis that is unable to be improved with positive airway 
pressure or “PAP” therapies and required stenting and/or subsequent tracheal resection. By performing Rigid Bronchoscopy and subsequent 
stenting of airways, we demonstrated outcomes for long term airway patency regarding patients who were intubated secondary to the SARS- 
CoV-2 virus. We demonstrate superb outcomes in a consecutive case series of 6 patients managed with rigid bronchoscopy, airway stent and 
tracheal resection. The patients were all managed from a pulmonary perspective by the physicians mentioned in this study. 
Keywords: tracheal stenosis, COVID-19 intubation, rigid bronchoscopy

Introduction
Tracheal stenosis is defined as an abnormal narrowing or stricture within the tracheal lumen, see Figure 7 for reference. 
This leads to obstruction in the central airway and can be life-threatening if it is not recognized and treated in a time 
sensitive manner. Tracheal stenosis is mostly caused by malignancy, but many nonmalignant etiologies exist, including 
stricture formation following endotracheal intubation and/or tracheostomy placement. The pathogenesis underlying post- 
intubation or post-tracheostomy tracheal stenosis involves airway inflammation and intrinsic vascular compression by the 
inflated cuff of the endotracheal or tracheostomy tube.1 In patients with severe COVID-19 disease that develop ARDS 
requiring mechanical ventilation, there are increasing reports of prolonged need for mechanical ventilation, a known risk 
factor for the later development of tracheal stenosis. Coronavirus disease 2019 (COVID-19) caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) is a multi-system disorder that causes a pro-inflammatory state that 
can lead to acute respiratory distress syndrome (ARDS). 

Table 1 Cases 1–6 Including Age, Sex, Days Under Care, Comorbidities

Case 1 47 Woman 58 days (18 I, 40 T) Type 2 Diabetes Mellitus, Diabetic Ketoacidosis

Case 2 63 Man 14 days (14 I, 0 T) Hypertension, end-stage renal disease

Case 3 45 Woman 66 days (13 I, 53 T) Crohn’s disease on immunosuppressant therapy

Case 4 42 Man 8 days (8 I, 0 T) Type 2 diabetes mellitus, diabetic ketoacidosis

Case 5 34 Woman 67 days (25 I, 42 T) Severe obesity, type 2 diabetes mellitus, eosinophilic asthma

Case 6 65 Woman 8 days (8 I, 0 T) Chronic obstructive pulmonary disease, type 2 diabetes mellitus, end-stage renal disease

Abbreviations: I, intubated; T, trached.
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In this case series, we report six patients who developed ARDS due to COVID-19, underwent endotracheal intubation 
for mechanical ventilation, with four patients going on to receive tracheostomy tube placement before eventual 
decannulation. All six patients later presented with nonspecific symptoms and were diagnosed with tracheal stenosis. 
We aim to show that patients with tracheal stenosis due to COVID-19 infection can be successfully managed using 
tracheal dilation.

Methods
We performed a retrospective review between December 2020 and November 2021 for all new cases of tracheal 
stenosis at the University of California, Irvine. Of these cases, 6 of 20 (30%) had tracheal stenosis related to 
COVID-19 that eventually underwent rigid bronchoscopy, tracheal dilation, and/or tracheal resection (Table 2). 
All cases had a Myer-Cotton grade of laryngeal stenosis of at least 3 (71% to 99% obstruction) at the time of 
dilation (Table 1).

Table 2 Pathogenesis of Disease Burden and Prevention Taken Respectively

Pathogenesis Prevention

COVID-19 induces a profound pro-inflammatory cascade referred to as 

a cytokine storm leading to tissue damage.1
Tocilizumab, an interleukin-6 inhibitor, may be used to reduce 

inflammation.1

The cuff of the endotracheal tube inflates and deflates daily for weeks. 

Moreover, the rigid tube is moved and assessed for cuff leaks. The 

constant external pressure eventually causes tracheal irritation and 
fibrosis via biomechanical stress.2 Persistent mechanical tension also 

leads to defective TGF-β signaling and enhances the fibrotic cascade.

Prolonged tracheal irritation may be alleviated with a tracheostomy tube 

if it can be done safely (with minimal risk of aerosol cross-infection). 

This may be an effective tool to facilitate ventilator weaning.3

Repeated intubations may be needed if the first attempt is not 

successful, especially in patients with different anatomic variants. They 

cause repeated physical trauma to the trachea.

Video-assisted laryngoscopy may successfully reduce the number of 

intubation attempts compared to direct laryngoscopy and minimize risk 

of esophageal intubation.4

The cuff of the endotracheal tube tightly seals the endotracheal tube to 

the trachea constantly exerting pressure and stopping circulation to the 
tracheal wall causing local ischemia and eventually scar formation. Due 

to the lack of blood flow, tissue damage continues.5

The pressure of the cuff of the endotracheal tube should be reduced to 

allow for local blood flow and replenish nutrients to the area.6 Cuff 
pressures should be inflated to 20 to 30 mm H2O. Pressures greater 

than 30 mm H2O have been associated with venous stasis, which sets 

forth the pathway to tracheal stenosis. Oversized tube diameters should 
be avoided. In obese patients, consider tracheostomy tubes with an 

extended proximal limb rather than a larger diameter tube.7 Control of 

comorbidities is also important, as patients with underlying diabetes 
mellitus and cardiovascular disease may have microvascular changes that 

put them at increased risk for tissue ischemia.

The growth of granulation leads to delayed airway stenosis and causes 

patients to come to the hospital about a month after they are 

discharged home after being intubated and in the intensive care unit for 
weeks.

Patient education on signs of tracheal stenosis before discharge with the 

instruction to seek medical attention quickly may expedite the diagnosis 

of TS. An intralesional steroid injection, topical mitomycin C or 
5-fluorouracil/triamcinolone, may prevent severe tracheal stenosis due 

to their anti-fibrotic and anti-inflammatory properties.8,9

Gastroesophageal reflux may cause and exacerbate laryngeal damage.10 Both lifestyle and pharmacologic interventions to prevent 

gastroesophageal reflux may help to reduce the risk of developing 

tracheal stenosis. In the critical care setting, it is important to consider 
prevention against tracheal stenosis in addition to stress ulcer formation 

as an indication for prophylactic acid suppression.
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Tracheal Dilation
Tracheal dilation, steroid injections, and tracheal stenting were performed using rigid bronchoscopy. Tracheal dilation 
was performed with radial incisions made with potassium-titanium-phosphate (KTP) laser bronchoscopy in the stenosis. 
Serial dilation with increasing sizes of a rigid bronchoscope was performed using the bevel. This was done until the 
10mm or 12mm rigid bronchoscope could be passed beyond the stenosis. Once achieved, the bronchoscope was allowed 
to dilate the airway for at least 5 minutes. Steroid injections were performed with triamcinolone acetonide 40 mg/mL. 
Tracheal stenting was performed with hourglass-shaped silicone stents.

Case 1
A 47-year-old woman with a relevant history of morbid obesity and poorly-controlled type 2 diabetes mellitus developed 
COVID-19 pneumonia in December 2020 and required mechanical ventilation at an outside hospital. A tracheostomy 
was performed 13 days after initial intubation. She was transferred to a long term acute care facility where she was 
eventually decannulated and later discharged to a skilled nursing facility. Approximately 13 weeks later, she developed 
dyspnea and upper airway stridor. Flexible bronchoscopy revealed at the first tracheal ring a grade 3, concentric, 
corkscrew-type stenosis (Figure 1), which was just cephalad to where her tracheostomy tube had been placed. The 
level of her tracheostomy was widely patent. She was taken to the OR and dilated up to 10mm. After the procedure she 
was discharged home on room air.

Case 2
A 63-year-old man with a relevant history of obesity and end-stage renal disease due to poorly controlled hypertension 
developed COVID-19 pneumonia in September 2020 requiring mechanical ventilation for 14 days. His hospital course 
was further complicated by pulmonary embolism requiring anticoagulation. He was transferred to an acute rehabilitation 
unit. Approximately 8 weeks later, he developed dyspnea and upper airway stridor. Flexible bronchoscopy revealed grade 
3 tracheal stenosis at the level of the cricoid cartilage and first tracheal ring, there was a long complex corkscrew-type 
stenosis extending 3 tracheal rings (Figure 2). The narrowest point of stenosis measured 3 mm in length. Using the rigid 
bronchoscope, we were able to dilate the stenosis up to 12 mm. He was eventually discharged home on room air.

Case 3
A 45-year-old woman with a relevant history of Crohn’s disease on immunosuppression developed COVID-19 pneu-
monia in November 2020. She required mechanical ventilation and eventual tracheostomy. She was transferred to a long- 
term acute care facility where she improved and was successfully decannulated with minimal post-decannulation 
supplemental oxygen requirements via nasal cannula. Approximately 20 weeks later, she presented with increasing 
oxygen requirements and dyspnea. Flexible bronchoscopy revealed grade 3 tracheal stenosis at the level of the third 
tracheal ring and extending 2 rings, there was severe concentric corkscrew-type stenosis that tapered down to approxi-
mately 3 to 4 mm (Figure 3). By way of rigid bronchoscopy, the airway was dilated up to 12 mm with gentle dilation. In 

Figure 1 Grade 3, concentric, corkscrew-type stenosis seen on CT chest (A) and pre-dilation bronchoscopy (B). Post-dilation bronchoscopy reveals airway patency (C).
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addition, we injected 40 mg of triamcinolone acetonide into the lesion at the area of stenosis. She recovered in the postop 
unit and was discharged home on room air. She was eventually seen by our Thoracic Surgery colleagues and underwent 
successful and definitive tracheal resection.

Case 4
A 42-year-old woman with a relevant history o f obesity and type 2 diabetes mellitus developed diabetic ketoacidosis 
with coma and was found to have COVID-19 pneumonia in October 2020. She was intubated for 8 days at an outside 
hospital then successfully weaned off mechanical ventilation and extubated without need for tracheostomy. In 
December 2020, she was found to have tracheal stenosis by flexible bronchoscopy performed by an outside pulmonol-
ogist who treated her with oral steroids and referred her to our facility. Starting at the third to fourth tracheal ring at the 
level of the thoracic inlet, there was a grade 3, complex, concentric stenosis that narrowed down to approximately 2 to 
3 mm (Figure 4). The airway was dilated up to 12 mm for approximately 5 minutes. It was clear that due to the length of 
the stenosis and the relative firmness this would re-stenose quite quickly if a stent was not placed. Therefore, a 14×12 
x 14 mm silicone studded hourglass stent that was 4 cm in length was loaded. It was deployed into the distal trachea and 
positioned such that the stent covered and dilated the entirety of the stenosis. The procedure was then terminated, the 
patient woke up without incidence and recovered in the postop unit to eventually be discharged home on room air.

Case 5
A 34-year-old woman with a relevant history of severe morbid obesity, type 2 diabetes mellitus, and eosinophilic asthma 
developed COVID-19 pneumonia in July 2020 and required intubation for acute respiratory distress syndrome. Her 
hospital course was complicated by left lower extremity deep venous thrombosis requiring thrombectomy. Her ventilator 

Figure 3 Grade 3, concentric, corkscrew-type stenosis which extended at least 2 tracheal rings seen on CT chest (A) and pre-dilation bronchoscopy (B). Post-dilation 
bronchoscopy reveals airway patency (C).

Figure 2 Grade 3, complex corkscrew-type stenosis which extended 3 tracheal rings seen on CT chest (A) and pre-dilation bronchoscopy (B). Post-dilation bronchoscopy 
reveals airway patency (C).
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requirements improved, and a tracheostomy was performed at an outside hospital. She was transferred to a long-term 
acute care facility where she was eventually decannulated. She presented 17 weeks later with dyspnea. Given her known 
history of asthma, she was prescribed multiple courses of oral steroids and her inhaler therapy was escalated. Eventually, 
a computed tomography (CT) scan of the chest revealed tracheal stenosis. At the first tracheal ring, there was a grade 3 
stenosis that tapered down to a diameter of 5 mm and extended another 2 tracheal rings (Figure 5). The airway was 
dilated up to 10 mm with the rigid bronchoscope for over 5 minutes. The patient woke up without incident and recovered 
in the post anesthesia care unit to eventually be discharged home on room air.

Case 6
A 65-year-old man with a relevant history of chronic obstructive pulmonary disease and type 2 diabetes mellitus 
developed COVID-19 pneumonia and required intubation in Mexico in December 2020. He was intubated for approxi-
mately 8 days. He presented to our facility in March 2021 with dyspnea and biphasic stridor. Flexible bronchoscopy 
revealed a grade 3 tracheal stenosis (Figure 6). He was dilated for over 10 minutes with the 12 mm diameter rigid 
bronchoscope. He was then extubated from the rigid bronchoscope and woke up in the operating theater uneventfully and 
discharged home the same day on room air.

Discussion
Stenosis can occur at any level of the airway, but it is most commonly identified at the level of a prior tracheostomy 
stoma and at the level of the prior balloon cuff or distal end of a prior tube in the setting of post-intubation or post- 

Figure 5 Grade 3, oval, corkscrew-type stenosis which extended 2 tracheal rings seen on CT chest (A) and pre-dilation bronchoscopy (B). Post-dilation bronchoscopy 
reveals airway patency (C).

Figure 4 Grade 3, complex, concentric stenosis seen on CT chest (A) and pre-dilation bronchoscopy (B). Post-procedure bronchoscopy reveals airway patency with 
silicone studded hourglass stent in place (C).
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tracheostomy tracheal stenosis.11 In the aim of this study we evaluated 6 cases of COVID-19 related tracheal stenosis as 
listed. It is believed that an abnormal healing process contributes to the development of tracheal stenosis,12 beginning 
when mucosal ulceration causes necrosis and absorption of underlying cartilage. Stenosis at the stomal level is related to 
the anterior tracheal wall defect created for the tracheostomy. This results in excess granulation tissue formation around 
the stoma site.13 Pressure ischemia may occur when higher amounts of pressure are placed along stomal margins, the 
larger the tracheostomy tube, the greater the amount of pressure applied. Similarly, mechanical pressure due to 
unsupported ventilator hose attachments can further lead to ischemia and can later develop into necrosis. 
Decannulation allows the cartilage around the stoma to heal by fibrosis. In contrast, stenoses at the cuff level are felt 
to be related to local circumferential or patchy ischemia caused by the pressure created by the cuff onto the tracheal 
wall.14 This process is thought to begin within the first few hours post intubation.13 Stenoses are graded via the Myer- 
Cotton system, see Figure 7. It should be noted that tracheobronchomalacia can lead to a pseudo-tracheal stenosis 
however, since the airway remains patent on inspiration this is not a true tracheal stenosis. Positive end expiratory 
pressure would maintain pathway for a patent airway therefore not making tracheal malacia the same as a true tracheal 
stenosis.

Patients who are critically ill with COVID-19 often require endotracheal intubation and mechanical ventilation to 
treat acute respiratory distress syndrome (Table 2). An early report by Huang et al demonstrated that invasive mechanical 
ventilation was required in 9.8 to 15.2% of patients with COVID-19. For these patients, mechanical ventilation is 
a lifesaving intervention to allow time for lung recovery while hospitalized, with a median of 17 ventilator days and 
a high frequency of re-intubation needs.16 Tracheal injury related to endotracheal intubation is a known complication in 
cases where prolonged periods of mechanical ventilation are required, making tracheal stenosis a more common 
complication in the COVID-19 patient population.

In a retrospective study by Fiacchini et al, 14 out of 30 COVID-19 patients who underwent invasive mechanical 
ventilation for 14 or more days developed full-thickness tracheal lesions or tracheoesophageal fistulas.17 In contrast, only 
1 patient in the control group, which consisted of 45 patients without COVID-19, had a full-thickness tracheal lesion 
(Table 1). While subglottic or tracheal stenosis and tracheoesophageal fistulas are known complications of endotracheal 
intubation, they are rare with only 0.3 to 3% developing it from prolonged invasive mechanical ventilation in patients 
without COVID-19.18 Acute laryngeal injury occurs in 57% of patients during the placement of the tube, which then 
results in ulceration or granulation tissue formation.19 The risk factors for tracheal stenosis include prolonged 
intubation,20,21 use of high-pressure low-volume cuffs,14 large diameter tracheostomy tubes,14 high-dose steroid use 
greater than prednisone 30 mg per day or equivalent,13,14 female gender,13 as well as obesity, diabetes mellitus, and 
cardiovascular disease.22 Unfortunately, many of these risk factors coincide with the patient population that suffer from 
severe COVID-19 infection, placing them at even greater risk of post-intubation tracheal stenosis.23

While the understanding of the pathogenesis of post-intubation tracheal stenosis specific to COVID-19 is not entirely 
clear, we believe it may be caused by a combination of these 5 factors: a severe proinflammatory state, tracheal irritation 
from prolonged presence of an endotracheal tube, decreased tracheal blood flow, granulation tissue growth, and 

Figure 6 Grade 3, concentric stenosis seen on CT chest (A) and pre-dilation bronchoscopy (B). Post dilation bronchoscopy reveals airway patency (C).
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gastroesophageal reflux which further contributes to tracheal injury. These points with explanations and potential 
interventions are summarized in Table 2.

Post-intubation tracheal stenosis related to COVID-19 has been reported by other physicians. Li et al found that otolar-
yngologists performing tracheostomies by creating a Bjork flap have a lower incidence of post-tracheostomy tracheal stenosis. 
Although percutaneous tracheostomy is known to be a safe technique, patients who are obese or with poor landmarks may benefit 
more from an open technique placement.7 Vasanthan et al reported the complication in a 71-year-old female who presented with 
worsening “breathlessness and added airway sounds” 36 days post-discharge after a 35-day admission for COVID-19 
pneumonia.24 Mattioli et al reported 19 patients with tracheal stenosis and treated them endoscopically with balloon dilation.25

The long term follow-up results of this study have not been documented due to the fact that none of the aforemen-
tioned authors have remained as full time faculty at the University of California, Irvine. It should also be noted that there 
has been a recurrence rate of 26% found by Zias et al and further evaluation and management of these patients is 
essential. There is some concern for restenosis of these patients after initial stenosing. As for the recurrence of stenosis, 
all patients in this study were referred back to the Interventional Pulmonary Department at the University of California, 

Figure 7 Classification grading demonstrating various levels of stenosis of the lumen based on the Meyer’s Cotton system.15
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Irvine for close follow up and if stenosis was again noted patients were taken for repeat rigid-bronchoscopy and their 
airway made patent again. r.

Conclusion
In our institiution, we have observed that patients that were infected with COVID-19 and who required intubation for 
more than 14 days may recover from the COVID-19 infection to eventual extubation or decannulation in cases where 
tracheostomy was performed; however, these patients developed symptomatic tracheal stenosis weeks later. Symptoms 
upon presentation include but are not limited to stridor, dyspnea, wheezing, drowsiness, coughing, and cyanosis of the 
lips. These symptoms can develop in patients in an acute or subacute period. The nature of the symptoms is nonspecific 
and may be mistaken for other common pulmonary diseases (such as asthma, chronic obstructive pulmonary disease, 
pneumonia and bronchitis). Due to this we highly encourage both physicians and patients to be conscious of tracheal 
stenosis as a differential when evaluating complications of post-intubation related to COVID-19. This will allow for 
better care and management to be directed accordingly. Suspected cases can be worked up with chest imaging and 
pulmonary function tests; however, abnormalities seen on these modalities are neither sensitive nor specific to tracheal 
stenosis. The gold standard to best demonstrate the stenotic lesion is direct visualization via bronchoscopy. Notably, the 
incidence of tracheal stenosis may be higher than reported given there are no routine follow-up airway examinations to 
screen for asymptomatic tracheal stenosis. It may be difficult to determine timelines for recurrence of tracheal stenosis 
given asymptomatic presentations. Thus there is utility in serial bronchoscopies or other endoscopic treatments, 
specifically dilations, to better manage the patients’ airway obstructions. The severity of obstruction and ultimately 
response to initial therapy would determine recurrence and it should be noted there is expected varying outcomes in 
timeline in regards to how frequently recurrence of stenosis may occur. At our center, we treat symptomatic tracheal 
stenosis by entering the trachea with a rigid bronchoscope, possible laser and electrocautery followed by dilation. Other 
centers have reported success with treating tracheal stenosis with cryotherapy by either cryotherapy probe and/or 
cryospray.26 These interventional methods have yielded excellent results and better outcomes for our patients.
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