
Abstract 

COVID-19 pneumonia can cause respiratory failure which
requires specialist management. However, the inflammatory
nature of the condition and the interventions necessary to manage
these patients such as endotracheal intubation and tracheostomy
can lead to large airway pathology which may go unrecognised.
We describe five of the 44 (11%) consecutive patients referred to
our specialist ARDS team between April and June 2020 with con-
firmed COVID-19 pneumonia who developed diverse large air-
way pathology which comprised of: supraglottic oedema, tracheal
tear, tracheal granulation tissue formation, bronchomalacia, and
tracheal diverticulum. Large airway pathology may be underap-
preciated in severely ill patients with COVID-19 pneumonia and

should be considered in patients with unexplained air leak, pro-
longed need for mechanical ventilatory support, and repeated
failed extubation or decannulation. If suspected, such patients
should be managed by a team with expertise in large airway inter-
vention and early specialist advice should be sought. 

Introduction

COVID-19 pneumonia caused by the SARS-CoV-2 virus is
now well recognised for the respiratory illness it can cause due to
effects on the lung parenchyma and pulmonary vasculature [1].
Diffuse alveolar damage and resultant acute respiratory distress
syndrome as well as heightened risk of pulmonary emboli (PE)
and the formation of in situ thrombosis can contribute to profound
hypoxia due to ventilation/perfusion (VQ) mismatch and such
patients are frequently intubated and mechanically ventilated. 

Clinician focus on gas exchange and haemodynamic parame-
ters in these critically unwell patients is an unquestionable priority
as we improve our understanding of the disease. However, large
airway pathology may be underappreciated as a result. These
patients are at increased risk of complications in the trachea and
main bronchi not only due to the direct effect of the virus on res-
piratory epithelium but also due to interventions such as endotra-
cheal intubation and tracheostomy. 

Our tertiary centre has experience not only in the management
of high numbers of critically ill patients with COVID-19 pneumo-
nia but also in large airway intervention and act as a referral centre
for London and the South East. 44 critically unwell patients with
confirmed COVID-19 pneumonia were referred to our Acute
Respiratory Disease Service (ARDS) team for assessment from its
inception in April 2020 until June 2020 [2]. This was led by a
Professor of Cardiothoracic and Intensive Care Medicine with
expertise in rigid and interventional bronchoscopy. We present
five of these who had associated large airway pathology. 

Case #1

A 61-year-old male with a background of hypertension and
type two diabetes (T2DM) was intubated for type one respiratory
failure (T1RF). He was extubated on to non-invasive ventilation
after ten days (with two intervening failed extubations). Six days
following extubation, he deteriorated with sepsis and was re-intu-
bated. Six days later, a surgical tracheostomy was performed.
There was a persistent cuff leak and he was decannulated and ret-
intubated with use of GlideScope which demonstrated supraglottic
and glottic oedema. The following day a revision surgical tra-
cheostomy was performed with insertion of a larger tube (8.0
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Portex). This was initially successful but then required high cuff
pressures to prevent air leak. It was changed a third time to a size
9.0 adjustable flange cuffed tube and positioned with the aid of
bronchoscopy. This once again confirmed the presence of supra-
glottic and glottic oedema. His admission was complicated by bac-
teraemia (hence a decision was made not to treat his airway pathol-
ogy with parental corticosteroid), PE with right ventricular strain,
an asystolic cardiac arrest, and a gastrointestinal bleed. He died on
the fourth week of his admission. 

Case #2

A 69-year-old male with a background of hypertension and
hypercholesterolaemia was admitted to his local hospital. On day
13 he required emergency intubation on the ward for worsening
T1RF despite continuous positive airway pressure (CPAP). The
procedure was described as “difficult”. A bougie was not used. The
following day surgical emphysema was appreciated around the
neck. Computed-tomography (CT) chest confirmed the presence
of extensive surgical emphysema, pneumomediastinum, and pneu-
moperitoneum without an obvious underlying cause. A right sided
pneumothorax became apparent on chest radiograph the following
day. Bilateral surgical chest drains were inserted and placed on
suction but his surgical emphysema worsened. Repeat CT imaging
suggested a small posterior tracheal perforation so he was trans-
ferred to our unit. Rigid and fibreoptic bronchoscopy demonstrated
a 1cm defect on the left posterolateral tracheal wall with surround-
ing inflammatory change suggesting an original defect of 2-3 cm.
A tracheostomy was subsequently fashioned and placed over the
tear with bronchoscopic guidance. His wean was ventilation was
prolonged with successful decannulation after six weeks. His
admission was additionally complicated by ventilator associated
pneumonia, pericarditis, and cardiac arrhythmia requiring perma-
nent pacemaker insertion. The tracheal tear healed spontaneously
and he was successfully discharged and remains under surveillance
with our team. 

Case #3

A 47-year-old male was admitted to his local hospital where
he was intubated for T1RF following failed CPAP therapy
(described as “easy intubation”, with use of GlideScope). He had
no past medical history of note. He was transferred for veno-
venous extracorporeal membrane oxygenation which he received
for a 22-day period. During this period a percutaneous tra-
cheostomy was performed. He was transferred to our unit for
ongoing care and ventilation wean. He was noted to have persist-
ing cough with high secretion burden and episodic desaturation.
In addition, he had a markedly weak voice when the tracheosto-
my cuff was deflated and a speaking valve applied. Rigid and
fibreoptic bronchoscopy was performed prior to attempting
decannulation. This demonstrated a proximal rim of granulation
tissue above the site of entry of the tracheostomy tube producing
a 30-40% local stenosis. There was no distal granulation tissue or
secretions. This was not severe enough to prevent decannulation
which was performed successfully 48 hours later (approximately
five weeks after the initial percutaneous tracheostomy). He was
subsequently discharged to a rehabilitation unit for ongoing care
and remains under our continued surveillance. 

Case #4

A 63-year-old male was transferred from a local hospital where
he had been intubated for T1RF. Twelve days later he was trans-
ferred to our unit and underwent percutaneous tracheostomy on
day sixteen. His past medical history was significant for T2DM,
hypertension, asthma, and obesity. There were issues with tena-
cious secretions and flexible bronchoscopy was performed for
microbiological sampling and airways clearance. Aspergillus fumi-
gatus was isolated from bronchoalveolar lavage. He developed left
lower lobe collapse and pleural effusion which required intercostal
chest drain insertion. He was treated with antifungals and antibi-
otics and a further flexible bronchoscopy showed dynamic left
main bronchomalacia. A stent was deployed in the left main
bronchus and he was successfully decannulated. He was then dis-
charged to a rehabilitation unit with follow up by our team. 

Case #5

A 53-year-old male was transferred from a local hospital
where he had been intubated. He had impaired glucose tolerance
and asthma. Two days after intubation, a thoracic CT scan con-
firmed the presence of pneumomediastinum. A percutenaous tra-
cheostomy was performed 12 days after intubation. He also had
acute kidney injury requiring haemofiltration, type two myocar-
dial injury, bacterial sepsis, and PE. His ventilation improved and
his tracheostomy was removed five weeks after admission. Due to
septic deterioration, he underwent whole body CT. This demon-
strated findings consistent with acute pyelonephritis as well as a
gas-distended tract with overlying granulation tissue at the tra-
cheostomy site consistent with a tracheal diverticulum. This was
confirmed on bronchoscopy and a conservative approach was
taken. He remained asymptomatic, made good progress and was
repatriated to his local hospital. He remains under our prospective
surveillance.

Discussion 

We present five patients with varied large airway pathology
with confirmed COVID-19 pneumonia who required critical care
admission, endotracheal intubation, and tracheostomy. 

Large airway – including supraglottic, glottic, and subglottic –
oedema is a recognised complication of endotracheal intubation,
with frequency increasing with duration of intubation [3]. The
average time from endotracheal intubation to tracheostomy in
COVID-19 is not insignificant and has been reported to be 19.7
days in one cohort study [4]. Since the virus can be associated with
large airway inflammation [5] upper airway oedema should be
considered as a reason for failed extubation or persisting signs of
upper airway obstruction following extubation in these patients. 

Tracheal injury secondary to intubation has been well
described, with emergency intubation being a risk factor [6] with
some cases described in COVID-19 [7] including three sponta-
neous cases attributed to coughing [8]. In our patient, we suspect
that the tear was present from the initial intubation. The index of
suspicion of this diagnosis should be high, especially in cases of
unexplained surgical emphysema and pneumomediastinum. 

In our third patient, prolonged need for tracheostomy likely
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resulted in granulation tissue formation proximal to the site of tra-
cheostomy entry. This may be missed as bronchoscopy is often
performed via the tracheostomy for ease and patient comfort but
this only allows for distal airway assessment. Formation of proxi-
mal granulation tissue may cause serious airways obstruction and
secretion accumulation and should be identified and treated prior
to decannulation if suspected [9].

Tracheobronchomalacia is a historically well described late
complication of intubation and tracheostomy [10]. This may con-
tribute to failed extubation or failed tracheostomy removal.
Temporary airway stenting may be an option for some patients. 

Our final patient had a tracheal diverticulum. Prior imaging
confirmed this was not congenital. The inflammatory nature of
COVID-19 and the need for prolonged endotracheal intubation or
tracheostomy are presumed contributory factors. The condition is
yet to be described in association with COVID-19. 

We identified 5 (11%) of the 44 consecutive patients referred
to our ARDS team in our tertiary centre over a three-month period
who had significant large airway pathology requiring specialist
intervention. We did not observe a noticeable difference in the
presentation, diagnostics, or treatment approach when we have
drawn comparisons to patients treated through our unit prior to the
pandemic [11]. The incidence, however, was higher than that seen
in our usual pre-pandemic practice and we feel this is likely to be
a reflection of the increase in numbers of critically ill patients
requiring airway intubation and intervention as a result of infection
with COVID-19. The true incidence is as yet unknown. 

To further this, we have seen a proportion of critically ill
COVID patients requiring high levels of positive pressure ventila-
tion thus subjecting the airways and lung parenchyma to the con-
sequences of barotrauma. Secondly, the use of the corticosteroid
dexamethasone is now routine in the majority of patients following
the publication of the RECOVERY trial [12] and steroid therapy
may be a contributor to delayed airway healing. In addition, many
patients are also being treated for concurrent venothromboem-
bolism with anticoagulation, which again may affect healing but
may also impair visibility at the time of intubation if there is active
or recent bleeding. 

Intubation may also have been performed by less experienced
– albeit competent – operators who were doing so under extremes
of time pressure given the potential for rapid clinical deterioration
in COVID-19 pneumonia. One would anticipate an increased
reliance on a bougie in these settings and this may be contributing,
especially in the case of laryngeal tears. Laryngeal tears affecting
the membranous trachea are well described in association with
endotracheal intubation [13] and although considered safe there
are case reports in the non-Covid literature describing laryngeal
damage with bougie use [14,15].

We postulate that these factors either in isolation or combined
are contributing to the observed pathology and the higher number
of patients encountered.

Conclusions

Important learning points we have drawn from these cases is
that not only is there diversity in the large airway pathology possi-

ble in patients with Covid-19 but it may also be under appreciated
as the focus has largely been on the management of ventilation and
haemodynamic support. In cases of unexplained surgical emphyse-
ma, prolonged need for or difficult mechanical ventilatory support,
and repeated failed extubation or decannulation, the index of sus-
picion of large airway pathology should be heightened. In this set-
ting, involvement of a tertiary centre or a team experienced in large
airway intervention should be sought early. 
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