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Not only acute respiratory
failure: COVID-19 and the
post-intubation/tracheostomy
upper airways lesions'

Debora Brascia’, Angela De Palma’, Mirko Girolamo Cantatore,
Ondina Pizzuto, Francesca Signore, Doroty Sampietro,
Mariangela Valentini, Marcella Genualdo and Giuseppe Marulli*

Unit of Thoracic Surgery, Department of Precision and Regenerative Medicine and lonian Area
(DiMePre-J), University of Bari “Aldo Moro”, Bari, Italy

Background: An increasing number of patients have been subjected to prolonged
invasive mechanical ventilation due to COVID-19 infection, leading to a significant
number of post-intubation/tracheostomy (PI/T) upper airways lesions. The
purpose of this study is to report our early experience in endoscopic and/or
surgical management of PI/T upper airways injuries of patients surviving
COVID-19 critical illness.

Materials and Methods: We prospectively collected data from patients referred to
our Thoracic Surgery Unit from March 2020 to February 2022. All patients with
suspected or documented PI/T tracheal injuries were evaluated with neck and
chest computed tomography and bronchoscopy.

Results: Thirteen patients (8 males, 5 females) were included; of these, 10 (76.9%)
patients presented with tracheal/laryngotracheal stenosis, 2 (15.4%) with
tracheoesophageal fistula (TEF) and 1 (7.7%) with concomitant TEF and stenosis.
Age ranged from 37 to 76 years. Three patients with TEF underwent surgical
repair by double layer suture of oesophageal defect associated with tracheal
resection/anastomosis (1 case) or direct membranous tracheal wall suture
(2 cases) and protective tracheostomy with T-tube insertion. One patient
underwent redo-surgery after primary failure of oesophageal repair. Among 10
patients with stenosis, two (20.0%) underwent primary laryngotracheal
resection/anastomosis, two (20.0%) had undergone multiple endoscopic
interventions before referral to our Centre and, at arrival, one underwent
emergency tracheostomy and T-tube positioning and one a removal of a
previously positioned endotracheal nitinol stent for stenosis/granulation followed
by initial laser dilatation and, finally, tracheal resection/anastomosis. Six (60.0%)
patients were initially treated with rigid bronchoscopy procedures (laser and/or
dilatation). Post-treatment relapse was experienced in 5 (50.0%) cases, requiring
repeated rigid bronchoscopy procedures in 1 (10.0%) for definitive resolution of
the stenosis and surgery (tracheal resection/anastomosis) in 4 (40.0%).
Conclusions: Endoscopic and surgical treatment is curative in the majority of
patients and should always be considered in PI/T upper airways lesions after
COVID-19 illness.
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Introduction

The novel coronavirus disease 2019 (COVID-19) is a pandemic
caused by the novel severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2). First cases were first reported in Wuhan, China
in December 2019 and, since that time, the coronavirus outbreak
was declared by the World Health Organization (WHO) as a
public health emergency of international concern.

The of COVID-19 is highly
heterogeneous, ranging from asymptomatic to severe respiratory

clinical ~ presentation
failure, requiring invasive mechanical ventilation (IMV) for an
average of 9.8%-15.2% of patients (1). Along with this increased
need for IMV, an occult, silent and parallel pandemic has raised
for surgeons. The mechanic and ischemic damage caused by
intubation and tracheostomy on the tracheal wall is a well-known
risk factor for the production of fibrotic tracheal scarring (2-4).
Moreover, the SARS-CoV-2 has proved to worsen this ischemic
tracheal and oesophageal mucosa damage
antifibrinolytic ~ state, by producing
microvascular injury and necrosis and by requiring chronic high

by causing a
prothrombotic  and

dose systemic steroids use (5-7). Prolonged need for IMV in
COVID-19 patients, along with the intrinsic capacity of the virus
itself to damage the tracheal and oesophageal mucosa, have led
to an increased incidence in post-intubation/tracheostomy (PI/T)
upper airways lesions, including tracheal stenosis, tracheomalacia
and tracheoesophageal fistulas. For this reason, the tracheal
surgeon has to become familiar with tracheal lesions resulting
from intubation/tracheostomy and with their treatment.

So far, most of the published literature on the COVID-19 PI/T
upper airways lesions is anecdotal and mostly made up of case
reports (8). We present our case series of COVID-19 patients
who developed PI/T lesions after prolonged IMV and were
treated at our Institution during the pandemic period.

Materials and methods

This is a prospective analysis on patients with documented
PI/T tracheal injuries after intubation and invasive mechanical
ventilation (IMV) due to respiratory failure resulting from SARS-
CoV-2 infection who underwent endoscopic or open tracheal/
oesophageal surgery between March 2020 and February 2022 in
our Thoracic Surgery Unit. All patients were diagnosed with
COVID-19 wusing real-time reverse transcription polymerase
chain reaction (RT-PCR) on nasopharyngeal swab.

All patients with suspected or documented PI/T lesions were
evaluated with CT of the neck and chest, flexible fiberoptic
bronchoscopy and oesophagogastroscopy in case of suspected
TEF. The features data were prospectively collected, including
patients’  demographics (age, body mass index, and
comorbidities), length of ICU stay, duration of the endotracheal
intubation, time from endotracheal intubation to tracheostomy,
duration of tracheostomy and the characteristics of the PI/T
lesions (type, size, and localization of the stenosis, categories of
the endoscopic interventions and surgeries applied).
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Before each operation, nasopharyngeal swabs were taken from
the patients for SARS-CoV-2 RT-PCR testing, and only when
patients tested negative, they underwent surgery. In only one
patient surgery was performed even with a positive SARS-CoV-2
RT-PCR swab; this was the case of a seropositive myasthenia
gravis (MGFA class IIB) patient with an ARDS due to COVID-19
infection, coupled with respiratory muscle failure, diagnosed with
a TEF of 3.5 cm during her ICU stay. In this case, we considered
the emergent surgical repair because of the critical clinical
condition of the patient in which prolonged mechanical
flexible

bronchoscopy, type, localization and residual tracheal lumen of

ventilation was expected. After initial fiberoptic
the stenosis were assessed and the adequate treatment planned.
Endoscopic treatment was considered as the first therapeutic
option for those patients with simple web-like stenosis, with a
cranio-caudal extent<1lcm and without any damage to the
cartilages, as a bridge-to-surgery option to manage symptomatic
emergencies or for patients not eligible for surgery due to poor
health with

tracheomalacia. Surgery was chosen as first therapeutic option in

overall status and comorbidities or serious
high grade complex stenosis, with cranio-caudal extension >1 cm,

intramural involvement and/or laryngo-tracheal framework
impairment or in case of failure of multiple endoscopic procedures.

All patients with TEF, after endoscopic diagnosis was
confirmed, underwent urgent surgical repair. Only in one case,
surgical repair was delayed because of the priority for the patient,
who was 20 weeks pregnant, to undergo prior abortion because
of a malformed foetus.

Additionally, specimens of the trachea resected from the
patients who underwent tracheal surgery were sent for pathologic
examination and were compared with other similar tracheal
specimens resected from patients with tracheal stenosis non-

COVID-related to assess possible similarities or differences.

Endoscopic procedures

The rigid bronchoscope was inserted under general anaesthesia
and the patient was ventilated through its ventilating channel. The
stenosis was radially incised in two or three points with thulium
and diode laser thus, the stenotic area was dilated with coring
manoeuvres using rigid bronchoscopes with increasing diameters
or Savary catheters. At the end of the procedure, an orotracheal
tube was placed for 20 min for haemostasis and to stabilize dilatation.

Surgical procedure: tracheal resection and
anastomosis

The surgical principles of tracheal resection and anastomosis
(TR/A) have been already described (8). In our experience, after
the two 2/0 polyglactin (Vicryl; Ethicon, Inc., Somerville, NJ,
USA) traction sutures were placed in the lower tracheal tract and
to the larynx, respectively, the posterior anastomosis was carried
out first through a 4/0 polydioxanone (PDS; Ethicon, Inc.,
Somerville, NJ, USA) continuous suture on the membranous
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pars; soon after, the latero-anterior cartilaginous pars was sutured
with interrupted 3/0 Vicryl stitches. The traction sutures were then
tied together to release tensions on the anastomosis and pretracheal
muscle flaps are used to cover the anastomosis.

Surgical procedure: closure of the
tracheal and oesophageal defects for
tracheoesophageal fistula

The surgical principles of primary closure of the tracheal and
oesophageal defects for acquired tracheoesophageal fistula have
been already described (9). A gastrostomy and a jejunostomy tube
should be positioned to allow both enteral feeding and gastric
content drainage. Surgery should be delayed until weaning from
mechanical ventilation. Postintubation fistulae are usually located
in the cervical trachea, thus cervicotomy is the most frequent
surgical approach. Trachea and oesophagus were dissected at the
location of the fistula, and then closure of the membranous
tracheal defect was accomplished directly using interrupted sutures
of 4/0 PDS. The oesophageal defect was closed in two layers: the
inner oesophageal mucosal layer was closed with a running suture,
inverting the edges of the defect into the lumen, followed by
closure of the outer oesophageal muscle over the mucosal layer
with interrupted 4/0 polydioxanone sutures. A pedicled flap of
pretracheal muscles or of sternocleidomastoid muscle was
interposed between the oesophagus and the trachea.

Follow-up

In patients undergoing tracheal resection and anastomosis,
control flexible bronchoscopies were done under conscious
sedation at postoperative day 1 and day 7 to control the
anastomotic suture line. In the TEFs cases, before resuming oral
diet, all patients underwent contrast radiography to confirm
healing of the oesophagus.

All patients were followed up after discharge with flexible
bronchoscopies performed at 10 days, 1-3—6-12 months after

surgery.

Statistical analysis

Continuous variables are described as mean + standard
(SD) IQR).

Categorical variables are reported as counts and percentages.

deviation and median (intra-quartile range,
Statistical analysis was performed on STATA 14.0 statistical
software (StataCorp.2015. Stata Statistical Software: Release 14.

College Station, TX: StataCorp LP).

Results

A total of thirteen patients (8 males, 5 females) underwent
endoscopic/surgical treatment for PI/T tracheal injuries after
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prolonged intubation and mechanical ventilation due to
respiratory failure resulting from SARS-CoV-2 infection between
March 2020 and February 2022. Particularly, 10 (76.9%) patients
presented with tracheal/laryngotracheal stenosis, 2 (15.4%) with
tracheoesophageal fistula (TEF) and 1 (7.7%) with concomitant
TEF and stenosis. Age ranged from 37 to 76 years (mean 61.9 +
12.2). The demographic and clinical characteristics of the
in Table 1. Mean IMV duration

(endotracheal tube and tracheostomy) was 47.0+33.6 days.

patients are described
Eleven (84.6%) patients had undergone tracheostomy, with a
mean duration of 49.2 +46.1 days. All patients diagnosed with
TEF were already hospitalized and were sent to our Department
to undergo emergency surgery; four patients (40.0%) with
tracheal stenosis were admitted from the emergency department
to our Unit to undergo urgent procedures and the last six
patients (60.0%) were admitted to the outpatient clinic. Table 2
summarizes the bronchoscopic features of patients’ tracheal
stenosis and/or TEF. Figure 1 summarizes the treatment
algorithm and outcomes.

Among the ten patients with stenosis, two (20.0%) underwent
primary laryngotracheal resection/anastomosis, two (20.0%) had
undergone multiple endoscopic interventions before referral to
our Centre: in one case, at arrival, emergent tracheostomy and
T-tube positioning was performed; in the other one, a previously
positioned endotracheal nitinol stent causing tracheal stenosis/
granulation was removed and laser resection and tracheal
dilatation was performed at first. Repeated rigid bronchoscopic
procedures with tracheal dilatation were performed on this
patient and, at least, post-treatment relapse required tracheal
resection/anastomosis. Six (60.0%) patients were initially treated
with rigid bronchoscopy procedures (laser and/or dilatation).
Post-treatment relapse was experienced in 5 (50.0%) -cases,
requiring repeated rigid bronchoscopy procedures in 1 (10.0%)
and surgery (tracheal resection/anastomosis) in 4 (40.0%) for
definitive resolution of the stenosis (Figure 2).

TABLE 1 Demographic and clinical characteristics of the enrolled patients.

varable o0

Gender

Female 5(38.5)
Male 8 (61.5)
Age (years) 61.9+122
BMI (kg/m?) 29.5+4.7
Comorbidities

COPD 5 (38.5)
Diabetes 1(7.7)
Hypertension 5 (38.5)
Cardiopathy 2 (15.4)
Myasthenia Gravis 1(7.7)
Cancer 1(7.7)
Other 7 (53.8)
Time from endotracheal intubation to 17.0+5.4
tracheostomy (days)

Tracheostomy (n) 11 (84.6)

Tracheostomy duration (days)
Duration of the IMV (endotracheal tube and
tracheostomy) (days)

49.2 +46.1; 33 (IQR 22;67.5)
47.0 +33.6; 43 (IQR 22;53)
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TABLE 2 Bronchoscopic features of patients’ tracheal stenosis and/or TEF.

Patients with tracheal stenosis

Time from extubation to diagnosis (days) 103.2 +73.1; 74.5
(IQR 56;137)
Type of stenosis, n (%)
Web-like 4 (40.0)
Complex 6 (60.0)
Localization n (%)
Subglottic 5 (50.0)
Upper 1/3 trachea 4 (40.0)
Middle trachea 1 (10.0)
Residual lumen (mm) 6.5+ 1.65
Number of endoscopic procedures 20
Type of procedure
Dilatation only 3 (30.0)
Surgery only 2 (20.0)
Dilatation + Surgery 5 (50.0)

Patients with TEF

Length of fistula (cm) 3.0+0.25
Type of procedure

Primary oesophageal/tracheal closure 2 (66.7)
Tracheal resection/anastomosis + oesophageal closure 1(33.3)

Three patients with TEF underwent surgical repair by double
layer suture of oesophageal defect associated with tracheal
resection/anastomosis (1 case) or direct tracheal suture (2 cases)
and protective tracheostomy with T-tube insertion.

Early postoperative complications developed in 2 cases (67%):
one patient experienced a small (<5 mm) oesophageal suture leak
in the immediate postoperative course, managed by using
(TTSC). The
patient, instead, experienced a TEF relapse successfully managed

endoscopic  through-the-scope  clips other

10.3389/fsurg.2023.1150254

by redo-surgery. Particularly, the relapse was firstly managed
through the endoscopic placement of a self-expanding covered
nitinol stent (Ultraflex, Boston Scientificc, MA, USA) without
resolution of the fistula. Two more surgeries were then needed to
perform a faringostomy and upper oesophageal exclusion by
cervicotomy with protection tracheostomy with T-tube insertion.
Definitive surgery was performed after three months, allowing
complete oesophageal recanalization and tracheostomy closure.

During long-term follow-up, only one patient (33.3%) treated
for TEF developed a minor complication, that is to say bacterial
infection of the cervicotomy treated with local medications and
systemic antibiotic therapy.

Early postoperative complications developed in 20.0% of
patients who underwent TR/A; they experienced postoperative
low-grade laryngeal oedema in the immediate postoperative
course, successfully managed by low-dose systemic corticosteroids
and delayed extubation. During long-term follow-up, only 1 case
of the TR/A
postoperative granulation tissue at the anastomosis, successfully

treated patients developed non-obstructive
regressed with medical therapy including inhaled beclometasone
and low-dose systemic corticosteroids. In all the other cases,
long-term follow-up highlighted no major complication.

Intraoperative and postoperative patients’ features are
summarized in Table 3.

The pathologic examination of the tracheal segments resected
from the patients who underwent tracheal surgery revealed
fibrosis, inflammation, degeneration and ischemic necrosis of the
tracheal rings but, in comparison with other tracheal specimens
resected from non-COVID-19 related patients, no particular
differences were observed.

As an explorative analysis, the non-COVID-related PI/T

treated at out Department in the same years were reviewed. A

10 (76,9%)
tracheal/laryngotracheal
stenosis

6 (60.0%)
primary endoscopic
treatment

2 (20.0%)
primary laryngotracheal
resection/anastomosis

1 emergency
tracheostomy

i 5 relapse

repeated endoscoplc tracheal
treatment resection/anastomosis

FIGURE 1

2 (20.0%)
multiple endoscopic
interventions
at other centers

1 stent removal
d laser dilatation

1 re-do surgery due to
T-tube positioning tracheal TEF relapse
resection/anastomosis

Treatment algorithm and outcomes in our patients with COVID-19 post-intubation/tracheostomy tracheal injuries.

13 patients
COVID-19 post-intubation/tracheostomy
tracheal injuries

2 (15,4%)
tracheoesophageal
fistula (TEF)

v |
air by double layer suture of esophageal defect

direct tracheal suture and
J/ protective tracheostomy
with T-tube

1(7,7%)
tracheal stenosis
and TEF

1

tracheal
resection/anastomosis
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FIGURE 2

(A) Sagittal computed tomography image showing stenosis of the upper third of trachea. (B) Bronchoscopic appearance of the stenosis. (C) Endoscopic
appearance of the recurrence of stenotic tracheal segment after endoscopic treatment with laser and dilation. (D) Intraoperative photo after resection of
the stenotic tracheal segment. (E) Intraoperative appearance of the tracheal anastomosis. (F) Bronchoscopic appearance 3 months after surgery.

total of 28 patients had presented with tracheal stenosis, of them 7
(25%) patients presented with idiopathic stenosis and 21 (75%)

Endoscopic dilatation ‘ n (%) with post-intubation/tracheostomy non-COVID-related stenosis.
Mean duration of procedure (min) 36.3+16.3

TABLE 3 Intraoperative and postoperative patients’ features.

One (3.6%) patient underwent primary laryngotracheal resection/

Tracheal resection/anastomosis anastomosis, while the others 27 (96.4%) had undergone primary

Mean duration of operation (min) 252.9 +46.8 endoscopic treatment (laser and/or dilatation); among them, 3
Postoperative ICU-stay (patients) 6 (85.7) (11.1%) patients had already undergone multiple endoscopic
Postoperative ICU LOS (days) Lox13 interventions before referral to our Centre. Post-treatment relapse
In-hospital LOS (days) 7705 was experienced in 9 (33.3%) cases, requiring repeated rigid
Complications

bronchoscopy procedures in 5 (18.5%) and surgery (tracheal

Anastomotic i . K . X
resection/anastomosis) in 4 (14.8%) for definitive resolution of

Granulation tissue 1(14.3)
Non-anastomotic the stenosis (Figure 3).
Laryngeal oedema 2 (28.6)

Closure of TEFs

Time from diagnosis to surgery (days) 93+6.7 D | SCUSS | on

Mean duration of operation (min) 261.7 £79.7

ICU-stay (patients) 2 (66.7)

1CU LOS (days) 53561 The recent COVID-19 pandemic has raised new medical and
Postoperative LOS (days) 503+ 346 surgical challenges. The virus contagiousness, morbidity, and
Complications mortality have forced the clinicians to study new therapeutic
Recurrent TEF 1(33.3) options in the field of pneumology and infectious diseases, but
Dysphagia 2 (66.6) surgery too has been forced to adapt to new scenarios and needs.
Wound infection 1(33.3)

As a consequence of prolonged IMV due to COVID-19 severe
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27 (96.4%)
Primary endoscopic
treatment

9 relapses

5 (18.5%)

Repeated endoscopic
treatment

FIGURE 3

4 (14.8%)

Tracheal
resection/anastomosis

Treatment algorithm and outcomes in our patients with non-COVID-related tracheal injuries.

28 patients
Non-COVID-related
tracheal stenosis

1(3.6%)
Primary laryngotracheal
resection/anastomosis

acute respiratory syndrome (SARS), in fact, a significant number of
PI/T upper airways lesions has been detected, including both
tracheal/laryngotracheal stenosis and tracheoesophageal fistulas.
During the pandemic, around 10%-20% of infected patients have
developed a severe disease requiring IMV for an average of 18
days (10-12) thus leading to an increase rate of upper airways
lesions. Although the described incidence rates of tracheal
stenosis following laryngotracheal intubation and tracheostomy
range from 6% to 21% and 0.6% to 21% respectively in literature
(13-17), recent studies have described the occurrence of PI/T
lesions in almost half of the COVID-19 treated with prolonged
IMV (18). Fiacchini et al. (19), in fact, compared 30 COVID-19
patients and 45 non-COVID-19 patients who both underwent
prolonged IMV, and they found that 47% of COVID-19 patients
developed PI/T upper airways complications compared to 2% of
the control group. Many mechanisms have been regarded as
responsible of the tracheal and oesophageal mucosal damage: the
prothrombotic and antifibrinolytic state caused by SARS-CoV-2
virus producing microvascular injury and necrosis, high viral
replication within the mucosa itself, chronic high dose systemic
steroids use and the hypoxic damage and pronation manoeuvres
used during the ICU stay which increase the pressure on the
tracheal walls (1, 5, 6). Moreover, while generally tracheostomy
should be performed 7 to 14 days after intubation to promote
faster weaning and reduce IMV complications, during the
COVID-19 period, tracheostomies were delayed until the patients
were clear from the virus (3 to 4 weeks) because of the high risk
of cross-infection of healthcare professionals, the need for

Frontiers in Surgery

continuation of prone position ventilation and the death of
patients prior to the first 14 days. Also in our series, along with
the worldwide records, in fact, mean duration time from
intubation to tracheostomy was 17 days. Moreover, past case
reports have shown times to onset from 28 days to 6 months
(20). Shin et al. (21), in their study on 117 post-intubation
tracheal lesions, reported a mean time from tracheal trauma to
diagnosis of 1.8 months. Similarly, Beyoglu et al. (22) found a
time to diagnosis of 42.0 days in the COVID-19 group with no
statistically significant difference when comparing it with the
non-COVID-19 group. In our case series, time from extubation
to diagnosis was longer than the previous reports, around 100
days in mean.

Furthermore, a strict correlation between COVID-19, obesity
and IMV has already been described (23) and, also in our study,
most of patients were overweight with a mean BMI of 29.5. In
our experience, in more than one case, surgical tracheal resection
was delayed in favour of multiple endoscopic dilatations because
of obesity, and patients were warned to lose weight before
surgery. In COVID-19 population avoiding tracheal stenting has
been suggested, because of its potential tissue damage on the
airway wall causing an inflammatory response with granulation
and causing delaying of surgical treatment (24). In our study, in
fact, a patient had been admitted to our Centre with a previously
positioned endotracheal nitinol stent for stenosis/granulation and,
after removal, the inflammatory response of the tracheal wall had
caused multiple relapses requiring multiple endoscopic dilatation
and, at least, after maturation of the stenosis, tracheal resection

frontiersin.org
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and anastomosis was performed. Some recent reports have
suggested that open surgical approaches should be avoided as
primary choice in the COVID-19 population because of the high
risk for comorbidities linked to the infection itself (25). In our
experience, the distance from vocal cords did not influence the
choice of treatment; half of our patients, in fact, had a subglottic
stenosis and their treatment did not differ from the others. Type
and grade of stenosis, instead, along with the patient
characteristics, had guided the choice of treatment; in almost all
cases an endoscopic dilatation attempt was made at first while
upfront surgery was chosen for two patients with complex
stenosis who had recovered from COVID-19 infection for at least
5 months and had developed a mature stenosis, in the absence of
Stratakos et al. (26)

presented their case series on 23 COVID-19 patients diagnosed

other serious comorbidities. recently
with post-intubation tracheal stenosis and TEF; in this study 65%
of patients was initially treated with rigid bronchoscopic
modalities and/or stent placement and 35% with tracheal
resection-anastomosis, presenting rates similar to ours.

In literature, success rates of laser/mechanical dilatation of
simple stenosis varies from 60% to 100% (27-29), with relapse
rates after dilatation as high as 90%, especially in complex stenoses.

Cavaliere et al. (30) reported good results in 66% of benign
tracheal stenosis cases treated with endoscopic manoeuvres,
whereas Galluccio et al. (27) reported success rates of 96% and
69% for simple and complex stenoses, respectively. When
looking at our results of the tracheal procedures in non-COVID
patients, we experienced success rates of primary endoscopic
procedures of approximately 67%. In our COVID-19-related case
series, instead, recurrence developed in 6 out of 8 patients (75%)
initially treated with mechanical tracheal dilatation and
endoscopic dilatation was performed for a minimum of 1 and a
maximum of 5 sessions due to symptomatic stenosis. It could be
speculated that the pathologic alterations produced by the virus
could impact on the capacity of the mucosa itself to heal
properly because of the microvascular injury and the high viral
replication within the mucosa itself. However, at the pathologic
examinations, no particular differences were observed and more
studies are needed to properly assess this issue.

In literature, TR/A complication rates range from 15% and 45%
(22). In our study, only 1 patient presented small granulation tissue
formation at the anastomotic site, which did not require any
invasive treatment; laryngeal edema presenting in the immediate
postoperative period was transient and regressed after 24-48 h.

TEF is a rare clinical entity, accounting for 0.5% of patients
requiring prolonged IMV; recent series have proved an increase
in its incidence during the COVID-19 pandemic, with rates
increasing from 0.5 to 1.5% (31). Nonoperative mortality rate for
TEFs is as high as 80% (32).
approaches have been proposed for TEFs but, due to the rarity of

In literature, many different

this entity, no consensus exists, especially for the COVID-19
patients. Many authors have proposed conservative treatment for
small TEFs, by temporarily bypassing the fistula with a
tracheostomy tube, perform percutaneous jejunostomy and wait
for healing, but all these approaches have showed high failure

22_12

rates, always requiring definitive surgery (33-36). In our
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experience, all TEFs cases were managed urgently with surgery.
Due both to the novelty and the rarity of TEF occurrence in
COVID-19 patients, most of the published experience is
anecdotal. Most of case reports (34-38) describe a conservative
treatment, followed by delayed surgical repair of TEFs as the
preferred option in COVID-19 patients. Gomez Zuleta et al. (31)
described their series of 14 COVID-19 patients with TEF treated
by either surgical (6 patients) or endoscopic (8 patients) repair;
they found that 42.8% of the patients died due to infectious
complications, with two patients dying before receiving surgical
management. Palacios et al. (39), instead, described their series
on 20 patients with TEF who were all managed by direct closure;
only two patients (3.2%) developed dehiscence of the surgery
site. Along with this last experience, we preferred timely surgical
closure in all our TEF cases, since we feared that the virus could
worsen ischemic damage of both the tracheal and oesophageal
wall and enlarge the defect, preventing an effective surgical
closure. Two out of three patients with TEF in our study
experienced minor complications, all successfully managed with
medical treatment. In one case, the patient experienced a
primary failure of the surgical repair requiring a redo-surgery.

In conclusion, PI/T upper airways lesions during the
COVID-19 pandemic have showed an increase in their incidence
because of the longer need for IMV and the consequent delay of
SARS-CoV-2
microvascular injury and necrosis, the high dose systemic

tracheostomies, the virus itself producing
steroids use and the hypoxic damage and pronation manoeuvres
used during the ICU stay. Surgeons should be comfortable with
all the therapeutic strategies, which do not differ from those for
upper
evaluation is of paramount importance in the treatment plan,

airways lesions in general. Firstly, the endoscopic
since the location, length, and severity of the stenosis or damages
should guide the proper surgical or endoscopic management.
Secondly, surgery should always be considered, when feasible,
both for tracheal stenosis and for tracheoesophageal fistulas.
TEFs in particular should always be treated as soon as possible,
since the virus itself could weak and damage tracheal and

oesophageal wall, preventing future surgery.
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