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IMPORTANCE Full-thickness tracheal lesions and tracheoesophageal fistulas are severe
complications of invasive mechanical ventilation. The incidence of tracheal complications
in ventilated patients with coronavirus disease 2019 (COVID-19) is unknown.

OBJECTIVE To evaluate whether patients with COVID-19 have a higher incidence of
full-thickness tracheal lesions and tracheoesophageal fistulas than matched controls and
to investigate potential mechanisms.

DESIGN, SETTING, AND PARTICIPANTS This is a retrospective cohort study in patients admitted
to the intensive care unit in a tertiary referral hospital. Among 98 consecutive patients with
COVID-19 with severe respiratory failure, 30 underwent prolonged (=14 days) invasive
mechanical ventilation and were included in the COVID-19 group. The control group included
45 patients without COVID-19. Patients with COVID-19 were selected from March 1to May 31,
2020, while the control group was selected from March 1to May 31, 2019.

EXPOSURES Patients with COVID-19 had severe acute respiratory syndrome coronavirus 2
infection diagnosed by nasopharyngeal/oropharyngeal swabs and were treated according
to local therapeutic procedures.

MAIN OUTCOMES AND MEASURES The primary study outcome was the incidence of
full-thickness tracheal lesions or tracheoesophageal fistulas in patients with prolonged
invasive mechanical ventilation.

RESULTS The mean (SD) age was 68.8 (9.0) years in the COVID-19 group and 68.5 (14.1)
years in the control group (effect size, 0.3; 95% Cl, -5.0 to 5.6). Eight (27%) and 15 (33%)
women were enrolled in the COVID-19 group and the control group, respectively. Fourteen
patients (47%) in the COVID-19 group had full-thickness tracheal lesions (n = 10, 33%) or
tracheoesophageal fistulas (n = 4, 13%), while 1 patient (2.2%) in the control group had a
full-thickness tracheal lesion (odds ratio, 38.4; 95% Cl, 4.7 to 316.9). Clinical and radiological
presentations of tracheal lesions were pneumomediastinum (n = 10, 71%), pneumothorax
(n = 6, 43%), and/or subcutaneous emphysema (n = 13, 93%).

CONCLUSIONS AND RELEVANCE In this cohort study, almost half of patients with COVID-19
developed full-thickness tracheal lesions and/or tracheoesophageal fistulas after prolonged
invasive mechanical ventilation. Attempts to prevent these lesions should be made and
quickly recognized when they occur to avoid potentially life-threatening complications

in ventilated patients with COVID-19.
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Tracheal Complications in Patients With COVID-19

ull-thickness tracheal lesions (FTTLs) and tracheo-

esophageal fistulas (TEFs) are serious but rare (0.3%-

3%) complications of prolonged invasive mechanical
ventilation (MV).* With the coronavirus disease 2019 (COVID-
19) outbreak, however, we experienced an unprecedented in-
crease in the incidence of FTTLs and TEFs in ventilated pa-
tients with COVID-19, the reasons for which are unknown.
Additionally, a growing number of reports in these patients
highlighted an increased incidence of pneumomediastinum,
pneumothorax, and/or subcutaneous emphysema, which are
potentially life-threatening complications of undiagnosed
FTTLs.*” Therefore, this study evaluated the incidence and
features of patients with COVID-19 with tracheal complica-
tions who underwent prolonged invasive MV.

Methods

We analyzed data from the electronic medical records of our
tertiary referral hospital. We screened patients admitted to the
intensive care unit (ICU) from March 1 to May 31 in 2020
(COVID-19 group) and in 2019 (control group). All patients who
underwent prolonged (=14 days) invasive MV within these time
periods were included. Patients with COVID-19 had severe
acute respiratory syndrome coronavirus 2 detected in naso-
pharyngeal/oropharyngeal swabs. They were treated accord-
ing to local procedures and underwent chest computed to-
mography (CT) scans at admission and in case of worsening
of their clinical status. The FTTLs and TEFs were detected
either directly with a bronchoscopy before performing a tra-
cheostomy, or clinically and/or with CT scans in case of onset
of other complications, such as pneumothorax, pneumome-
diastinum, or subcutaneous emphysema, and then con-
firmed with bronchoscopy. All tracheostomies were per-
formed with percutaneous technique under bronchoscopy
control by experienced physicians. Data on comorbidities at
the time of admission were collected using the Adult Comor-
bidity Evaluation 27 index (ACE-27).8 This study was ap-
proved by the Local Ethics Committee on June 19, 2020. Writ-
teninformed consent to collect deidentified data was obtained
from all patients. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Descriptive statistics were determined for all variables. Ef-
fect size metrics were reported as differences between means
or proportions for continuous and categorical variables, re-
spectively, along with their 95% CIs. Logistic regression was
used to calculate odds ratios (ORs) and 95% CIs. Analyses were
performed using JMP Pro, version 13.2.1 (SAS Institute).

. |
Results

The mean (SD) age was 68.8 (9.0) years in the COVID-19 group
and 68.5 (14.1) years in the control group (effect size, 0.3; 95%
CI, -5.0 to 5.6). Eight (27%) and 15 (33%) women were en-
rolled in the COVID-19 group and the control group, respec-
tively. Among 98 consecutive patients with COVID-19 with
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Key Points

Question Are tracheal complications of invasive mechanical
ventilation more frequent in patients with coronavirus disease
2019 (COVID-19)?

Findings In this cohort study of 98 patients with COVID-19 and
severe respiratory failure, the incidence of full-thickness tracheal
lesions or tracheoesophageal fistulas after prolonged (=14 days)
invasive mechanical ventilation was significantly higher in patients
with COVID-19 (46.7%) than matched controls (2.2%).

Meaning Among patients with COVID-19, treatment with
prolonged invasive mechanical ventilation may be associated with
increased risk of full-thickness tracheal lesion and/or
tracheoesophageal fistula.

severe respiratory failure admitted in 2020, 30 underwent pro-
longed invasive MV (Table 1). Forty-five consecutive control
patients matched for age and sex were selected according to
our inclusion and exclusion criteria in the aforementioned time
frame (Table 1). Fourteen patients (47%) in the COVID-19 group
had FTTLs (n = 10, 33%) or TEFs (n = 4, 13%) (Figure 1), while
1 patient (2%) in the control group had FTTLs (OR, 38.4, 95%
CI, 4.7-316.9). The latter had a tracheal ring rupture diag-
nosed during the tracheostomy procedure. All 30 patients with
COVID-19 underwent pronation maneuvers and received ste-
roid therapy, compared with 5 (11%) and 14 (31%) patients in
the control group, respectively. Furthermore, the COVID-19
group was treated with higher steroid doses (intravenous meth-
ylprednisolone, 80 mg vs 40 mg) and had lower partial pres-
sure of arterial oxygen to fraction of inspired oxygen (Pao, /F10,)
ratio during the second week of invasive MV. No further dif-
ferences emerged between these 2 groups.

Patients with COVID-19 with and without tracheal com-
plications had similar demographic characteristics, comor-
bidities, ventilation parameters and duration, and therapeu-
tic management (Table 2). Ten (71%) patients with tracheal
damage had pneumomediastinum, 6 (43%) had pneumotho-
rax, and 13 (93%) had subcutaneous emphysema, while these
complications were not observed in patients with COVID-19
without tracheal damage.

|
Discussion

Tracheal damages associated with life-threatening complica-
tions occurred in almost half of patients with COVID-19 treated
with prolonged invasive MV, with a marked increase in inci-
dence compared with non-COVID-19 matched controls and pre-
vious case series.!® Several mechanisms specifically related
to COVID-19 treatment and pathophysiology may explain the
greater incidence of tracheal complications in mechanically
ventilated patients with COVID-19:

- Early implementation of pronation maneuvers, which in-
crease the cuff pressure on the tracheal walls. The pathoge-
neticrole of pronation maneuvers in the development of tra-
cheal complicationsis supported by our findings, but previous
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Table 1. Characteristics of Study Participants

No. (%)
COVID-19 Controls Effect size
Characteristic (n=30) (n = 45) (95% CI)?
Baseline characteristics
Age, mean (SD), y 68.8(9.0) 68.5 (14.1) 0.3 (-5.0t0 5.6)
Women 8(27) 15 (33) -6.7 (-26.6 to 14.7)
Blood pressure, mean (SD), mm Hg
Systolic 126 (26) 120 (16) 5(-5to 16)
Diastolic 67 (13) 62 (9) 5(-0.3t0 10)
Heart rate, mean (SD), bpm 91 (22) 80 (14) 10(1to19)
Overall burden of comorbidities®
None 15 (50) 20 (44) 5.5(-17.1t027.7)
Mild 14 (47) 17 (38) 8.9(-13.6 t0 30.8)
Moderate 1(3) 5(11) -7.8(-19.2t06.2)
Severe 0 3(7) -6.7 (-15.4 t0 4.6)
Treatments
MV duration, median (IQR), d 22 (11) 29 (19) -7(-11to1)
Orotracheal intubation 10 (2) 8(2) 2 (0.5to0 3)
Tracheostomy cannulas 11 (8) 21 (16) -10(-13to -2.5)
Pronation maneuvers 30 (100) 5(11) 88.9(72.8t095.4)
PEEP, median (IQR), cm H,0
Day 1 12 (2) 12 (2) 0(-2to1)
Day 7 12 (2) 12 (2) 0(-3t02)
Day 14 11(2) 11(2) 0(-1to1)
Average 11(2) 12 (2) -1(-2to1)
Medications
Antibiotics 30(100) 45 (100) NA
Steroids 30 (100) 14 (31) 62.2 (42.0t0 75.4)
Dose, median (IQR), mg© 80 (20) 40 (20) 40 (20 to 40)
Anticoagulants? 30 (100) 45 (100) NA
Prophylactic dosage 14 (47) 39 (87) -40.0 (-58 to -18)
Therapeutic dosage 16 (53) 6(13) 40.0 (18 to 58)
Outcomes
Tracheal complications 14 (47) 1(2) 44.4 (24.4 t0 60.8)
Full-thickness tracheal lesions 10 (33) 1(2) 31.1(12.7 to 47.6)
Tracheoesophageal fistulas 4(13) 0 13.3(0.3t026.7)
Thoracic complications 14 (47) 0 46.7 (27.0t0 62.5)
Pneumothorax 6(20) 0 20.0 (4.8t034.7)
Pneumomediastinum 10 (33) 0 33.3(15.3t049.2)
Subcutaneous emphysema 13 (43) 0 43.3(23.9t059.3)
Pao,/Fio, ratio, median (IQR)®
Day 1 123 (70) 144 (38) -21(-32t018)
Day 7 151(82) 156 (44) -5(-32t0 46)
Day 14 118 (59) 176 (61) -58 (-75t0-12)
Average 149 (40) 156 (36) -7 (-30to5)
Deaths 8(27) 14 (31) -4.4(-24.3t016.7)

results in different settings were contradictory and cannot
lead us to draw definite conclusions.
» Prothrombotic and antifibrinolytic state of patients with
COVID-19,'!2 which may cause microvascular injury and

9,10

necrosis of tracheal and esophageal mucosa.

Abbreviations: bpm, beats per
minute; COVID-19, coronavirus
disease 2019; Fio,, fraction of
inspired oxygen; IQR, interquartile
range; MV, mechanical ventilation;
NA, not applicable; Pao,, partial
pressure of arterial oxygen;

PEEP, positive end-expiratory
pressure.

@ Estimated difference in medians or
percentage between groups and
associated 95% Cl.

5The overall burden of comorbid
ailments in each patient was
assessed using the Adult
Comorbidity Evaluation 27 (ACE-27)
instrument.

€ Methylprednisolone, administered
intravenously, in those receiving
steroid therapy.

9 Low-molecular-weight heparin or
fondaparinux.

€ Ratio of Pao, (in mm Hg) to Fio,
(expressed as a fraction).

- High viral replication within the tracheal epithelium that

weakens the mucosa. In fact, Bradley et al'® reported the

of 12 autopsies.
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Figure 1. Early Tracheal Complications

@ Bronchoscopic image showing tracheal lesion

Axial chest CT scan showing tracheal lesion

A, Bronchoscopic image showing

a full-thickness tracheal lesion of
the pars membranacea. B, Axial chest
computed tomography (CT) scan
showing a full-thickness tracheal
lesion of the pars membranacea.

C, Bronchoscopic image showing

a tracheoesophageal fistula.

D, Axial chest CT scan showing

a tracheoesophageal fistula.

The white arrowhead indicates
full-thickness tracheal lesion; pink
arrowhead, tracheoesophageal
fistula; blue arrowhead,

nasogastric tube.

CT indicates cuff tube; E, esophagus;
T, trachea.

« High dose of systemic steroids and their chronic use that may
cause mucosal atrophy and alter normal healing of tracheal
wall microwounds caused by intubation, cuff pressure, or
tracheostomy.'* Accumulating evidence suggests that
administration of corticosteroids is associated with lower
all-cause mortality in patients with COVID-19.!>' Nonethe-
less, whether high-dose corticosteroids provide additional
benefits compared with low-dose corticosteroids is
debated.!>1¢

» The hypoxic damage to the tracheal mucosa witnessed by
a lower Pao,/F10, ratio in the second week of invasive MV
compared with the control group.

- Emotional and physical exhaustion of health care profes-
sionals involved in the management of patients with COVID-
19, increasing the risk of unreported accidents or mistakes.

The greater incidence of tracheal complications is un-
likely to be attributable to the duration of invasive MV. Known
etiopathogenetic mechanisms of FTTLs and TEFs include use
of nasogastric tubes, high cuff pressure (>40 cm H,0), poor

jamaotolaryngology.com

health conditions, history of diabetes, and steroid use.> In our
intensive care unit, however, cuff pressure is periodically moni-
tored with dedicated manometer and kept below 25 cm H,0.
Furthermore, patients with COVID-19 and control patients had
similar comorbidities, and nasogastric tubes were positioned
early in both groups to allow enteral feeding. The main differ-
ences between the 2 groups that could justify a higher inci-
dence of tracheal complications are pronation maneuvers, the
use of higher doses of steroids, and lower Pao,/F10, ratio.

Limitations

This study has several limitations. The first is its retrospec-
tive nature. Second, the follow-up time is relatively short, and,
at the time of writing, we are beginning to see the first cases
of late tracheal complications, such as tracheal stenosis and
tracheomalacia (Figure 2). Third, we could not take and ana-
lyze tracheal tissue samples because it was not allowed by the
Italian government during the pandemic. Fourth, we cannot
exclude that some complications may have been caused or
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Table 2. Characteristics of Patients With COVID-19 According to Presence of Tracheal Complications

Complicated, No. (%)

Yes No
Characteristic (n=14) (n=16) Effect size (95% Cl)?
Baseline characteristics
Age, mean (SD), y 68.6 (9.6) 68.9 (8.8) -0.4 (-7.3t06.6)
Women 5(36) 3(19) 17.0 (-15.2 to 46.0)
Blood pressure, mean (SD), mm Hg
Systolic 124 (24) 128 (28) 4 (-15to 24)
Diastolic 65 (13) 68 (13) 3 (-6to013)
Heart rate, mean (SD), bpm 94 (25) 87 (19) -7 (=24 to 10)
Overall burden of comorbidities®
None 7 (50) 8(5) 0(-33.7t033.7)
Mild 7 (50) 7 (44) 6.3 (-28.0t039.1)
Moderate 0 1(6) -6.3 (-23.6t0 13.9)
Treatments
MV duration, median (IQR), d 22 (15) 22 (10) 0(-11to5)
Orotracheal intubation 10 (3) 10 (5) 0(-1to6)
Tracheostomy cannulas 12 (15) 9(8) 3(-2to16)
PEEP, median (IQR), cm H,0
Day 1 12 (3) 12 (2) 0(0to4)
Day 7 11(2) 12 (4) -1(-2to1)
Day 14 11(2) 11(3) 0(-2to4)
Average 11 (3) 11(2) 0(-2to1)
Pronation maneuvers 14 (100) 16 (100) NA
Medications
Antivirals 13(93) 13 (81) 11.6 (-15.4 to 34.9)
Lopinavir/ritonavir 3(21) 8(50) -28.6 (-56.4t0 6.4)
Remdesivir 2(14) 1(6) 8.0(-16.4t031.7)
Lopinavir/ritonavir + remdesivir 8(57) 4 (25) 32.1(-3.4t060.4)
Hydroxychloroquine 14 (100) 16 (100) NA
Tocilizumab 0 1(6) -6.3 (-23.6t0 13.9)
Baricitinib 0 3(19) -18.8(-38.5t06.6)
Antibiotics 14 (100) 16 (100) NA
Steroids 14 (100) 16 (100) NA
Dose, median (IQR), mg*© 80 (20) 80 (15) 0 (0to 20)
Anticoagulants? 14 (100) 16 (100) NA
Prophylactic dosage 6(43) 8 (50) -7.1(-39.81027.3)
Therapeutic dosage 8 (57) 8 (50) 7.1(-27.3t039.8)
Outcomes
Full-thickness tracheal lesions 10 (71) 0 71.4 (38.11t088.3)
Tracheoesophageal fistulas 4 (29) 0 28.6 (0.6 t0 50.8)
Pneumothorax 6(43) 0 42.9 (11.7 to 64.7)
Pneumomediastinum 10 (71) 0 71.4 (38.11t088.3)
Subcutaneous emphysema 13 (93) 0 92.9(62.6 to 100)
Pao,/Fio, ratio, median (IQR)®
Day 1 139 (88) 120 (64) 19 (-31to 64)
Day 7 141 (83) 158 (85) -17 (-83 to 50)
Day 14 122 (66) 107 (50) 15 (-30to 43)
Average 151(53) 140 (27) 11 (-22 to 35)
Deaths 3(21) 5(31) -9.8(-38.7t022.1)
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Abbreviations: bpm, beats per
minute; COVID-19, coronavirus
disease 2019; Fi0,, fraction of
inspired oxygen; IQR, interquartile
range; MV, mechanical ventilation;
NA, not applicable; Pao,, partial
pressure of arterial oxygen;

PEEP, positive end-expiratory
pressure.

2 Estimated difference in
medians/means or percentage
between groups and associated
95% Cl.

5The overall burden of comorbid
ailments in each patient was
assessed using the Adult
Comorbidity Evaluation 27 (ACE-27)
instrument.

€ Methylprednisolone, administered
intravenously, in those receiving
steroid therapy.

9 Low-molecular-weight heparin or
fondaparinux.

€ Ratio of Pao, (in mm Hg) to Fio,
(expressed as a fraction).
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Figure 2. Late Tracheal Complications

@ Coronal chest CT scan showing tracheal stenosis

Axial chest CT scan showing tracheomalacia

il 4428 m |

A, Coronal chest computed tomography (CT) scan showing a tracheal stenosis. B, Axial chest CT scan showing a tracheomalacia. See the loss of the tracheal rings
and the large size of the tracheal lumen, which is kept patent by the tracheostomy tube. The pink arrowhead indicates tracheal stenosis.

favored by the percutaneous tracheostomy because we do not
know the exact time of their onset. For those reasons, pro-
spective case-control and histological studies are warranted.

. |
Conclusions

Although the exact mechanisms and long-term outcomes
of tracheal complications should be further investigated,
3 important recommendations for the management of
patients with COVID-19 can be extrapolated from these find-
ings. First, abronchoscopy is indicated periodically (eg, weekly)

to detect any signs of tracheal and endobronchial lesions early.
This could lead to the identification of a greater number of tra-
cheal lesions still in the subclinical phase (mucosal hyper-
emia, mucosal ischemia, and/or ulcer).!” Second, high steroid
doses (intravenous methylprednisolone, 80 mg) should be used
with caution, and the cuff pressure should be monitored to
avoid hypoperfusion and pressure sores of the tracheal mu-
cosa, particularly when a nasogastric tube is positioned. Third,
an adequate clinical and radiological follow-up should be per-
formed in patients treated with prolonged invasive MV to al-
low early identification and management of FTTLs, TEFs, and
their complications.
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