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BACKGROUND: The SARS-CoV-2 pandemic increased the number of patients needing invasive me-
chanical ventilation, either through an endotracheal tube or through a tracheostomy. Tracheomalacia
is a rare but potentially severe complication of mechanical ventilation, which can significantly compli-
cate the weaning process. The aim of this study was to describe the strategies of airway management
in mechanically ventilated patients with respiratory failure due to SARS-CoV-2, the incidence of severe
tracheomalacia, and investigate the factors associated with its occurrence. METHODS: This retrospec-
tive, single-center study was performed in an Italian teaching hospital. All adult subjects admitted to
the ICU between February 24, 2020, and June 30, 2020, treated with invasive mechanical ventilation
for respiratory failure caused by SARS-CoV-2 were included. Clinical data were collected on the day
of ICU admission, whereas information regarding airway management was collected daily. RESULTS:
A total of 151 subjects were included in the study. On admission, ARDS severity was mild in 21%,
moderate in 62%, and severe in 17% of the cases, with an overall mortality of 40%. A tracheostomy
was performed in 73 (48%), open surgical technique in 54 (74%), and percutaneous Ciaglia technique
in 19 (26%). Subjects who had a tracheostomy performed had, compared to the other subjects, a longer
duration of mechanical ventilation and longer ICU and hospital stay. Tracheomalacia was diagnosed in
8 (5%). The factors associated with tracheomalacia were female sex, obesity, and tracheostomy.
CONCLUSIONS: In our population, approximately 50% of subjects with ARDS due to SARS-CoV-2
were tracheostomized. Tracheostomized subjects had a longer ICU and hospital stay. In our population,
5% were diagnosed with tracheomalacia. This percentage is 10 times higher than what is reported in
available literature, and the underlying mechanisms are not fully understood. Key words: severe acute
respiratory syndrome; SARS-CoV-2; mechanical ventilation, airway management, tracheostomy, tra-
cheomalacia. [Respir Care 2021;66(12):1797-1804. © 2021 Daedalus Enterprises]

Introduction

Italy was hit by the first pandemic wave of a new
coronavirus,' subsequently named severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), at the end of
February 2020. The novel virus causes a disease named co-
ronavirus disease 2019 (COVID-19), which has a wide vari-
ety of clinical presentations, ranging from asymptomatic
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carriers to severe cases of ARDS. ICU admission, endotra-
cheal intubation, and mechanical ventilation are frequently
required in patients with severe COVID-19.%¢
Tracheostomy is a common procedure in the ICU, partic-
ularly in difficult-to-wean patients.” Tracheostomy can be
performed either percutaneously or surgically.® The first is
associated with fewer infections and bleeding, whereas the
latter guarantees less risk of posterior wall injury and

affiliated with the Department of Otolaryngology, Niguarda Hospital,
Milan, Italy. Dr Conforti is affiliated with the Department of Thoracic
Surgery, Niguarda Hospital, Milan, Italy.

The study was performed at the Department of Anesthesia and Intensive
Care Medicine, Niguarda Hospital, Milan, Italy.

The authors have no conflicts to disclose.

1797



TracHEOSTOMY IN COVID-19- ARDS

accidental decannulation.® Acquired tracheomalacia is a
rare but potentially life-threatening complication of intuba-
tion and mechanical ventilation.” The incidence and risk

SEE THE RELATED EDITORIAL ON PAGE 1927

factors associated with tracheomalacia in critically ill
patients with COVID-19 are currently unknown.

The aims of the present study are, therefore, (1) to
describe the strategies of airway management in critically
ill patients with COVID-19, (2) to describe the incidence of
tracheomalacia, and (3) to investigate possible factors asso-
ciated with the development of tracheomalacia.

Methods

This single-center, observational retrospective study was
approved by the local ethical committee (approval number:
593-06102020). The need for informed consent from indi-
vidual subjects was waived owing to the retrospective na-
ture of the study. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology state-
ment guidelines for observational studies.

All patients admitted between February 22, 2020, and
June 30, 2020, inclusive for those days, to the 5 COVID-19
ICUs of the Grande Ospedale Metropolitano Niguarda
were screened for eligibility. Laboratory-confirmed SARS-
CoV-2 infection, (ie, positive result of real-time reverse
transcriptase-polymerase chain reaction assay of nasal or
pharyngeal swabs) and ICU admission for acute respiratory
failure constituted the inclusion criteria. Exclusion criteria
were age < 18 y, admission for causes other than respira-
tory failure, and patients admitted for respiratory failure but
treated exclusively with noninvasive respiratory support.

The clinical management followed local protocols and sug-
gestions from scientific societies.'” The decision to perform a
tracheostomy was at the discretion of the attending physicians.
Tracheostomy was considered in patients without evidence of
coagulopathy, whose respiratory function had stabilized
(mainly PEEP = 10 cm H,0 and Fip, = 0.6), where it was
unlikely to require further cycles of prone positioning, if the
clinician predicted a prolonged and difficult weaning from me-
chanical ventilation. The procedure was performed either by 2
surgeons, with the assistance of an anesthesiologist (surgical
technique), or by 2 anesthesiologists (percutaneous technique).
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Current knowledge

The current SARS-CoV-2 pandemic is markedly increas-
ing the number of patients undergoing invasive mechani-
cal ventilation. Therefore, the use of tracheostomy in
COVID-induced ARDS is more frequent compared to
the classical ARDS (32-60%), and it is associated with
longer ICU length of stay. Artificial airway management
in the ICU is associated with multiple complications,
including tracheomalacia. Risk factors for development
of tracheomalacia in the adult population are COPD and
chronic inflammation, trauma, infection, prolonged intu-
bation, and tracheostomy.

What this paper contributes to our knowledge

We analyzed airway management modalities in 151
critically ill, mechanically ventilated subjects with
COVID-19 admitted to the ICUs of one of the largest
hospitals in Italy during the first SARS-CoV-2 pan-
demic wave. We observed that tracheostomized sub-
jects had a longer duration of mechanical ventilation
and longer ICU and hospital length of stay. No differ-
ence in mortality was observed between subjects with
tracheostomy versus subjects without. Tracheomalacia
was diagnosed in 5% of subjects, which is a higher per-
centage than reported in literature. In our study, obe-
sity, female gender, and tracheostomy were associated
with the development of tracheomalacia.

Subjects included in the analysis were divided into 2
groups according to their airway management: (1) subjects
treated with endotracheal tube only and (2) subjects who
had a tracheostomy performed in the ICU. A subgroup of
subjects where tracheomalacia was first suspected clinically
and then confirmed through an endoscopic evaluation (per-
formed by an experienced thoracic surgeon, SC) was identi-
fied. Tracheomalacia was defined, according to available
literature, as a weakness of the trachea, likely due to a reduc-
tion and/or atrophy of the elastic fibers, determining a tend-
ency to tracheal collapse.’

Data Collection

Clinical data were extracted from the patient data manage-
ment system, and a unique database was created using the
web-based software REDCap (electronic data capture tools).
For every included subject, we recorded demographic and
anthropometric data, comorbidities, and medical history.
Clinical data, including but not limited to severity scores,
vital signs, respiratory mechanics, and gas exchange, were
collected on the day of ICU admission. Information
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ICU patients with confirmed
SARS-CoV-2 infection
177

Excluded
26
Not admitted for respiratory failure: 21
Noninvasive support only: 5

y
Mechanically ventilated ICU
subjects with COVID-19 ARDS

151

Y 1

No tracheostomy Tracheostomy

78 73
Surgical: 54 (tracheomalacia: 7)
Percutaneous: 19 (tracheomalacia: 1)

Extubated: 42
Died: 36

Extubated: 45 (tracheomalacia: 5)
Died: 28 (tracheomalacia: 3)

Fig. 1. Flow chart.

regarding airway management, that is, performance of a tra-
cheostomy, extubation, or decannulation, was collected daily
until ICU discharge or subject’s death. Moreover, informa-
tion regarding tracheostomy complications, such as bleeding
and stomal infections, was collected retrospectively. The
final date of follow-up for patient outcomes was July 31,
2020, and the following patient outcomes were recorded:
ICU and hospital survival, ICU and hospital length of stay,
duration of invasive mechanical ventilation, incidence of tra-
cheostomy, and incidence of tracheomalacia.

Statistical Analysis

All data were tested for homogeneity of variance and nor-
mality of distribution using the Shapiro-Wilk test. Normally
distributed data were expressed as mean = SD, whereas
non-normally distributed data were reported as median and
interquartile range. Binary data were summarized as percen-
tages frequency of occurrence. To compare study groups
(tracheostomy vs nontracheostomy and tracheomalacia vs
nontracheomalacia), Mann-Whitney rank-sum test and chi-
square test or Fisher exact test was used for nonparametric
continuous variables and categorical variables, respectively.
All statistical tests were 2-tailed, and statistical significance
was defined as P < .05. The analyses were performed using
SigmaPlot 12.0 (Systat Software, San Jose, California).

Results
Overall Study Population
A total of 177 patients were admitted to the ICU with
laboratory-confirmed SARS-CoV-2 infection during the

study period. Twenty-six patients were excluded (in 21
patients the admission was not primarily for respiratory
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failure, and 5 patients received exclusively noninvasive
ventilation), leaving 151 subjects for analysis (Fig. 1).

Table 1 summarizes baseline characteristics of the study
population at ICU admission and their clinical outcomes. In
the study population, 116 (77%) were male and 50 (33%)
were obese (body mass index [BMI] > 30 kg/m?). The most
common comorbidities were hypertension (48%), diabetes
mellitus (15%), and COPD (12%). At ICU admission, me-
dian (IQR) APACHE and SOFA scores were 23 (21-27) and
5 (3-7), respectively; and ARDS severity was mild in 21%,
moderate in 62%, and severe in 17%. One or more infective
complications (microbiologically confirmed) were reported
in 81 (54%) during the ICU stay. Fifty-six (37%) subjects
developed sepsis, and in 32 (21%) it worsened into septic
shock. The median (IQR) duration of antibiotic therapy was
6 (2-15) d. Overall, median ICU and hospital length of stay
were 14 (9-27) d and 26 (14-46), respectively. Sixty (40%)
died in the ICU; mortality increased according to disease se-
verity at admission (25%, 40%, and 58%, P = .04, for mild,
moderate, and severe ARDS, respectively).

Tracheostomy Practice and Comparison With
Endotracheal Tube

A tracheostomy was performed in 73 (48%) subjects.
There was no significant difference in the performance of
tracheostomy according to ARDS severity at admission
41%, 51%, and 50%, P = .62 for mild, moderate, and
severe ARDS, respectively). The approach was surgical in
54 (74%) cases and percutaneous, using a single-dilator
Ciaglia technique, in the remaining 19 (26%) cases. The me-
dian time of tracheostomy performance was 11 (8—15) d after
tracheal intubation. Differences between the subgroup
treated exclusively with endotracheal intubation and the sub-
group undergoing a tracheostomy are reported in Table 1.

Mortality in the ICU did not differ between tracheostom-
ized subjects and subjects treated exclusively with endotra-
cheal intubation (34% vs 45%, respectively, P = .24).
Subjects who had a tracheostomy performed had a signifi-
cantly longer duration of mechanical ventilation (25 [15—
36] vs 8 [5-12] d, P < .001) in both ICU (27 [17-39] vs 9
[5-14] d, P < .001) and hospital length of stay (45 [27-58]
vs 17 [9-26]d, P < .001).

Fifty-four percent of tracheostomized subjects developed
at least one infective complication, as compared to 27% in
subjects treated with endotracheal tube exclusively (P <
.001). Moreover, sepsis and septic shock during the ICU
stay occurred more often in tracheostomized subjects (60%
vs 15%, P < .001 and 32% vs 12%, P = .005, respec-
tively). Bacterial pneumonia was the most common infec-
tion (62% vs 23%, P < .001) followed by bloodstream
infections (64% vs 22%, P < .001). The median duration of
antibiotic therapy was longer in tracheostomized subjects
(15 [6-21 vs 3[0-6] d, P < .001).
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Table 1.
Endotracheal Tube Exclusively

Subjects’ Characteristics at Admission in ICU and Outcome. Comparison Between Tracheostomized Subjects and Subjects Treated With

. Overall Population Endotracheal Intubation Onl Tracheostom
Variables (N = 1p51) (n=18) ’ (n="13) ’ P
Males 116 (76.8) 66 (84.6) 50 (68.5) .031
Age,y 59 11 59 + 12 59 £ 10 81
BMLI, kg/m? 28 (25-31) 27 (26-31) 28 (25-32) 92
Obesity (BMI > 30) 50 (33.1) 25 (32.1) 25 (34.2) 91
Chronic ischemic cardiovascular disease 8(5.3) 7(9.0) 1(1.4) .09
Hypertension 72 (47.7) 38 (48.7) 34 (46.6) 92
Diabetes 23 (15.2) 13 (16.7) 10 (13.7) 78
Chronic kidney failure 2(1.3) 1(1.3) 1(1.4) 51
Neoplasia 6 (4.0) 4 (5.1 22.7) 74
Hepatic disease 5(@3.3) 2(2.6) 34.1) 94
COPD 18 (11.9) 10 (12.8) 8 (11.0) 92
Immunosuppression 4(2.6) 4 (5.1 0(0) .15
No comorbidities 35(23.2) 16 (20.5) 19 (26.0) 54
APACHE score 23 (21-27) 23 (21-27) 24 (22-27) 78
SOFA score 5(3-7) 5(3-7) 4 (4-6) .60
P,0,/Fio,, mm Hg 153 (113-195) 152 (108-201) 153 (117-190) .96
ICU length of stay, d 14 (9-27) 9 (5-14) 27 (17-39) <.001
ICU mortality 60 (39.7) 35 (44.9) 25 (34.2) 24
Hospital length of stay, d 26 (14-46) 17 (9-26) 45 (27-58) <.001
Hospital mortality 64 (42.4) 36 (46.2) 28 (38.4) 42

Data are expressed as 7 (%), mean = SD or median (IQR) as appropriate.
BMI = body mass index

APACHE = Acute Physiology and Chronic Health Evaluation

SOFA = Sequential Organ Failure Assessment

P.0,/Fio, = data at ICU admission

Complications related to tracheostomy were recorded in
32 subjects. Bleeding occurred in 16 (22%) tracheostom-
ized subjects, and 3 cases required blood transfusions.
Stoma infection was reported in 23, and in 6, antibiotics
were prescribed. Finally, 3 tracheoesophageal fistula cases
were diagnosed (4% tracheostomized subjects).

Incidence of Tracheomalacia and Associated Factors

In the overall study population, tracheomalacia was diag-
nosed in 8 (5%). Figure 2 shows an endoscopic image of a
subject with tracheomalacia and SARS-CoV-2 ARDS. The
diagnosis was performed 27 (21-32) d after endotracheal intu-
bation. Compared to the remaining population (Table 2),
more subjects with diagnosed tracheomalacia were female
(75% vs 20%, P = .002; odds ratio 11.8, 95% CI 2.3-61.5)
and obese (88% vs 30%, P = .003, OR 16.3, 95% CI 1.9—
136.4). All subjects diagnosed with tracheomalacia were
treated with a tracheostomy for airway management (100%
vs 45%, P = .008). No difference was found regarding the
use of the surgical approach (87.5% vs 72.3%, P = .67), the
timing of tracheostomy (11 [7-14] d vs 11 [8-17], P = .37),
and decannulation (35 [23-56] d vs 19 [14-33], P = .11)
comparing subjects that developed tracheomalacia with the
remaining population. Conversely, the duration of mechanical
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ventilation (29 [22-34] d vs 13 [8—24], P = .007) was signifi-
cantly longer in subjects diagnosed with tracheomalacia.

All subjects with tracheomalacia developed one or more
microbiologically confirmed infections during ICU stay
(100% vs 51%, P = .02). Sepsis was reported more frequently
(75% vs 35%, P = .057), and the median duration of antibi-
otic therapy was longer (22 [5-28] d vs 6 [2-15], P = .02) in
subjects who were diagnosed with tracheomalacia. Similarly,
ICU and hospital length of stay were significantly longer in
these subjects (29 [24-41] d vs 14 [8-26], P = .006 and 55
[35-90] d vs 25 [13-43], P = .002, respectively). Of note, the
3 trachea-esophageal fistula cases observed occurred in sub-
jects who had tracheomalacia diagnosed. ICU and hospital
mortality were not different between subjects with tracheoma-
lacia and the remaining subjects (25% vs 41%, P = .61 and
38% vs 43%, P = .94, respectively).

Discussion

In this single-center, retrospective observational study, we
analyzed the modalities of airway management in 151 crit-
ically ill, mechanically ventilated subjects with COVID-19,
admitted to the ICUs of one of the largest hospitals in Italy,
during the first SARS-CoV-2 pandemic wave. In addition, we
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focused our attention on subjects that were diagnosed with tra-
cheomalacia during their ICU stay.

A major finding of our study is that a tracheostomy was
performed in almost 50% of subjects treated with invasive
mechanical ventilation for COVID-19-related respiratory

Fig. 2. An endoscopic image showing a tracheal malacia in a sub-
ject with SARS-CoV-2 ARDS.

\

failure and that in our cohort of subjects the incidence of
tracheostomy was not different according to admission
ARDS severity. These findings differ markedly from what
has been described in the classic ARDS population. Indeed,
a recent worldwide observational study evaluating the inci-
dence and characteristics of subjects with ARDS in the ICU
described that a tracheostomy was performed in 13% of the
overall ARDS population,'" increasing from 9.6% in mild
to 14.5% in severe ARDS.'?> On the contrary, recent litera-
ture regarding COVID-induced ARDS already described
an increased use of tracheostomy, in line with our findings,
ranging from 32-60%.'*'°

The major contributing factor to this high incidence of tra-
cheostomies might be the fact that patients with COVID-
induced ARDS seem to require more time to improve, as com-
pared to classic ARDS."® Indeed, in our population, the median
ICU length of stay was 14 (9-27) d, which is longer as com-
pared to the 10 (5-20) d of the LUNG SAFE study.'> The rea-
sons for this longer ICU stay have not been fully understood. It
is conceivable that several aspects related to COVID patho-
physiology, such as the marked vascular and endothelial
involvement,'* a high rate of secondary bacterial infections,'>"”
and a high incidence of barotrauma,'®'® contribute to the

Table 2.  Comparison Between Subjects With and Without a Diagnosis of Tracheomalacia

Variables Without Tracheomalacia n = 143 (95%) With Tracheomalacia n = 8 (5%) P
Males 114 (79.7) 2(25.0) .002
Age,y 59 £ 11 514 31
BMLI, kg/m* 27 (25-31) 35 (32-40) .007
Obesity (BMI > 30) 43 (30.1) 7 (87.5) .003
Chronic ischemic cardiovascular disease 8(5.6) 0(0) .90
Hypertension 67 (46.9) 5(62.5) .62
Diabetes 23 (16.1) 0 (0) .49
Chronic kidney failure 2(1.4) 0(0) 21
Neoplasia 5@.5) 1(12.5) 74
Hepatic disease 5(3.5) 0(0) .63
Chronic obstructive respiratory disease 17 (11.9) 1(12.5) .61
Immunosuppression 4(2.8) 0(0) 52
No comorbidities 33 (23.1) 2 (25.0) .76
APACHE score 23 (21-26) 25 (20-28) 73
SOFA score 503-7) 4 (3-6) .63
P.0,/Fio, 153 (115-196) 119 (85-163) .08
One or more infections developed during ICU stay 73 (51.0) 8 (100) .02
Tracheostomy 65 (45.5) 8 (100) .008
Tracheostomy technique, surgical 47 (72.3) 7 (87.5) .67
ICU length of stay, d 14 (8-26) 29 (24-41) .006
ICU mortality 58 (40.6) 2 (25.0) .61
Hospital length of stay, d 25 (13-43) 55 (35-90) .002
Hospital mortality 61 (42.7) 3(37.5) .94
Data are expressed as n (%), mean = SD or median (IQR) as appropriate.
BMI = body mass index
APACHE = Acute Physiology and Chronic Health Evaluation
SOFA = Sequential Organ Failure Assessment
P.0,/Fio, = data at ICU admission
RESPIRATORY CARE ® DECEMBER 2021 VoL 66 No 12 1801
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longer course of the disease. Indeed, a high rate of bacterial
infections is reported also in our cohort of subjects, more fre-
quently in tracheostomized subjects with a longer stay.

Another aspect that deserves discussion is the high per-
centage of surgical tracheostomies in our cohort. Italy was
the first European country hit by the 2020 pandemic. In
spring 2020, the knowledge about the novel [3-coronavirus
was extremely scarce, and no data were available about the
safety of health care professionals performing tracheosto-
mies in infected patients. Performing a tracheostomy is
certainly a procedure at very high risk for infection. In addi-
tion, the generation of aerosol particles, potentially containing
the virus, is certainly favored in critically ill patients by the
necessity to use high-positive intrathoracic pressures. The idea
that a surgical approach would be safer for the operator and
the fact that surgeons were relatively free, due to the suspen-
sion of elective surgery, explain our finding. There is no evi-
dence to recommend one method over the other, and the daily
availability of an experienced surgical team avoided delays.
Moreover, percutaneous tracheostomy might involve more
extensive manipulation of the airway with increased aerosoli-
zation risk.***' In addition, it is certainly true that a surgical
tracheostomy guarantees an easier cannula repositioning in
case of accidental removal. This aspect might be of particular
importance in the context of a pandemic surge characterized
by the presence of inexperienced doctors and nurses in the
ICU. Of note, several studies described that the surgical tech-
nique was not associated with higher complication rates.”>>*

In our study, we compared the characteristics of subjects
who had a tracheostomy performed with those ventilated
exclusively via an endotracheal tube (Table 1). The major dif-
ference was a longer disease course in tracheostomized sub-
jects, as demonstrated by a longer duration of mechanical
ventilation and longer ICU and hospital length of stay.
Moreover, tracheostomized subjects developed bacterial infec-
tions more frequently. No difference in mortality was observed
in the 2 groups. Of course, our data are purely descriptive, and
no conclusions on the effect of tracheostomy on COVID-
induced ARDS can be drawn. Indeed, it is conceivable that the
performance of a tracheostomy is a proxy of a complicated
clinical course, (eg, difficult weaning from the mechanical ven-
tilator or slow resolution of interstitial pneumonia).

Other authors investigated the use of tracheostomy in
SARS-CoV-2 patients, describing the overall safety of the
procedure.??>-3* Several studies reported a longer ICU stay in
tracheostomized subjects.”®** The cohort of the Queen
Elizabeth Hospital Birmingham® is the only one describing a
higher 30-d survival in subjects undergoing tracheostomy as
compared to those who did not. Whereas the authors accounted
for disease severity in their analysis, it is important to underline
the observational, nonrandomized nature of the study.

Finally, in the present study, we focused our attention on
tracheomalacia, a rare complication of mechanical ventilation.
Several factors are considered a risk for the development of
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tracheomalacia. In the general adult population, the most im-
portant one seems to be chronic inflammation in the context
of COPD.’? On the other hand, despite less evidence, trauma,
infections, prolonged intubation, and tracheostomy have been
considered potential risk factors.*>*

In our cohort, 8 (5%) of 151 subjects’ tracheomalacia
was suspected clinically and confirmed with a fiberoptic
evaluation. To the best of our knowledge, this is the largest
report of tracheomalacia in COVID subjects. A single case
of tracheomegaly, with clinical features similar to our sub-
jects, has been recently described.*

The observed 5% is higher compared to the scarce litera-
ture, only referring to non-COVID patients. Karimpour and
colleagues™ described that 0.6% of 184 subjects who under-
went percutaneous Ciaglia tracheostomy in the ICU devel-
oped tracheomalacia, whereas Kandaswamy et al*!
described an incidence of 0.7% in a case-control study
including 576 mechanically ventilated subjects, regardless of
the presence of a tracheostomy. Several factors could explain
the observed higher incidence. On the one hand, a vascular
and endothelial involvement in patients with COVID-19 has
been described,** particularly in the lungs. To the best of our
knowledge, the microvascular involvement of the upper air-
ways has not been documented so far; however, from a sur-
gical perspective, we observed a macroscopic impairment of
the vascularization of tracheal and peritracheal tissues.

Another factor potentially implied with the pathogenesis of
tracheomalacia in this particular pandemic context is an ex-
cessive cuff pressure of the endotracheal/tracheostomy tube
potentially leading to tracheal wall suffering. Usually, great
attention is paid to this aspect by the nursing staff. However,
on the one hand, the presence of inexperienced nurses,
recruited from regular wards due to the extremely high num-
ber of patients in need, and on the other hand, the fear of
infection due to cuff leakage and viral spread could have
resulted in overall higher cuff pressures. Finally, it is conceiv-
able to hypothesize a role of mechanical trauma of the trache-
ostomy tube on the tracheal wall during pronation.®

In our cohort, subjects diagnosed with tracheomalacia had
a significantly longer clinical course (ICU and hospital
length of stay), a higher rate of bacterial infections, but a
similar mortality. In addition, we observed that subjects diag-
nosed with tracheomalacia had a higher BMI, were more fre-
quently female, and the use of tracheostomy was higher.

On the one hand, the physiologic gender-related differen-
ces in connective tissue**** could maybe explain the
observed higher incidence in females. On the other hand,
the higher BMI, already identified as a potential risk fac-
tor,*® could be explained by the pro-inflammatory effect of
obesity*® and a more difficult surgical or percutaneous
access to the trachea during the performance of the trache-
ostomy. Moreover, obesity and obstructive sleep apneas
might favor the development of tracheomalacia as a result
of periodic markedly negative intrathoracic pressures
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generated during episodes of obstruction.*” Of course, this
would imply that at least a mild form of tracheomalacia
was already present before the COVID infection and was
somehow exacerbated during the critical illness.

We observed a higher incidence of infections and a lon-
ger course of antibiotic therapy in the group of subjects
with tracheostomy and with tracheomalacia. Certainly, the
longer duration of ICU stay could simply have increased
the probability of developing new bacterial infections, but
the impact of repetitive infective events and the consequent
systemic inflammation might have contributed to the patho-
physiology of tracheomalacia.

The management of acquired tracheomalacia associated
with mechanical ventilation is difficult and requires a multi-
disciplinary approach involving critical care physicians, anes-
thesiologists, thoracic surgeons, and respiratory therapists.
The approach might be surgical®***° endoscopic stent
placement®*%"" or conservative management with cycles of
positive-pressure ventilation.”>*' In our cohort of subjects, a
conservative approach, based on spontaneous breathing
cycles and positive pressure after decannulation, was success-
ful in subjects with isolated tracheomalacia, that is, in subjects
that had not developed a tracheoesophageal fistula.

Limitations

Several limitations of our study need to be mentioned,
first, its retrospective, single-center nature; second, the
related limited sample size and associated statistical limita-
tions. Indeed, given the low number of events of tracheo-
malacia, a multiple logistic regression model could not be
performed.”* Moreover, a fiberoptic evaluation was per-
formed only in subjects where tracheomalacia was sus-
pected clinically. It is, therefore, conceivable that some
cases of tracheomalacia were missed either in case of mild
forms, not triggering a fiberoptic evaluation, or in subjects
who died before extubation/decannulation. The real inci-
dence of tracheomalacia could, therefore, be higher.

A comment on the potential role of the performance of a tra-
cheostomy on the development of tracheomalacia is necessary.
We have observed that all subjects that developed tracheoma-
lacia had been previously tracheostomized. However, as stated
above, tracheostomy was performed in subjects with predicted
difficult and prolonged weaning from mechanical ventilation
and might, therefore, be considered as a proxy for a compli-
cated clinical course. The independent role of the performance
of a tracheostomy is, therefore, very difficult to assess, and our
data are thus inconclusive regarding this aspect.

Conclusions
In our cohort of 151 critically ill subjects with COVID-

related ARDS, we observed that almost 50% mechanically
ventilated subjects were tracheostomized. This percentage
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is significantly higher as compared to the classic ARDS
population. Furthermore, we observed that 5% of the stud-
ied population was diagnosed with tracheomalacia. Again,
this percentage is significantly higher than the available
reports of non-COVID ICU patients. Obesity, female gen-
der, and tracheostomy might play a role in the development
of this rare and severe condition.
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