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Abstract

Background: The risk of barotrauma associated with different types of ventilatory support is
unclear in COVID-19 patients. The primary aim of this study was to evaluate the effect of the dif-
ferent respiratory support strategies on barotrauma occurrence; we also sought to determine
the frequency of barotrauma and the clinical characteristics of the patients who experienced
this complication.

Methods: This multicentre retrospective case-control study from 1 March 2020 to 28 February
2021 included COVID-19 patients who experienced barotrauma during hospital stay. They were
matched with controls in a 1:1 ratio for the same admission period in the same ward of treat-
ment. Univariable and multivariable logistic regression (OR) were performed to explore which
factors were associated with barotrauma and in-hospital death.

Results: We included 200 cases and 200 controls. Invasive mechanical ventilation was used in
39.3% of patients in the barotrauma group, and in 20.1% of controls (p<0.001). Receiving non-
invasive ventilation (C-PAP/PSV) instead of conventional oxygen therapy (COT) increased the
risk of barotrauma (OR 5.04, 95% Cl 2.30 - 11.08, p<0.001), similarly for invasive mechanical
ventilation (OR 6.24, 95% Cl 2.86-13.60, p<0.001). High Flow Nasal Oxygen (HFNO), compared
with COT, did not significantly increase the risk of barotrauma. Barotrauma frequency occurred
in 1.00% [95% ClI 0.88-1.16] of patients; these were older (p=0.022) and more frequently
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immunosuppressed (p=0.013). Barotrauma was shown to be an independent risk for death (OR
5.32, 95% Cl 2.82-10.03, p<0.001).

Conclusions: C-PAP/PSV compared with COT or HFNO increased the risk of barotrauma; other-
wise HFNO did not. Barotrauma was recorded in 1.00% of patients, affecting mainly patients
with more severe COVID-19 disease. Barotrauma was independently associated with mortality.
Trial registration: this case-control study was prospectively registered in clinicaltrial.gov as
NCT04897152 (on 21 May 2021).
© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

One established complication of mechanical ventilation in
critically ill patients is barotrauma.’

The recent pandemic of SARS-CoV2 has drawn attention
to the fact that acute respiratory syndrome in COVID-19
patients (C-ARDS) has been disproportionally associated
with this complication compared to traditional ARDS during
the first wave.”*

A wide range in frequency of barotrauma has been
reported in the literature in C-ARDS patients worldwide
depending on the hospital setting. In a multicenter study
involving up to 72,000 patients in the emergency depart-
ment in Spain, the frequency reported was 0.56%,* while in
China, the frequency was double and around 1%.°

Conversely, in the United States in intensive care units
(ICU), barotrauma frequency reached 15% in mechanically
ventilated COVID-19 patients.>

Considering that C-ARDS patients who underwent invasive
mechanical ventilation (IMV) have been treated with a protec-
tive ventilation strategy as is customarily used in patients with
traditional ARDS,®’ the higher percentage of barotrauma in
COVID-19 patients could lie outside the ventilatory strategies.

In fact, pneumothorax, pneumomediastinum and subcu-
taneous emphysema, otherwise known as barotrauma, have
also been described in C-ARDS spontaneous breathing
patients or those under non-invasive respiratory support
(NIRS), which represented the majority of hospitalized
patients, and not only during IMV.%°

It is thought that vigorous breathing with uncontrolled
effort can increase transpulmonary pressure gradient across
lung regions, and global and regional strain, inducing the
phenomenon known as patient self-inflicted lung injury (P-
SILI)."0 At this stage, adequate ventilatory support becomes
fundamental to avoiding lung damage, reducing in the
meantime ventilator induced lung injury (VILI).

Therefore, in this multicentre study, we aimed to investi-
gate, as a primary aim, the effect of the different respiratory
support strategies on barotrauma occurrence and, as second-
ary aims, the frequency of barotrauma and the clinical charac-
teristics of the patients who experienced this complication.

Materials and methods

Study design

This retrospective case-control observational study was con-
ducted in 9 intensive care units (ICUs) and 15 medical wards in
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Italy from 1 March 2020 to 28 February 2021. After approval by
the Ethics Committee for the coordinating centre (approval
number CEUR-2021-3659, Ethics Committee of Friuli-Venezia-
Giulia Region, ltaly), all local investigators were responsible
for obtaining the required permissions in their centres accord-
ing to the national regulation. The study was prospectively
registered on clinicaltrial.gov (NCT04897152).

The study was conducted according to Good Clinical Prac-
tice guidelines and the Declaration of Helsinki. Data were
anonymously collected using a unique alphanumeric code
for each participant. The Reporting of Observational Studies
in Epidemiology (STROBE) guidelines were followed."" All
data were anonymously collected on the electronic data
manager Castor (EDC, 2019, Amsterdam, The Netherlands)
in compliance with the European General Data Protection
Regulation (GDPR) 2016/679."2

Population

We considered eligible all adult (i.e., >18 years/old)
patients admitted to hospital for SARS-CoV-2 pneumonia.
SARS-CoV-2 infection was ascertained through polymerases
chain reaction nasal swab. We included in the study all
patients who developed barotrauma during hospital stay;
barotrauma was defined as the occurrence of pneumothorax
(PNX) and/or pneumomediastinum (PMD), irrespective of
the presence or absence of subcutaneous emphysema.

Patients were excluded if one of the following criteria was
present: 1) iatrogenic cause of barotrauma (i.e., pneumothorax
from central vein catheter insertion or pleural effusion drain-
age); 2) absence of radiological imaging; or 3) do-not-intubate
or do-not-resuscitate order (for palliative care).

Controls were selected among COVID-19 patients without
barotrauma and matched 1:1 with cases per period and unit
of admission. In other words, controls were included consid-
ering patients without barotrauma that were admitted in
the same week and in the same treatment unit as the ones
experiencing barotrauma, respecting all inclusion and exclu-
sion criteria.

All patients received standard care, according to current
clinical practice guidelines and evidence-based recommen-
dations/indications at the time of enrolment.

First and additional aims

The first study aim is to describe the effect of the different
respiratory support strategies on barotrauma occurrence.

Additional aims describe the frequency of barotrauma
and eventual required treatments.
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Finally, the characteristics of respiratory failure, blood
tests, infections, hospital length of stay and mortality of
patients experiencing barotrauma are compared with those
of a matched control group to find possible similarities or
important clinical differences.

Data collection

For all patients, we recorded (1) demographic and anthropo-
metric data; (2) comorbidities; (3) severity of COVID-19, strat-
ified as asymptomatic infection, mild, moderate, severe and
critical illness, through the World Health Organization (WHO)
case definition,’®; (4) the Quick COVID-19 Severity Index
(qCS)'*; and (5) 4C mortality score.’® We also recorded the
arterial partial pressure to inspired oxygen fraction ratio
(P,O,/F|0,), the alveolar-to-arterial difference of oxygen (A-a
DO,) and the respiratory rate. In addition, whenever available,
the following blood tests were recorded: white blood cell
(WBC) and lymphocytes counts, C-reactive protein, procalcito-
nin (PCT), pro-adrenomedullin, interleukin 6 (IL-6), lactate
dehydrogenase (LDH) and D-dimer.

We collected the need, the type and the time spent under
conventional oxygen therapy (COT), high-flow nasal oxygen
(HFNO), continuous positive airway pressure (C-PAP), non-
invasive ventilation (NIV), invasive mechanical ventilation
(IMV) or Extra-Corporeal Membrane Oxygenation (ECMO),
the consecutive modalities together with the need for seda-
tives, neuromuscular blocking agents and prone position.
Notably, COT, HFNO, C-PAP and NIV were defined as non-
invasive respiratory support (NIRS).

In every centre, a radiologist reviewed high-resolution
computed tomography (HRCT) to compute a severity score,
as reported by Salaffi et al.'® In particular, the radiologist
evaluated both lungs on three levels and for every single
area assigned a score from 0 to 4 according to the nature of
abnormalities and another 4-point score according to the
percentage of lung area involvement. The scores, according
to the abnormalities and their extent, were then multiplied
by each other and added to the scores of all 6 levels (3 levels
on each side). The final severity score ranged from 0 to 96:
the higher the score the more severe was the disease.

The occurrence of co-infections with the need for antibi-
otic therapy was also recorded. '’

Finally, we computed the rate of patients requiring re-
intubation after first extubation attempt or tracheostomy,
the days from hospital to ICU admission, the hospital length
of stay and in-hospital mortality.

Sample size estimation

The primary aim of the study is the effect of the different
respiratory support strategies, in particular IMV, on baro-
trauma. Assuming a proportion of 25% of patients receiving IMV
in the control group and of 38% of patients in the case group, '®
we calculated a sample size of 392 patients to detect an odds
ratio (OR) of 1.890 for barotrauma with an 80% of power and
alpha error of 5% with a two-sided Fisher’s Exact test.

Statistical analyses

Categorical variables were presented as absolute values
(percentages), and continuous variables were described as
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either mean and standard deviation or median and ranges,
according to variable distribution. Normality was assessed
using the Shapiro-Wilk Test. Categorical variables were com-
pared using the chi-squared test or Fisher’s exact test, while
continuous variables were compared using a student t-test
or Mann-Whitney U test, according to the distribution of the
data. Univariable and multivariable conditional logistic
regressions were performed to explore which factors were
associated with barotrauma and in-hospital death, stratify-
ing by referral centres. A multiple imputation approach was
used to account for missing data, replacing missing values
with 50 sets of simulated values and adjusting the obtained
parameter estimates for missing-data uncertainty. All clini-
cally relevant variables or those that were significant at
p<0.05 in univariable analysis were included in the multivar-
iable analysis, taking into account potential collinearities.
Overall survival was described according to the Kaplan-Meier
approach. Comparisons among survival distributions were
performed using the log-rank test. Two-sided p values of less
than 0.05 were determined to be statistically significant.
Statistical analyses were performed using Stata/IC 17.0 (Sta-
taCorp LP, College Station, USA).

Results

Among 19,809 patients with C-ARDS admitted in the study
period, the frequency of barotrauma was 1.00% [95% CI
0.88-1.16]. Forty-six patients were excluded due to exclu-
sion criteria. Finally, 200 cases and 200 matched controls
were included for the final statistical analysis (Fig. 1).

Baseline patients’ characteristics were balanced
between the two groups, except for age, immunosuppres-
sive therapies and chronic liver disease (Table 1). In particu-
lar, patients who experienced barotrauma were older
(p=0.022), more frequently on domiciliary immunosuppres-
sive therapy (p=0.013) and with less deranged liver function
tests (p=0.015).

High flow nasal oxygen strategy was more represented in
the group with barotrauma than without (42.4% vs. 32.1%
respectively, p=0.035). Similarly, C-PAP/PSV was reported in
86% of patients in the barotrauma group and in 50.3% of
patients in the group without barotrauma (p<0.001). Inva-
sive mechanical ventilation was used in 39.3% of patients in
barotrauma group, a higher frequency compared to the non-
barotrauma group, in which only 20.1% of patients received
it (p<0.001), as reported in Table 2.

However, considering mean days of ventilation in the
barotrauma versus no barotrauma group, adjusted for the
type and duration of ventilation, we found a protective
effect of CPAP/PSV (5.3+4.6 vs 9.2+7.6 p <0.001), while
IMV showed a direct effect (10£10.5 vs 5.3+6.0 p 0.017)
and no effect from HFNO (8.1+£9.2 vs 7.84+7.3 p 0.955).
PEEP level was available in 89 control vs 144 cases, and their
value in barotrauma vs no barotrauma was similar (9.24+
2.0 vs 9.08+2.2, p=0.621). In addition, patients with baro-
trauma more frequently received sedatives (p< 0.001) and
prone positioning (p< 0.001) and had higher re-intubation
(p<0.018) and tracheotomy (p<0.001) rates. ECMO was
instituted in 10 (5.2%) patients with barotrauma, whereas
none required it in controls (p<0.017).
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Patients admitted and
screened during study period
N=19809

—

Patients with exclusion criteria
N=17820

Paticnts cnrolled N=1989 |

l

Patients with barotrauma
N=246

I.;

CASES included in the
statistical analysis
N=200

Excluded due to incomplete
data N=46

Fig. 1

Additional aims

The frequency of barotrauma was 1.00% [95% Cl 0.88-
1.16]. Isolated PMD occurred in 90 cases (0.45 [95% CI
0.37-0.56]), whereas isolated PNX occurred in 61 patients
(0.31 [95% Cl 0.24-0.40]) and combined PMD-PNX occurred
in 49 patients (0.25%) — [95% Cl 0.18%-0.33%]. PNX was
more frequent on the right side (55 of 108 cases; 50.9%),
followed by on the left-side (29/108; 26.9%) and bilateral
in 24 cases (22.2%).

Hemodynamic instability was reported in 55 patients
(27.6%). PNX required draining with a chest tube in 73 cases
(66.3%), whereas six patients (5.5%) required surgery and
one (0.9%) talc pleurodesis. Detailed data are reported in
Table 3.

As shown in Supplementary Table 1 (in the ESM), patients
with barotrauma were characterized by a more prominent
hypoxemia (p=0.004), higher respiratory rate (p=0.001), and
higher qCSI and 4C scores at the admission (p<0.001 for
both scores) compared to controls.

Patients who experienced barotrauma also showed a
higher inflammation profile of serum procalcitonin, pro-

|

Patients without barotrauma
N=1743

I Excluded due to
| criteria N=1543

CONTROLS included in the
statistical analysis
N=200

Study flow chart.

adrenomedullin, interleukin-6, LDH and D-dimer than the
control group (see Supplementary Table 2 in the ESM).

Table 4 shows univariate and multivariate analyses of risk
factors for barotrauma.

In more detail, both invasive and non-invasive ventilation
were significantly related to the risk of barotrauma com-
pared to conventional oxygen therapy. In particular, the mul-
tivariate analysis showed that receiving C-PAP/PSV versus
COT has an OR 5.04 (95% Cl 2.30-11.08, p<0.001) for baro-
trauma, while receiving IMV versus COT has an OR of 6.24
(95% Cl 2.86-13.60, p<0.001).

Compared with HFNO, patients with C-PAP/PSV have a 3-
times higher risk of barotrauma (OR 3.00, 95% CI 1.09-8.27,
p=0.033), while patients receiving IMV had an OR 4.12 for
barotrauma (95% Cl 1.51-11.27, p=0.006). Patients that
underwent only COT, only HFNO, only CPAP/PSV, only IMV
versus COT/HFNO, COT/HFNO/CPAP/PSV, COT/HFNO/PSV/
IMV intended as an escalation support presented less baro-
trauma events (p<0.001) as shown in Supplementary Table
3. However, HFNO, compared with COT, did not significantly
increase the risk of barotrauma at the uni- and multivariate
analysis (OR 1.40, 95 C1 0.49-4.01, p=0.534).

Table 1 Baseline patients’ characteristics.
Overall (n=400) Barotrauma group Controls (n=200) p-value
(n=200)

Males, n (%) 295 (73.8) 155 (77.5) 140 (70) 0.088
Age, years, median (IQR) 68 (59-75) 69.5 (62-76) 66.5 (57-75) 0.022
BMI, median (IQR) 26.7 (24.5-30.4) 26.3 (24.5-30.1) 27.1 (24.4-30.7) 0.466
Cardiovascular disease, n/N (%) 196/399 (49.1) 103 (51.5) 93/199 (46.7) 0.341
COPD, n/N (%) 39/399 (9.8) 15 (7.5) 24/199 (12.1) 0.125
Solid cancer, n(%) 31/399 (7.8) 14 (7) 17/199 (8.5) 0.565
Haematologic disease, n(%) 29 (7.3) 16 (8) 13 (6.5) 0.563
Diabetes, n/N (%) 84 (21) 42 (21) 42 (21) 1.000
CKD, n/N (%) 37/399 (9.3) 21 (10.5) 16/199 (8.0) 0.397
latrogenic immunosuppression, n/N (%) 29/399 (7.3) 21 (10.5) 8/199 (4.0) 0.013
Liver disease, n(%) 7 (1.8) 0(0) 7 (3.5) 0.015

Legend. IQR: interquartile range; BMI: Body Mass Index; COPD: Chronic obstructive pulmonary disease: CKD: Chronic kidney disease.
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Table 2 Ventilation strategies applied during hospital stay.

Overall (n=400) Barotrauma (n=200) No barotrauma (n=200) p-value
HFNO, n/N (%) 147/394 (37.3) 84/198 (42.4) 63/196 (32.1) 0.035
CPAP/PSV °, n/N (%) 257/379 (67.8) 160/186 (86.0) 97/193 (50.3) <0.001
IMV°, n/N (%) 116/390 (29.7) 77/196 (39.3) 39/194 (20.1) <0.001
Sedation, n/N (%) 186/300 (62) 142/196 (72.5) 44/104 (42.3) <0.001
Pronation, n/N (%) 156/298 (52.4) 127/193 (65.8) 29/105 (27.6) 0.001
Curarization, n/N (%) 187/295 (63.4) 119/191 (62.3) 68/104 (65.4) 0.600
Necessity of re-OTl, n/N (%) 20/287 (7.0) 18/189 (9.5) 2/98 (2.0) 0.018
Tracheostomy, n/N (%) 56/290 (19.3) 53/191 (27.8) 3/99 (3.0) <0.001
ECMO, n/N (%) 10/292 (3.4) 10/192 (5.2) 0/100 (0) 0.017

°as intended before barotrauma.

Legend. CPAP/PSV: Continuous positive airway pressure ventilation/Pressure support ventilation, ECMO: extracorporeal membrane oxy-
genation, HFNO: high flow nasal oxygen; IMV: invasive mechanical ventilation; OTI: orotracheal intubation.

Barotrauma appeared significantly related to the exten-
sion of lung involvement (OR 2.31, 95% Cl 1.22-4.39,
p=0.010) and with thromboembolism at presentation (OR
5.46, 1C95% 2.83,10.55, p<0.001).

Fungal infections were significantly associated with baro-
trauma (OR 5.27, 95% Cl 2.10-13.24, p <0.001) as shown in
Supplementary Table 4.

Table 3 Characteristics of barotrauma and barotrauma
management.

Barotrauma findings (n=200)

Pneumomediastinum, n (%) 90 (45)

Pneumothorax, n (%) 61 (30.5)
Both, n (%) 49 (24.5)
Days from hospital admission and 10 (6-18)

barotrauma diagnosis (median,
IQR)

Pneumothorax side (n=108)

Right sided, n (%)

Left sided, n (%)

Bilateral, n (%)

Barotrauma findings, size (n=122)

55/108 (50.9)
29/108 (26.9)
24/108 (22.2)

Large (> 2 cm), n (%) 83 (68.0)

Small (<2 cm), n (%) 39 (32.0)

Haemodinamics (n=199)

Stable, n (%) 144 (72.4)

Unstable, n (%) 55 (27.6)

Pneumothorax management (n=110)

Conservative management, n (%) 120 (60)

Chest tube, n (%) 73 (36.5)

Surgical treatment, n (%) 6(3)

Pleural talcage, n (%) 1(0.5)

Days of chest tube maintenance, 9 (4-19)
median (IQR)

Barotrauma evolution (n=199)

Spontaneous reabsorption, n (%) 66 (33.2)

Resolution after chest tube/surgery, n 34 (17.1)
(%)

Unresolved, n (%) 82 (41.2)

Recurrency, n (%) 11 (5.5)

Unknown, n (%) 6 (3.0)

Legend. IQR: interquartile range.
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Barotrauma was found to be an independent risk factor
for death (OR 5.32, 95% Cl 2.82-10.03, p<0.001) as shown in
Table 5. Patients receiving C-PAP/PSV versus HFNO have an
OR 3.06 (95% Cl 0.82-11.44, p=0.097) for in-hospital death.
On the other hand, patients under CPAP/PSV versus COT
have an OR of 22.22 for in hospital death (95% Cl 5.42-91.20,
p<0.001).

As expected, the barotrauma group showed a longer hos-
pital stay, 27 days versus 12 days, p <0.001. Overall mortal-
ity in the barotrauma group compared with patients without
was 54.8% versus 17.2%, respectively (p<0.001) (see supple-
mentary Table 4). Of these patients, 64 over 113 (56.6%)
received IMV and 77 over 274 who received no NIRS (28.1%)
died, p < 0.001.

The log-rank test showed no significant difference in sur-
vival of patients in the barotrauma group receiving NIRS ver-
sus IMV (p=0.37). When analysing the whole population, the
log-rank test showed no significant difference in overall sur-
vival as well (p=0.12), as shown in Fig. 2.

Discussion

The main findings of the investigation are, first, that HFNO
compared to COT did not increase the risk of barotrauma.
Second, C-PAP/PSV or IMV increased the risk of barotrauma
compared with HFNO. Third, barotrauma frequency in this
study was lower than in previous reports in COVID-19
cohorts, and we confirm that the right-side was the most
affected. Fourth, hemodynamic instability in our study was
more frequent than in previous findings, and many patients
required chest tube drainage. Fifth, patients with baro-
trauma exhibited lower P,0,/F,0, ratio, highest BMI and
extended lung disease involvement. Sixth, elevated plasma
cytokine concentration was associated with barotrauma.
Furthermore, C-PAP/PSV and IMV increased the risk of death
compared with COT.

Miro et al. and Ayazi et al. found that those patients who
experienced barotrauma were more tachypnoeic.* "’

It could be assumed that high respiratory rates at admis-
sion might mirror the increased respiratory effort with the
greater risk of developing self-induced positive end-expira-
tory pressure (auto-PEEP), contributing to barotrauma.?®-?'
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Table 4 Factor associated with barotrauma (univariable and multivariable analysis).
Univariable analysis Multivariable analysis

OR 95% ClI p-value OR 95% Cl p-value
Male sex 1.51 0.95,2.40 0.080
Age 1.03 1.01,1.04 0.005 2.00 1.13,3.52 0.017
BMI 0.99 0.95,1.04 0.698 1.02 1.00,1.04 0.029
Cardiovascular disease 1.21 0.81,1.81 0.352
COPD 0.55 0.27,1.13 0.105
Solid cancer 0.81 0.39,1.69 0.577
Haematologic disease 1.25 0.58,2.69 0.563
Diabetes 1 0.62,1.62 1.000
CKD 1.35 0.68,2.71 0.391
Immunosoppression 2.77 1.19,6.41 0.018
qCsl 1.13 1.07,1.18 <0.001
Pa02/FiO2 ratio ad admission 0.99 0.99,0.99 0.004
Respiratory rate ad admission 1.05 1.01,1.10 0.014 1.00 0.834
(A-a)D0O2 1.00 0.99,1.01 0.667
Ventilation strategies
HFNO vs. COT 0.55 -0.44,1.54 0.275 1.40 0.49,4.01 0.534
CPAP/PSV vs. COT 2.06 1.35,2.76 <0.001 5.04 2.30,11.08 <0.001
CPAP/PSV vs. HFNO 1.51 0.56,2.46 0.002 3.00 1.09,8.27 0.033
IMV vs. COT 2.33 1.63,3.04 <0.001 6.24 2.86,13.60 <0.001
IMV vs. HFNO 1.78 0.84,2.73 <0.001 4.12 1.51,11.27 0.006
IMV vs. CPAP/PSV 0.27 -0.34,0.89 0.382 1.37 0.70,2.70 0.359
IMV/CPAP/PSV vs COT/HNFO 7.81 4.44,13.74 <0.001
IMV vs NIRS 3.52 2.08,5.98 <0.001
Extent (%) of lung involvement
25-49% vs. 0-24% 1.35 0.55,3.32 0.514 0.93 0.33,2.63 0.895
50-74% vs. 0-24% 3.91 1.61,9.52 0.003 2.07 0.75,5.76 0.161
50-74% vs. 25-49% 2.90 1.68,5.02 <0.001 2.31 1.22,4.39 0.010
>75% vs. 0-24% 4.33 1.63,11.52 0.003 1.80 0.57,5.72 0.318
>75% vs. 25-49% 3.21 1.65,6.23 0.001 2.01 0.92,4.41 0.081
>75% vs. 50-74% 1.11 0.60,2.04 0.743 0.87 0.43,1.77 0.699
White blood cells (n/pL) 1.00 1.00,1.00 0.836
Lymphocytes count(n/uL) 1.00 1.00,1.00 0.472
CRP (mg/L) 1.01 1.01,1.01 0.014 1.00 0.99,1.01 0.348
Procalcitonin (ng/mL) 1.12 0.96,1.31 0.156
Proadrenomedullin (mmol/L) 1.00 0.98,1.01 0.682
Interleukin 6 (pg/mL) 1.00 1.00,1.00 0.105
LDH (lU/L) 1.00 1.00,1.00 0.421
D-dimer test (FeU/mL) 1 1.00,1.00 0.938
Bacterial co-infections 2.56 1.48,4.43 0.001 1.79 0.93,3.46 0.081
Fungal co-infections 5.65 2.73,11.66 <0.001 5.27 2.10,13.24 <0.001

Legend. BMI: Body Mass Index; COPD: Chronic obstructive pulmonary disease: CKD: Chronic kidney disease, (A-a)DO2: alveolar-arterial
gradient; GGO: ground glass; paO2/FiO2 ratio: ratio of arterial oxygen partial pressure (paO2 in mmHg) to the fraction of inspired oxygen
(Fi02), CPAP/PSV: Continuous positive airway pressure ventilation/pressure support ventilation, HFNO: high flow nasal oxygen; IMV: inva-
sive mechanical ventilation; NIRS: noninvasive respiratory support; CRP: C reactive protein; PCT: procalcitonin; LDH: lactate

dehydrogenase.

HFNO seems to reduce the work of breathing and to improve
respiratory mechanics in COVID-19 patients; it provides a homo-
geneous distribution of tidal volume without any inspiratory
assistance; and it promotes alveolar recruitment in not-depen-
dent regions preventing alveolar overdistension.?22*

Therefore, HFNO might theoretically mitigate the risk of
P-SILI during spontaneous breathing and limit the rate of
non-invasive treatment failure.

Although both C-PAP and HFNO have been recommended
for mild to moderate acute hypoxemic respiratory failure
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treatment in patients with COVID-19, the RECOVERY-RS trial
revealed that only an initial strategy of C-PAP reduced the
risk of tracheal intubation or mortality compared with COT
and caution is needed because failed NIV carries increased
mortality. Yet, there was no significant difference between
an initial strategy of HFNO compared with COT.?®

In patients with COVID-19 and moderate hypoxia, Crimi et
al. showed that HFNO does not significantly reduce the escala-
tion of respiratory support.”® However, this field is still matter
of debate, and we can only speculate about the possible role
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Table 5 Indipendent risk factors for in-hospital death.
Univariable analysis Multivariable analysis

OR 95% Cl p-value OR 95% Cl p-value
Male sex 0.65 0.39,1.10 0.106
Age 1.08 1.05,1.10 <0.001 1.09 1.06,1.13 <0.001
P,0,/F,0, ratio at admission 1.00 0.99,1.00 0.400
Respiratory rate at admission 1.01 0.98,1.05 0.455
Barotrauma 8.21 4.77,14.14 <0.001 5.32 2.82,10.03 <0.001
Ventilation strategies
HFNO vs. COT 3.15 0.68,14.61 0.143 7.27 1.25,42.29 0.027
CPAP/PSV vs. COT 24.71 7.80,78.30 <0.001 22.22 5.42,91.20 <0.001
CPAP/PSV vs. HFNO 7.85 2.24,27.51 0.001 3.06 0.82,11.44 0.097
IMV vs. COT 29.05 9.28,90.95 <0.001 30.70 7.49,125.78 <0.001
IMV vs. HFNO 9.23 2.66,32.04 <0.001 4.22 1.17,15.27 0.028
IMV vs. CPAP/PSV 1.18 0.63,2.20 0.613 1.38 0.68,2.82 0.374
IMV/CPAP/PSV vs HFNO/COT 18.00 7.69,42.16 <0.001
IMV vs NIRS 3.63 2.09,6.31 <0.001
Bacterial co-infections 1.66 0.93,2.94 0.085
Fungal co- infections 3.32 1.90,5.81 <0.001 1.64 0.86,3.13 0.132

Legend. P,0,/F,0, ratio: ratio of arterial oxygen partial pressure (paO2 in mmHg) to the fraction of inspired oxygen (FiO2), CPAP/PSV: Con-
tinuous positive airway pressure ventilation/pressure support ventilation, HFNO: high flow nasal oxygen; IMV: invasive mechanical ventila-

tion; NIRS: non-invasive respiratory support.

of HFNO in avoiding barotrauma. In our study, in fact, we
found that, compared with COT, HFNO did not increase the
risk of barotrauma after uni- and multivariate analysis. More-
over, only a few case reports have been published about pneu-
momediastinum and pneumothorax in  spontaneously
breathing patients under HFNO.?”-? It is therefore difficult to
define any pathophysiological correlation.

Concerning C-PAP/PSV and IMV, as expected, both were
significantly related to the risk of barotrauma compared to
COoT.

Overall survival in barotrauma group: NIRS vs IVM

Probability
050 0.75 1.00

0.25

®
0.00

Patients at risk

NIRS 112 46 18 6 4 3
IVM 70 34 13 5 1 1
===NIRS — IVM

Fig. 2  Survival Kaplan Meier curves.

Comparing our data with the literature, we showed that
the frequency of barotrauma is slightly lower than previ-
ously reported when considering the entire in-hospital
spectrum of COVID-19 disease, as shown in earlier studies
from China.’

A recent large multicentre study involving 71,904 COVID-
19 patients carried out across 61 emergency departments
(ED) in Spain reported an overall pneumothorax incidence at
presentation of 0.56%. In contrast, McGuiness et al. in 89
mechanically ventilated patients with COVID-19 infection
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In Fig. 2 (a) Kaplan-Meier survival curves show overall survival of patients with COVID-19 infection who developed barotrauma when
on IMV and on NIRS. Patients in IMV and NIRS were represented by continuous and dotted curves respectively, with no difference in

overall survival (p=0.37).

In Fig. 2 (b) Kaplan-Meier survival curves describe overall survival of patients with COVID-19 infection when on IMV, and when in NIRS.
Patients in IMV and NIRS were represented by continuous and dotted curves respectively, with no difference in overall survival

(p=0.12).

Legend. IMV: invasive mechanical ventilation; NIRS: non-invasive respiratory support
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reported an incidence of barotrauma of about 15% in
mechanically ventilated COVID-19 patients.>

Wang et al. reported a frequency of pneumothorax of 10%
in a monocentric cohort study conducted in ICU.* A recent
meta-analysis of 1,814 invasively ventilated COVID-19
patients found that in one out of six patients (14.7%), there
was a barotrauma, and it was associated with increased mor-
tality.>° Probably the 10% and 15% frequencies of barotrauma
reported in these ICU studies were related to the denomina-
tor (the number of beds available in ICU), and we suppose
that many of these patients were admitted due to baro-
trauma that had developed before ICU admission, leading to
overestimation of its frequency in this setting.

In the modern era, all patients admitted to ICU requir-
ing invasive mechanical ventilation should undergo protec-
tive ventilation strategy to reduce ventilator-induced lung
injury (VILI).>' 33 The current ventilatory approach, which
became universally accepted after the ARDS Network trial,
is based on reducing the tidal volume to about 6 mL kg™
of ideal body weight (IBW) while maintaining the airway
plateau pressure below 30 cmH,0.>* Following these
guidelines, barotrauma has become very rare in the last
two decades, and IMV did not worsen the risk of baro-
trauma in our study. In contrast, an uncontrolled applica-
tion of NIV could be much more dangerous if not used
appropriately in terms of time, volume and pressure, and
possible be implicated in Patient-Self-Induced-Lung-Injury
(P-SILI) despite the beneficial effects of C-PAP on recruit-
ing collapsed lung’s zone.3>-3¢

The vigorous breathing on spontaneous ventilation, also
due to altered respiratory drive after viral central nervous
system involvement, increases transpulmonary pressure,
global and regional strain (barotrauma), self-inflicted lung
injury (P-SILI), and can be responsible for the higher inflam-
mation profile.?”-3%

To this end, it is rational to think that protective ventila-
tion was present during IMV and absent during spontaneous
breathing and NIV use outside the ICU area, especially in the
first phase of the pandemic when ICU beds were fewer than
required. Nevertheless, barotrauma events in COVID-19
patients are not restricted to patients receiving positive-
pressure ventilation.

SARS-COV-2 is known to strongly activate the host’s
immune system, triggering a deadly cytokine storm, which
contributes to alveolar damage in CARDS. In this setting,
patients with an active cytokine storm seem naturally more
susceptible to stress-induced lung injury. To date, only a sin-
gle center retrospective analysis on ICU patients found that
fungal infections were more frequent in patients experienc-
ing barotrauma (68.4% vs. 18.9%).3° However, there is still
lack of evidence to support the hypothesis of a correlation
between barotrauma and fungal infections in units other
than ICU.

Barotrauma is a potentially life-threatening complication
especially in patients on mechanical ventilation and need to
be recognized early in relation to the potential impending
hemodynamic instability. Patients developing a tension
pneumothorax, or a rarer tension pneumomediastinum with
hemodynamic instability, require urgent decompression. In
the literature, among those patients who developed PM, 46%
had simultaneous or new bilateral pneumothorax and most
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required bilateral chest tube insertion, 38% progressed to
intubation and 31% died.“*"*’

Beitler et al. in non-COVID-19 patients with barotrauma
reported that these patients required a high vasopressor
support to begin prone positioning.*> We found that baro-
trauma implies a severe grade of acute lung injury to HRCT
scan. Another report in a small cohort highlighted the use of
ECMO as respiratory and hemodynamic support.*?

We found that pro-adrenomedullin and interleukin-6 lev-
els were associated with barotrauma at the univariate analy-
sis. Although the role of P-SILI is not completely clear, the
severe and prolonged inflammation caused by the increase
in transpulmonary pressure can lead to extensive endothe-
lial disruption, pulmonary vasoconstriction, oedema, atelec-
tasis and alveolar injury, as reflected by increased
biomarkers such as those previously mentioned.*~“

In relation to length of stay, we found an association
between patients with barotrauma and longer hospital stay
in agreement with previous studies.

Fungal but not bacterial infection was significantly asso-
ciated with barotrauma, being probably the clinical expres-
sion of a more severe disease with a dysregulated host
immunity.

Martinelli et al. failed to demonstrate that pneumothorax
would be an independent marker of poor prognosis in COVID-
19.%7 Miro et al. also failed to attribute the in-hospital mor-
tality increase in patients with barotrauma.”

In contrast, Kangas-Dick et al.*® and Gazivoda et a
found that barotrauma was associated with patients’
deaths, and our data support these findings.

To the best of our knowledge, COVI-MIX is the largest mul-
ticentre case-control study that investigates patients with
COVID-19 and barotrauma throughout the entire clinical
spectrum of the disease, including patients from ED to ICU.

However, some limitations of our study should be
highlighted: first, the retrospective design; second, the fact
that missing data regarding ventilation parameters were not
available for all our analysis; and third, we argue that during
the 2020 and 2021 peaks of the pandemic surge, COT, HFNO,
and IMV were used as escalation therapies. However, at that
moment, the hospitals, particularly the Italian ones, used
every imaginable type of ventilation, transforming the
wards into real war trenches, and we cannot exclude that
approaches other than escalation were used.

l.49

Conclusions

COVID-19 patients experienced barotrauma, especially dur-
ing C-PAP/PSV and IMV. HFNO in this study was not demon-
strated to increase the risk of pneumothorax or
pneumomediastinum. The frequency of barotrauma in our
cohort of patients was lower than in other studies in the lit-
erature. Patients with barotrauma were sicker, and more
had important systemic inflammatory responses.
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