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Abstract

The pathophysiology of coronavirus disease-2019 (COVID-19)-related acute respiratory
distress syndrome (ARDS) varies from other pneumonia-related ARDS. We evaluated
whether the mortality rates differed for COVID-19 and non-COVID-19-related ARDS in the
Asian population in 2021. This single center retrospective observational cohort study
included patients with COVID-19 and non-COVID-19-related ARDS that required invasive
mechanical ventilation. The primary outcome was all-cause in-hospital mortality. The sec-
ondary outcomes included hospital length of stay, ICU length of stay, duration of mechanical
ventilation, and ventilator-free days (VFDs) during the first 28 days. A 1:1 propensity score
matching was performed to correct potential confounders by age, obesity or not, and ARDS
severity. One-hundred-and-sixty-four patients fulfilled the inclusion criteria. After 1:1 propen-
sity score matching, there were 50 patients in each group. The all-cause in-hospital mortality
of all patients was 38 (38%), and no significant differences were found between COVID-19
and non-COVID-19-related ARDS (17 [34%) vs. 21 [42%], p= 0.410). Both groups had
length of stay (30.0 [20.0-46.0] vs. 27.0 [13.0-45.0] days, p = 0.312), ICU length of stay
(19.0[13.0-35.0] vs. 16.0[10.0-32.0] days, p = 0.249), length of mechanical ventilation
(19.0[10.0-36.0] vs. 14.0 [9.0—29.0] days, p = 0.488), and ventilator-free days during the
first 28 days (5.5[0.0-17.0] vs. 0.0 [0.0—14.0] days, p = 0.320). Immunocompromised status
(Hazard ratio: 3.63; 95% CI: 1.51-8.74, p=0.004) and progress to severe ARDS (Hazard
ratio: 2.92; 95% Cl: 1.18-7.22, p = 0.020) were significant in-hospital mortality-related con-
founders. There were no significant difference in mortality among both groups. Immunocom-
promised status and progression to severe ARDS are two possible risk factors for patients
with ARDS; COVID-19 is not a mortality-related risk exposure.
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Introduction

Acute respiratory distress syndrome (ARDS) is a life-threatening severe lung inflammation
[1], and pathophysiologic processes including increased pulmonary vascular permeability,
leads to alveolar infiltration and ventilation/perfusion mismatch that can induce hypoxemic
respiratory failure [2]. The LUNG SAFE study in 2016 investigated patients who developed
ARDS in the first 48 hours and received invasive mechanical ventilation in Intensive Care
Units (ICUs), and reported 40% hospital mortality in patients with ARDS, and 34.9%, 40.3%,
46.1% incidence for mild, moderate, and severe grades, respectively [2]. The severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) is a highly infectious RNA virus that causes
coronavirus disease-2019 (COVID-19) and induces a critical viral pneumonia leading to
ARDS. However, the respiratory physiology of COVID-19-related ARDS differs from other
pneumonia-related ARDS with respect to lung compliance [3, 4] and ventilatory ratio (VR)
[4-6], and its comorbidities such as diabetes mellitus, chronic renal failure, cardiovascular dis-
ease, asthma, chronic obstructive pulmonary disease (COPD), obesity, and immunocompro-
mised status are potential risk factors [7]. We conducted a literature review to identify and
compare the outcomes of COVID-19 and Non-COVID-19-related ARDS, globally [4, 8-16];
the mortality rates and source of databases varied several studies and most of studies con-
ducted in 2020 focused on patients in the western countries. We hypothesized that in 2020,
therapeutic management of COVID-19-related ARDS, including the effect of adjunctive respi-
ratory therapy (prone positioning [17], recruitment maneuvers [8], inhaled nitric oxide [18],
and extracorporeal membrane oxygenation [19]) and detailed planned medical treatments
such as remdesivir [20] and dexamethasone [21], was not fully understood. Thus, this may
have contributed to selection bias and confounders and resulted in different outcomes; fur-
thermore, it is unclear whether there are other recent studies reporting different outcomes.
Therefore, we aimed to evaluate whether the mortality rates differed among single center
patients with COVID-19 and non-COVID-19-related ARDS that required invasive mechanical
ventilation in Asian countries in 2021.

Materials and methods
Study population

This single center retrospective observational cohort study included patients with COVID-19
and non-COVID-19-related ARDS that required invasive mechanical ventilation. All patients
with COVID-19 had positive real-time polymerase chain reaction (RT-PCR) results for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, and the diagnosis of
ARDS was based on the Berlin definition. All patients with COVID-19 were unvaccinated.
This study was approved by Research Ethics Review Committee of Far Eastern Memorial Hos-
pital (FEMH No.111214-E), and requirement for informed consent form was waived due to
the retrospective nature of the study.

Data collection

Data between April 29, 2021 and August 3, 2021 for patients with COVID-19-related ARDS
and January 1, 2021, and December 31, 2021 for patients with non-COVID-19-related ARDS
were collected by reviewing the medical records in the Department of Critical Care Medicine,
Far Eastern Memorial Hospital, Taipei, Taiwan.

The inclusion criteria were as follows: (1) age >18 years; (2) admitted to the medical ICU
(MICU) between January 1, 2021 and December 31, 2021; (3) diagnosed with pneumonia; (4)
required invasive mechanical ventilation; and (5) developed ARDS in the first 48 hours.
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The exclusion criteria were as follows: (1) transferred to another hospital; (2) missing data;
and (3) trauma.

The clinical characteristics obtained were as follows: age, sex, body mass index (BMI), and
obesity defined as BMI > 30 kg/m?; acute physiology and chronic health evaluation II scores
and comorbidities including diabetes mellitus, chronic renal failure, cardiovascular disease,
asthma, chronic obstructive pulmonary disease (COPD), and immunocompromised status;
laboratory data such as leukocyte, neutrophil, lymphocyte, C-reactive protein (CRP), platelet,
D-Dimer, and creatinine levels at the time of patient admission to the ICU.

“Symptoms for ICU admission day” was defined as the day from when patients with dys-
pnea, increased work of breathing or oxygen desaturation were admitted to the ICU. Adjunc-
tive therapy including prone positioning, recruitment maneuvers, inhaled nitric oxide, and
extracorporeal membrane oxygenation use during mechanical ventilation were recorded.

The severity of the ARDS was defined by the ratio of arterial oxygen tension to the fraction
of inspired oxygen (PaO,/FiO,); this was classified as mild (200 <PaO,/FiO, <300 mmHg),
moderate (100 <PaO,/FiO, <200 mmHg), and severe (PaO,/FiO, <100 mmHg) based on the
Berlin definition. PaO,/FiO, ratio was collected within the first 48 hours after receiving inva-
sive mechanical ventilation and followed-up.

The respiratory physiological parameters were collected when patients fulfilled the ARDS
criteria with assist-control mode ventilation. The initial tidal volume (V) was 6-10 mL/kg of
predicted body weight (PBW) and positive end-expiratory pressure (PEEP) was set to a high
FiO,/low PEEP table to maintain a plateau pressure (Pplat) < 30 cmH2O and the ventilator
was adjusted according to the lung protective ventilation strategy after patients fulfilled the
ARDS criteria. Pplat was measured by inspiration-hold maneuver on the mechanical ventilator
for 0.5-1 s. Driving pressure was calculated as the difference between Pplat and PEEP. Static
compliance was the ratio of tidal volume to driving pressure. Mean airway pressure (Pmean)
was calculated by the peak inspiratory pressure (PIP), PEEP, and inspiratory to expiratory
time ratio. Ventilatory ratio (VR) was calculated as

VR = [Minute ventilation(ml/min) x PaCO2(mmHg)] + (PBW x 100 x 37.5).

The primary outcome was all-cause in-hospital mortality. The secondary outcomes
included hospital length of stay, ICU length of stay, duration of mechanical ventilation, venti-
lator-free days (VFDs) during the first 28 days. VFD was considered as 0 if patients had died
within 28 days.

Statistical analysis

Continuous variables were presented as median (interquartile range) and compared with the
Mann-Whitney U test. Categorical variables were presented as number (1) and proportion
(%) and compared with the Chi-square or Fisher’s exact test. Kaplan-Meier survival curve was
presented with cumulative incidence of 60-day mortality, and differences between COVID-19
and non-COVID-19-related ARDS were analyzed using the log-rank test.

A 1:1 propensity score matching was performed to correct potential confounders in the
baseline characteristics by age, obesity or not, and ARDS severity; the univariate analysis
results with p<0.1 was entered into the multivariate Cox proportional hazards model to iden-
tify risk factors influencing all-cause in-hospital mortality. A p-value < .05 was considered sta-
tistically significant. The statistical analyses were performed using SPSS 24.0 (IBM SPSS
Statistics for Windows, Version 24.0, Armonk, NY: IBM Corp.). The protocol described in
this article has been published in protocols.io (S1 Appendix).
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Results

Study population and baseline characteristics

From January 1, 2021 to December 31, 2021, a total of 232 patients were admitted to the
MICU of our hospital with pneumonia requiring invasive mechanical ventilation and 68 were
excluded (61 did not fulfill the ARDS criteria, 4 were transferred to another hospital, and 3 had
missing data). Finally, 164 patients were included and divided into 2 groups: COVID-19-
related ARDS (59 patients) and non-COVID-19-related ARDS (105 patients). After 1:1 pro-
pensity score matching, there were 50 patients in each group (Fig 1).

Our results revealed that exposure to COVID-19 (Hazard ratio: 0.92; 95% confidence inter-
val [CI]: 0.52-1.61, p = 0.760) and propensity score (Hazard ratio: 3.00; 95% CI: 0.37-24.33,

p = 0.303) had no significant effect on mortality before propensity score matching. (S1 Table).
The distribution of propensity score before and after matching is depicted in S1 Fig and all
data before matching are presented in S2 and S3 Tables.

The baseline characteristics are presented in Table 1. The age (p = 0.497), proportion of the
elderly aged >65 years (p = 0.673), obesity with BMI > 30 kg/m” (p = 0.505), and ARDS sever-
ity (p = 0.888) (Table 2) were balanced after propensity score matching; however, patients with
COVID-19-related ARDS had higher BMI (25.6 [23.0-27.8] vs. 22.1 [19.5-24.2] kg/m?,
p<0.001), lower APACHE II scores (20.5 [16.0-25.0] vs. 29.0 [25.0-33.0], p<0.001), and lon-
ger “symptoms for ICU admission days” (5.0 [2.0-7.0] vs. 1.0 [0.0-6.0] days, p = 0.001). The
comorbidities of COVID-19-related ARDS were less chronic renal failure (2 [4.0%] vs. 10
[20.0%], p = 0.014), and immunocompromised status (0 [0.0%] vs. 10 [20.0%], p = 0.001), and
laboratory data presenting higher neutrophil (88.5 [84.2-92.8] vs. 80.0 [54.0-89.4] %,

232 admitted to the MICU
with pneumonia and required
invasive mechanical

68 excluded
61 Did not fulfill ARDS criteria
4 Transferred to another hospital
3 Missing data

N=164 developed ARDS in the
first 48 hours

59 COVID-19-ARDS 105 Non-COVID-19-ARDS

9 Not matched 55 Not matched

50 COVID-19-ARDS 50 Non-COVID-19-ARDS

Fig 1. Flow chart of the screening process.

https://doi.org/10.1371/journal.pone.0286564.9001
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Table 1. Baseline characteristics.

Demographics

Age, year

Age > 65, n (%)

Male, n (%)

BMI?, kg/m?

Obesity, n (%)
APACHEII
Symptom to ICU", days
Comorbidity, n (%)
Diabetes mellitus
Chronic renal failure
Cardiovascular disease
Asthma

copDp*
Immunocompromised
Laboratory data
Leukocyte, 10%/uL
Neutrophil, %
Lymphocyte, %
C-reactive protein, mg/dL
Platelet, 10°/, uL
D-Dimer, pg/mL

Creatinine, mg/dL

* BMI, body mass index

> APACHE II, acute physiology and chronic health evaluation

¢ ICU, intensive care unit

All (n =100)

68.0 (63.0-72.5)
66 (66.0)

70 (70.0)

23.8 (21.2-26.5)
10 (10.0)

25.0 (21.2-26.5)
3.5 (1.0-7.0)

30 (30.0)
12 (12.0)
29 (29.0)
2(2.0)
9(9.0)
10 (10.0)

10.5 (6.5-13.5)
86.2 (75.8-91.5)
6.4 (3.5-11.7)
11.7 (6.4-16.6)

182.0 (124.5-237.0)

3.7 (1.5-10.0)
1.0 (0.8-1.7)

4 COPD, chronic obstructive pulmonary disease.

https://doi.org/10.1371/journal.pone.0286564.t001

COVID-19 ARDS (n = 50)

68.0 (63.0-72.0)
34 (68.0)

34 (68.0)

25.6 (23.0-27.8)
4(8.0)

20.5 (16.0-25.0)
5.0 (2.0-7.0)

17 (34.0)
2 (4.0)
12 (24.0)
1(2.0)
2 (4.0)
0 (0.0)

9.8 (7.0-12.6)
88.5 (84.2-92.8)
6.1 (3.3-8.9)
9.4 (3.8-13.2)

182.5 (140.0-231.0)

3.4 (1.1-10.0)
0.9 (0.7-1.1)

Non-COVID-19 ARDS (n = 50)

69.5 (62.0-73.0)
32 (64.0)

36 (72.0)

22.1 (19.5-24.2)
6 (12.0)

29.0 (25.0-33.0)
1.0 (0.0-6.0)

13 (26.0)
10 (20.0)
17 (34.0)
1(2.0)

7 (14.0)
10 (20.0)

11.0 (5.2-15.9)
80.0 (54.0-89.4)
7.3 (3.6-14.4)
13.8 (8.4-21.9)
182.0 (80.0-246.0)
4.0 (1.7-9.7)

1.3 (0.9-2.4)

p-value

0.497
0.673
0.663
<0.001
0.505
<0.001
0.001

0.383
0.014
0.271
1.000
0.160
0.001

0.647
<0.001
0.102
0.004
0.759
0.296
0.001

p<0.001) and lower C-reactive protein (CRP) (9.4 [3.8-13.2] vs. 13.8 [8.4-21.9] mg/dL,

p =0.004), and creatinine (0.9 [0.7-1.1] vs. 1.3 [0.9-2.4], p = 0.001) levels.

Respiratory physiology

All respiratory physiologic parameters were adequately balanced, except higher initial PEEP
(10.0 [8.0-12.0] vs. 8.0 [8.0-10.0] cmH20, p = 0.008) and adjunctive therapies that presented
with higher prone positioning (29 [58.0%] vs. 5 [10.0%], p<0.001) and recruitment maneuvers
(18 [36.0%] vs. 4 [8.0%], p = 0.001), and lower inhaled nitric oxide (0 [0.0%] vs. 8 [16.0%],

p =0.006) proportions (Table 2).

Outcomes

The all-cause in-hospital mortality of all patients was 38 (38%), and no significant differences
were found between COVID-19 and non-COVID-19-related ARDS (17 [34%) vs. 21 [42%],
p = 0.410). Hospital length of stay (30.0 [20.0-46.0] vs. 27.0 [13.0-45.0] days, p = 0.312), ICU
length of stay (19.0 [13.0-35.0] vs. 16.0 [10.0-32.0] days, p = 0.249), duration of mechanical
ventilation (19.0 [10.0-36.0] vs. 14.0 [9.0-29.0] days, p = 0.488), and ventilator-free days dur-
ing the first 28 days (5.5 [0.0-17.0] vs. 0.0 [0.0-14.0] days, p = 0.320) were similar in both
groups (Table 3).
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Table 2. Respiratory physiology.

All (n =100) COVID-19 ARDS (n = 50) Non-COVID-19 ARDS (n = 50) p-value

ARDS® severity, n (%) 0.888
Mild 24 (24.0) 11 (22.0) 13 (26.0)
Moderate 56 (56.0) 29 (58.0) 27 (54.0)
Severe 20 (20.0) 10 (20.0) 10 (20.0)
Progression 0.884
Progress to moderate, n (%) 13 (13.0) 6 (12.0) 7 (14.0)
Progress to severe, n (%) 26 (26.0) 14 (28.0) 12 (24.0)
Pa02/FiO2 ratio, mmHg 146.6 (106.4-197.7) 142.4 (105.2-189.4) 153.3 (116.2-210.8) 0.198
Pa02, mmHg 127.7 (89.4-181.6) 132.9 (88.4-186.0) 126.6 (89.9-179.7) 0.931
FiO2, % 100.0 (80.0-100.0) 100.0 (85.0-100.0) 100.0 (80.0-100.0) 0.287
pH 7.36 (7.32-7.44) 7.37 (7.32-7.44) 7.36 (7.33-7.44) 0.684
PaCO2, mmHg 39.2 (33.7-44.6) 39.4 (34.5-43.5) 37.9 (33.5-44.7) 0.899
Vo, ml/kg PBW: 7.87 (7.08-8.70) 7.63 (7.05-8.48) 7.96 (7.08-8.79) 0.277
Minute ventilation, L/min 9.1 (6.9-10.9) 8.5 (6.7-10.3) 9.3 (7.9-11.6) 0.110
PEEP8, cmH20 10.0 (8.0-12.0) 10.0 (8.0-12.0) 8.0 (8.0-10.0) 0.008
Plateau pressure, cmH20 24.0 (21.0-28.0) 26.0 (22.0-30.0) 22.0 (20.0-26.0) 0.005
Driving pressure, cmH20 15.0 (13.0-18.4) 15.0 (13.0-20.0) 14.5 (12.0-18.0) 0.511
Static compliance, ml/cmH20 34.0 (25.5-43.0) 32.2(24.0-38.5) 35.2 (27.0-44.8) 0.082
Mean airway pressure, cmH20 14.0 (12.0-16.1) 15.0 (13.0-16.9) 13.5 (11.0-16.0) 0.060
Ventilatory ratio 1.61 (1.32-1.95) 1.53 (1.23-1.85) 1.74 (1.38-2.07) 0.052
Adjunctive therapy, n (%)
Prone positioning 34 (34.0) 29 (58.0) 5(10.0) <0.001
Recruitment maneuvers 22(22.0) 18 (36.0) 4(8.0) 0.001
Inhaled Nitric Oxide 8(8.0) 0 (0.0) 8(16.0) 0.006
ECMO" 2(2.0) 1(2.0) 1(2.0) 1.000
¢ ARDS, acute respiratory distress syndrome
fPBW, predicted body weight
& PEEP, positive end-expiratory pressure
" ECMO, extracorporeal membrane oxygenation
https://doi.org/10.1371/journal.pone.0286564.t002
Table 3. Outcomes.

| All (7 = 100) | COVID-19 ARDS (1 = 50) |Non-COVID-19 ARDS (1 = 50) p-value
Primary outcome
Hospital mortality, n (%) 38(38.0) 17 (34.0) 21 (42.0) 0.410
Secondary outcome
Hospital length of stay, days 28.0 (17.0-46.0) 30.0 (20.0-46.0) 27.0 (13.0-45.0) 0.312
ICU length of stay, days 17.0 (12.0-33.5) 19.0 (13.0-35.0) 16.0 (10.0-32.0) 0.249
Length of MV, days 15.0 (9.0-31.5) 19.0 (10.0-36.0) 14.0 (9.0-29.0) 0.488
VED' at 28 days, days 0.5 (0.0-17.0) 5.5(0.0-17.0) 0.0 (0.0-14.0) 0.320

! MV, mechanical ventilation

J VED, ventilator-free days

https://doi.org/10.1371/journal.pone.0286564.t003
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Table 4. Risk factors associated with hospital mortality of all patients (Cox proportional hazards model).

Predictive variables
Age, yr

Male, n (%)

BMI, kg/m”

APACHE II
COVID-19
Comorbidity, n (%)
Diabetes mellitus
Chronic renal failure
Cardiovascular disease
Asthma

COPD
Immunocompromised
Respiratory physiology
ARDS severity, n (%)
Mild

Moderate

Severe

Progression

Progress to moderate, n (%)

Progress to severe, n (%)
V1, ml/kg PBW

Plateau pressure, cmH20

Static compliance, ml/cmH20

Ventilatory ratio

K COVID-19, coronavirus disease 19

https://doi.org/10.1371/journal.pone.0286564.1004

Univariate analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) Pvalue
0.99 (0.96-1.02) 0.380

0.73 (0.37-1.46) 0.370

0.98 (0.93-1.04) 0.568

1.03 (0.99-1.07) 0.160

0.74 (0.39-1.40) 0.346

0.70 (0.34-1.45) 0.341

0.78 (0.28-2.19) 0.632

0.90 (0.44-1.81) 0.759

0.05 (0.00-261.83) 0.632

0.67 (0.20-2.19) 0.504

3.96 (1.79-8.77) 0.001 3.63 (1.51-8.74) 0.004
Reference

1.53 (0.65-3.61) 0.329

2.76 (1.04-7.32) 0.041 2.04 (0.59-7.06) 0.260
0.17 (0.02-1.28) 0.085 0.18 (0.02-1.71) 0.135
2.28 (1.19-4.39) 0.013 2.92(1.18-7.22) 0.020
1.00 (0.80-1.25) 0.984

1.03 (0.97-1.08) 0.324

0.98 (0.95-1.00) 0.094 0.99 (0.95-1.02) 0.374
1.27 (0.75-2.14) 0.369

We analyzed the risk factors associated with in-hospital mortality for all patients using the
Cox proportional hazards model and entered the variables of immunocompromised status
(p =0.001), severe ARDS (p = 0.041), progress to moderate ARDS (p = 0.041), progress to
severe ARDS (p = 0.013), and static compliance (p = 0.094) from univariate analysis to multi-
variate analysis, which revealed that immunocompromised status (Hazard ratio: 3.63; 95% CI:
1.51-8.74, p = 0.004) and progress to severe ARDS (Hazard ratio: 2.92; 95% CI: 1.18-7.22,

p = 0.020) were significant confounders related to in-hospital mortality.

In addition, COVID-19 (p = 0.346), age (p = 0.380), BMI (p = 0.568), APACHE II scores
(p = 0.160), and chronic renal failure (p = 0.632), and plateau pressure (p = 0.324) was not sig-
nificant risk factors in any of the patients with ARDS (Table 4).

In Kaplan-Meier survival curve based on the 60-day in-hospital mortality rates, there was
no significant difference between both groups (mean survival time: 46.6; 95% CI: 41.3-51.9 vs.
41.1; 95% CI: 34.8-47.4 days; log-rank test p = 0.254) (Fig 2).

Subgroup analysis showed that the in-hospital mortality rate did not differ significantly
between COVID-19 ARDS patients with or without bacterial infections (9 [34.6%] vs. 8
[33.3%], p = 0.924). Moreover, length of stay (37.0 [21.0-58.0] vs. 25.5 [19.5-40.5] days,

p = 0.084), and VFD at 28 days (0.0 [0.0-17.0] vs. 8.5 [0.0-19.5] days, p = 0.161) were similar
in both groups. While, the ICU length of stay (25.0 [15.0-39.0] vs. 15.0 [10.0-26.5] days,

p =0.021) and length of MV (22.0 [11.0-44.0] vs. 13.0 [8.0-23.5] days, p = 0.039) were longer
in patients with bacterial infections (Table 5).
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Fig 2. Kaplan-Meier survival curve of COVID-19 and non-COVID-19-related ARDS.
https://doi.org/10.1371/journal.pone.0286564.g002

Discussion

Globally, after the COVID-19 pandemic, treatment protocols have been constantly updated
based on new research. Previous studies reported different mortality rates for COVID-19 and
non-COVID-19-related ARDS across countries, and most studies conducted in 2020 included
patients from the western countries, except some studies that included control groups from
pre-COVID-19 databases [4, 8-15]. To the best of our knowledge, this is the first single-center
retrospective observational cohort study that compares the mortality of COVID-19 and non-
COVID-19-related ARDS that required invasive mechanical ventilator in Asian countries in
2021. In addition, the SARS-CoV-2 in this study period is characterized by a predominance of
the Delta variant. Treatments were based on updated international protocols.

Table 5. Outcomes of COVID-19 ARDS with or without bacterial infections.
All (n =50) COVID-19 ARDS with bacteria infection (n = 26) | COVID-19 ARDS without bacteria infection (n = 24) | p-value

Hospital mortality, n (%) 17 (34.0) 9 (34.6) 8(33.3) 0.924

Hospital length of stay, 30.0 (20.0- 37.0 (21.0-58.0) 25.5 (19.5-40.5) 0.084

days 46.0)

ICU length of stay, days 19.0 (13.0- 25.0 (15.0-39.0) 15.0 (10.0-26.5) 0.021
35.0)

Length of MVi, days 19.0 (10.0- 22.0 (11.0-44.0) 13.0 (8.0-23.5) 0.039
36.0)

VED at 28 days, days 55(0.0-17.0) | 0.0 (0.0-17.0) 8.5 (0.0-19.5) 0.161

' MV, mechanical ventilation
J VED, ventilator-free days

https://doi.org/10.1371/journal.pone.0286564.t005
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Older age, obesity [7, 22, 23], and ARDS severity were the three risk factors associated with
mortality in baseline characteristics, and the different distribution could produce potential
confounders; therefore, propensity score matching to eliminate the confounding factors and
additionally, regression analyses were performed. Hence, ARDS severity and its progression
and PaO,/FiO, to classify the grade of disease were elucidated. Both groups were equally dis-
tributed. Despite a significantly higher BMI, lower APACHE II scores, and less chronic renal
failure in patients with COVID-19-related ARDS, these confounders did not influence mortal-
ity rates in univariate analysis.

There are several findings in our study. First, the all-cause in-hospital mortality rates in
both groups are not significantly different, and the results are consistent with those reported in
several published studies [14]. Furthermore, the results of COVID-19 and non-COVID-
19-related ARDS mortality rates are similar with LUNG SAFE study [2]; however, the hospital
length of stay, ICU length of stay, duration of mechanical ventilation, and ventilator-free days
during the first 28 days are longer. Second, we chose the 60-day Kaplan-Meier survival curve
close to the hospital length of stay in our study population for time to event analysis, and there
was no significant difference between COVID-19 and non-COVID-19-related ARDS groups.
Third, owing to similar outcomes in both groups, all ARDS patients were included and
COVID-19 was independently added to the univariate analysis. Fourth, severity and not risk
exposure, and progress of ARDS and immunocompromised status were observed to cause
pneumonia due to a poor immune system and induce ARDS resulting in death, especially in
patients with non-COVID-19-related ARDS. Consequently, the subgroup of COVID-19 com-
bined with bacterial associated ARDS probably required additional more time of due to infec-
tion control which could account for the increased ICU length of stay and duration of
mechanical ventilation.

In our study population, a shorter “symptoms for ICU admission day” for non-COVID-
19-related ARDS was observed, which indicates a more rapid disease progression than that
reported in other studies [16]. All patients developing a new severe respiratory symptom
within 1 week, according to the ARDS criteria [1], were admitted to the ICU and moderate
severity was considered. We set a higher initial PEEP in COVID-19-related ARDS to reduce
the frequency of adjusting and patient contact time to protect medical staff; however, we
adjusted it according to the clinical condition afterward and maintained lung protective strat-
egy to prevent Pplat >30 cmH2O [24]. In addition, the compliance of both groups were not
different in statistical analysis and are similar to that reported in previous studies; however,
some of these studies described a relatively normal respiratory system compliance in COVID-
19-related ARDS that was higher at day 1 though not at day 3, when compared with non-
COVID-19-related ARDS. Hence, we could not compare compliance change over time
because the data were collected within the first 48 hours and were lost to follow-up [4].

VR, calculated by the aforementioned formula, is used for dead space evaluation and it is
affected by humidification devices such as heat and moisture exchangers or heated humidifi-
ers. An approximate VR value of 1 represents normal lung ventilation and increase in VR may
be accompanied by deteriorating gas exchange that leads to higher PaCO, [5, 6]. The patients
with COVID-19 and non-COVID-19 included in our study were ventilated with only heated
humidifiers and demonstrated nearly consistent results of VR and PaCO,. Adjunctive thera-
pies in ARDS have been necessary to improve oxygenation [25] and mortality [26-28], and
research on using these therapies in COVID-19-related ARDS are constantly updated. We
assumed that COVID-19 was similar to classical ARDS in our study population; thus, prone
positioning and recruitment maneuvers should be performed under stable hemodynamic con-
ditions. We observed that lower percentage of prone positioning and recruitment maneuvers,
and higher percentage of inhaled nitric oxide in non-COVID-19-related ARDS were due to
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comorbidities causing complications or contraindications such as septic shock or other unsta-
ble hemodynamic conditions; however, this has not been reported in the present study. In
cases of a potential negative impact on hemodynamics, inhaled nitric oxide may be used to
dilate non-perfused pulmonary vessel to reduce the dead space and further improve PaO2/
FiO2.

Our study has several limitations. First, since this is a single-center retrospective observa-
tional cohort study, there are other possible prognosis-related variables related that may cause
selection bias, except in cases of COVID-19; however, we have included participants from
both groups at the same time, of the same race, and from the same hospital to eliminate some
of the potential confounders. Second, the study population included a small sample size.
Therefore, the clinical outcomes represent only the patients with ARDS in Asian countries.
Although we have performed a propensity score matching to eliminate patients with extreme
values, we have only adjusted for known potential confounders and may have missed the oth-
ers. Moreover, a few unbalanced variables remained; thus, we further confirmed the effect of
disturbance using the Cox proportional hazards model. Third, in COVID-19, pulmonary
embolism is a complication with higher D-Dimer values [29]; however, we did not obtain its
in-hospital diagnostic data after the patients were included because the data was collected at
the time of ARDS diagnosis; however, we compared the initial D-Dimer values and it revealed
balanced result regardless of COVID-19 exposure. Fourth, in our study, all patients with
COVID-19-related ARDS were unvaccinated; this was possibly because of the vaccination pol-
icy, incomplete information, and people’s choices in 2021; thus, the result of study represents
only unvaccinated patients. Fifth, in our study, the exposure of patients with ARDS and with-
out COVID-19 were inconsistent because most of the results of sputum culture were either
bacterial pneumonia or no growth, except one with cytomegalovirus-related pneumonia.

Conclusion

In this single center, retrospective, observational cohort study including unvaccinated patients
with COVID-19 and non-COVID-19-related ARDS that required invasive mechanical ventila-
tion, no significant differences were observed in mortality rates between both groups, and
these results are consistent with those reported in previous studies. Immunocompromised sta-
tus and progress to severe ARDS are two possible risk factors among patients with ARDS, and
COVID-19 is not a mortality-related risk exposure. Globally, vaccination coverage and treat-
ment guidelines will continue to be updated in line with new research. A multicenter prospec-
tive observational cohort study with a large sample size and rigorous study design would
increase the power of the research and eliminate the confounders reported in this study.
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