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Abstract: Background: Acute Respiratory Distress Syndrome (ARDS) is caused by non-cardiogenic
pulmonary edema and occurs in critically ill patients. It is one of the fatal complications observed
among severe COVID-19 cases managed in intensive care units (ICU). Supportive lung-protective
ventilation and prone positioning remain the mainstay interventions. Purpose: We describe the
severity of ARDS, clinical outcomes, and management of ICU patients with laboratory-confirmed
COVID-19 infection in multiple Saudi hospitals. Methods: A multicenter retrospective cohort study
was conducted of critically ill patients who were admitted to the ICU with COVID-19 and devel-
oped ARDS. Results: During our study, 1154 patients experienced ARDS: 591 (51.2%) with severe,
415 (36.0%) with moderate, and 148 (12.8%) with mild ARDS. The mean sequential organ failure
assessment (SOFA) score was significantly higher in severe ARDS with COVID-19 (6 ± 5, p = 0.006).
Kaplan–Meier survival analysis showed COVID-19 patients with mild ARDS had a significantly
higher survival rate compared to COVID-19 patients who experienced severe ARDS (p = 0.023).
Conclusion: ARDS is a challenging condition complicating COVID-19 infection. It carries significant
morbidity and results in elevated mortality. ARDS requires protective mechanical ventilation and
other critical care supportive measures. The severity of ARDS is associated significantly with the rate
of death among the patients.

Keywords: COVID-19; Acute Respiratory Distress Syndrome; ARDS; outcome; mortality; survival;
risk factors

1. Introduction

COVID-19 disease caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which originated in China, has caused a global outbreak that has affected
more than 70 million people worldwide [1]. SARS-CoV-2 associated pneumonia can be
acquired in the community or in individuals with comorbidities [2,3]. The severity and
mortality are particularly high in these patients [4]. Given the high mortality rates, the
complexity of the care given to patients with COVID-19-associated respiratory distress syn-
drome (CARDS) has increased significantly worldwide. CARDS is ARDS due to SARS-CoV-
2, and therefore follows the same characteristics of ARDS based on the Berlin definition [5].
Patients who are suffering hypoxemia are classified as mild (PaO2/FIO2 ≤ 300 mm Hg),
moderate (PaO2/FIO2 ≤ 200 mm Hg), or severe (PaO2/FIO2 ≤ 100 mm Hg) [5] ARDS.
The increasing number of reports on this condition globally has helped us to understand
the respiratory mechanics and ventilatory management, targeted to optimize the care for
these patients [6–11]. Due to the increasing number of patients with COVID-19, hospitals
had to work under tremendous pressure and often with limited resources to provide the
best possible care to these individuals. The observations of heterogeneity in the clini-
cal course and the various features of CARDS have led to the development of different
management strategies [12–14].

The severity of the SARS-CoV-2 infection depends on the nature of the virus and
the lack of effective therapy [15–18]. In addition, individuals with CARDS have higher
mortality due to refractory hypoxemia, septic shock, and multi-organ failure [19]. In a recent
study, it has been demonstrated that the two most common comorbidities in COVID-19
cases was hypertension (severe 33.4 vs. 21.6% non-severe) followed by diabetes (severe
14.4% vs 9% non-severe) [20]. However, when it came to severe cases, it was estimated that
CARDS occurred at a high incidence rate of 41.1% vs. 3% in non-severe cases. Acute kidney
injury and shock in these severe cases were higher as well at 16.4% vs. 2.2% non-severe, and
19.9% vs. 4.1% in non-severe cases, respectively. The mortality rate was high at 30.3% in
these severe cases [20].
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Some of the studies suggest that about 20% of patients with SARS-CoV-2 experience
high disease severity and require hospitalization [21,22]. Among the hospitalized patients,
it is seen that over a quarter percentile [26%] eventually end up in the intensive care
unit (ICU) [23]. Evidence on the efficacy of prone positioning while on a ventilator [14],
pharmacological interventions with pulmonary vasodilators [24], and neuromuscular
blocking agents [25–27] for COVID-19 patients with ARDS is limited, and is based on
anecdotal observations and data on the outcomes are conflicting. For those who fail these
interventions, extracorporeal membrane oxygenation (ECMO) is suggested as a rescue
strategy (27). Therefore, observational studies are a reasonable alternative to randomized
clinical trials. Hence, this study aims to investigate the clinical characteristics and outcomes
of COVID-19 patients with ARDS in Saudi Arabia.

2. Methods
2.1. Study Design

A multicenter, retrospective, cohort study was conducted and included patients
who had positive tests by reverse transcriptase–polymerase chain reaction (RT-PCR) for
SARS-CoV-2 during 2020 from ICUs in Saudi Arabia. The diagnosis was confirmed, and
severity was determined using the Berlin definition [5]. This study obtained an ethical
clearance from the Institutional Review Board “REDACTED”. The study was performed
in accordance with the Declaration of Helsinki. Unique patient codes were issued to each
study participant to maintain anonymity and confidentiality throughout the study.

2.2. Population

A total of 1154 COVID-19 positive case who developed ARDS were included following
the inclusion criteria. The following inclusion criteria were utilized: an ICU patient with
confirmed SARS-CoV-2 infection, potentially requiring mechanical ventilation support,
has respiratory arrest, organ failure, or potentially requiring continuous renal replacement
therapy (CRRT), and has an acidosis and decreased level of consciousness. As this was
a retrospective study, no informed consent was deemed necessary, and data were de-
identified for the use of this publication.

2.3. Data Collection

Clinical data were collected utilizing standardized data collection forms [Microsoft
Word and Excel forms (Microsoft Corp., Redmond, WA, USA)] following ICU admission.
The recorded data included the following: age, sex, smoking status, medical comorbidities,
and mode of respiratory support (invasive mechanical ventilation, non-invasive mechanical
ventilation, and oxygen mask), the use of extracorporeal membrane oxygenation (ECMO),
and prone positioning. The number of patients who died, had been discharged, and were
still admitted in the ICU as of the end of the study period, were recorded, and the ICU
length of stay was also determined.

2.4. Statistical Analysis

Descriptive variables were expressed as a percentage, mean and standard deviation
(SD), or median and interquartile range (IQR), as appropriate. Variables across groups
using Kruskal–Wallis or one-way Analysis of Variance (ANOVA) for numerical and cat-
egorical variables were compared. We assessed the relationship between ARDS severity
and discontinuation from mechanical ventilation, ICU discharge, and mortality on day 28.
Time to event curves were plotted using the Kaplan–Meier method and analyzed with
the log-rank test and univariable Cox regression analysis. The chi-square test was used to
determine the association of concomitant medication, heart failure, and liver failure with
the course of ARDS severity in COVID-19 positive patients. Lastly, a one-way ANOVA was
used to compare the transaminase levels among mild, moderate, and severe ARDS.
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3. Results

The data from a total of 1154 COVID-19 positive patients who developed ARDS shows
a resulting high prevalence rate of 78.5% where patients had a mean age of 55.9 ± 15.1 years
and a mean body mass index (BMI) of 30.1 ± 6.8 kg/m2. In relation to ARDS, 591 (51.2%)
had severe, 415 (36.0%) had moderate, and 148 (12.8%) had mild ARDS. Socio-demographic
characteristics of the study population are shown in Table 1, including sex, nationality,
and smoking habit; neither of them showed a significant difference in relation to the sever-
ity of ARDS. Most patients, 847 (73.4%) were males and half of them, 576 (49.9%) were
Saudi nationals. All participants were critically ill; 111 (9.6%) of them had co-existing
bronchial asthma and 92 (8%) had chronic kidney disease (CKD), with a significant as-
sociation between severity of ARDS and the co-existence of bronchial asthma and CKD
(p-values = 0.006 and 0.027, respectively). The mean sequential organ failure assessment
(SOFA) score was significantly higher in COVID-19 patients with severe ARDS (6 ± 5,
p-value 0.006) compared to mild and moderate ARDS cases.

Table 1. Baseline characteristics (n = 1154).

Characteristics Mild ARDS (n = 148) Moderate ARDS (n = 415) Severe ARDS (n = 591) p-Value

Gender a

Male 110 (74.3) 302 (72.8) 435 (73.6) 0.922
Female 38 (25.7) 113 (27.2) 156 (26.4)

Nationality a

Saudi 78 (52.7) 204 (49.1) 294 (49.7) 0.755
Non-Saudi 70 (47.3) 211 (50.8) 297 (50.2)

Age b 57 ± 23 55 ± 21.1 55 ± 21.8 0.896
BMI b 28.4 ± 7.7 29.4 ± 8.3 29.3 ± 7.2 0.36
Smoking a

Smokers 25 (16.9) 57 (13.7) 76 (12.8) 0.443
Non-smokers 123 (83.1) 358 (86.3) 515 (87.1)

Coexisting bronchial asthma a 6 (4) 34 (8.2) 71 (12) 0.006 *
Coexisting CKD a 20 (13.5) 31 (7.5) 41 (6.9) 0.027 *
ICU Inflammatory markers
1st week

ESR (mm/hour) b 49.62 ± 30.63 47.34 ± 42.67 49.36 ± 49.86 0.898
CRP (mg/L) b 133.01 ± 219.67 127.30 ± 130.59 154.56 ± 262.44 0.282
Ferritin (µg/L) b 1073.3 ± 1112.8 1567.6 ± 35.09.5 1061.1 ± 1621.3 0.044 *

4th week
ESR (mm/hour) b 65.0 ± 444.1 62.5 ± 48.4 62.6 ± 49.5 0.205
CRP (mg/L) b 110.9 ± 89.7 76.1 ± 68.1 67.1 ± 54.7 0.323
Ferritin (µg/L) b 7458.6 ±1458.8 1079.7 ± 1338.8 1033.6 ± 1960.9 0.005 *

SOFA b 5 ± 3 5 ± 3 6 ± 4 0.006 *

Data are presented as number (%), mean ± SD or median (IQR). ARDS acute respiratory distress syndrome, BMI
body mass index, CKD chronic kidney disease, CRP C-reactive protein, ICU intensive care unit, IQR interquartile
range, ESR erythrocyte sedimentation rate, SOFA sequential organ failure assessment, SD standard deviation.
a Kruskal—Wallis test was used to compare between mild ARDs, moderate ARDS, and severe ARDS groups.
b One-way Analysis of Variance (ANOVA) test was used to compare between mild ARDs, moderate ARDS and
severe ARDS groups. * Represents significant differences.

In Table 2, non-invasive respiratory support of high-flow nasal cannula (HFNC) was
needed for 219 (37%) of the severe ARDS patients, which was more than the mild and
moderate ARDS groups. Similarly, bilevel positive airway pressure (BiPAP) was needed
more in severe cases of ARDS (n = 96, 16.2%) when compared to mild and moderate cases.
Further, invasive mechanical endotracheal tube (ETT) ventilation was needed by a total of
642 (55.6%) patients, the majority of them suffering from severe ARDS (n = 346, 58.5%).
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Table 2. Interventions during ICU stay (n = 1154).

Intervention Mild ARDS (n = 148) Moderate ARDS (n = 415) Severe ARDS (n = 591) p-Value

IMV(ETT) a 77 (52) 219 (52.8) 346 (58.5) 0.123
ECMO a 5 (3.4) 23 (5.5) 34 (5.7) 0.742
HFNC a 38 (25.7) 132 (31.8) 219 (37) 0.089
BiPAP (NIV) a 12 (8.1) 53 (12.8) 96 (16.2) 0.113
Paralysis infusion a 47 (31.7) 154 (37.1) 283 (47.9) 0.0001 *
Inhaled nitric oxide a 1 (0.7) 15 (3.6) 41 (6.9) 0.007 *
Prone positioning a 28 (18.9) 101 (24.3) 177 (29.9) 0.040 *
HFOV a 2 (1.3) 4 (1) 5 (0.8) 0.39
Steroids use a

Dexamethasone 17 (11.5) 61 (14.7) 133 (22.5) 0.318
Methylprednisolone 20 (13.5) 56 (13.5) 159 (26.9)

Data are presented as number (%). ARDS acute respiratory distress syndrome, BiPAP bilevel positive airway
pressure, ECMO extracorporeal membrane oxygenation, ETT Endotracheal tube, HFNC High-flow nasal cannula,
HFOV high frequency oscillatory ventilation, IMV invasive mechanical ventilation, NIV Non-invasive ventilation.
a One-way Analysis of Variance (ANOVA) test was used to compare between mild ARDs, moderate ARDS, and
severe ARDS groups. * Represents significant differences.

Table 3 shows some patients that developed medical complications including pul-
monary embolism, deep vein thrombosis, and stroke which were observed more in the
severe ARDS group, compared to mild and moderate ARDS cases. A longer length of
stay in the ICU was observed among patients with severe ARDS, compared to mild and
moderate cases. The overall ICU mortality in COVID-19 complicated with ARDS was
488 (42.3%); 273 (46.2%) mortalities were in the severe ARDS group, 169 (40.7%) in the
moderate group, and 46 (31.1%) in the mild ARDS group were observed. In the same table,
more than half of the patients who received steroid therapy (n = 446, 65.5%) were from the
severe ARDS group.

Table 3. Overall patients’ outcomes (n = 1154).

Characteristics Mild ARDS (n = 148) Moderate ARDS (n = 415) Severe ARDS (n = 591) p-Value

Length of stay in ICU a

>28 days 8 (5.4) 44 (10.6) 57 (9.6) 0.174
≤28 days 140 (94.6) 371 (89.4) 534 (90.3)
Length of stay in ICU b 8.0 (6.8–10.1) 9.0 (8.1–14.2) 10.0 (8.3–14.7) 0.672
Positive respiratory culture a 18 (12.2) 68 (16.4) 96 (16.2) 0.434
Candidiasis a

Culture positive candidiasis 5 (3.4) 14 (3.4) 10 (1.7) 0.189
Culture negative candidiasis 143 (96.6) 401 (96.6) 581 (98.3)
Complication of PE a 2 (1.3) 9 (2.2) 19 (1.5) 0.35
Complication of DVT a 4 (2.7) 10 (2.4) 13 (2.2) 0.93
Complication of stroke a 7 (4.7) 9 (2.2) 9 (1.5) 0.057
Complication of
Pneumothorax a 9 (6.1) 24 (5.8) 41 (6.9) 0.751

Duration of MV b 9.12 ± 11.36 12.67 ± 18.19 9.46 ± 13.02 0.009 *
Overall ICU mortality a

Survived 102 (68.9) 246 (59.3) 318 (53.8) 0.003 *
Non-survived 46 (31.1) 169 (40.7) 273 (46.2)

Data are presented as number (%), mean ± SD or median (IQR). ARDS acute respiratory distress syndrome, DVT
deep vein thrombosis, ICU intensive care unit, IQR interquartile range, PE pulmonary embolism, MV mechanical
ventilation, SD standard deviation. a Kruskal—Wallis test was used to compare between mild ARDs, moderate
ARDS, and severe ARDS groups. b One-way Analysis of Variance (ANOVA) test was used to compare between
mild ARDs, moderate ARDS, and severe ARDS groups. * Represents significant differences.

Multiple logistic regression analysis is shown in Table 4 and revealed: (a) males
infected with COVID-19 were more likely than COVID-19 females to develop ARDS (OR
1.165, 95% CI 0.871–1.557; p = 0.303). (b) COVID-19 patients of an older age [≥60 years old]
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were significantly more likely to develop ARDS (OR 0.987, 95% CI 0.978–0.995; p = 0.002).
(c) COVID-19 patients who required high frequency oscillatory ventilation (HFOV) (OR
2.311, 95% CI 1.692–3.155; p = 0.0001), or invasive mechanical ventilation (IMV) (OR 1.660,
95% CI 1.291–2.133; p = 0.0001) were significantly more likely to develop ARDS. Survival
analysis applying the Kaplan—Meier curve revealed COVID-19 patients with mild ARDS
to have a significantly higher survival rate, compared to those who suffered severe ARDS,
p-value 0.03. Figure 1.

Table 4. Multiple logistic regression comparing the presence of ARDS predicted by demographic and
clinical characteristics of patients (n = 1154).

Characteristics OR 95% CI p-Value

Gender
Males vs. females to develop ARDS 1.165 (0.871–1.557) 0.303

Age
Developing ARDS in relation to age 0.987 (0.978–0.995) 0.002 *

HFOV
Those needing HFOV vs. those who did not need 2.311 (1.692–3.155) 0.0001 *

NIV (BiPAP)
Those needing NIV vs. those who did not need 1.002 (0.700–1.436) 0.99

Number of days in the hospital before ICU
Developing ARDS with each day in ICU 1.006 (0.996–1.016) 0.265

IMV(ETT)
Those needing IMV vs. those who did not need 1.66 (1.291–2.133) 0.0001 *

BMI
Developing ARDS with each kg/m2 increase in BMI 1.003 (0.983–1.022) 0.785

Data are presented as odds ratio (OR). ARDS acute respiratory distress syndrome, BiPAP bilevel positive air-
way pressure, BMI body mass index, CI confidence interval, ETT Endotracheal tube, HFOV high frequency
oscillatory ventilation, IMV invasive mechanical ventilation, NIV Non-invasive ventilation. * Represents
significant differences.

Figure 1. Kaplan—Meier curve survival of critically ill patients with COVID-19 infection based on
ARDS severity (mild ARDS, moderate ARDS, and severe ARDS) (n = 1154).
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Multiple chi-square tests shown in Table 5 revealed a significant association between
favipiravir and severity of ARDS (p = < 0.00001, 95% CI). A significant association was
also seen between Toclizumab and course of severity of ARDS in COVID-19 positive
patients (p = 0.049, 95% CI). Furthermore, the association of heart failure and chronic
liver disease with the course of severity of ARDS did not show any significance (Table 6).
Comparing the liver enzymes Aspartate transaminase (AST) and Alanine transaminase
(ALT) (maximum levels shown in Table 7) using a one-way ANOVA showed there was no
significant difference between the mild, moderate, and severe ARDS in COVID-19 positive
patient groups (see Tables 8 and 9, respectively).

Table 5. Association a between medications and the course of ARDS severity (n = 1154).

Characteristics Mild ARDS (%) Moderate
ARDS (%) Severe ARDS (%) p-Value

Favipiravir
<0.00001Yes 26 (17.6%) 69 (16.6%) 187 (31.6%)

No 122 (82.4%) 346 (83.4%) 404 (68.4%)
Remdesivir

0.7346Yes 2 (1.4%) 5 (1.2%) 4 (0.7%)
No 146 (98.6%) 410 (98.8%) 587 (99.3%)
Ribavirin

0.3128Yes 24 (16.2%) 68 (16.4%) 117 (19.8%)
No 124 (83.8%) 347 (83.6%) 474 (80.2%)
Tamiflu

0.210Yes 32 (21.6%) 107 (25.8%) 125 (21.2%)
No 116 (78.4%) 308 (74.2%) 466 (78.8%)
Toclizumab

0.049Yes 37 (25.0%) 130 (31.3%) 208 (35.2%)
No 111 (75.0%) 285 (68.7%) 383 (64.8%)

Data are presented as number (%). ARDS acute respiratory distress syndrome. a Chi-square test (95% CI).

Table 6. Association between comorbidities and the course of ARDS severity (n = 1154).

Characteristics Mild ARDS (%) Moderate
ARDS (%) Severe ARDS (%) p-Value

Heart failure
Yes 11 (14.9%) 18 (4.3%) 28 (4.7%)
No 137 (85.1%) 397 (95.7%) 563 (95.3%) a 0.372
Chronic liver
disease
Yes 3 (2.0%) 4 (1.00%) 14 (2.4%)
No 145 (98.0%) 411 (99.00%) 577 (97.6%) a 0.096

Data are presented as number (%). ARDS acute respiratory distress syndrome. a Chi-square test.

Table 7. Highest levels of AST and ALT enzyme (n = 1154).

Enzyme Median Maximum Mean Std. Deviation

AST 48.00 with ICR (46.22) 5156.00 92.86 251.44
ALT 38.00 with ICR (39.00) 3097.00 69.16 171.52

No data on troponin enzyme. Data are presented as number (%). AST Aspartate transaminase. ALT Alanine
transaminase.

Table 8. Comparing levels of AST enzyme per ASDS status (n = 1154).

AST Enzyme Mean SD F a p-Value

Mild ARDS 93.49 190.94
1.117 0.328Moderate ARDS 101.62 332.91

Severe ARDS 78.54 172.89
ARDS acute respiratory distress syndrome. a One-way Analysis of Variance (ANOVA) (95% CI). SD,
standard deviation.
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Table 9. Comparing levels of ALT enzyme per ARDS status (n = 1154).

AST Enzyme Mean SD F a p-Value

Mild ARDS 69.83 180.42
0.477 0.620Moderate ARDS 75.74 211.82

Severe ARDS 64.78 142.52
ARDS acute respiratory distress syndrome. a One-way Analysis of Variance (ANOVA) (95% CI). SD,
standard deviation.

4. Discussion

The aim of our study was to assess the characteristics and outcomes of ADRS associ-
ated with COVID-19 in Saudi hospitals at the time of ICU admission. Our results showed
that many patients were males (n = 847, 73.4%) and half of them were Saudi nationals
(n = 576, 49.9%) with a mean age of 55.9 ± 15.1 years and a mean body mass index (BMI)
of 30.1 ± 6.8 kg/m2. All participants were critically ill. In our study, the male gender
predominated the development of ARDS in SARS-CoV-2 patients. Similar findings were
suggested in most of the reports from South Korea and Iceland [26,28]. Males infected
with COVID-19 were associated with more than a twofold higher risk of suffering ARDS
compared to females [29].

In addition, patients with severe ARDS requiring mechanical ventilation are predis-
posed to acute kidney injury owing to the presence of acute lung injury in them [25,30].
In COVID-19 patients, acute kidney injuries are common clinical presentations affecting
approximately 20–40% of patients admitted to ICU [31,32] and about 20% of patients ad-
mitted to an ICU with COVID-19 require renal replacement therapy at a median of 15 days
from illness onset [33].

The risk factors and clinical characteristics associated with clinical outcomes in COVID-19
pneumonia patients who developed ARDS after admission were reported in this study. The
presence of any coexisting illness was more common among patients with severe disease
than among those with non-severe disease (38.7% vs. 21.0%) that was reported in China [2].
Consistent with previous reports, we found the development of ARDS in SARS-CoV-2
patients was high in the presence of comorbidities such as bronchial asthma and chronic
kidney disease [34,35]. Patients with a predisposition to smoking were surprisingly found
to be able to reduce the severity of CARDS owing to the inflection of the innate macrophage
responses by nicotine which is an active component of cigarettes [36]. However, in our
study it was found that smoking had no significant correlation with the severity of CARDS.

The management of CARDS is highly modulated by the severity of the condition.
During the COVID-19 pandemic, in patients with moderate to severe CARDS, oxygenation
was provided by the high-flow nasal cannula O2 method (HFNO) [37]. The advantage of
this method is that it provides the patients with higher inspired oxygenation levels while it
can also provide larger lung volume through the production of a low level of continuous
positive airway pressure (CPAP) [38]. A retrospective study on 104 COVID-19 patients
with moderate to severe hypoxemia showed that more than half (64%) of them were treated
using the HFNO method and avoided the need for mechanical ventilation, thereby reducing
the mortality in that group to 2.9% when compared to the 14.4% mortality in the group
that required intubation [39]. However, in a multicenter trial on the use of HFNO therapy
on ARDS patients, it was seen that although the method reduced the 90-day mortality of
patients by 50%, it made no difference in the need for mechanical ventilation [40].

Continuous positive airway pressure (CPAP) or non-invasive positive pressure ventila-
tion (NIPPV) methods have gained prominence during the COVID pandemic, especially in
places where there has been a lack of proper ICU infrastructure [41]. All these non-invasive
(NIV) methods have been shown to have a significant risk of failure in a global LUNGSAFE
study [42]. It is seen that 22.2% of mild ARDS patients, 42% of moderate ARDS, and 47% of
severe ARDS patients failed when the abovementioned non-invasive methods were used.

Based on the Berlin definition, stages of mild, moderate, and severe ARDS were asso-
ciated with increased mortality and increased median duration of mechanical ventilation in
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the survivors [5]. In severe CARDS patients, invasive respiratory support—which includes
endotracheal intubation and mechanical ventilation—is often recommended for patients
with persistent respiratory distress or worsening of respiratory hypoxemia (SpO2 < 92%,
which is similar to the respiratory management seen in the usual ARDS patients [43–45].
The main objective of mechanical ventilation is focused on the strategy to prevent atelectasis-
recruitment and tidal-inflation stress, which can lead to ventilation-induced lung injury [46].
The most important measure is the use of low-tidal volumes to minimize atelectasis [47].

In our cohort study, about (n = 642, 56%) of patients initially received non-invasive
methods of respiratory support, and (n = 669, 58%) of patients received invasive mechanical
ventilation, which was less than that reported in observational studies from China [2], New
York [48], Washington state [49], and Italy [50] (67%, 79%, 71%, and 88%), respectively. Our
study demonstrated the SOFA score at admission. The results found a total SOFA score of
6 ± 4 with a mortality rate of 46% for severe ARDS patients and a SOFA score of 5 ± 3 for
both mild and moderate cases with a mortality rate of 41 % and 31%, respectively. When
compared with other studies, the United Arab Emirates reported a SOFA score of ICU
patients of 4 (3–7) with a mortality rate of 22% [51]. In the European study of COVID-19,
ICU group patients had a SOFA score of 5 (3–8) [52]. In a Spanish study, critically ill patients
had a SOFA score of 5 (3–7), and the overall mortality rate was 31% [53]. A SOFA score of
4 (2–8) at admission was reported in a prospective multicenter study of COVID-19 critical
care patients that was conducted in China [54].

Corticosteroids have significant anti-inflammatory and antifibrotic properties in re-
lieving pulmonary and systemic injury in ARDS patients [55]. Several studies have found
that corticosteroids can improve the clinical condition of patients suffering from severe
acute respiratory syndrome [56,57]. One large randomized controlled trial from the United
Kingdom (RECOVERY) showed that treating COVID-19 patients with intravenous corticos-
teroids (dexamethasone) for 10 days improved the survival [58]. The incidence of death was
higher in the control group (41.4%) when compared to patients receiving dexamethasone
(29.3%) among patients who were undergoing invasive mechanical ventilation. Among
patients who received oxygen with no invasive mechanical ventilation, the death rate
among the control group (26.2%) was again higher when compared to the dexametha-
sone group (23.3%). However, further trials need to be run to see if these results can be
replicated and a further understanding of the side effects of corticosteroid use needs to
be investigated. In addition, the effectiveness of corticosteroids in viral ARDS remains
controversial [59,60]. Since the syndrome’s first clinical diagnosis, corticosteroids have been
the most used drugs [61]. Clinicians commonly used adjunctive corticosteroids to decrease
hyperinflammation in COVID-19 patients, particularly those with critical disease [2,62].
Our results showed that severe ARDS patients received corticosteroids at (n = 292, 65.5%),
which is higher than what was reported in a European study, where only 46% of the severe
ARDS patients received corticosteroids [52].

In our study, the incidence rate of pneumothorax has been found to vary between
5.8% and 7% in patients with mild to severe ARDS due to COVID-19. The pneumothorax
incidence rate from our study is in line with the Özdemir et al. study that reported a
7.5% incidence among patients in the ICU who underwent intubation following the diag-
nosis of COVID-19 pneumonia [40,63], and is less than the incidence of pneumothorax of
10% that was reported in a Chinese study. We report a higher incidence rate of spontaneous
pneumothorax (6.9%) in severe SARS-CoV-2 patients treated due to ARDS compared to the
rates reported by one study in Hong Kong (1.3%) [64].

Venous thromboembolism is common in patients receiving COVID-19 treatment for
ARDS, and it is associated with a high mortality rate [65]. Patients with COVID-19 man-
ifest a hypercoagulable state, often resulting in deep vein thrombosis or pulmonary em-
bolism [66]. Our results outline that the occurrence of pulmonary embolisms varies from
1.4% to 3.2 % depending on the severity of ARDS. One prospective cohort reported only
1.3% of pulmonary embolisms in critically ill patients [67], which is in contrast to the high
prevalence of pulmonary embolisms reported (16.7%) in a cohort of patients admitted to the
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ICU for hypoxemic acute respiratory failure due to COVID-19 [66]. Pulmonary embolism
occurrence in COVID-19 patients who suffered ARDS when matched with non-COVID-19
patients who never experienced ARDS was observed to be high (11.7% vs. 2.1%, p < 0.008)
despite prophylactic anticoagulation [66].

The Kaplan—Meier median duration of survival was 9 days. The observed median
length of stay was 8 days for mild ARDS cases, 9 days for moderate ARDS cases, and 10 days
for severe ARDS cases. Survival analysis applying the Kaplan—Meier curve revealed
COVID-19 patients with mild ARDS have a significantly higher survival rate compared to
those with severe ARDS, (p-value 0.023) which is consistent with an American study [68].

The severity of CARDS patients varies greatly, with no standardized effective thera-
pies [69,70]. Unfortunately, during the period of this study, no definite drug was available
for CARDS that was capable of reducing either short-term or long-term mortality [71].
Thus, apart from corticosteroids, the study examined the association of some concomitant
medications used for the treatment of COVID-19 with the course of severity of ARDS.
Only Favipiravir and Tocilizumab showed a significant association with the course of
severity of ARDS in COVID-19 positive patients. Though not directly used for CARDS
management, favipiravir was reported to show a higher viral clearance in a preliminary
double-blinded randomized controlled trial with 57 hospitalized COVID-19 patients, where
assessment of chest X-rays showed remarkable improvement of pneumonia patients re-
ceiving Favipiravir [72]. Similarly, the efficacy of Tocilizumab was demonstrated through
several studies on COVID-19 positive patients with ARDS. A study on 79 patients with
severe COVID-19 pneumonia and worsening acute respiratory failure (ARF), showed that
Tocilizumab treatment may be effective in COVID-19 patients with severe respiratory im-
pairment receiving non-invasive ventilation [70]. In yet another study, Tocilizumab for
the treatment of mechanically ventilated patients with COVID-19, included 154 patients,
and showed an association of Tocilizumab with a lower mortality despite higher superin-
fection occurrence. Furthermore, as COVID-19 causes severe respiratory and multiorgan
failure, including liver damage and elevated transaminase levels, this study examined
the association of heart failure and liver damage to the course of severity of ARDS in
COVID-19 positive patients. There was no significant association of neither heart failure
nor liver damage with the severity of ARDS in COVID-19 positive patients. Though there
are multiple studies suggesting patients with heart failure (HF) are at a higher risk of severe
disease and mortality with COVID-19 [73], reports on the association of heart failure to the
severity of ARDS in COVID-19 positive patients are limited. Additionally, liver-related
comorbidities were not common among the patients with COVID-19 pneumonia and their
frequency was about 3% [74]. Very low expression of the ACE2 receptor in hepatocytes and
bile duct epithelium [75,76] possibly explain the small influence of viral infection in the
liver [77]. Lastly, comparing the transaminase levels among mild, moderate, and severe
ARDS patients with COVID-19 showed no significance. Analogous results were reported
through a meta-analysis of 60 studies that concluded in critically ill and fatal cases, no
difference was found in the prevalence of elevated ALT or AST [78].

This study has several strengths. First, our study represents one of the largest multi-
center retrospective cohorts of patients with COVID-19 associated critical illness reported
in Saudi Arabia. Second, our findings mirror the ongoing outbreak of COVID-19 in Saudi
Arabia in addition to the data being collected using a large Ministry of Health electronic
health record system. Lastly, data analyses were conducted with near-complete data.

5. Limitations

Though the present study was a multicenter study that included a large cohort, the
retrospective nature of the study stalls the possibility of differences in the quality of care
affecting the patients’ recovery which rises as a limitation of the study. As the ventilation
management was not standardized, it could lead to data variability. Furthermore, analyzing
vaccination history of the patient could have added insight on their immunity and resistance
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to severity of the disease. In addition, comparing COVID-19 ARDS with concurrent non-
COVID-19 ARDS could have provided broader insights to CARDS management.

6. Conclusions

The study results revealed that ARDS is a challenging critical care condition compli-
cating COVID-19 at a high rate, resulting in significant morbidity and mortality. ARDS
requires protective mechanical ventilation and other critical care supportive measures.
The severity of ARDS is associated significantly with the mortality rate among COVID-19
critically ill patients.
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