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INTRODUCTION
The acute respiratory distress syndrome (ARDS) represents a spectrum of acute respiratory failure with diffuse, bilateral lung injury, severe hypoxemia and increased respiratory system stiffness, caused by non-cardiogenic pulmonary edema. Failure may be initiated by pulmonary or extrapulmonary insults. It poses high morbidity and mortality (1–3), and the main treatment is ventilatory support applied by mechanical ventilation. Pathophysiologically, ARDS can be divided in two phases, exudative (acute) and fibrotic (late)(4). The acute phase is characterized by both endothelial and epithelial injury, interstitial and alveolar edema with accumulation of neutrophils, macrophages, and red blood cells in the alveoli, and the activation of inflammation and coagulation cascades. Their complex interactions end in a neutrophilic alveolitis, with barrier disruption and interstitial edema, which is expressed as alterations in gas exchange and pulmonary mechanics (5,6). There is no specific pharmacologic therapy for ARDS; all treatments are aim at its underlying causes.
Emerge of coronavirus SARS-CoV-2 pneumonia (COVID-19) in Wuhan, China in 2019, and it posterior spread to the world, has exposed an overloaded health system in many regions. COVID-19 has been associated to variable clinical presentation and prognosis as preliminary reports are published (7–9). Available data indicates that most part of the cases were pausi- or asymptomatic, as mild forms of the disease are expressed. Report for New York (9) described the initial evolution of 5700 patients, 373 of whom (14.2%) needed intensive care admission, and 320 (12.2%) required mechanical ventilation. However, mortality under mechanical ventilation was 88.1%, and ARDS was probably the cause to initiate ventilatory support. In the Lombardia case-series (7), 1150/1591 critically ill patients needed mechanical ventilation, probably due to ARDS. These data indicate that the severe ill patients with SARS-CoV-2 infections usually require mechanical ventilation for long-periods, and their prognosis is worse.        
Several treatment options had been tried since the initial description of COVID-19, such as antiviral, immunomodulators drugs, and immunotherapy. No treatment has shown a clear benefit at the present time. Lopinavir/ritonavir, a protease inhibitor for HIV, was evaluated in a randomized open trial, with no placebo, in in-patients with severe pneumonia (10). No significant differences were seen in the primary outcome (time to recover), though, it decreased the length of stay in intensive care. Remdesivir, an antiviral drug designed to treat Ebola, has shown in-vitro activity against SARS-CoV-2, and decreased the hospital length of stay without affecting mortality. Chloroquine has been used in SARS 2012 epidemic, due to activity against SARS-CoV. Preliminary reports suggested that hydroxychloroquine shorten viral shedding time in mild disease, especially in combination with azithromycin (11). Convalescent plasma has been evaluated in small series and one unconcluded randomized clinical trial with encouraging results (12,13). On the other hand, immunomodulatory therapies, such as steroids, interferon or antibodies against interleukine-6, had been proposed to treat the cytokine storm associated to coronavirus severe disease.       
Systemic steroids have been the immunosuppressant drugs most used against COVID-19, in opposition to the initial recommendations (14). The inflammatory response in the acute phase and the frequent use of steroids in pulmonary interstitial diseases are the probably reasons for its use. However, there is concern in the medical community about the generalized use of immunosupressors (above all steroids) in COVID-19 infections. The efficacy of systemic steroids has been highly controversial in viral pneumonias prior to this pandemic. It is known that, in general, these drugs reduce lung inflammation but also inhibit the immune response and clearance of the pathogen. The fear of a negative effect on viral replication, and the increase of hospital infection spread, are the main reasons for avoidance of corticosteroid prescription. These concerns are based in low quality observational and heterogeneous studies of influenza pneumonia, as indicated in a Cochrane review (15). However, some authors sustained that the inflammatory response is the main factor related to patient prognosis, with no relationship to viral shedding (16), and they recommended in favor of the utilization of steroids in severe cases.       
The utility of steroids in the treatment of ARDS has been controversial for years. A recent statement of the SCCM (Society of Critical Care Medicine) and the ESICM (European Society of Intensive Care Medicine) suggest the utilization of methylprednisolone for 14 days in patients with early ARDS (17). This recommendation was based on the positive results in mortality and duration of mechanical ventilation of 4 clinical studies. Recently, Villar and cols published the results of a multicentre study performed in Spain, in which moderate to severe ARDS patients were randomized to dexamethasone (20 mg qd for 5 days followed by 10 mg qd for 5 days) against placebo (18). A decrease in hospital mortality (21% vs. 36%) and shorten in ventilators days (4.8 days difference) were reported with the use of dexamethasone. Main cause of ARDS in the study was pneumonia. Additional advantages of dexamethasone, in opposition to other steroids, are the administration period (once a day) and the lack of mineralocorticoid effect. 
  The Surviving Sepsis Campaign COVID-19 panel supported a weak recommendation to use steroids in the sickest patients with ARDS due to SARS-CoV-2 (19). Cochrane could not issue a report on the benefits of steroids, due to the absence of evidence in patients with COVID-19, and asked for time until the results of ongoing trials (19). A recommendation against the general use of steroids in patients with COVID-19 was initially issued by the NIH (National Institute of Health), the WHO (World Health Organization), the CDC (Center for Disease Control), and the IDSA (Infectious Disease Society of America), due to the absence of clear evidence (20,21).
Recently, the RECOVERY trial provides evidence that treatment with dexamethasone at a dose of 6 mg once daily for up to 10 days reduces 28-day mortality in patients with Covid-19 who are receiving respiratory support (22). This British study compared multiple treatments for COVID-19 in a randomized, open label trial, with a complex design, in patients with different severities. This sub study randomized 6425 patients (ratio 1:2) to received dexamethasone 6 mg/day for ten days against placebo. A decreased in 28-days mortality (21.6% vs. 24.6%) was seen as main outcome (age-adjusted rate ratio 0.83; IC 95% 0.74 a 0.92; P<0.001). The benefit was greater in the more severe patients who needed oxygen (n=3883; 21.5% vs. 25.0%, rate ratio 0.80 IC 95% CI 0.70 a 0.92; p=0.002) or mechanical ventilation (n=1007; 29.0% vs. 40.7%, rate ratio 0.65 IC 95% 0.51 a 0.82; p<0.001). These results were presented before the publication, and several institutions, such as the NHS and the NIH, changed their recommendation in favour of the use of dexamethasone (6 mg qd for 10 days).    
The preliminary results of the RECOVERY trial made us change our original design for the usual care. In the beginning, this study sought to compare dexamethasone (higher doses than RECOVERY trial) versus usual care, without steroids. This approach is unfeasible nowadays, thus we modified our initial design to allow low dose dexamethasone for 10 days as usual care treatment. However, the dose proposed by the British study might not be enough to suddenly reverse the inflammatory changes in patients with ARDS.   
In summary, there is evidence that a dysregulated inflammatory response in patients with COVID-19 pneumonia may cause ARDS with unfavorable prognosis. Many of them will require mechanical ventilation for long time, overcrowding the regional health system. The treatments of the severe COVID-19 pneumonia in unknown and randomized trials are needed to test their efficacy. The steroids, as unspecific anti-inflammatory agents, may shorten the respiratory failure and improve the prognosis. Low-lose dexamethasone reduced the risk of death in patients with oxygen needs, or mechanical ventilation. The aim of this study is to explore the effectiveness and safety of high-dose dexamethasone, against usual care, in the treatment of SARS-CoV-2 pneumonia, in patients with ARDS. 
MATERIALS AND METHODS
TRIAL DESIGN 
Multicenter randomized clinical trial, controlled, open, parallel group, to evaluate the effectiveness and safety of high dose dexamethasone in adult patients with confirmed COVID-19, with Acute Respiratory Distress Syndrome.
MAIN OUTCOMES
The main result is ventilator-free days at 28 days (Days without ventilator support in the first 28 days following randomization).
Secondary outcomes measures
•	28-days mortality (Dead rate within 28 days of randomization)
•	90-days mortality (Dead rate within 28 days of randomization)
•	Frequency of nosocomial infections (number of ventilator-associated pneumonia, blood stream infection or candidemia in the first 28 days following randomization)
•	Viral shedding (Frequency of positive PCR on nasopharyngeal swab 28 days after randomization)
•	Serum C - reactive protein variation (10 days after randomization)
•	SOFA variation (over the first 10 days after randomization)
•	Use of prone position (Cumulative hours spent on prone position at 10 days after randomization)
•	Delirium (Frequency of delirium at ICU discharge)
•	Muscle weakness (mMRC score at ICU discharge)

PARTICIPANTS
We will include patients with SARS-Cov-2 pneumonia who develop acute respiratory distress syndrome, in several intensive care units (ICU) in Buenos Aires, Argentina.
Inclusion criteria:
· Men and women, with age ≥ 18 years old. 
· Diagnosed SARS-CoV-2 infection, by PCR. 
· Diagnosis of Acute Respiratory Distress Syndrome (hypoxemic respiratory failure not explained by cardiac disease + PaO2/FiO2 ratio < 300 with a Positive End-Expiratory Pressure ≥ 5 cm H2O + bilateral pulmonary infiltrates)(23)  
· Need of mechanical ventilation in the last 72 hours  
· Informed consent (next of kin/ legal guardian) 
Exclusion criteria:
· Pregnant or breast-feeding women.
· Terminal disease (advance cancer; under palliative care; cardiovascular, respiratory, or renal disease with a life expectancy less ≤ 1 year). 
· Therapeutic limitation (advance directives or do not resuscitate order)
· Severe immunosuppression (HIV infection, long-term use of immunosuppressive agents, active cancer).
· Patients under chronic treatment with glucocorticoids for other diseases (dose ≥ 8 mg prednisone, or equivalent) 
· Participation in another study.

INTERVENTION AND COMPARATOR 
Eligible patients will be randomized to receive standard ICU patient care (group 1) or standard ICU patient care plus high dose dexamethasone (group 2).
· Group 1: dexamethasone up to 6 mg/24 hours for 10 days + ventilatory, hemodynamic, nutritional, and antimicrobial support according to international guidelines. 
· Group 2: dexamethasone 16 mg/24 hours for 5 days and dexamethasone 8 mg/24 hours for 5 days + ventilatory, hemodynamic, nutritional, and antimicrobial support according to international guidelines.
Standard ICU patient care will not be regulated by the protocol. However, it is suggest treating the patients according to the international guidelines for ARDS (24), antibiotics and hemodynamic support for COVID-19 infection (19,25). The following standards are recommended: 
· Sepsis: prompt infection source identification and adequate antibiotic treatment 
· Hemodynamic support: individualized resuscitation with fluids and vasopressors to achieve adequate perfusion (mean arterial pressure target: 65-75 mm Hg)
· Protective mechanical ventilation
· Tidal volume: 6 ml/kg (ideal body weight)
· Plateau pressure < 30 cm H2O, Driving pressure < 15 cm H2O
· Respiratory rate to achieve PaCO2 35-45 mm Hg
· Minimal FiO2 to achieve SaO2 88-94%
· PEEP titration, according to ARDSnet trial (26), or Express maximal recruitment (27)
· Dexamethasone use: no more than 6 mg qd for ten days
Weaning protocol
The weaning protocol is defined by each site. We recommend evaluating the patients in a daily basis to perform a spontaneous breathing trial (SBT), based on the ARDSnet protocol, with a FiO2 <= 0.5. The following are the minimal pre-requisites to perform an SBT:
· PaO2/FiO2 > 200 con PEEP <= 10 cm H2O (>12 hours)  
· Hemodynamic stability
· Minimal sedation (RASS> -1)
· Cough during aspiration maneuvers 
The trial will be performed in pressure support ventilation (pressure support 8-10 cm H20, and ZEEP, with a FiO2 <= 50%), if possible. If the test is passes successfully, the attending physician will decide, or not, to extubate the patient. This test can be done daily. 
POSSIBLE CONFOUNDERS  
The following variables will be evaluated as possible confounders: 
· Age and gender
· Ventilatory mode, and parameters of mechanical ventilation 
· Oxygenation variables (pH, PaO2, PaCO2)
· Severity scores (APACHE II (28), SOFA (29))
· Shock
· Co morbidities (Charlson score (30))

RANDOMISATION AND BLINDING (MASKING)
[bookmark: _Hlk46658647]Treatment will be assigned according to site stratified randomization by permuted random blocks sequence 1:1 generated with a table in R language. The randomization table is concealed in the randomization tool of the REDCap (Research Electronic Data CAPture) platform. 
This is an open trial, so no masking of treatment assignment will be used.

SAMPLE SIZE
Assuming a 3 days difference in ventilator-free days between treatment groups, with a mean of 9 days, and a standard deviation of 9 days; the necessary sample size would be 284 subjects (142 per group), with a power of 80% and a two-tailed alpha error of 0.05.
STATISTICAL ANALYSIS:
All tests will be on an intention-to-treat basis. Initially, a descriptive analysis will be performed. The different variables will be compared according to the treatment with usual statistical test according to data distribution (normality of data will be evaluated by Shapiro-Wilk test). 
Main outcome variable analysis (ventilator free-days) will be compared by Wilcoxon test. A competing risk model will be done for the time to first successful extubation, adjusting for APACHE II score and ARDS severity. Two competing events (successful weaning and dead under mechanical ventilation) will be evaluated; sub-hazard ratio will be calculated by the Fine and Gray method. 
Survival at 28 days will be evaluated by Cox regression analysis, with assigned treatment, APACHE II and ARDS severity as predictors. Change in different daily parameters (vital sign, SOFA score, chemistry, sedation, parameters of mechanical ventilation, among others) will be compared by a mixed-effect regression model (fixed and random), using the treatment as fixed variable and the patient code and the day of data acquisition as random. The same procedure will be performed for safety measures, using glucose levels and insulin requirements. Number of infections in the first 28 days will be analyzed with a Poisson model, with treatment, APACHE II score, and ARDS severity as predictors. A quasi-Poisson model, or a negative binomial, will be done in case of over-dispersion. In this case the results will be expressed to the best fit model, according to Akaike Information Criterion (AIC). 
The analysis will be carried out with the statistical package R: A language and environment for statistical computing (R Core Team, R Foundation for Statistical Computing, Vienna, Austria. URL http://www.R-project.org/).  

TRIAL REGISTRATION AND CURRENT STATUS
The trial was registered under the title “Dexamethasone for COVID-19 Related ARDS: a Multicenter, Randomized Clinical Trial” with ClinicalTrials number NCT04395105, registered on 20 May 2020. The protocol with code DEXA-ARDS-COVID19, version 3.0 on date: 13/MAY/2020 is already approved by the Local Research Ethics Committee of CEMIC. The trial is already in the recruitment phase.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
The protocol was evaluated by the Local Research Ethics Committee of CEMIC (Buenos Aires, Argentina), on May 13, 2020 with the reference code 1264. It was approved on May 13, 2020. The study was also approved by the SATI (Sociedad Argentina de Terapia Intensiva) Ethics Committee.
Patient’s next of kin will be asked for informed consent. This will be reflected in the medical record before included in the clinical trial. A copy of the informed consent will be attached in the medical record.  
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