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Abstract
The RECOVERY study documented lower 28-day mortality with the use of dexamethasone in hospitalized patients 
on invasive mechanical ventilation or oxygen with COVID-19 Pneumonia. We aimed to examine the practice patterns 
of steroids use, and their impact on mortality and length of stay in ICU.  We retrospectively examined records of all 
patients with confirmed Covid 19 pneumonia admitted to the ICU of Dubai hospital from January 1st, 2020 – June 
30th, 2020. We assigned patients to four groups (No steroids, low dose, medium dose, and high dose steroids). The 
primary clinical variable of interest was doses of steroids. Secondary outcomes were 28-day mortality and length of 
stay in ICU”. We found variability in doses of steroid treatment. The most frequently used dose was the high dose. 
Patients who survived were on significantly higher doses of steroids and had significantly longer stays in ICU. The 
prescription of steroids in Covid-19 ARDS is variable. The dose of steroids impacts mortality rate and length of stay in 
ICU, although patients treated with high dose steroids seem to stay more days in ICU.
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 �Introduction 
Coronavirus disease 2019 (COVID-19) has caused ap-
proximately two million deaths worldwide as of June 
30, 2021, including severe pneumonia cases associated 
with acute respiratory distress syndrome (ARDS) and 
respiratory failure requiring mechanical ventilation 
[1]. In moderate-to-severe cases, signs of organ dys-
function, such as ARDS, acute kidney injury, pulmo-
nary edema, myocarditis, septic shock, and death can 
occur [2]. The RECOVERY study demonstrated that 
the use of dexamethasone decreased 28-day mortality 
in hospitalized patients on invasive mechanical ventila-
tion or oxygen with Covid-19 pneumonia [3]. In con-
trast, the CAPE Covid-19 trial study did not show the 
beneficial impact of using low-dose hydrocortisone on 
the 21-day mortality rate in critically ill patients with 
Covid-19 [4]. Similarly, in the REMAP CAP study, 
low-dose hydrocortisone, compared to placebo, did 

not significantly reduce treatment failure at day 21 in 
critically ill COVID-19 patients with ARDS [5]. The 
METCOVID trial showed no mortality benefit with 
a short course of methylprednisolone in hospitalized 
COVID-19 patients [6]. 

During the Pandemic, clinicians practice patterns 
were influenced by variability in the reported results 
with different formulations and doses of steroids. In 
this study, we aimed to examine the impact of using a 
low, medium, or high dose of steroids on the function 
of 28-day survival and length of stay in the intensive 
care unit (LOSICU).

 �Materials and Methods

This was a retrospective observational study of patients 
with confirmed COVID-19 admitted to the Dubai 
Hospital ICU. We excluded patients <18 years of age. 
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The primary variable of interest was steroid dosage. We 
recorded daily doses of steroids (hydrocortisone, meth-
ylprednisolone, or dexamethasone) for each patient 
throughout their ICU stay. Patients were categorized 
into four groups based on steroid dosage: no steroids, 
low dose, medium dose, and high dose. The  definitions 
of dose categories are as follows: low dose (hydrocor-
tisone [H], <200 mg/day;  methylprednisolone [MP], 
<40 mg/day; or dexamethasone [D], <12 mg/day), 
medium dose (H  [200–400 mg/day], MP [40–80 mg/
day], or D [12–20 mg/day]), and high dose (H >400 
mg/day,  MP >80 mg/day, or D >20 mg/day). The pri-
mary clinical variables were dosages of steroid use. The 
clinical outcomes were 28-day survival from admission 
to ICU and LOSICU. Confounding factors affecting 
clinical outcomes were also recorded. The demograph-
ics recorded were as follows: age; sex; body mass index 
(BMI); nationality; clinical parameters; positive swab 
sample test result for viral DNA; the number of swabs; 
days to negative test result; the number of days of symp-
toms; and presence of symptoms, such as cough, fever, 
dyspnea, and gastric complaints. Data on comorbidi-
ties including diabetes, hypertension, coronary artery 
disease, renal failure, and outpatient dialysis were re-
corded. Inpatient clinical data on admission including 
fever, tachycardia, blood pressure, hypoxia, oxygen (L/
min), mechanical ventilation, use of pressers, and inpa-
tient dialysis were also recorded. Laboratory parame-
ters included inflammation markers (CRP, ferritin, and 
procalcitonin levels), hematologic indices (WBC and 
platelet counts), chemical tests (electrolyte levels), and 
culture studies for bacteremia since secondary bacteri-
al infection impacts clinical outcomes. Bacterial infec-
tions included documented culture results of sputum, 
blood, pleural or peritoneal fluid, or pneumonia panel. 
Data on therapeutic agents, including chloroquine 
and antivirals, were also recorded since they could be 
significant confounding factors. We calculated Acute 
Physiology and Chronic Health Evaluation (APACHE-2) 
and it is designed for ICU mortality prediction (7). Age, 
gender, BMI, history of outpatient dialysis, presence 
of hypotension on admission to ICU are few variables 
used to balance the dataset using the propensity score.

The characteristics of all the patients included in this 
study and four categories of steroids doses are shown 
in Table 1 for categorical variables (except for genre, 0 
represents the absence while 1 the presence of the ana-
lyzed factor) and in Table 2 for continuous variables 
(Q1 represents the first quartile, Q3 the third quartile).  

Statistical analysis

All analyses were performed with R-project (R Core 
Team, 2021, R: a language and environment for statisti-
cal computing. R Foundation for Statistical Comput-
ing, Vienna, Austria), We used the Cox proportional 
hazard model (Cox, 1972) to analyze survival time as it 
is a multivariate statistical model for censored time-to-
event data. In this model, the dependent variable can 
be defined as the risk for death at that moment or as the 
probability of dying given that patients have survived 
up to a given point in time. We used Cox proportional 
model as it permits the introduction of many other fac-
tors (called covariates or regressors) such that it is pos-
sible to analyze the effectiveness of 2 or more different 
treatments considering additional factors, which can 
influence the risk of death.

The quantity, where is the parameter of the covariate 
X, is called hazard ratios (HR). A value of greater than 
zero, or equivalently a hazard ratio greater than one, 
indicates that as the value of the covariate X increases, 
the risk of death increases. 

 �Results 
Our sample predominantly consist of young male 
(87%). More than 80% of patients presented with 
cough, fever and difficulty breathing. Less than half 
had a comorbid condition (Diabetes-43%, hyperten-
sion-25% and coronary artery disease-7%). More than 
75% had fever, tachycardia, and hypoxemia on admis-
sion. On admission to ICU 87% required mechanical 
ventilation and 79% required vasopressors. More than 
half developed secondary bacterial infection. About 
55% grew positive culture from sputum, urine, or 
blood (bacteremia in 40%). Prophylactic anticoagula-
tion and gastrointestinal prophylaxis were used in 96%. 

The patients with medium or high doses had a long-
er stay (days) on the ventilator (14 versus 4), in the ICU 
(18 vs 4), and in the hospital (22 vs 10). Higher doses 
were more frequently administered in survivors. 

Bacteremia, treatment with chloroquine, lopinavir/
Ritonavir, are found to be predictors of mortality rate. 
Levels of Ferritin, and CRP were also predictors of mor-
tality rate. Use of BIPAP and longer stay on Ventilators, 
tachycardia, use of Favipiravir, chloroquine, Lopina-
vir/Ritonavir, tracheostomy, and plasma therapy, were 
found to be predictors of mortality rate considering 
LOSICU. Survival was better for patients treated with 
high or medium dose of steroids (Figure 1-2).
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Table 1. Sample characteristics (categorical variables)

Categorical variables Total Sample
N 235

No steroids
N 23

Low dose
N 42

Medium dose
N 23

High dose
N 151

	1=	variable	present 0 1 0 1 0 1 0 1 0 1

Demographic recorded           

Gender	(F=0,	M=1)	(%) 13 87 3.8 17 2.9 7.6 1.3 7.1 4.6 55.5

Presence	of	symptoms           

cough 20 80 6.7 14.3 2.1 8.4 2.5 5.9 8.8 51.3

fever 9 91 2.5 18.5 1.3 9.2 0.4 8 5 55

dyspnea 20 80 7.6 13.4 1.3 9.2 1.7 6.7 9.7 50.4

Gastric	complaints 88 12 18.5 2.5 8 2.5 7.1 1.3 54.6 5.5

Comorbidities           

diabetes 57 43 10.1 10.9 7.1 3.4 5.5 3 34.5 25.6

hypertension 75 25 15.5 5.5 6.3 4.2 5 3.4 48.3 11.8

coronary	disease 93 7 18.5 2.5 8.8 1.7 8 0.4 58 2.1

renal	failure 88 12 18.1 2.9 9.7 0.8 6.7 1.7 53.4 6.7

dialysis 93 7 19.7 1.2 9.7 0.8 7.6 0.8 56.3 3.8

Inpatient clinical data on admission           

Immunosuppressed 96 4 20.6 0.4 10.1 0.4 7.1 1.3 58.4 1.7

Fever 14 86 4.2 16.8 1.7 8.8 1.3 7.1 6.7 53.4

Tachycardia	(pulse>100) 21 79 5.5 15.5 2.1 8.4 2.5 5.9 11.3 48.7

Hypotension	on	admission	(MAP<60	mm	of	Hg) 50 50 10.9 10.1 6.7 3.8 4.2 4.2 28.2 31.9

Hypoxia	on	admission 13 87 5.9 15.1 0.8 9.7 0.8 7.6 5.9 54.2

Mechanical	Ventilation 15 85 7.1 13.9 2.5 8 0.4 8 4.6 55.5

Vasopressors 21 79 10.1 10.9 3.4 7.1 0.8 7.6 6.7 53.4

Dialysis	on	admission 70 30 16.4 4.6 8.4 2.1 5 3.4 39.9 20.2

Clinical parameters           

Lymphopenia		(≤	1100	cells/μL) 44 56 12.2 8.8 7.1 3.4 2.9 5.5 21.8 38.2

Bacterial	infection 49 51 16 5 9.2 1.3 3.4 5 20.2 39.9

Bacteremia 60 40 8.1 2.9 9.7 0.8 5.5 2.9 26.9 33.2

Positive	cultures 45 55 15.1 5.9 8.8 1.7 2.5 5.9 18.1 42

Arrhythmia 15 22 15.5 5.5 8.8 1.7 6.7 1.7 47.1 13

Associated treatment
Anticoagulants 4 96 2.9 18.1 0 10.5 0 8.4 0.8 59.2

Gastro-intestinal	prophylaxis	(Proton	pump	inhibitors) 4 96 2.1 18.9 0.8 9.7 0 8.4 1.3 58.8

Therapeutic agent           

Lopinavir/Ritonavir 6 94 3.4 17.6 1.3 9.2 0.4 8 1.3 58.8

Chloroquine 12 88 4.2 16.8 1.7 8.8 1.3 7.1 5 55

Lopinavir/Ritonavir 64 36 16.8 4.2 6.3 4.2 4.6 3.8 36.1 23.9

Favipiravir 20 80 10.5 10.5 2.5 8 1.3 7.1 5.9 54.2

Tociluzimab 84 16 20.2 0.8 9.7 0.8 6.7 1.7 47.5 12.6

Plasmatherapy 83 17 21 0 9.7 0.8 6.7 1.7 45.8 14.3

Tracheostomy 87 17 20.2 0.8 10.5 0 7.6 0.8 48.7 11.3

ECMO 95 5 21 0 10.5 0 7.6 0.8 55.5 4.6

Surgeries 96 4 20.6 0.4 10.5 0 8 0.4 56.7 3.4

Sedatives 11 89 6.7 14.3 1.7 8.8 0.4 8 2.5 57.6

Narcotics 24 76 9.7 11.3 1.7 8.8 2.1 6.3 10.5 49.6

Neuromuscular	blocking	agents 15 85 8.8 12.2 2.5 8 0.8 7.6 2.9 57.1
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If we consider the “Days in ICU,” the best therapy 
is the high dose and the second one is the medium 
dose: a high dose decreases the risk of death by 64% 
while a medium dose by 62%. The parameters of the 
medium dose and high dose are respectively -1.08405 
and -1.21542 (|-1.08405|<|-1.21542|). If we consider 
the “LOS in hospital,” we obtain similar results. The 
parameters of the medium dose and high dose are re-
spectively -0.96653 and -1.02833. Also, in this case, 
both are negative, and this means that the risk of death 
decreases. The decrease is bigger for the high dose than 
the medium dose i.e., a high dose decreases the risk of 
death by 70% while a medium dose by 66%.

In observational studies, the treatment allocation is 
not random, and to obtain unbiased results it is nec-
essary to use sophisticated statistical methods such as 
propensity score.

 �Discussion 
We hypothesize that the reasons for variability in our 
study reflect how research translates into clinical prac-
tice. It is multifactorial and includes physicians’ bias 
(8), cost of treatment, side effects of steroids, fear of the 
steroid’s impact on the behavior of co-existing infec-
tions (9), and steroid dependency. Moreover, there may 
be other indications that could influence the duration 
of steroid use. In contrast, research trials restrict ster-
oid use as per protocol; therefore, the doses are fixed, 
and treatment has a clearly defined course [3,6,10]. 
Improved survival in patients with high CRP levels 
and intensity of inflammatory cytokines may have in-
fluenced clinicians to increase the dose or duration of 
steroid use [11]. We found that the secondary bacterial 
infection impacts mortality, similar observations have 
been documented by Garcia et al [12]. Continuous re-

Table 2. Sample Characteristics Continuous Variables

Continuous
variables

Total
N=235

No steroids N=23 Low dose N=42 Medium dose 
N=23

High dose N=151

M
ed

ia
n

IQ
R

M
ed

ia
n

IQ
R

M
ed

ia
n

IQ
R

M
ed

ia
n

IQ
R

M
ed

ia
n

IQ
R

Demographic recorded
Age(years) 49 42-57 47 39-60 50 45-58 50 47-52 49 42-56
BMI	(Kg/) 27 23-30 26 24-32 26 21-31 24 21-31 28 24-32
Days	turn	test	negative 5 0-16 2 0-10 0 0-9 8 3-23 7 0-18
Inpatient clinical data on admission
Oxygen	(ml) 10 0-15 4 0-10 15 4-15 15 8.5-15 15 0.05-10
Laboratory parameters
Ferritin	(ng/ml) 1230 483-1895 468 120-1520 620 214-1804 1204 532-750 1385 750-1986
D-Dimer	(ng/ml) 1.11 0.52-3.80 0.61 0.29-3.02 1.17 0.58-2.2 3.9 1.01-8.99 1.11 0.58-3.43
Procalcitonin	(ng/ml) 0.35 0.14-1.168 0.27 0.1-2.26 0.21 0.1-1.23 0.31 0.15-0.98 0.37 0.16-1.10
CRP	(mg/L) 129.5 75.2-215.88 104 64.8-216 133 73.4-161 98 59.6-156 137 84.5-225
Creatinine	(mg/dl) 0.9 0.8-1.2 0.9 0.7-1.28 0.8 0.7-1.6 0.9 0.78-1.3 1 0.8-1.2
CPK	(units/L) 196.5 69.25-626.50 120 17.8-439 164 52-410 310 141-609 218 86-689
ABG PH 7.37 7.25-7.43 7.35 0-7.43 7.3 7.19-7.38 7.40 7.35-7.44 7.37 7.28-7.43
PCo2	(Torr) 35.8 29.93-45.58 30 0-36.4 37.1 32.6-48.6 35.2 31.7-42.9 38 31.5-48.3
PO2	(Torr) 61.3 44.30-84.95 48.7 0-88.7 64 47-73 61.8 45.5-75 62 47.4-85.7
Lactate 1.7 1.2-2.5 1.35 0.23-2.28 2.4 1.4-6.3 1.9 1.37-3.47 1.7 1.2-2.3
Bicarbonate	(mEq/L) 21.55 18.8-24 20 14.2-22.5 20.7 16.3-23.9 21.4 19.7-23.6 22.1 19.5-24.4
Magnesium	(mg/dl) 2.03 1.84-2.24 2.01 1.72-2.16 1.94 1.7-2.24 2.09 1.87-2.39 2.04 1.90-2.26
Platelets	(/microliter) 196.5 150.25-260.5 206 158-252 214 141-299 164 126-253 197 152-262
WBC	(/microliter) 7.9 6.03-10.7 7.9 5.9-10.8 8.1 6.3-13 7.15 6.15-9.85 7.9 6-10.7
Severity of illness
APACHE	2	score 16 12-20 15.5 2.25-24.5 16 13-22 18.5 13-24.2 16 12-19
Variable of interest
Days	on	Mech.	Vent. 10 4-20 4 0-8.75 2 1-9 15 7.75-23 14 8-23
LOSICU	(days) 12 4-22.75 4 0-8.75 2 1-9 17 8.75-23.8 18 10-30.5
LOS	in	hospital	(days) 18 8-32 10 6.25-18.8 5 2-12 28 13.8-49.5 22 12.5-35.5
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Fig. 1. Length of stay in hospital (LOS)

Fig. 2. Days of stay in ICU
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nal replacement therapy (CRRT) was not a predictor 
of mortality in our study in contrast to the study by 
Ng et al. [13]. Published studies on steroid use did not 
include extensive data on confounding factors. There-
fore, we believe our inclusion of a higher number of po-
tential confounders, and statistical modeling to adjust 
the impact of these confounding factors provided more 
accurate results. The prospective design of studies such 
as the RECOVERY trial [3] allows the allocation of 
patients in both groups (steroids versus no steroids), 
however, confounders, like new bacterial infections 
appear later in the course of the disease which could 
have a significant impact on outcomes. Adjusting for 
such dynamic factors could change outcome calcula-
tions. Similarly, most of these patients do not have re-
nal impairment requiring CRRT at presentation to hos-
pital, therefore prospective trials may have calculated 
outcomes without adjustment of this significant factor 
affecting survival. Therefore, retrospective design with 
appropriate modeling may provide a better assessment 
of the effect of confounding variables upon outcome 
measures. Therefore, we believe our results are specific 
and attributable to steroid usage. 

Patients treated with higher doses of steroids stayed 
longer on mechanical ventilation, in the ICU and in 
the hospital. This could result from multiple factors. 
Patients treated with lower doses had higher mortal-
ity hence the shorter duration of mechanical ventila-
tion (MV) and stay in ICU. Patients treated with higher 
doses are more likely to develop myopathy [14], gas-
trointestinal bleeding [15], electrolytes disturbances, 
poor wound healing [16] and psychosis [17] that may 
increase morbidity and prolong need for MV, ICU and 
hospital stay. 

Bacteremia was predictor of mortality in our sample. 
We had 84 incidences of bacteremia including 11 cath-
eter related bacteremia. half of them were gram nega-
tive bacteremia with Pseudomonas Aeroginosa being 
the most common while 48% were gram positives with 
predominantly Staphylococcus Aureus. We published 
the details of these recently [18]. Mylotte et. al. [19] 
also found comparable results. Measures of severity of 
illness (Ferritin and CRP) were significant predictors 
of mortality in our sample just as others found simi-
lar results [20-21]. Tracheostomy was associated with 
better survival in our study. Comparable results were 
reported by Ahmed et. al. [22]. Antiviral (Favipiravir, 
Lopinavir/Ritonavir) were also associated with better 
survival in our study. Bayrak et. al [23] found Favipira-

vir is associated with good outcome while a large study 
showed no mortality benefit from Lopinavir/Ritonavir 
[24].

Another interesting observation in our study was 
‘delayed viral clearance’ in survivors who received ster-
oid treatment. A high proportion of those patients who 
survived were on steroid treatment, suggesting ster-
oids may delay viral clearance owing to the process of 
viral clearance possibly dependent upon the strength 
of inflammatory response. However, we would like to 
caution the reader that we did not measure viral loads 
therefore we cannot validate that steroid specifically 
delay viral clearance. Delayed viral clearance has been 
documented in patients with SARS-CoV-1 and MERS-
CoV infections in patients not requiring oxygen sup-
plementation [10]. Such delays in viral clearance may 
affect outcomes. 

We identify the following limitations: it is a single-
center, retrospective study with a small sample size in 
which multiple forms of steroids were used. The popu-
lation was predominantly young males. Therefore, the 
findings of this study may not be generalizable to other 
communities. There was no standard protocol deter-
mining dose and duration, although we will argue that 
this was our primary aim, i.e., to measure real, non-
trial patterns of steroid use without the strict control of 
the use of one drug and fixed dose. To the best of our 
knowledge, variability in steroid dose patterns has not 
been previously documented in COVID-19 patients. 
Existing data include steroid treatment practice on ad-
mission in a research clinical trial setting. Our clinical 
observations suggest that steroid doses are frequently 
changed due to dynamic clinical profile, i.e., develop-
ment of shock, secondary infection, and complications 
such as gastrointestinal bleeding.

 �Conclusions  
The prescription of steroids in COVID-19 patients with 
ARDS is variable. A high or medium dose of steroids 
predicts survival and length of stay in ICU. Future 
studies should explore these observations and define 
the optimal dosing and duration of steroids; to reduce 
variability in clinical practice and maximize clinical 
benefits.
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