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Abstract

Objective: This retrospective (matched paired) clinical trial aimed to compare the efficacy of dexamethasone
vs. methylprednisolone at equipotent (high) doses in patients with coronavirus disease 2019 (COVID-19)-
associated acute respiratory distress syndrome (ARDS).

Methods: A total of 347 patients with moderate and severe COVID-19-associated ARDS were administered
either a high (equipotent) dose of dexamethasone (32 mg) or methylprednisolone (180 mg) for a duration of
up to 10 days. All participants received the standard of care for critically ill COVID-19 patients.

Results: The primary outcomes included length of stay in the ICU, ICU mortality, and discharge from the
hospital. Based on the obtained results, a tendency towards more favorable clinical outcomes concerning the
length of stay in the ICU (in the group of patients treated with non-invasive mechanical ventilation (NIV),
p<0.05), ICU mortality, and discharge from the hospital (in the group of patients who were intubated,
p<0.05) in patients receiving the high dose of dexamethasone compared to those receiving
methylprednisolone was observed.

Conclusion: It appears that severe cases of COVID-19, especially intubated ones, treated with high doses of
dexamethasone have a more favorable clinical outcome than the use of equipotent doses of
methylprednisolone. However, larger multicenter studies are needed to validate our observations.

Categories: Allergy/Immunology, Infectious Disease, Pulmonology
Keywords: outcome, methylprednisolone, dexamethasone, covid-19, ards

Introduction

Coronavirus disease 2019 (COVID-19), a respiratory syndrome caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has had a significant impact on global health and affected millions of people
worldwide. Efforts to control the spread of COVID-19 highlight the importance of continued research and
public health interventions [1], which can have a significant impact on global healthcare systems. The
clinical presentation of these patients can vary greatly. Most of them have very mild or asymptomatic forms
of COVID-19, but a smaller percentage may develop severe forms of pneumonia, complicated with acute
respiratory distress syndrome (ARDS) [2]. ARDS is associated with a high mortality rate and is presented
with hypoxemia and tachypnoea (respiratory distress), with chest X-ray revealing bilateral infiltrates. The
diagnosis of ARDS in COVID-19 patients follows the well-established Berlin definition of ARDS [3,4]. This
syndrome and the problems related to its treatment are particularly manifested in low-resource settings,
where the mortality rate for intubated patients can be as high as 80% [5]. Today, it is known that the
dysregulation and excessive response of the immune system (cytokine storm) is one of the key links in the
chain of pathophysiological events in patients who develop ARDS associated with COVID-19 [6,7].
Considering all of the above, it has been hypothesized that drugs with anti-inflammatory effects may
contribute to a better outcome in patients suffering from ARDS associated with COVID-19 [8]. Among the
many observed and tested anti-inflammatory drugs, corticosteroids have gained much attention worldwide
due to their accessibility and affordability [9]. While corticosteroids are recommended, specifics such as the
preferred corticosteroids, optimal dose, and treatment duration remain undetermined [9]. The clinical study
called "The Recovery" was the first to provide data showing that patients with severe forms of COVID-19
(requiring oxygen therapy or mechanical ventilation) who were administered dexamethasone (DXM)
experienced a decreased mortality rate [10]. Most guidelines for COVID-19 treatment recommend DXM as
the first choice at a dose of 6 mg once daily for up to 10 days. Furthermore, other corticosteroids, such as
methylprednisolone (MTP) and hydrocortisone at equipotent doses, are considered alternatives in case of
DXM shortage [11,12]. The dosing regimens employed in major randomized controlled trials for
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corticosteroids in critical COVID-19 pneumonia are typically in the approximate range of 0.5-2 mg/kg/day of
MTP. In contrast, the highest investigated dose of DXM has been 20 mg daily, equivalent to 107 mg of

MTP [13]. Some studies suggest that MTP is more effective than DXM. However, it is important to
acknowledge that potential biases, such as inconsistent dosing, may obscure these findings [14-18]. The
primary outcome of this research was to assess and compare the individual outcome of COVID-19-
associated ARDS patients receiving equipotent doses of either high-dose DXM or MTP as anti-inflammatory
agents.

Materials And Methods
Study designs

A matched pairs, retrospective observational study was created in the Medical Intensive Care Unit (MICU) of
the University Clinical Centre of the Republic of Srpska (UCC RS) in Banja Luka, Bosnia and Herzegovina,
between April 1, 2020, and January 1, 2022. This MICU was established over the last 15 years with support
from critical care experts from Europe and the United States [19,20]. Currently, this is the only
multidisciplinary MICU in Bosnia and Herzegovina. Approval from the Ethics Committee and signed
informed consent were not necessary, as this represents an established local protocol for the treatment of
critically ill patients with COVID-19-associated ARDS.

Study population (demographic, clinical, and laboratory
characteristics)

The study included all patients who developed COVID-19-related ARDS over the age of 18 who were
admitted to the MICU at the UCC RS and met the inclusion criteria. Nasopharyngeal swabs and respiratory
secretions were analyzed using reverse transcription polymerase chain reaction (RT-PCR). Inclusion criteria
were as follows: age over 18 years, confirmed diagnosis of COVID-19 infection through positive RT-PCR test,
presence of radiologic signs of ARDS (bilateral pulmonary infiltrates), and classification as mild, moderate,
or severe ARDS according to the Berlin criteria [4]. Patients who met one or more of the following exclusion
criteria were not included in the study: fatal outcome or significant recovery within 48 hours of randomized
allocation, end-stage disease, chronic corticosteroid treatment, immunosuppression or immunosuppressive
therapy, known hypersensitivity to corticosteroids, receiving both DXM and MTP, and under palliative care.
Patients were categorized into two groups (A and B) depending on the type of ventilatory support (from the
lowest to the highest level of ventilatory support) and the severity of ARDS, as shown in Table 1.

Group of ) )
. Mode of respiratory support/severity of ARDS
patients
G A Patients who required NIV (including patients with a P/F ratio >100 and <200; moderate ARDS according to the Berlin criteria
rou
o for ARDS)
G B Patients who required invasive mechanical ventilation via an endotracheal tube and vwECMO for those with a P/F ratio <100;
roup

patients with severe ARDS according to the Berlin criteria for ARDS

TABLE 1: Two groups of patients based on the severity of ARDS and mode of respiratory support.

ARDS: acute respiratory distress syndrome; NIV: non-invasive ventilation; vwwvECMO: venovenous extracorporeal membrane oxygenation

Demographic characteristics included age and sex. Clinical characteristics included comorbidities and the
final outcome of treatment, length of ICU stay (in days), Simplified Acute Physiology Score (SAPS) score,
Sequential Organ Failure Assessment (SOFA) score, and Acute Physiology and Chronic Health Evaluation
(APACHE) II score, type of steroids, and administration of tocilizumab. Various laboratory tests and
assessments were carried out on admission: white blood cell (WBC) count, neutrophil-to-lymphocyte ratio
(NLR), C-reactive protein (CRP), lactate dehydrogenase (LDH), ferritin, D-dimer levels, acute kidney injury
(AKI) assessment, continuous renal replacement therapy (CRRT) evaluation, and presence of pneumothorax.

Intervention (local protocol for corticosteroid treatment)

The local protocol for the treatment of critically ill COVID-19-associated ARDS in the MICU of the UCC RS
primarily involves the administration of MTP at a dosage of 2 mg/kg/day (160 mg intravenously). This
treatment is usually continued for up to 10 days, with the total daily dose divided into two separate
administrations. Throughout the pandemic, the hospital pharmacy experienced multiple drug supply
shortages, resulting in DXM being used for up to 10 days (32 mg/day intravenously, the total daily dose
divided into two separate administrations) at an equipotent dose of MTP according to the local
corticosteroid treatment protocol. The dosage of MTP (2 mg/kg/day) was determined based on the
institution's experience in managing pneumonia, organized pneumonia, and ARDS caused by various
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underlying factors. All critically ill patients received standard treatment for COVID-19-associated ARDS
according to the local hospital protocol, derived from guidelines provided by the local Ministry of Health and
international recommendations. Data were systematically collected from patients' medical records using a
standardized data collection form by a senior medical resident. After verification and confirmation by the
attending physician, the collected data was then entered into an electronic database.

Statistical analysis

IBM SPSS Statistics for Windows, Version 26.0 (Released 2019; IBM Corp., Armonk, New York, United States)
was used to analyze the data in the study. The Kolmogorov-Smirnov and Shapiro-Wilk tests were used to
test the normality of data distribution. Continuous variables were expressed as median (interquartile range
(IQR)), and categorical variables were expressed as numbers and proportions. The Mann-Whitney U and
Kruskal-Wallis tests were used for comparing continuous variables, whereas Fisher's exact test and Pearson's
tests were used for comparing categorical data between the groups. We considered p<0.05 statistically
significant. A robust Cox regression model analysis was carried out to identify the predictor variables that
explain the hazard ratio (HR) with 95% CI, avoiding a possible interference of outlier observations in the
partial likelihood estimation.

Results

A total of 1135 COVID-19 cases were admitted to the MICU over 21 months. Out of these cases, 347 patients
with COVID-19-associated ARDS were ultimately included in the data analysis. Among them, 109 patients
received DXM, while 258 patients were administered MTP (Figure /). On MICU day 1, no statistically
significant differences were found between the two patient groups concerning age, sex, comorbidities
(except smoking status), CRP, LDH, ferritin, and D-dimer levels. Likewise, in terms of patient severity (as
indicated by SAPS II, SOFA, and APACHE II scores) and final treatment outcomes, the groups exhibited
homogeneity (Table 2). In all observed subgroups of patients (groups A and B), the number of patients
receiving DXM and MTP showed no statistically significant differences (p=0.426); the groups were
homogeneous.
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1135 patients were hospitalized in the ICU
from 04/2020 to 01/2022

125 patients were treated with 1010 patients were treated
dexamethasone with methylprednisolone

Excluded patients:
Excluded patients:
15 patients did not have pneumonia

4 patients did not have all data 40 patients did not have pneumonia

1 patient had more than 4 14 patients did not have all data

comorbidities 40 patients had more than 4
comorbidities

674 patients eliminated matching
by age, sex, SAPS II score and
comorbidities

105 patients with COVID19
pneumonia received

dexamethazone
242 patients with COVID19 pneumonia

received methylprednisolone

In total 347 patients admited to the
study

FIGURE 1: Flowchart of patient selection and follow-up.
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Treatment Mann-Whitney U test  Chi-squared test
Variable Total patients (n=347)
DXM (n=105) MTP (n=242) P-value P-value
Age (years) 62 (17) 64 (14) 0.390 - 63 (14)
Sex
Male 78 (30.7%) 176 (69.3%) - 254 (73.2%)
0.763
Female 27 (29%) 66 (71%) - 93 (26.8%)
Comorbidities
Diabetes mellitus 29 (33.3%) 58 (66.7%) - 0.471 87 (25.1%)
Chronic heart disease 40 (26.8%) 109 (73.2%) - 0.230 149 (42.9%)
Chronic lung disease 7 (21.9%) 25 (78.1%) - 0.279 32 (9.2%)
Chronic kidney disease 4 (30.8%) 9 (69.2%) - 0.967 13 (3.7%)
Chronic liver disease 0 4 (100%) - 0.185 4 (1.2%)
Chronic rheumatoid disease 0 7 (100%) - 0.780 7 (2%)
Hypothyreosis 9 (50%) 9 (50%) - 0.061 18 (5.2%)
Obesity 15 (42.9%) 20 (57.1%) - 0.087 35(10.1%)
Smokers 15 (55.6%) 12 (44.4%) - 0.003 27 (7.8%)
Score
SOFA 4 (5) 4 (5) 0.900 - 4(3)
SAPS I 22 (14) 22 (13) 0.512 - 22 (14)
APACHE I 7 (10) 7 (10) 0.906 - 7 (10)
Outcome
Deceased in ICU 68 (27.6%) 178 (72.4%) - 0.098 246 (70.9%)
Deceased on the ward 6 (50%) 6 (50%) - 0.130 12 (3.5%)
Discharged home 31 (36.5%) 58 (65.9%) - 0.276 89 (25.64%)

TABLE 2: Demographic and clinical characteristics and final outcome of all observed patients
with COVID-19-associated ARDS for the treatment group.

DXM: dexamethasone; MTP: methylprednisolone; SOFA: Sequential Organ Failure Assessment; SAPS II: Simplified Acute Physiology Score II; APACHE
1I: Acute Physiology and Chronic Health Evaluation Il; COVID-19: coronavirus disease 2019; ARDS: acute respiratory distress syndrome

In patient group A (consisting of patients treated with NIV only), no statistically significant differences were
observed in all measured parameters, including outcomes, when evaluating the impact of the different types
of corticosteroid therapy (DXM and MTP), except for the length of ICU stay. The length of ICU stay was
shorter in patient group B treated with DXM, with a median of six days (3-10), compared to MTP with a
median of 7.5 days (5-13.75) (p-value<0.039). Refer to Table 5 for details.

2024 Kovacevic et al. Cureus 16(3): €55725. DOI 10.7759/cureus.55725 50f 11


javascript:void(0)

Cureus

Treatment Mann-Whitney U test Chi-squared test
Ventilation with NIV Total patients (n=79)
DXM (n=27) MTP (n=52) P-value P-value
Leukocytes 10.99 (5.92) 11.28 (4.86) 0.877 - 11.19 (5.24)
Lymphocyte/granulocyte ratio 12.17 (10.57) 13.38 (9.76) 0.590 - 12.70 (10)
CRP 105 (130.7) 64.05(129.95) 0.189 - 70.20 (136)
LDH 4555 (305.75) 512 (248) 0.464 - 481 (260)
Ferritin 1370 (606.5) 928 (771.75) 0.990 - 963 (852)
D-dimer 1.58 (4.82) 2.28 (8.2) 0.560 - 2.07 (7.3)
Pneumothorax 0 0 - - 0
Acute kidney injury 2 (40.0%) 3(60.0%) - 0.777 5 (6.33%)
CRRT 0 0 - - 0
Tocilizumab 1(12.5%) 7 (87.5%) - 0.173 8(10.13%)
Length of stay in ICU (in days) 6 (7) 7.50 (8.75) 0.039 - 7(8)
Outcome
Deceased in ICU 5(18.5%) 4(7.7%) 0.151 - 9 (11.4%)
Deceased on the ward 3 (11.1%) 2 (3.8%) 0.208 - 5 (6.33%)
Discharged home 19 (70.4%) 45 (86.5%) 0.082 - 64 (81.01%)

TABLE 3: Clinical characteristics and final outcomes of patients treated with NIV (group A) using
two types of corticosteroids.

NIV: non-invasive mechanical ventilation; DXM: dexamethasone; MTP: methylprednisolone; CRP: C-reactive protein; LDH: lactate dehydrogenase; CRRT:
continuous renal replacement therapy

Through a proportional hazard model, the influence of the variables on the hazard rate function of the
response variable "NIV patients ICU days/time to recovery" was tested. The robust Cox model showed that
only the variables "AKI (acute kidney injury)" and "Age" were significant for modeling the hazard rate
function (Table 4).

Explanatory variable OR P-value
Treatment (1-MTP vs. 2-DXM) 1.299 (0.773-2.182) 0.324
AKI 3.398 (1.026-11.25) 0.045
Age (years) 0.976 (0.955-0.997) 0.025
Sex (men) 1.237 (0.687-2.228) 0.478

TABLE 4: Length of stay in ICU/time to recovery performance analysis: Cox models (NIV patients’
ICU days).

OR: odds ratio; AKI: acute kidney injury; DXM: dexamethasone; MTP: methylprednisolone; NIV: non-invasive ventilation

Patients with AKI had a 3.398-fold higher risk of longer ICU stays compared to those without AKI (p=0.045).
Age was also found to be a significant factor, suggesting that risk changes proportionally with increasing
age. Although patients receiving MTP stayed significantly longer in the ICU than patients treated with DXM
in univariate analysis, this difference becomes less significant in the Cox model when other factors
influencing the length of stay in the ICU (AKI and age) were included.
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For the variable "Treatment," the estimated regression coefficient indicated that the treatment with DXM
has the same effect as MTP on time to recovery (Figure 2 and Figure 53).
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—Dexamethasone
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NIV patients' ICU days/time to recovery

FIGURE 2: Survival function estimated by Cox model, for patients
treated with NIV only, according to treatment received: MTP vs. DXM.

DXM: dexamethasone; MTP: methylprednisolone; NIV: non-invasive ventilation

1 Methylprednisolone
—IDexamethasone

Cum Hazard

0 10 20 30 40

NIV patients' ICU days/time to recovery

FIGURE 3: Cumulative hazard function estimated by Cox model, for
patients treated with NIV only, according to the MTP vs. DXM treatment.

DXM: dexamethasone; MTP: methylprednisolone; NIV: non-invasive ventilation

In patient group B (consisting of patients treated exclusively with invasive mechanical ventilation), no
statistically significant differences were found in all measured parameters when evaluating the effects of the
different types of corticosteroid therapy (DXM and MTP), with the exception of deaths in the ICU and
discharges from hospital. The number of deceased patients in ICU was lower in patients treated with DXM,
63 patients (80.8%), compared to MTP, where 174 patients (91.6%) died (p-value<0.012). Discharge from the
hospital showed statistical significance in the patient group treated with DXM, with 12 patients (15.4%), in
comparison to patients treated with MTP, where nine patients (4.7%) were discharged from the hospital (p-
value<0.03). Refer to Table 5 for more details.
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Treatment Mann-Whitney U test Chi-squared test
Ventilation with IMV Total patients (n=268)
DXM (n=78) MTP (n=190) P-value P-value
Leukocytes 12.02 (8.38) 12.52 (8.2) 0.180 - 12.52 (7.92)
Lymphocyte/granulocyte ratio  14.25 (23.39) 16.26 (21.02) 0.251 - 15.90 (22.28)
CRP 113.50 (124.25) 80 (117.5) 0.117 - 94.35 (129.22)
LDH 541 (295) 590 (333.25) 0.387 - 572 (320.75)
Ferritin 1184 (1215) 1223 (907) 0.633 - 1215.50 (892.5)
D-dimer 2.01(7.05) 2.57 (9.34) 0.284 - 2.44 (8.44)
Pneumothorax 6 (31.6%) 13 (68.4%) - 0.805 19 (7.09%)
Acute kidney injury 31 (27.4%) 82 (72.6%) - 0.607 113 (42.16%)
CRRT 15 (30%) 35 (70%) - 0.877 50 (18.65%)
Tocilizumab 3 (37.5%) 5 (62.5%) - 0.601 8 (2.98%)
Length of stay in ICU (in days) 10.5 (15) 8 (9.25) 0.057 - 9 (10)
Outcome
Deceased in ICU 63 (80.8%) 174 (91.6%) 0.012 - 237 (88.43%)
Deceased in the ward 3 (3.8%) 4 (2.1%) 0.417 - 7 (2.61%)
Discharged home 12 (15.4%) 9 (4.7%) 0.030 - 21 (7.83%)

TABLE 5: Clinical characteristics and final outcomes of patients treated with IMV (group B) using
two types of corticosteroids.

IMV: invasive mechanical ventilation; DXM: dexamethasone; MTP: methylprednisolone; CRP: C-reactive protein; LDH: lactate dehydrogenase; CRRT:
continuous renal replacement therapy

Discussion

The main findings of this study highlight a notable decrease in the ICU mortality rate, along with a
substantial increase in the number of patients who were discharged from the hospital. This positive outcome
was observed in intubated patients with COVID-19-associated ARDS who were treated with high doses of
DXM compared to patients treated with equipotent doses of MTP. Notably, to the best of our knowledge, this
is the sole study that compares the outcomes of critically ill COVID-19 patients treated with high doses of
DXM against equipotent doses of MTP on mechanical ventilation (Table 6) [21].

Explanatory variable OR (95% CI) P-value
Treatment (1-MTP, 2-DXM) 2.541 (1.161-5.564) 0.020
AKI 4.700 (1.704-12.962) 0.003
Age (years) 1.034 (0.995-1.073) 0.086
Sex (men) 1.001 (0.423-2.370) 0.998

TABLE 6: Logistic regression analysis: association of type of treatment (MTP vs. DXM) with
mortality in patients in group B (invasive mechanical ventilation)

OR: odds ratio; AKI: acute kidney injury; DXM: dexamethasone; MTP: methylprednisolone

Our findings demonstrate that high doses of DXM are associated with better outcomes in critically ill
COVID-19 patients. During the early period of the COVID-19 pandemic, it became evident that the disease
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is mediated by the immune system [22,23]. Following this realization, the healthcare authorities of the
Republic of Srpska (Bosnia and Herzegovina) issued recommendations for the treatment of the most severe
forms of COVID-19, especially for COVID-19-associated ARDS [24]. The treatment guidelines for these
patients included the administration of MTP at a dosage of 2 mg/kg/day, divided into two doses (160 mg).
The rationale for choosing MTP as the preferred medication was related to the limited resources available in
Bosnia and Herzegovina [19]. Given the constrained circumstances, the availability of DXM, as well as other
immunosuppressive drugs such as tocilizumab, was restricted. The dosage of MTP was derived from previous
recommendations (2 mg/kg/day) for the treatment of critically ill patients, individuals with ARDS, and those
suffering from immunologically mediated pneumonia [25-27]. On the other hand, Chang et al. conducted a
study (a systematic review and meta-analysis) to evaluate the impact of (different types) corticosteroid
treatment on the prognosis of patients with ARDS of various etiologies. The findings of the study
demonstrated that the use of corticosteroids, particularly MTP, had a positive effect on the survival rate of
patients with ARDS, regardless of the underlying cause. This suggests that treatment with corticosteroids
may improve survival in patients with ARDS of different etiologies. The existing literature suggests that MTP
is effective in severe COVID-19 patients, with a usual dosage range of 1-2 mg/kg/day [18,28-30]. On the
other hand, there is a limited availability of comparative studies that assess the effectiveness of MTP versus
DXM among mechanically ventilated COVID-19 patients. The majority of the existing studies do not
compare equipotent dosages. The aforementioned studies most often compare MTP (1-2 mg/kg/day) with
DXM (6 mg/day) or even disparate dosages like MTP (500 mg/day) with DXM (6 mg/day) [15,30]. Based on the
evidence of the majority of analyzed randomized controlled trials, MTP, particularly at moderate to high
doses, exhibits an advantage over DXM in the treatment of patients with severe COVID-19 [15,18,30]. A
comparison of the final outcomes in mechanically ventilated COVID-19-associated ARDS cases treated with
equipotent doses (high doses) of MTP and DXM has not been performed. Therefore, it is difficult to compare
our results with those of the other authors. A very similar study, focusing on lower equipotent doses of
corticosteroids (DXM 6 mg/day vs. MTP 32 mg/day vs. hydrocortisone 150 mg/day) in mechanically
ventilated patients, aligns with our findings, highlighting the superiority of DXM [12,31]. An in-depth
analysis of critically ill COVID-19 patients requiring different types of respiratory support (NIV and invasive
mechanical ventilation) highlights the increased efficacy of high doses of DXM as the disease severity
increases corroborating findings from other studies [32]. The optimal dosage of corticosteroids, particularly
DXM, for critically ill COVID-19 patients remains a controversial and intriguing question [18,33,34]. Given
the limitations, the results of this study should be interpreted with caution. The primary limitation is the
small number of participants, which typically reduces the power of the study. Another important limitation
is that the study was conducted at a single center, potentially limiting its generalizability to other centers.
Finally, a possible limitation is the absence of a control group, which was not administered any
corticosteroid, because of ethical reasons. The findings and their implications should be discussed in the
broadest context possible. Future research directions can also be highlighted.

Conclusions

The current data suggest that using DXM at an equipotent high dose may be more effective than MTP in
determining the individual outcomes of critically ill COVID-19 patients, especially for those who require
intubation. Patients who are on a lower level of respiratory support may require a lower equipotent dose of
DXM. However, larger multicenter trials are needed to validate these findings.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Acquisition, analysis, or interpretation of data: M. Zeeshan Rizwan, Pedja Kovacevic, Jovana Malic,
Tijana Kovacevic, Sasa Dragic, Biljana Zlojutro, Milka Jandric, Danica Momcicevic, Branka Cancarevic-Djajic,
Ranko Skrbic

Critical review of the manuscript for important intellectual content: M. Zeeshan Rizwan, Pedja
Kovacevic, Tijana Kovacevic, Sasa Dragic, Biljana Zlojutro, Milka Jandric

Concept and design: Pedja Kovacevic, Jovana Malic, Tijana Kovacevic, Sasa Dragic, Biljana Zlojutro, Milka
Jandric, Danica Momcicevic, Branka Cancarevic-Djajic, Ranko Skrbic

Drafting of the manuscript: Pedja Kovacevic, Jovana Malic, Tijana Kovacevic, Sasa Dragic, Biljana
Zlojutro, Milka Jandric, Danica Momcicevic, Branka Cancarevic-Djajic, Ranko Skrbic

Supervision: Pedja Kovacevic

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Animal subjects: All

2024 Kovacevic et al. Cureus 16(3): €55725. DOI 10.7759/cureus.55725 9 of 11


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Weekly epidemiological update on COVID-19 - 24 August 2021 . (2021). Accessed: September 15, 2023:
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---24-august-2021.
Huang X, Wei F, Hu L, Wen L, Chen K: Epidemiology and clinical characteristics of COVID-19. Arch Iran
Med. 2020, 23:268-71. 10.34172/aim.2020.09

Li X, Ma X: Acute respiratory failure in COVID-19: is it "typical” ARDS?. Crit Care. 2020, 24:198.
10.1186/s13054-020-02911-9

Ranieri VM, Rubenfeld GD, Thompson BT, et al.: Acute respiratory distress syndrome: the Berlin definition .
JAMA. 2012, 307:2526-33. 10.1001/jama.2012.5669

Kovacevic P, Djajic V, Momcicevic D, et al.: Boosting ICU capacity during the COVID-19 pandemic in the
western Balkan region, The Republic of Srpska experience. ] Public Health Res. 2023,
12:22799036231151762. 10.1177/22799036231151762

Yang L, Xie X, Tu Z, Fu ], Xu D, Zhou Y: The signal pathways and treatment of cytokine storm in COVID-19 .
Signal Transduct Target Ther. 2021, 6:255. 10.1038/541392-021-00679-0

Jafari-Oori M, Ghasemifard F, Ebadi A, et al.: Acute respiratory distress syndrome and COVID-19: a scoping
review and meta-analysis. Adv Exp Med Biol. 2021, 1321:211-28. 10.1007/978-3-030-59261-5_18
Alijotas-Reig |, Esteve-Valverde E, Belizna C, et al.: Immunomodulatory therapy for the management of
severe COVID-19. Beyond the anti-viral therapy: a comprehensive review. Autoimmun Rev. 2020,
19:102569. 10.1016/j.autrev.2020.102569

Marmor M, Jonas A: Corticosteroids for COVID-19-associated ARDS. Clinical Pulmonary Medicine. 2020,
27:165-7. 10.1097/CPM.0000000000000381

Horby P, Lim WS, Emberson JR, et al.: Dexamethasone in hospitalized patients with Covid-19 . N Engl ] Med.
2021, 384:693-704. 10.1056/NEJMo0a2021436

Bhimraj A, Morgan RL, Shumaker AH, et al.: Infectious Diseases Society of America guidelines on the
treatment and management of patients with COVID-19. Clin Infect Dis. 2020, ciaa478. 10.1093/cid/ciaa478
Salton F, Confalonieri P, Centanni S, et al.: Prolonged higher dose methylprednisolone versus conventional
dexamethasone in COVID-19 pneumonia: a randomised controlled trial (MEDEAS). Eur Respir J. 2023,
61:2201514. 10.1183/13993003.01514-2022

Yaqoob H, Greenberg D, Hwang F, et al.: Comparison of pulse-dose and high-dose corticosteroids with no
corticosteroid treatment for COVID-19 pneumonia in the intensive care unit. ] Med Virol. 2022, 94:349-56.
10.1002/jmv.27351

Ranjbar K, Moghadami M, Mirahmadizadeh A, et al.: Methylprednisolone or dexamethasone, which one is
superior corticosteroid in the treatment of hospitalized COVID-19 patients: a triple-blinded randomized
controlled trial. BMC Infect Dis. 2021, 21:337. 10.1186/s12879-021-06045-3

Pinzén MA, Ortiz S, Holguin H, et al.: Dexamethasone vs methylprednisolone high dose for Covid-19
pneumonia. PLoS One. 2021, 16:€0252057. 10.1371/journal.pone.0252057

Ko JJ, Wu C, Mehta N, Wald-Dickler N, Yang W, Qiao R: A comparison of methylprednisolone and
dexamethasone in intensive care patients with COVID-19. ] Intensive Care Med. 2021, 36:673-80.
10.1177/0885066621994057

Khiali S, Entezari-Maleki T: Therapeutic application of corticosteroids in COVID-19: a focus on optimum
dose and duration of therapy. | Clin Pharmacol. 2021, 61:1145-8. 10.1002/jcph.1929

Beran A, Ayesh H, Mhanna M, et al.: Methylprednisolone may be superior to dexamethasone in COVID-19: a
meta-analysis of randomized controlled trials. Am ] Ther. 2022, 29:e351-4. 10.1097/M]T.0000000000001507
Kovacevic P, Meyer FJ, Gajic O: Successful implementation of modern critical care in the low-resources
country Bosnia and Herzegovina : single-center experience. Med Klin Intensivmed Notfmed. 2022, 117:269-
75.10.1007/s00063-021-00778-4

Kovacevic P, Dragic S, Kovacevic T, et al.: Impact of weekly case-based tele-education on quality of care in a
limited resource medical intensive care unit. Crit Care. 2019, 23:220. 10.1186/513054-019-2494-6

Perner A, Venkatesh B: Higher-dose dexamethasone for patients with COVID-19 and hypoxaemia? . Lancet.
2023,401:1474-6. 10.1016/50140-6736(23)00587-1

Tocilizumab in patients admitted to hospital with COVID-19 (RECOVERY): a randomised, controlled, open-
label, platform trial. Lancet. 2021, 397:1637-45. 10.1016/S0140-6736(21)00676-0

Baricitinib in patients admitted to hospital with COVID-19 (RECOVERY): a randomised, controlled, open-
label, platform trial and updated meta-analysis. Lancet. 2022, 400:359-68. 10.1016/S0140-6736(22)01109-6
Annane D, Pastores SM, Rochwerg B, et al.: Guidelines for the diagnosis and management of critical illness-
related corticosteroid insufficiency (CIRCI) in critically ill patients (part I): Society of Critical Care Medicine
(SCCM) and European Society of Intensive Care Medicine (ESICM) 2017. Crit Care Med. 2017, 45:2078-88.
10.1097/CCM.0000000000002737

Meduri GU, Headley AS, Golden E, Carson SJ, Umberger RA, Kelso T, Tolley EA: Effect of prolonged
methylprednisolone therapy in unresolving acute respiratory distress syndrome: a randomized controlled
trial. JAMA. 1998, 280:159-65. 10.1001/jama.280.2.159

Martin-Loeches I, Torres A: Corticosteroids for CAP, influenza and COVID-19: when, how and benefits or
harm?. Eur Respir Rev. 2021, 30:200346. 10.1183/16000617.0346-2020

Chang X, Li S, Fu 'Y, Dang H, Liu C: Safety and efficacy of corticosteroids in ARDS patients: a systematic

2024 Kovacevic et al. Cureus 16(3): €55725. DOI 10.7759/cureus.55725 10 of 11


https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---24-august-2021
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---24-august-2021
https://dx.doi.org/10.34172/aim.2020.09
https://dx.doi.org/10.34172/aim.2020.09
https://dx.doi.org/10.1186/s13054-020-02911-9
https://dx.doi.org/10.1186/s13054-020-02911-9
https://dx.doi.org/10.1001/jama.2012.5669
https://dx.doi.org/10.1001/jama.2012.5669
https://dx.doi.org/10.1177/22799036231151762
https://dx.doi.org/10.1177/22799036231151762
https://dx.doi.org/10.1038/s41392-021-00679-0
https://dx.doi.org/10.1038/s41392-021-00679-0
https://dx.doi.org/10.1007/978-3-030-59261-5_18
https://dx.doi.org/10.1007/978-3-030-59261-5_18
https://dx.doi.org/10.1016/j.autrev.2020.102569
https://dx.doi.org/10.1016/j.autrev.2020.102569
https://dx.doi.org/10.1097/CPM.0000000000000381
https://dx.doi.org/10.1097/CPM.0000000000000381
https://dx.doi.org/10.1056/NEJMoa2021436
https://dx.doi.org/10.1056/NEJMoa2021436
https://dx.doi.org/10.1093/cid/ciaa478
https://dx.doi.org/10.1093/cid/ciaa478
https://dx.doi.org/10.1183/13993003.01514-2022
https://dx.doi.org/10.1183/13993003.01514-2022
https://dx.doi.org/10.1002/jmv.27351
https://dx.doi.org/10.1002/jmv.27351
https://dx.doi.org/10.1186/s12879-021-06045-3
https://dx.doi.org/10.1186/s12879-021-06045-3
https://dx.doi.org/10.1371/journal.pone.0252057
https://dx.doi.org/10.1371/journal.pone.0252057
https://dx.doi.org/10.1177/0885066621994057
https://dx.doi.org/10.1177/0885066621994057
https://dx.doi.org/10.1002/jcph.1929
https://dx.doi.org/10.1002/jcph.1929
https://dx.doi.org/10.1097/MJT.0000000000001507
https://dx.doi.org/10.1097/MJT.0000000000001507
https://dx.doi.org/10.1007/s00063-021-00778-4
https://dx.doi.org/10.1007/s00063-021-00778-4
https://dx.doi.org/10.1186/s13054-019-2494-6
https://dx.doi.org/10.1186/s13054-019-2494-6
https://dx.doi.org/10.1016/S0140-6736(23)00587-1
https://dx.doi.org/10.1016/S0140-6736(23)00587-1
https://dx.doi.org/10.1016/S0140-6736(21)00676-0
https://dx.doi.org/10.1016/S0140-6736(21)00676-0
https://dx.doi.org/10.1016/S0140-6736(22)01109-6
https://dx.doi.org/10.1016/S0140-6736(22)01109-6
https://dx.doi.org/10.1097/CCM.0000000000002737
https://dx.doi.org/10.1097/CCM.0000000000002737
https://dx.doi.org/10.1001/jama.280.2.159
https://dx.doi.org/10.1001/jama.280.2.159
https://dx.doi.org/10.1183/16000617.0346-2020
https://dx.doi.org/10.1183/16000617.0346-2020
https://dx.doi.org/10.1186/s12931-022-02186-4

Cureus

28.

29.

30.

31.

32.

33.

34.

review and meta-analysis of RCT data. Respir Res. 2022, 23:301. 10.1186/s12931-022-02186-4

Hong S, Wang H, Zhang Z, Qiao L: The roles of methylprednisolone treatment in patients with COVID-19: a
systematic review and meta-analysis. Steroids. 2022, 183:109022. 10.1016/j.steroids.2022.109022

Hong S, Wang H, Li S, Liu J, Qiao L: A systematic review and meta-analysis of glucocorticoids treatment in
severe COVID-19: methylprednisolone versus dexamethasone. BMC Infect Dis. 2023, 23:290.
10.1186/512879-023-08280-2

Taher A, Lashkari M, Keramat F, Hashemi SH, Sedighi L, Poorolajal ], Mehrpooya M: Comparison of the
efficacy of equivalent doses of dexamethasone, methylprednisolone, and hydrocortisone for treatment of
COVID-19-related acute respiratory distress syndrome: a prospective three-arm randomized clinical trial.
Wien Med Wochenschr. 2023, 173:140-51. 10.1007/s10354-022-00993-4

Wu H, Daouk S, Kebbe ], Chaudry F, Harper ], Brown B: Low-dose versus high-dose dexamethasone for
hospitalized patients with COVID-19 pneumonia: a randomized clinical trial. PLoS One. 2022, 17:e0275217.
10.1371/journal.pone.0275217

Maskin LP, Bonelli I, Olarte GL, et al.: High- versus low-dose dexamethasone for the treatment of COVID-
19-related acute respiratory distress syndrome: a multicenter, randomized open-label clinical trial. |
Intensive Care Med. 2022, 37:491-9. 10.1177/08850666211066799

Granholm A, Kjeer MN, Munch MW, et al.: Long-term outcomes of dexamethasone 12 mg versus 6 mg in
patients with COVID-19 and severe hypoxaemia. Intensive Care Med. 2022, 48:580-9. 10.1007/s00134-022-
06677-2

Munch MW, Myatra SN, Vijayaraghavan BK, et al.: Effect of 12 mg vs 6 mg of dexamethasone on the number
of days alive without life support in adults with COVID-19 and severe hypoxemia: the COVID STEROID 2
randomized trial. JAMA. 2021, 326:1807-17. 10.1001/jama.2021.18295

2024 Kovacevic et al. Cureus 16(3): €55725. DOI 10.7759/cureus.55725

11 0of 11


https://dx.doi.org/10.1186/s12931-022-02186-4
https://dx.doi.org/10.1016/j.steroids.2022.109022
https://dx.doi.org/10.1016/j.steroids.2022.109022
https://dx.doi.org/10.1186/s12879-023-08280-2
https://dx.doi.org/10.1186/s12879-023-08280-2
https://dx.doi.org/10.1007/s10354-022-00993-4
https://dx.doi.org/10.1007/s10354-022-00993-4
https://dx.doi.org/10.1371/journal.pone.0275217
https://dx.doi.org/10.1371/journal.pone.0275217
https://dx.doi.org/10.1177/08850666211066799
https://dx.doi.org/10.1177/08850666211066799
https://dx.doi.org/10.1007/s00134-022-06677-2
https://dx.doi.org/10.1007/s00134-022-06677-2
https://dx.doi.org/10.1001/jama.2021.18295
https://dx.doi.org/10.1001/jama.2021.18295

	Comparative Efficacy of High-Dose Dexamethasone Versus Methylprednisolone in Coronavirus Disease 2019 (COVID-19)-Associated Acute Respiratory Distress Syndrome
	Abstract
	Introduction
	Materials And Methods
	Study designs
	Study population (demographic, clinical, and laboratory characteristics)
	TABLE 1: Two groups of patients based on the severity of ARDS and mode of respiratory support.

	Intervention (local protocol for corticosteroid treatment)
	Statistical analysis

	Results
	FIGURE 1: Flowchart of patient selection and follow-up.
	TABLE 2: Demographic and clinical characteristics and final outcome of all observed patients with COVID-19-associated ARDS for the treatment group.
	TABLE 3: Clinical characteristics and final outcomes of patients treated with NIV (group A) using two types of corticosteroids.
	TABLE 4: Length of stay in ICU/time to recovery performance analysis: Cox models (NIV patients' ICU days).
	FIGURE 2: Survival function estimated by Cox model, for patients treated with NIV only, according to treatment received: MTP vs. DXM.
	FIGURE 3: Cumulative hazard function estimated by Cox model, for patients treated with NIV only, according to the MTP vs. DXM treatment.
	TABLE 5: Clinical characteristics and final outcomes of patients treated with IMV (group B) using two types of corticosteroids.

	Discussion
	TABLE 6: Logistic regression analysis: association of type of treatment (MTP vs. DXM) with mortality in patients in group B (invasive mechanical ventilation)

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


