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ABSTRACT

Context: The pathological progression in severe Coronavirus Disease 2019 (COVID-19) includes an excessive and unregulated
pro-inflammatory cytokine storm. Though the efficacy of corticosteroids like methylprednisolone (MPS) in severe COVID-19 is proven
now, its dose and duration are not precise. Aims: Our study aimed to compare the effect of a standard dose (SD) of MPS (60-120 mg/
day) to a high dose (HD) of MPS (>120 mg/day) on the outcome of hospitalized COVID-19 patients. Settings and Design: This study
was a cross-sectional study. Patients admitted to AIIMS, Bhopal’s intensive care unit (ICU) from July 2020 to March 2021 were
enrolled in the study. Methods and Material: The patient’s medical records were extracted from the medical record section of the
hospital. The primary endpoint was the all-cause mortality during the hospital stay. The secondary endpoints were the need for
mechanical ventilation, the use of vasopressors, the occurrence of acute kidney injury (AKI), and secondary infections. Statistical
Analysis Used: Data were entered in the MS Excel spreadsheet and coded appropriately. Results: Our data showed that survival,
the need for mechanical ventilation, the occurrence of AKI, and secondary bacterial infection are comparable among the two groups
with no significant difference. The logistic regression analysis showed that there is a slightly higher risk of death for patients with
an acute respiratory distress syndrome (ARDS) receiving HD of corticosteroids compared to SD, though these results were found
to be statistically non-significant. Conclusions: In hospitalized patients suffering from severe COVID-19 pneumonia, an SD of MPS
is as effective as an HD of MPS in terms of reduction in mortality and need for mechanical ventilation.

Keywords: Corticosteroid, COVID-19, methylprednisolone, respiratory failure, sepsis

Introduction

Coronavirus Disease 2019 (COVID-19) is an infection of the
respiratory tract identified in Wuhan, China, in December 2019,
due to a newly emerging coronavirus. While a majority of the
COVID-19 patients experience only moderate or uncomplicated
illness, approximately 14% develop a serious disease that
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necessitates hospitalization and oxygen treatment, and 5%
need admission to an intensive care unit (ICU). COVID-19
can cause sepsis, septic shock, acute respiratory distress
syndrome (ARDS), multi-organ failure, involving acute kidney
damage, and cardiac injury in serious cases. The pathogenic viral
response, accompanied by host inflammatory responses with
different levels of severity, may occur in the two overlapping
phases.? The pathological progtession in severe COVID-19
includes an excessive and unregulated pro-inflammatory
cytokine storm leading to immunopathological lung injury,
diffuse alveolar damage with the development of ARDS, and
death B4
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Since no antiviral therapy has demonstrated its
effectiveness, the current clinical management consists
primarily of supportive care, supplemental oxygen, and
mechanical ventilatory support. Adjunctive treatment with
immunomodulatory agents targeting the inflammatory
cytokine storm is being evaluated. As a possible successful
therapy for COVID-19, corticosteroids have gained
worldwide attention. The majority of the efficacy data
on glucocorticoids in these meta-analyses come from a
large, randomized open-label trial in the United Kingdom
wherein oral or intravenous dexamethasone reduced 28-day
mortality among the hospitalized patients compared with
usual care alone.’) However, many ICU physicians feel
comfortable with an intermediate-acting corticosteroid,
Methylprednisolone (MPS). In a majority of randomized
controlled trials, this agent has been the primary corticosteroid
used in the ICU management of ARDS. Another reason for
wider use of MPS is that MPS achieves higher lung tissue
concentration in animal models than dexamethasone, which
may be more effective for lung injury.l’! Earlier studies done
in Severe acute respiratory syndrome (SARS) patients have
also shown the effectiveness of MPS in the treatment.["®
Though the efficacy of the corticosteroid (MPS) in severe
COVID-19 is proven now, its dose and duration are not
precise. Various guidelines recommended 1-2 mg/kg
methylprednisolone for 5—7 days; however, a few clinicians
found better results with doses as high as 500-750 mg/day
for 3 days and then slowly weaning steroids over several
days.”! Thus, based on this information, we conducted a
cross-sectional study to compare the effect of a standard
dose (SD) of MPS (60-120 mg/day) to a high dose (HD)
of MPS (>120 mg/day) on the outcome of hospitalized
COVID-19 patients.

Subjects and Methods

Subjects

Patients hospitalized in the ICU of the All India Institute of
Medical Sciences (AIIMS) Bhopal with Severe acute respiratory
syndrome- Coronavirus-2 (SARS-CoV-2) infection, which was
confirmed by real-time polymerase chain reaction (PCR), were
evaluated for possible inclusion in our study. The study included
hospitalized patients over the age of 18 years who had an oxygen
saturation of less than 93% in room air at the time of admission
and received injection MPS within 24 h of admission. The
patients who died during the first 24 h of admission or required
discontinuation of the corticosteroid due to any complication
were excluded from the study.

Study design

This study is a cross-sectional study. Patients admitted to
AIIMS’ ICU, Bhopal, from July 2020 to March 2021, were
enrolled in the study. The patients’ medical records were
extracted from the medical record section of the hospital. The
patients fulfilling the inclusion criteria were divided into two
groups. In the SD group, patients received 60-120 mg/day
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MPS for 7-10 days, while in the HD group, patients received
250-500 mg/day MPS for 3 days followed by 60-120 mg/day
MPS for next 7 days. We hypothesized, based on the previous
research, that the SD of MPS is non-inferior to the HD of MPS
in terms of efficacy. The following patient data were retrieved
from the medical record: Demographic features, underlying
disease, oxygen saturation on admission, PO,/SPO, ratio,
type of oxygen supplementation, use of other drugs, need of
non-invasive ventilation (NIV), need of invasive ventilation,
the occurrence of acute kidney injury (AKI), secondary
infections, and final outcome. Ethical clearance was obtained
from the Institutional Ethical Committee before the start of
the study THEC-LOP/2020/IM0281).

Endpoints

The primary endpoint was the all-cause mortality during the
hospital stay. The secondary endpoints were a need for NIV, need
for invasive ventilation, use of vasopressors, the occurrence of
AKI, and secondary infections.

Statistical analysis

Data were entered in the MS Excel spreadsheet and coded
appropriately. To express the quantitative data, the mean and
standard deviation was used; the qualitative data were expressed
as frequency and percentages. The Student’s #~test and Chi-square
test were performed for quantitative and qualitative data,
respectively. Logistic regression was applied to study the effect
of both dosages on primary and secondary endpoints. All tests
were performed at 95% CI with a P value of < 0.05 labeled as
statistically significant. Analysis was done using MS Excel 365,
epi info V07, and R software V3.

Results

The research involved a total of 280 patients (65 females,
215 males). The mean age of the study participants was
50 £ 13.4 years. It was found that, while chances of survival and
occurrence of secondary infection declined with age, the need
for ventilators, vasopressor agents, and the occurrence of AKI
increased with age [Figures. 1 and 2] [Table 1].

The majority (81.4%) of the participants had one or more
comorbid conditions. The most common comorbidities were
diabetes mellitus (DM) and systemic hypertension (HTN),
which were present in more than half of the enrolled patients.
The data for the baseline characteristics (sociodemographic and
clinical) were compared in the two study groups (SD vs. HD
steroid). It was found that for most of the baseline parameters,
the distribution among the two groups, SD and HD, was found
to be statistically non-significant with P > .05, which led to a
better comparison of the groups with respect to the outcome (s)
of interest. Since this is a retrospective analysis, certain
parameters like oxygen saturation on admission, the severity of
ARDS (P20, /SPO,) on admission, were not matched in the two
groups with P < .05 [Table 1].
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Since the research study question is that the SD is not inferior to AKI, and secondary bacterial infection is comparable among the
the HD steroid because of the need for interventions and clinical two groups with no significant difference (P> .05). However, the
outcome, the same reflected in Table 2 which shows that the need for the vasopressor agent was found to be significantly more
survival, the need for mechanical ventilation, the occurrence of among the SD steroid group compared to the HD (P < .05).
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Figure 1: Age and gender-wise distribution of study participants
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Figure 2: Conditional estimates plots displaying the probability of following dependent variables with respect to age: (a) Survival (b) Need for
NIV (c) Need for MV (d) Need for vasopressors (e) Occurance of AKI (f) Occurance of infections

Table 1: Distribution of baseline demographics, clinical parameters among two groups
Steroid Dose

All patients 280; n (%) Standard dose 77; n (%) High dose 203; n (%) P

Age (years) 58%13 59.2%14.2 57.6£13.1 0.36
Gender (female) 65(23.2) 20 (25.9) 45 (22.1) 0.5
Overall comorbidity (Present) 228 (81.4) 65 (84.4) 163 (80.3) 0.429
DM 149 (53.2) 44 (57.1) 105 (51.7) 0.417
HTN 159 (56.7) 45 (58.4) 114 (56.2) 0.730
CAD 41 (14.0) 09 (11.6) 32 (15.8) 0.389
CKD 16 (5.7) 06 (7.8) 10 (4.9) 0.356
Saturation on admission

90-92 88 (31.4) 34 (44.2) 54 (26.6) 0.003*

80-89 102 (36.4) 30 (38.9) 72 (35.4)

70-79 40 (14.3) 07 (9.1) 33 (16.3)

<70 50 (17.9) 06 (7.8) 44 (21.7)
Pa0,/SPO, (day 1) 137.5£50.3 160.9149.3 128+47.8 <.001*
Severe ARDS (day 1) 77 (27.5) 08 (10.3) 69 (33.9) <.001*
Remdesivir use 128 (45.7) 29 (37.6) 99 (48.8) 0.09
Anticoagulant use 272 (97) 75 (97.4) 197 (97) 0.480
Tocilizumab use 16 (5.7) 05 (6.5) 11 (5.4) 0.729

*Significant at P<.05. DM, Diabetes mellitus; HTN, Hypertension; CAD, Coronary artery disease; CKD, Chronic kidney disease, PaO,/FiO,, PaO, (arterial pO,) from the ABG. FIO,, the fraction (percent) of inspired
oxygen that the patient is receiving expressed as a decimal; ARDS, acute respiratory distress syndrome
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When interferential plots were drawn to find out the probability
of occurrence of the above-mentioned primary and secondary
endpoints for two steroid dose groups, similar trends were

observed [Figures. 3].

The logistic regression analysis showed a slightly higher risk of
death for patients with an ARDS receiving HD of corticosteroids
than SD. However, these results were found to be statistically
non-significant (OR 1.077,95% CI-0.453 to 0.600, P> 0.05). Similar
results were obtained for need for NIV (OR 1.437, 95% CI -0.167

to 0.892, P > 0.05). There was no statistical difference in the need
for mechanical ventilation, the occurrence of AKI, and secondary
infection between the HD and SD group (P > 0.05). Only the need
for vasopressor was found to be significantly less (43% less) among
the HD group compared to the SD group (P < 0.05) [Tables 2 and 3.

Discussion

Corticosteroids can regulate immune-mediated lung injury and
decrease the development of respiratory failure and death.

Table 2: Comparison of two groups (high-dose vs. standard dose steroid) with treatment need and clinical outcome

Survival Significance
No. (%) Died Survived

Steroid dose
SD 77 (100) 42 (54.5) 35 (45.5) =0.076, df=1,
HD 203 (100) 107 (52.7) 96 (47.3) P=0.078
Total 280 (100) 149 (53.2) 131 (46.8)

Need of NIV
SD 77 (100) 36 (46.7) 41 (53.3) »=1.805, df=1,
HD 203 (100) 77 (37.9) 126 (62.1) P=0.179
Total 280 (100) 113 (40.3) 167 (59.6)

Need of Invasive Ventilation
SD 77 (100) 31 (40.2) 46 (59.8) 1=0.964, df=1,
HD 203 (100) 95 (46.8) 108 (53.2) P=0.326
Total 280 (100) 126 (45) 154 (55)

Need of Vasopressors
SD 77 (100) 41 (53.2) 36 (46.8) =153, df=1,
HD 203 (100) 135 (66.5) 68 (33.5) P=0.000*
Total 280 (100) 176 (62.8) 104 (37.2)

Occurrence of AKI
SD 77 (100) 51 (66.2) 26 (33.8) 1=2.941, df=1,
HD 203 (100) 155 (76.4) 48 (23.6) P=0.086
Total 280 (100) 206 (73.6) 74 (26.4)

Occurrence of Secondary Infections
SD 77 (100) 63 (81.8) 14 (18.2) =0.652, df=1,
HD 203 (100) 174 (85.7) 29 (14.3) P=0.419
Total 280 (100) 237 (84.7) 43 (15.3)

*Significant at P<.05. HD, High dose steroid; SD, Standard dose steroid; NIV, non-invasive ventilation; AKI, acute kidney injury
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Figure 3: Probability estimate of survival (a), treatment need (b, c, d), and other clinical outcomes (e,f) with respect to steroid dose
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Table 3: Primary and secondary outcomes of patients
receiving high dose of corticosteroids

Outcomes? Odds 95% confidence P
Ratio interval
Lower Upper
bound bound
Primary endpoint
Death 1.077 -0.453 0.600 0.783
Secondary endpoints
Need for NIV 1.437 -0.167 0.892 0.180
Need for Invasive Ventilation — 0.766 -0.799 0.226 0.327
Need for vasopressor 0.574 -1.090 -0.022  0.041*
AKI 0.607 -1.071 0.074 0.088
Secondary infections 0.750 -0.988 0.412 0.420

*Significant at P<.05. NIV, non-invasive ventilation; AKI, acute kidney injury. *“Compatisons are
performed with standard dose (SD) of steroids as reference

Various studies have been conducted to study the efficacy of
corticosteroids in COVID-19. Corticosteroids of different doses
and types were included in numerous ongoing clinical trials. Their
safety and efficacy in managing the symptoms of COVID-19,
especially in the pneumonia stage, were tested. ' In these trials,
approximately 3,880 ARDS patients were recruited with disease
stages ranging from moderate to severe respiratory distress,
of which MPS was the most commonly used corticosteroids.
The dangers of using large doses of corticosteroids to treat
COVID-19 pneumonia include secondary infections, long-term
complications, and prolonged virus shedding and escalating
toward advanced stages.!'" Another study conducted by GC
Khilnani and H Vijay!'"! registered an increased mortality
rate (35.7%) with the HD of corticosteroids. Moreover, excessive
levels of glucocorticoids have shown to precipitate heart failure
by aggravating fluid retention, triggering risk factors like glucose
intolerance, dyslipidemia, and worsening atheromatous vascular
disease.l"”” Thus, the usage of corticosteroids at mild to moderate
stages of COVID-19 is still questionable, with higher mortality
rates than the comparator. The aim of our study was to see
how different doses of MPS worked as an add-on treatment
to the regular COVID-19 treatment protocol in hospitalized
COVID-19 patients. Our data showed that survival, need for
mechanical ventilation, the occurrence of AKI, and secondary
bacterial infection are comparable among the two groups with
no significant difference. However, the need for the vasopressor
agent was found to be significantly more among the SD steroid
group compared to the HD. The logistic regression analysis
showed that there is a slightly higher risk of death for patients
with an ARDS receiving HD of corticosteroids compared to SD
though these results were found to be statistically non-significant.
Wang e all') conducted a retrospective cohort analysis to assess
the treatment of the COVID-19 patients with alow dose of MPS
with short-term duration in which it was found that the patients
who received 1-2 mg/kg/day MPS for 5-7 days had a shorter
hospital course duration and less need for mechanical ventilation.
Still, there was no difference in the mortality rate from those who
received standard care, which is in line with our results. Ranjbar
K, et all" also concluded that 2 mg/kg of MPS led to better
outcomes in hypoxic hospitalized COVID-19 patients than high
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doses. Cano ez a/"¥

found high heterogeneity in the doses of steroids; in 74.2% of
the studies, steroids were given in low doses, in 11.4%, in high

conducted a meta-analysis of 35 studies and

or pulse doses, and in 5.6%, a mixed regimen was used. This
meta-analysis failed to prove a beneficial effect of one regimen
over another. Hamed DM, e «/"! found that the use of SD
of MPS for 7 days was associated with significantly lower ICU
admission, lower invasive ventilation, and reduced mortality at
45 days. Cheng B, e a/.?" also concluded that SD of corticosteroid
administration was associated with a 27% risk reduction in
mechanical ventilation (hazard ratio [HR]: 0.73 [0.64—0.83])
and a 20% reduction in the mortality of critically ill/severe
COVID-19 patients (HR: 0.80 [0.65-0.98]).

Conclusion

In hospitalized patients suffering from severe COVID-19, an
SD of MPS is as effective as an HD of MPS in terms of the
reduction in mortality and a need for mechanical ventilation.
Considering the increased numbers of hospital-acquired
infections and mucormycosis cases in COVID-19 patients, we
should use the lowest effective dose of corticosteroid in these
patients.

Key Messages

During the second wave of COVID-19, considering a large
number of patients, many primary care physicians are involved
in patient management. The primary care physicians should
not use corticosteroids in mild to moderate cases. Even
in hospitalized patients suffering from severe COVID-19
pneumonia, an SD of MPS is as effective as an HD of MPS in
terms of the reduction in mortality and the need for mechanical
ventilation.
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