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a b s t r a c t

Background: Corticosteroids have attracted attention as a treatment option for severe

Coronavirus disease (COVID-19). However, published data on steroid therapy is debatable,

and real-world data is lacking. This study evaluated the effect of treatment regimens,

especially Pulse steroid therapy (Injection Methyl Prednisolone 250 mg iv once a day for

three days) in severe-COVID-19 pneumonia at an Indian tertiary care hospital.

Methods: This observational cross-sectional study included severe COVID-19 pneumonia

patients aged >18 years, requiring assisted ventilation. As part of the hospital protocol,

patients received either pulse steroid therapy, remdesivir or tocilizumab in addition to the

recommended steroid doses i.e., injection of dexamethasone 6 mg iv once a day. The as-

sociation of factors and treatment regimens to patient outcomes was evaluated.

Results: Data of eighty-three patients were assessed, majority being above 60 years (n ¼ 30,

36.14%) and males (n ¼ 45/83, 54.21%). The commonest comorbidities were hypertension

(n ¼ 26), diabetes (n ¼ 23) and obesity (n ¼ 19), fifty-five patients (66.26%) reported at least

one comorbidity. Sixty-one patients (73.49%) had received pulse steroid regimen, forty-

eight patients (57.83%) were administered remdesivir-based regimen while twelve pa-

tients (14.46%) had received tocilizumab treatment. 54.1% patients managed with pulse

steroid regimens were discharged after treatment, statistically similar to remdesivir-

managed subgroup (62.5%, p > 0.05). On sub-group analysis, pulse steroids showed better

outcomes in young males with no comorbidities. No comorbidity had significant rela-

tionship with patient outcomes (p > 0.05).

Conclusion: Pulse steroid therapy is an effective therapy in management of patients with

severe COVID-19 pneumonia in a real-world setting, with better outcomes in young males
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without comorbidities. Pulse steroids can be considered a viable option for severe-COVID-

19 pneumonia management.

© 2022 Director General, Armed Forces Medical Services. Published by Elsevier, a division of

RELX India Pvt. Ltd. All rights reserved.
Hence, we evaluated the efficacy of various drug regimens,

Introduction

In March 2020, theWorld Health Organization (WHO) declared

COVID-19 diseasea global pandemic. Itwill not bewrong to say

that the pandemic, caused by the severe acute respiratory

syndrome coronavirus e 2 (SARS-CoV-2) strain, wreaked

havoc, leading to more than 236 million confirmed cases and

more than 4.8 million deaths globally, as of October 2021.1 As

the COVID-19 pandemic spread across all parts of the world,

the hospitals and intensive care units were overwhelmedwith

aheavy loadof severe cases, andwith limitedknowledgeof the

disease, managing the severe cases was a challenge for all cli-

nicians. In India, this was an even bigger challenge with the

massive population completely exhausting the hospital

beds and the lack of clarity on managing severe COVID-19

pneumonia adding to the difficulty in managing these cases.

Many pharmacological therapies (for example remdesivir,

tocilizumab) have been administered to patients suffering from

severe COVID-19 pneumonia, despite the dearth of evidence

supporting their efficacy. In addition, the supply of promising

drugs like remdesivir was also challenging to fulfil, and hence it

becomes imperative to look at other options for managing se-

vere COVID-19 patients. It was not surprising to note the atten-

tion attracted by corticosteroids, because it has been used as an

anti-inflammatory agent for a long time. Clinicians, particularly

intensivists,haveusedcorticosteroids inpatients suffering from

acuterespiratorydistresssyndromeandsepticshock to improve

outcomes.2 In addition, corticosteroids are easily available and

an inexpensive option.

At the onset of the COVID-19 pandemic, guidelines gave a

mixed recommendations on corticosteroid usage. Guidelines

fromthe InfectiousDiseaseSocietyofAmerica (IDSA), published

in April 2020, stated a weak recommendation for steroid use,

except in cases of COVID-19 and acute respiratory distress syn-

drome managed in a clinical trial.3 The WHO guideline made a

strong recommendation for systemic (i.e. intravenous or oral)

corticosteroid therapy (e.g. 6 mg of dexamethasone orally or

intravenously daily or 50 mg of hydrocortisone intravenously

every 8 h) for 7e10 days in patients diagnosed with severe and

critical COVID-19 pneumonia. In addition, WHO also made a

conditional recommendation not to use corticosteroid therapy

in patients with non-severe COVID-19.4

In the real world, clinicians faced with the challenge to

manage patients dying due to severe COVID-19 pneumonia

used various and often higher than recommended doses of

steroids.5,6 Scientific publications also recommended a short

course of pulse i.e., Injection Methyl Prednisolone 250 mg iv

once a day for three days, to patients with severe COVID-19.7

There is no doubt that real-world data are the need of the

day to give clarity to clinicians across the globewith regards to

the use of pulse steroid therapy in severe COVID-19 cases.
including a pulse-steroid-based regimen, in severe COVID-19

pneumonia cases, at a tertiary care Indian hospital. With the

threat of another ‘wave’ of COVID-19 cases looming, this data

will help in guiding the clinicians globally with respect to

steroid use in the pandemic-stricken population.
Material and methods

This retrospective observational cross-sectional study was

conducted at a 970-bedded tertiary care hospital in India. The

study included patients with pneumonia and with severe

COVID-19 over the age of 18 years, confirmed by positive real-

time reverse transcription polymerase chain reaction for

SARS-CoV2 and requiring invasive or non-invasive ventila-

tion. Patients were not randomly selected and data available

of all severe COVID-19 cases were screened. The study period

was from 1st March 2021 to 31st May 2021, i. e., during the

second wave of COVID 19 pandemic in India. The strain

analysis for Coronavirus was not done, but the strain most

commonly noted during this period in India was the delta

variant. Adult patients with severe COVID-19 in the study

were patients with dyspnoea and with a respiratory rate of 30

or more breaths per minute, a SpO2 of less than 92%, a ratio of

the partial pressure of arterial oxygen to the fraction of

inspired oxygen (Pao2:Fio2) (P/F ratio) of less than 300 mmHg,

or infiltrates in more than 50% of the lung fields. All patients

were of severe COVID-19 pneumonia on high flow nasal can-

nula/non-invasive ventilation/mechanical ventilation. The

main exclusion criteria included the lack of complete relevant

data of patients with severe COVID-19, patients who had

dissented from medical management, mortality in the first

24 h of admission, patients in palliative care, or with a life

expectancy lower than six months. Informed consent was

obtained from all patients/next of kin. The study received

hospital ethics committee approval before it was initiated (EC

Number: ECR/1313/Inst/WB/2019.)

As part of the hospital protocol, the patients enrolled in the

studyhadreceivedeitherpulsesteroid therapy (InjectionMethyl

Prednisolone 250mg iv once a day for three days), remdesivir, or

tocilizumab. A pulse dose of steroids was given to patients with

severe COVID pneumonia with rapid worsening of respiratory

failuredespiteoptimummanagement.All factors includinghigh

c-reactive protein (CRP) values and deteriorating P/F ratio were

taken into consideration while starting pulse steroid therapy.

Prior clearance of the ethical committee was sought and ob-

tained as a life-saving measure. Patients at the hospital who

receivedpulsesteroid therapywereadministeredan injectionof

dexamethasone 6 mg once a day pre and post pulse steroid

therapy for a total duration of steroids of ten days. Patients on

Remdesivir were on the usual recommended doses of steroids,
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i.e., injectionof dexamethasone 6mg intravenously. Remdesivir

was started and given for a period of 5 days, in patients with

severe COVID-19 pneumonia reporting symptoms onset of less

than7daysduration.Thepatientswhoshowed rapidworsening

of respiratory distress despite initiation of steroids and had

markedly elevated inflammatory markers (CRP�75 mg/L) were

given a single dose of intravenous Tocilizumab 8mg/kg.

The baseline data of the enrolled patients included de-

mographic details like age, gender, and comorbidities. The

baseline investigations included the routine investigations

along with other investigations usually conducted on severe

COVID-19 cases in the hospital as protocol. These were

interleukin-6 (IL-6) levels, CRP, D-dimer, Serum ferritin, Serum

Procalcitonin and lactate dehydrogenase levels. The outcomes

of thepatientswerenoteddown, i.e., either deathor discharge.

The analysis was done to evaluate the association of

numerous factors and treatment regimens to patient out-

comes. Data were entered in Microsoft Excel and analyzed

using SPSS (Version 26.0). The various patient factors included

age, gender, and comorbidities while the treatment factors

included the duration between treatment administration and

patient outcome. The associations were evaluated using uni-

variate analysis by Chi-square test, taking p < 0.05 as statis-

tically significant (Flowchart).
Results

Data of eighty-three patients fulfilling the screening criteria

were evaluated in the study. Themajority of the patients were

above the age of 60 years (n ¼ 30, 36.14%), followed by 51e60

years’ age group (n ¼ 23, 27.71%) and 41e50 years (n ¼ 17,

20.48%). The majority of the enrolled patients were males

(n ¼ 45/83, 54.21%). Fifty-five of the enrolled patients (66.26%)

were found to be suffering from at least one comorbidity. The

commonest comorbidities were hypertension (n ¼ 26), dia-

betes (n ¼ 23), obesity (n ¼ 19), chronic respiratory disorder

(n ¼ 8), and hypothyroidism (n ¼ 6). Majority of the patient

outcomes, i.e., either death or dischargewere noted between 6

and 10 days (n ¼ 29) or 11e15 days (n ¼ 26) after treatment

initiation.

Sixty-one of the eighty-three patients (73.49%) had received

a pulse steroid regimen for managing severe COVID-19 pneu-

monia, and forty-eight patients (57.83%) were administered a

remdesivir-based regimen while twelve patients (14.46%) had

received tocilizumab treatment. Table 1 below gives a repre-

sentationof a number of patientswith various therapies,while

Table 2 shows the patient outcomes with various treatment

regimens. As treatment regimens, themajority of patients had

received only pulse steroids, followed by a combination of

remdesivir plus pulse steroids, and then remdesivir alone

(Table 1).

Themajority of deaths occurred in the >60 years age group,

and this was a statistically significant finding (p < 0.05). The

deaths in both male (n ¼ 21) and female (n ¼ 15) subgroups

were statistically comparable (p > 0.05). Overall, the presence

of comorbidities was not significantly associated with patient

outcomes (p > 0.05). On assessing the association of individual

comorbidities with patient outcomes, none of the
comorbidities had a significant relationship (p > 0.05). Table 3

illustrates the association findings between numerous factors

and patient outcomes.
Discussion

The treatment options for severe COVID-19 infections remain

limited. Besides the supportive therapy, the treatment regi-

mens adopted globally include remdesivir, tocilizumab, and

steroid-based management. As summarized in various pub-

lished review articles, remdesivir may have only modest

benefit in time to recovery in patients suffering from severe

disease but has shown no significant benefit in mortality or

other clinical outcomes.8 The largest trials evaluating the ef-

fect of Tocilizumab in COVID-19 reported a modest mortality

advantage and betterment in outcomes; nevertheless, adap-

tive trials are at risk of bias which can impact non-mortality

outcomes. The cause for mixed results is uncertain, and rea-

sons involve earlier trials had insufficient power to identify a

modest benefit, the requirement for corticosteroid use, or

early use in critical illness is necessary for tocilizumab to be

efficient.9,10 Corticosteroids are the only therapeutic agents

which have shown a clear mortality benefit in severe COVID-

19 pneumonia management. Seven RCTs have assessed

treatment with steroids in critically ill patients, evaluating

various steroid formulations like dexamethasone, methyl-

prednisolone, and hydrocortisone with promising out-

comes.11 However, the dearth in real-world data is evident

with regards to the effect of various treatment regimens in

severe COVID-19 pneumonia. In our study, we have tried to

present the real-world findings of the severe COVID-19

pneumonia management from a tertiary care center in

India, with regard to the mortality and discharge outcomes.

The majority of the severe COVID-19 cases were found to

be of the elderly age group. There is enough scientific evidence

and clinical experience to show that elderly patients are at risk

of amore severe form of COVID-19 infection.12 In addition, the

increased comorbidities in the elderly age group add to the

poor patient outcomes.13 Hence, the majority proportion of

elderly patients in the study died. The data analysis of pa-

tients with severe COVID-19 revealed that almost three-fourth

of patients had received a pulse-steroid regimen in the hos-

pital, while about half of the patients had received Remdesivir

based regimen. There have been various concerns raised

regarding the adverse effects of steroid therapy, but evidence

suggests that severe COVID-19 patients who have reached

early-70s can be considered optimal patients who can have

tolerable adverse effects. Pulse therapy with tapering of ste-

roid dosage after betterment in patient condition can help

avoid severe adverse effects.14

For therapy, dexamethasonewas administered in the study

at a dose of 6mgdaily for 10 days. Based onavailable published

evidence, if dexamethasone is unavailable, it is rational to use

other glucocorticoids at equivalent doses (e.g., total daily doses

of methylprednisolone 32 mg, prednisone 40 mg, or hydro-

cortisone 150 mg).15 Mechanism of steroid effect in COVID-19

cases have been highlighted in various published data. In

COVID-19-related severe acute respiratory syndrome, viral
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Flowchart: Data analysis and inclusion for patients in the study.

Table 1 e Patient distribution by various therapies
administered.

Therapy administered Total
patients

Death Discharge

Only pulse steroids 28 13 (46.43%) 15 (53.57%)

Only remdesivir 17 6 (35.29%) 11 (64.71%)

Only tocilizumab 3 2 (66.67%) 1 (33.33%)

Remdesivir þ pulse steroids 25 10 (40%) 15 (60%)

Tocilizumab þ pulse steroids 3 3 (100%) 0

Tocilizumab þ remdesivir 1 0 1 (100%)

Pulse steroids þ tocilizumab

þ remdesivir

5 2 (40%) 3 (60%)
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escape of cellular immune response as well as the cytokine

storm is crucial in pathophysiology and clinical outcomes.

There is severe lung inflammation which causes acute respi-

ratory distress syndrome, respiratory failure, and death.16

Corticosteroids have substantial anti-inflammatory as well as

anti-fibrotic effects, which may be a role in lowering pulmo-

nary inflammation, particularly in severe pneumonia in pro-

gressedstagesofCOVID-19disease.2,17Nevertheless, theuseof

corticosteroids may decrease the immunological response,

pathogen clearance, as well as promote viral replication, its

downregulation effect may last on the proinflammatory cyto-

kines, subsequently averting the extensive cytokine response

and stimulating the resolution of pulmonary as well as sys-

temic inflammation in pneumonia.18,19

More than half of the patients managed with pulse steroid

regimens were discharged after treatment, which was like the

outcome noted in those treated with remdesivir-based regi-

mens in the study. The response in patients treated with Inj

Tocilizumab was not good as these patients likely had poorer

prognosis because of a surge in IL-6 and associated cytokine

storm. Our findings suggested a statistically comparable

outcome between groups of severe COVID-19 pneumonia pa-

tients managed with either treatment regimen. Hence, it can

be said that steroid-based regimens hadmortality benefits like

remdesivir and tocilizumab. However, on subgroup analysis,

it was noted that pulse steroids showed better results in young

males with no comorbidities. This is important as the
availability of remdesivir, and tocilizumab was a major

concern when the last severe COVID-19 spike was experi-

enced in India in AprileMay 2021. Therewas an increase in the

cost as well as black marketing of these drugs. On the other

hand, steroids aremuch cheaper and are freely available in all

parts of the country. With similar outcome findings and

mortality advantages according to scientific evidence, this can

be a point of consideration if there is another COVID-19 spike

in the future. Young obese females fared the worst with

respect to outcomes, irrespective of the form of management

utilized. Though the reason is difficult to explain, a similar

finding has been noted in another research from the UK by

Peters et al.20 The study found that higher BMI was associated

https://doi.org/10.1016/j.mjafi.2022.05.009
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Table 2 e Various treatment regimens for COVID cases
and patient outcomes.

Death Discharge

Pulse steroid regimen (n ¼ 61) 28 (45.9%) 33 (54.1%)

Remdesivir (n ¼ 48) 18 (37.5%) 30 (62.5%)

Tocilizumab (n ¼ 12) 7 (58.33%) 5 (41.67%)

Table 3 e Association between various patient or
treatment factors and patient outcomes.

Death Discharge P value

Age group

21e30 years (n ¼ 6) 0 6 (100%) <0.01a

31e40 years (n ¼ 7) 2 (28.58%) 5 (71.42%)

41e50 years (n ¼ 17) 5 (29.42%) 12 (70.58%)

51e60 years (n ¼ 23) 9 (39.14%) 14 (60.86%)

>60 years (n ¼ 30) 20 (66.67%) 10 (33.33%)

Patient's gender

Males (n ¼ 45) 21 (46.67%) 24 (53.33%) 0.66

Females (n ¼ 38) 15 (39.48%) 23 (60.52%)

Comorbidity status

Comorbidities present

(n ¼ 55)

27 (49.09%) 28 (50.91%) 0.16

Comorbidities absent

(n ¼ 28)

9 (32.15%) 19 (67.85%)

Comorbidity type

Hypertension (n ¼ 26) 14 (53.84%) 12 (46.16%) 0.23

Diabetes mellitus (n ¼ 23) 12 (52.17%) 11 (47.83%) 0.33

Obesity (n ¼ 19) 12 (63.16%) 7 (36.84%) 0.07

Chronic respiratory disorder

(n ¼ 8)

5 (62.5%) 3 (37.5%) 0.28

Coronary artery disease

and cardiac dysfunction

(n ¼ 5)

3 (60%) 2 (40%) 0.65

Duration between treatment

Initiation and outcome

0 day (n ¼ 5) 5 (100%) 0 0.14a

1e5 days (n ¼ 29) 15 (51.72%) 14 (48.28%)

6e10 days (n ¼ 26) 9 (34.62%) 17 (65.38%)

11e15 days (n ¼ 15) 5 (33.33%) 10 (66.67%)

16e20 days (n ¼ 3) 2 (66.67%) 1 (33.33%)

>20 days (n ¼ 5) 0 5 (100%)

a P<0.05 considered significant by Chi-square test.
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with a stronger risk of COVID-19 mortality in women than

men; the women-to-men ratio of hazard ratios was 1.20. The

study also could not explain this, but this can be a topic of

exploration in future research.

WHO guideline, which made a recommendation for sys-

temic steroid usage in severe and critical COVID-19 cases, was

triggered in June 2020 by the dissemination of the preliminary

report of the RECOVERY trial. The study suggested that

dexamethasone 6 mg given once a day for up to a period of 10

days in comparison to usual care decreased the 28-day mor-

tality (482/2104 [22.9%] of patients administered dexametha-

sone versus 1110/4321 [25.7%] of patients given the usual care).

The age-adjusted rate ratio [RR] was noted to be 0.83 (95%

confidence interval [CI] 0.75e0.93) which was a significant

finding. The authors had also mentioned that this benefit was

not noted in those patients not on respiratory support.21 The

other studies evaluating the treatment regimens in severe

COVID-19 were RCTs which did not portray a picture identical
to the real-world setting. There are limitations of RCTs which

include the presence of inclusion and exclusion criteria.

However, in the real world, patients cannot be excluded. Plus,

there are issues of generalizability with RCTs. Therefore, it is

important for real-world evidence to supplement data from

RCTs, and positively bridge the gap between the controlled

nature of an RCT and the harsh realities of the real world.20

The study had a few limitations. Since it was a real-world

data analysis, a strict screening criterion was not followed,

besides the inclusion of severe COVID-19 cases. Confounding

factors were not considered in various treatment subgroups,

and propensity matching was not done for analysis. In addi-

tion, this was a single center study with limited sample size.

However, this study lays a strong foundation for future real-

world studies, especially from Indian hospitals.
Conclusion

Steroid-based regimens provided similar mortality benefits in

comparison to other treatment regimens in patients suffering

from severe COVID-19 pneumonia in the real-world setting, with

betterresults inyoungmaleswithnocomorbidities.Pulsesteroids

can be considered a viable option for severeCOVIDmanagement,

especially in future instances of severe COVID-19 spikes.
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