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ABSTRACT -- Purpose: To date, only systemic corticosteroids have demonstrated definite mortality benefit 

in management of COVID 19 in various studies. Still certain questions regarding the appropriate dose, duration 

and timing of corticosteroids remain unanswered. For this reason, the study was planned to determine the 
efficacy and safety of the pulse dose methyl prednisolone in management of COVID 19 from publicly available 

evidence. Methods: PubMed, the Cochrane library, ClinicalTrials.gov and medRxiv were searched for articles 

reporting the use of pulse dose methyl prednisolone in COVID 19 from inception until May 31st, 2021. Odds 
ratios (ORs) were calculated for estimation of pooled effect by using random effect model and heterogeneity 

was checked by using I2 statistics. Results: Twelve studies (11 observational and 1 RCT) were included in the 

systematic review. A total of 3110 patients from 9 studies were included in the meta-analysis. Though the use 

of pulse dose methyl prednisolone demonstrated statistically significant mortality benefit in comparison to 
usual care (OR=0.71, 95% CI: 0.51 to 0.97, [P=0.03]), (I2= 21%) with calculated Number Needed to Treat 

(NNT) of 23.5, there was no statistically significant difference between the use of pulse dose and low dose 

corticosteroid (OR=0.66, 95% CI: 0.44 to 1.01, [(P=0.05]), (I2= 25%) and  NNT  23.5. Incidence of adverse 
events were similar across all the groups. The grade of evidence for primary outcome was of moderate 

certainty. Conclusion: This meta-analysis concurs with the previous reports regarding the use of corticosteroid 

in COVID 19 in comparison to usual care. However, for both the primary and secondary outcome, the study 
did not find any statistically significant difference between the use of pulse dose methyl prednisolone and low 

dose corticosteroid to treat COVID 19 patients. 

 

 

INTRODUCTION 

 

Since December 2019, Coronavirus disease 19 

(COVID 19) pandemic continues to be one of the 
leading cause of morbidity and mortality 

worldwide (1,2). It is now well documented that the 

pathogenesis of COVID 19 has 3 stages, namely, 
the viral stage, the pulmonary stage, and the hyper-

inflammatory stage (3,4). The hyper-inflammatory 

stage is of major concern as it is associated with 

increased morbidity and mortality (5,6). Therefore, 
many anti-inflammatory and antioxidant agents 

have been tried for the management of COVID 19 

with varying success (7,8). To date, systemic 
corticosteroids are the only class of drugs 

successfully used for treatment of COVID 19 and 

has demonstrated definite mortality benefit in 

various studies (9,10). The mortality benefit with 
use of corticosteroid is evident in COVID 19 

patients requiring oxygen therapy or mechanical 

ventilation, i.e., the late pulmonary or hyper-
inflammatory stage of the disease (9). Though the 

Randomised Evaluation of COVID-19 Therapy 
(RECOVERY Trial) reported the mortality benefit 

with use of low dose systemic corticosteroid, still 

certain questions regarding the appropriate dose, 
duration and timing of corticosteroids remain 

unanswered (11). A meta-analysis by Hasan et al, 

reported that a short course of pulse dose methyl 
prednisolone may be a probable alternative to low 

dose dexamethasone (12). Pulse dose 

corticosteroid has also been suggested in past for 

treatment of severe acute respiratory syndrome 
(SARS) (13).  It is an accepted treatment modality 

in various rheumatologic diseases (14,15). There 

are a few case reports and case series which have 
reported the beneficial effect of pulse dose methyl 

prednisolone in management of COVID 19 (16-

18). The rapid downregulation of immune system 

activation and pro-inflammatory cytokine 
production with pulse dose corticosteroid by a non-

genomic mechanism, different from low dose 

corticosteroid makes it an attractive alternative 
therapy in hyper-inflammatory stage of different 
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diseases (19). As the evidence regarding the use of 

pulse dose methyl prednisolone in the management 
of COVID 19 is still equivocal, we planned to 

conduct this systematic review and meta-analysis 

to determine the efficacy and safety of the same 

from the publicly available evidence. 

MATERIALS AND METHODS 

 

Development and registration of protocol 

The draft protocol was developed in accordance 
with PRISMA-P guidelines and Meta-analysis of 

Observational Studies in Epidemiology (MOOSE) 

(20,21). After review by all the authors, it was 
registered in the prospective register of systematic 

review (PROSPERO) database (Registration 

number: CRD42021259610) and made publicly 

available.  

 

Types of studies, participants, intervention, and 

comparator: 
All double/ multiple arm studies (randomized, non-

randomized and observational cohort studies) 

reporting the use of pulse dose methyl prednisolone 
in management of COVID 19 along with usual care 

were included. The study inclusion was not 

restricted by year of publication, site of study or 

dose of the drugs. Case series, case reports, review 
articles and non-English language publications 

were excluded. 

 All human subjects of both gender with a 
diagnosis of COVID 19 (RT-PCR confirmed or 

clinically diagnosed) treated in hospital were 

included.  

 The intervention in all included studies was 
the administration of pulse dose methyl 

prednisolone in COVID 19 patients along with 

usual care. In the protocol, pulse dose methyl 
prednisolone is defined as ≥ 125 mg/day bolus 

infusion for a minimum of 3 days. The timing of 

pulse dose therapy in relation to disease onset was 
not a limiting factor. The comparators were either 

usual care alone or usual care with low dose 

systemic corticosteroid for management of COVID 

19. Low dose systemic corticosteroid is defined as 
≤ 1 mg/kg/day of methyl prednisolone or 

equivalent dose of dexamethasone. As there is no 

universally accepted usual care for management of 
COVID 19, the standard care followed in different 

studies as per local guideline without use of 

systemic corticosteroid is considered as usual care. 

 

Outcome measures 

The primary outcome is all-cause mortality: death 

in COVID 19 patients due to any cause within the 
available period of follow up in the studies 

(maximum up to 30 days). The secondary outcome 

measures are the need for invasive ventilation or 

intensive care unit (ICU) admission and 
development of adverse events within the study 

follow up period. 

 

Information source and search strategy 
PubMed, the Cochrane library, International 

Clinical Trials Registry Platform (ICTRP) 

including ClinicalTrials.gov and Pre-print server 
medRxiv were searched for articles reporting the 

use of pulse dose methyl prednisolone in 

management of COVID 19 along with usual care 
from inception till May 31st, 2021. 

Using PICO method, a combination of subject 

terms and keywords were used for appropriate 

adjustments of vocabulary and grammar between 
different databases. We used the search term 

(COVID 19) “AND” (pulse dose methyl 

prednisolone) “OR” (high dose methyl 
prednisolone) for literature search in PubMed. The 

reference list of all relevant articles obtained from 

electronic search were also reviewed for additional 
studies.  

 

Data extraction and management 

A pre-designed data extraction format including 
relevant information was used for data recording. 

Two review authors (RRM, BRM) independently 

extracted and assessed the data for quality 
following Cochrane Collaboration’s guidelines. 

Any disagreement between them was resolved by 

the third author (BMP).  

 

Assessment of risk of bias in included studies 

Risk of bias for study validity was accessed for all 

the studies included in the meta-analysis using Risk 
of Bias in Non-Randomized Studies - of 

Interventions (ROBINS-I) for observational 

studies”. Three authors (RRM, BRM, BMP) 
independently accessed the risk of bias in each 

study, and any disagreement was resolved by 

discussion. 

 

Data analysis 

Cochrane Program Review Manager 5.3 software 

was used for the meta-analysis. Systematic review 
was conducted for all the studies reporting the use 

of pulse dose methyl prednisolone in management 

of COVID 19. Studies reporting all-cause mortality 
as outcome measures were included in the meta-

analysis. Odds ratios (ORs) were calculated and 

combined for estimation of pooled effect by using 

random effect model in accordance with Cochrane 
Handbook for Systematic Reviews of 

Interventions. Heterogeneity among eligible 

studies was checked by using I2 statistics.  I2 > 50% 
was considered to be statistically significant. 
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Assessment of publication bias and Grade of 

evidence 
We used funnel plot for visual assessment of 

asymmetry due to publication bias. 

For certainty assessment of the evidence, Grading 
of Recommendations Assessment, Development 

and Evaluation (GRADE) profiler software (V 

3.6.1) was used. 

 

RESULTS 

 

Description of studies 
The search of all database and additional sources 

from the references of relevant publications 

retrieved 329 studies. Among them, 18 studies 

were selected for full text review after removing 
duplicates and studies not meeting the inclusion 

criteria. Finally, a total of 12 studies were included 

in the systematic review and meta-analysis (22-33). 
Six studies were excluded after full text review 

with reason (1 study was a case series with 

systematic review, 4 studies reporting use of only 
low dose methyl prednisolone and in 1 study, the 

comparator arm could not be identified). The 

PRISMA flowchart of study selection is depicted 

in Figure 1. 
 

 
 
Figure 1. PRISMA flowchart of study selection 

process. 

 Out of 12 studies, 11 studies were 

observational cohort studies (8 retrospectives, 2 

prospective, 1 ambispective studies) and 1 was a 
randomized controlled trial (RCT). The study by 

Cusacovich et al was published in pre-print server 

medRxiv and not peer reviewed (29). Though most 

of the studies included COVID 19 cases of severity 
ranging from moderate to critical, there were few 

mild cases in the studies by Pinzon et al, Cruz et al 

and Batirel et al.  (25,27,32). The basic 
demographic profile, co-morbidities and other 

treatment received were comparable across the 

groups in all the studies. The lowest dose of methyl 

prednisolone administered in pulse dose group was 
125 mg/day and the highest was 500 mg/day. 

Almost all patients received the pulse dose methyl 

prednisolone for at least 3 days in the intervention 
group. In most of the studies, the total duration of 

methyl prednisolone therapy was up to 7 days 

except in the study by Pinzon et al, where the pulse 

methyl prednisolone therapy for 3 days was 
followed by oral methyl prednisolone (50 mg/day) 

for 14 days (25). Though the follow up period 

varied across the studies, in most of them, it was up 
to 30 days. The characteristics of the 12 selected 

studies are summarized in Table 1. 

 The RCT by Edalatifard et al reported 
statistically significant survival benefit in COVID 

19 management with use of high dose methyl 

prednisolone in comparison to usual care alone 

(33). The study by Mareev et al, did not report all 
cause-mortality as an outcome measure (31). 

Although the study by Liu et al reported a total of 

2 deaths, the group in which the deaths occurred 
was not specified (22). Therefore, we included 9 

observational studies for estimating the pooled 

effect in the meta-analysis (23-30,32).  
 A total of 3110 COVID 19 patients were 

included in the meta-analysis. Among them, 902 

patients received pulse dose methyl prednisolone, 

756 patients received low dose systemic 
corticosteroid (either low dose methyl 

prednisolone or equivalent dose of dexamethasone) 

and 1452 patients received usual care without any 
corticosteroid. Though total 778 patients were 

included in the study by Bano et al, 151 patients 

were excluded from the quantitative analysis as 

their study group could not be ascertained and 88 
patients receiving only tocilizumab were included 

in usual care group (24). Similarly, 2 patients from 

the pulse dose methyl prednisolone group were 
excluded during the statistical analysis in the study 

by Cusacovich et al, but the reason for exclusion 

could not be ascertained from the study (29). Four 
studies had compared the outcome between pulse 

dose methyl prednisolone and usual care alone 

(23,26,28,29). Another 4 studies were multiple arm 

comparative studies reporting the outcome for 
pulse methyl prednisolone, usual care alone and 

low dose systemic corticosteroid (24,27,30,32). 

Only, one study reported the outcome comparing 
between the pulse methyl prednisolone and low
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Table 1. Characteristics of selected studies. 
Study name/ 

year/ country 

Study type Study 

period 

Inclusion criteria Study groups Outcome 

measures 

Steroid type/ dose Duration 

of therapy 

Other treatment 

received 

Follow up 

period 

Liu et al, 

2020. (22)  

China 

Observational 
Prospective 
cohort 

Jan 20 to 
Feb 23, 
2020 

Laboratory 
confirmed mild, 
moderate & severe 

High dose vs low 
dose methyl 
prednisolone 

Outcome of treated 
patients, 
Epidemiological 
character of 
patients 

Methyl 
prednisolone 
High dose defined 
as > 2mg/kg/day 

Median 
IQR is 7 
days 

Interferon α, Lopinavir/ 
ritonavir 

Variable 

Papamanoli et 

al, 2020. (23) 

USA 

Observational 
Retrospective 
cohort 

March 1 to 
April 15, 
2020 

Severe COVID 19 
pneumonia with 
high flow oxygen 

FIO2≥50 

High dose and low 
dose methyl 
prednisolone and 

no steroid group 

28 days mortality, 
28 days need for 
ventilation, 

secondary 
infections 

Methyl 
prednisolone 
Median daily dose 

is 160 mg 

Median 
duration is 
5 days 

Tocilizumab, HCQS, 
Remdesivir, 
Azithromycin 

28 days 

Bano et al, 

2020. (24) 

Spain 

Observational 
Retrospective 
cohort 

Feb 2 to 
March 31, 
2020 

COVID 19 with 
hyper-
inflammatory 

state, 1 clinical & 1 
laboratory criteria 

No treatment, 
tocilizumab 
intermediate high 

dose steroid, pulse 
steroid, 
combination 
therapy 

Intubation or death Methyl 
prednisolone 
Pulse dose > 250 

mg/day 

NA Tocilizumab, lopinavir/ 
ritonavir, HCQS, 
Remdesivir, Interferon α 

21 days 

Pinzon et al, 

2021. (25) 

Colombia 

Observational  
Ambiseptive 

cohort 

June 11 to 
September 

14, 2020 

RT-PCR +ve, 
oxygen 

requirement, 
radiological 
pneumonia 

Dexamethasone vs 
high dose methyl 

prednisolone 

Mortality, Transfer 
to ICU, 

Development of 
ARDS, Change in 
laboratory 
parameter, 
Recovery time 

Dexamethasone- 
6mg/day 

Methyl 
prednisolone- 250 
to 500mg/day for 3 
doses followed by 
50mg/day orally 
for 14 days 

Dexa- 10 
days 

Methyl 
pred- 14 
days 

Colchicine, Antibiotics 30 days 

Rubio et al, 

2020. (26) 

Spain 

Observational  
Retrospective 

cohort 

NA 
 

RT-PCR +ve, IL-
6> 40 pg/ml, 

ferritin> 
300μg/ml/ D-
Dimer>1mg/ml/ 
TG> 300mg/ml 

Glucocorticoid 
pulse, 

glucocorticoid 
pulse with 
tocilizumab, only 
tocilizumab 

Survival, Need for 
ventilation 

Methyl 
prednisolone 

Pulse dose ≥ 
2mg/kg/day for 3 
days 

3 days Tocilizumab 
 

Median 11 
days 

Cruz et al 

2020.(27) 

Spain 

Observational 
retrospective 
cohort 

March 2020 
 

COVID 19 
pneumonia with 
increased 
inflammation 

markers 

Steroid cohort 
(pulse & low dose) 
vs no steroid 
cohort 

In-hospital 
mortality 

Methyl 
prednisolone 
Low dose- 1 
mg/kg/day 

Pulse dose 250 mg 
to 500 mg/ day, a 
median of 3 days 

NA 
 

Tocilizumab, Anakinra 
 
 
 

 
 
 

Table 1 continues… 

NA 
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Irastorza et al 

2020. (28) 

Spain 

Observational 
Retrospective 
cohort 

March 1 to 
April 30, 
2020 

COVID 19 
pneumonia with 
increased 

inflammation 
markers 

Pulse 
glucocorticoid, 
non-pulse 

glucocorticoid, no 
glucocorticoid 

Time to death, 
Time to death or 
intubation 

Methyl 
prednisolone 
Pulse dose 

>125mg/day 

3 days Lopinavir/ Ritonavir, 
LMWH, HCQS 

NA 

Cusacovich et 

al 2020. (29) 

Spain 

Observational 
Retrospective 
cohort 

March 12 to 
May 20, 
2020 

COVID 19 
pneumonia with 
PiO2/FiO2< 300 

Pulse 
corticosteroid vs 
usual care 

60 day mortality, 
30 day mortality, 
ICU admission, in-
hospital stay, 
adverse effect 

Methyl 
prednisolone 
125mg to 500 
mg/day 

2 to 5 days HCQS, Azithromycin, 
Lopinavr/ 
Ritonavir,Remdesivir, 
Colchicine 

30 days 
and 60 
days 

Zuniga et al 

2020. (30) 

Spain 

Observational 

prospective 
cohort 

Feb 4 to 

April 30, 
2020 

Confirmed/ 

suspected COVID 
19 patients 

High dose vs low 

dose vs no 
corticosteroid 

Mortality, 

difference between 
survivors and non-
survivors 

Methyl 

prednisolone 
High dose> 1.5 
mg/kg/day 

3 to 5 days Tocilizumab, plasma 

therapy, HCQS, 
Anakinra, 
lopinavir/ritonavir, 
Interferon, Anticoagulant 

30 days 

Mareev et al 

2020. (31) 

Russia 

Observational 
Retrospective 
cohort 

NA Severe COVID 19 Pulse dose vs No 
steroid group 

Clinical status, 
Change in 
inflammation 
markers 

Methyl 
prednisolone 
1000mg/day for 3 
days, then 

dexamethasone 8 
mg/day for 3 to 5 
days 

6 to 8 days NA NA 

Batirel et al 

2021. (32) 

 Turkey 

Observational 
Retrospective 
cohort 

NA Confirmed/ 
suspected COVID 
19 patients 

Pulse dose vs low 
dose vs standard 
care 

Mortality, Need for 
ICU or ventilator, 
Adverse effect 

Methyl 
prednisolone ≥ 250 
mg/day. 
Dexamethasone 6 
mg/day 

 
Median 6 
to 7 days 

HCQS, Fabipiravir, 
Remdesivir, LMWH, 
Lopinavir/ ritonavir, 
Antibiotics 

NA 

Edalatifard et 

al 2020.(33) 

Iran 

RCT, single 
blind, parallel 
arm 

April 20 to 
June 20, 
2020 

Severe COVID 19 
in early pulmonary 
phase 
SpO2< 93%, RR> 
18 beats/m 

Standard care with 
methyl 
prednisolone pulse 
and standard care 
alone 

Time to clinical 
improvement, 
Time to hospital 
discharge or death, 
Adverse effect 

Methyl 
prednisolone 
250 mg/day 

3 days HCQS, Lopinavir, 
Naproxen 

Death or 1 
week after 
discharge 

NA: Not available, HCQS: Hydroxychloroquine, LMWH: Low molecular weight heparin, RT-PCR: Reverse transcriptase polymerase chain reaction 
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dose systemic corticosteroid (25). The 

characteristics of patients included in the meta-
analysis are summarized in Table 2. 

 

Risk of bias in the included studies 
The risk of bias for primary outcome was accessed 

for all the studies included in the meta-analysis. 

Across all the included studies, 3 important 

confounding domains were identified, i.e., non 
uniformity of COVID 19 patient severity, use of 

additional treatment modalities and presence of co-

morbidities. The study by Zuniga et al had overall 
low risk of bias (30). All other studies had overall 

moderate to serious risk of bias. The domains like, 

bias due to confounding, bias in selection of 

participants into the study were identified having 
moderate to serious risk of bias due to retrospective 

nature of the included studies (except Zuniga et al). 

The overall predicted direction of bias for the 
primary outcome (all-cause mortality) was 

assessed to be unpredictable. The result of the risk 

of bias assessment of all studies are summarized in 
Table 3. 

 

Effects of intervention 

For all-cause mortality, data form 8 studies were 
pooled to compare between pulse dose methyl 

prednisolone group and usual care group and from 

5 studies for comparison between pulse dose 
methyl prednisolone group and low dose 

corticosteroid group. The pooled effect on 

secondary outcome was estimated from 5 and 3 
studies for comparison between pulse dose methyl 

prednisolone group vs usual care group and pulse 

dose methyl prednisolone vs low dose 

corticosteroid group respectively. The forest plots 
for the pooled effect are depicted in Figure 2. 

 

All-cause mortality 
With the use of random effect model, this meta-

analysis indicated that there is a statistically 

significant mortality benefit with use of pulse dose 

methyl prednisolone for treatment of COVID 19 
patients compared to usual care alone (OR=0.71, 

95% CI: 0.51 to 0.97, [P=0.03]).Although, 

comparison between pulse dose methyl 
prednisolone group and low dose corticosteroid 

group indicated overall mortality benefit with pulse 

dose methyl prednisolone group (OR=0.66, 95% 
CI: 0.44 to 1.01), it did not reach the threshold of 

statistical significance (P=0.05). There was no 

statistically significant heterogeneity among the 

studies comparing primary outcome between pulse 
dose methyl prednisolone group vs usual care alone 

(Chi2 =8.81, df=7, [P=0.27], I2= 21%) and between 

the pulse dose methyl prednisolone group vs low 
dose corticosteroid group (Chi2 =5.31, df=4, 

[P=0.26], I2= 25%). Sensitivity analysis was not 

carried out as the test of heterogeneity across the 
included studies was not significant.  

 The dose used for pulse dose methyl 

prednisolone was ≥ 250 mg/day in all the included 
studies comparing with low dose corticosteroid 

except in the study by Zuniga et al, where the dose 

was 1.5 mg/kg/day (≥ 125 mg/day).30 We carried 

out subgroup analysis for the pooled effect on 
primary outcome comparing pulse dose methyl 

prednisolone and low dose corticosteroid by 

excluding the study Zuniga et al. The result 
remained consistent without any statistically 

significant difference between the 2 groups 

(OR=0.72, 95% CI: 0.46 to 1.11, [P=0.13]). The 

result of subgroup analysis is summarized in Figure 
3.  

 

Need for invasive ventilation or intensive care 

unit (ICU) admission 

This outcome was reported in 5 studies comparing 

pulse dose methyl prednisolone group with usual 
care group. Similarly, 3 studies reported the 

number of patients needing for invasive ventilation 

or intensive care unit (ICU) admission comparing 

the pulse dose methyl prednisolone and low dose 
corticosteroid group. The statistically significant 

benefit persisted for the secondary outcomes (Need 

for invasive ventilation or intensive care unit (ICU) 
admission) with the pulse dose methyl 

prednisolone group in comparison to usual care 

alone group using random effect model (OR=0.69, 
95% CI: 0.53 to 0.91, [P=0.009]). The test of 

heterogeneity across the studies was not significant 

(Chi2= 4.05, df=4, [P=0.40], I2 = 1%).  The overall 

pooled OR with random effect model for 
comparison between pulse dose methyl 

prednisolone group and low dose corticosteroid 

group was 0.98 (95%CI: 0.63 to 1.52), which was 
statistically non-significant (p=0.93). Test of 

heterogeneity revealed statistically significant 

difference between the studies (Chi2 =7.58, df=2, 

[P=0.02], I2= 74%).  Sensitivity analysis by 
excluding the study by Pinzon et al reduced the 

heterogeneity and was also consistent with the 

overall result of no statistically significant 
difference between the 2 groups (OR=1.38, 95% 

CI: 0.83 to 2.31, [P=0.21]) with I2 0% (P= 0.36). 

The result of sensitivity analysis is summarized in 
Figure 3. 

 

Development of adverse events within the study 

follow up period 
The pooled effect for this secondary outcome was 

not estimated as different studies reported adverse 

events in varying manner. There was no uniformity 
in defining severe or minor adverse effect. 
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Table 2. Characteristics of patients included in the study. 
Study name 

Total sample size (n) 

Sample 

size (n) 

Age Sex COVID 

severity 

Need for 

ICU/ 

Mechanical 

ventilation 

(n) 

Recovery 

(n) 

Mortality 

(n) 

Adverse events 

 

Liu et al, 

2020. (22) 

n (65) 

Pulse 

steroid 

group 

11 NA NA Mixed NA NA NA HTN, Hyperglycaemia, 

Arrhythmia, 

Hypokalaemia, GI 

bleed, Neuropsychiatric 

symptoms 

Low+ 

no 

steroid 

20+34 NA NA Mixed NA NA NA HTN, Hyperglycaemia, 

Arrhythmia, 

Hypokalaemia, GI 

bleed, Neuropsychiatric 

symptoms 

 

 

Papamanoli 

et al, 2020. 

(23) 

n (447) 

Pulse 

steroid 

group 

153 Median 62 

(53-72) 

M 

104 

F 

49 

Severe 50 82 21 (Per 1000 patient days) 

Bacteraemia 3.8 

Nosocomial pneumonia 

4.3 

GI bleed 2.2 

No 

steroid 

294 Median 61 

(48-74) 

M 

187 

F 

107 

severe 115 148 31 (Per 1000 patient days) 

Bacteraemia 5.5 

Nosocomial pneumonia 

9.0 

GI bleed 3.6 

 

Bano et al, 

2020. (24) 

n (778) 

151 

excluded 

Pulse 

steroid 

group 

78 Median 71 

(62-76) 

M 

57 

F 

21 

Moderate 5 65 8 GI bleed 1 

Bacterial infection 10 

Low 

dose 

steroid / 

No 

steroid 

Low 

dose 

(117) No 

steroid 

(432) 

Median 71 

(62-76) 

M 

84 

F 

33 

Moderate Low dose 

(3) 

No dose 

(29) 

Low dose 

(92) 

No dose 

(360) 

Low dose 

(22) 

No dose 

(43) 

GI bleed 1 

Bacterial infection 8 

 

Pinzon et al, 

2021. (25) 

n (216) 

Pulse 

steroid 

group 

105 Median 64 

(60–68) 

M 

67 

F 

38 

Mixed 5 88 12 NA 

Low 

dose 

steroid 

111 Median 63 

(58–69) 

 

M 

60 

F 

51 

Mixed 16 62 24 NA 

Rubio et al, 

2020. (26) 

n (92) 

Pulse 

steroid 

group 

83 NA NA Moderate 4 77 6 NA 

No 

steroid 

9 NA NA Moderate 1 8 1 NA 

 

 

Cruz et al, 

2020. (27) 

n (463) 

Pulse 

steroid 

group 

86 NA NA Mixed NA 73 13 NA 

Low 

dose  

steroid/ 

No 

steroid 

Low 

dose 

(310) 

No 

steroid 

(67) 

NA NA Mixed NA Low dose 

(268) 

No steroid 

(51) 

Low dose 

(42) 

No steroid 

(16) 

NA 

 

Irastorza et 

al, 2020. 

(28) 

n (242) 

Pulse 

steroid 

group 

61 Mean 65.0 

(12.1) 

M 

40 

F 

21 

Moderate NA NA 4 NA 

No 

steroid 

181 Mean 64.2 

(15.0) 

M 

110 

F 

71 

Moderate NA NA 18 NA 

Cusacovich 

et al, 2020. 

(29) 

n (257) 

2 patients 

exclude 

from 

analysis 

Pulse 

steroid 

group 

122 NA NA Moderate 

to severe 

23 NA 37 SAE 17 

In hospital infection 29 

PE 8 

No 

steroid 

133 NA NA Moderate 

to severe 

26 NA 56 SAE 15 

In hospital infection 32 

PE 19 

 

Zuniga et al, 

2020. (30) 

n (318) 

Pulse 

steroid 

group 

64 NA NA Moderate 

to severe 

NA 60 4 NA 

 

Table 2. continues… 

Low 

dose 

Low 

dose (68) 

NA NA Moderate 

to severe 

NA Low dose 

(57) 

Low dose 

(11) 

NA 
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steroid/ 

No 

steroid 

No 

steroid 

(186) 

No steroid 

(154) 

No steroid 

(32) 

Mareev et 

al, 2020. 

(31) 

n (34) 

Pulse 

steroid 

group 

17 NA NA Severe NA NA NA Thromboembolism 4 

No 

steroid 

17 NA NA Severe NA NA NA NA 

 

 

Batirel et al 

2021. (32) 

n (450) 

Pulse 

steroid 

group 

150 Median 

59.5 

(48.0-

70.7) 

M 

100 

F 

50 

Mixed 36 136 14 6 adverse events 

Low 

dose 

steroid/ 

No 

steroid 

Low 

dose 

(150) no 

steroid 

(150) 

Median  

59.5(49.0-

71.2)/ 

60.0(48.7-

71.0) 

M 

100 

F 

50/ 

M 

100 

F 

50 

Mixed Low dose 

(30) 

No steroid 

(36) 

Low dose 

(134) 

No steroid 

(126) 

Low dose 

(16) 

No steroid 

(24) 

2 adverse events 

 

Edalatifard 

et al, 2020. 

(33) 

n (68) 

Pulse 

steroid 

group 

34 Mean 

55.8±16.4 

M 

39 

F 

23 

Moderate NA 32 2 SAE 2 

No 

steroid 

28  

Six 

patients 

excluded 

Mean 

61.7±16.6 

M 

24 

F 

10 

Moderate NA 16 12 SAE 2 

NA: Not available, HTN: Hypertension, GI: Gastrointestinal, SAE: Serious adverse effect, PE: Pulmonary embolism 

 

Table 3. Risk of bias assessment in included studies (ROBINS I) 

 
 D1 D2 D3 D4 D5 D6 D7 Overall 

Papamanoli et al, 2020.23 S S L L L L M S 

Bano et al, 2020.24 S S L L L L M S 

Pinzon et al, 2021.25 M M L L L L M M 

Rubio et al, 2020.26 S S L L M L S S 

Cruz et al, 2020.27 M S L L L L M M 

Irastorza et al 2020.28 S S L L L L M S 

Cusacovich et al 2020.29 M M L L L L M M 

Zuniga et al 2020.30  L L L L L L L L 

Batirel et al 2021.32 M M L L L L M M 

 

The most common adverse events reported across 
the studies were gastrointestinal bleeding and 

secondary bacterial infection. But there was no 

significant difference in terms of reported adverse 
effects across the compared groups. 

 

Publication bias 

Funnel plot suggested the presence of publication 
bias. The result of funnel plot is depicted in Figure 

4. 

 

Grade of evidence 

The grade of evidence for primary outcome was of 

moderate certainty and for secondary outcome was 
of very low certainty. We calculated the number 

needed to treat (NNT) for the primary outcome. 

The calculated NNT for primary outcome while 

comparing pulse dose methyl   prednisolone   with  

 

usual care was 23.5. Similarly, the calculated NNT 
for primary outcome while comparing pulse dose 

methyl prednisolone with low dose corticosteroid 

was 23.5. The result of grade of evidence is 
summarized in Table 4. 
 

Figure 4. Funnel plot. 

Domains: 

D1: Bias due to confounding 

D2: Bias in selection of participants into the study 

D3: Bias in classification of intervention 

D4: Bias due to deviation from intended intervention 

D5: Bias due to missing data 

D6: Bias in measurement of outcomes 

D7: Bias in selection of reported outcome 

Low (L): 

Moderate (M): 

Serious (S): 

Critical (C): 

No  

Inference (NI): 
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a.  

 
 

b.  

 
 

c.  

 
 

d.  

 
 

Figure 2. Forest plot. a) All-cause mortality (pulse dose methyl prednisolone vs usual care), b) All-cause mortality (pulse 

dose methyl prednisolone vs low dose corticosteroid), c) Need for ventilation or ICU admission (pulse dose methyl 

prednisolone vs usual care), d) Need for ventilation or ICU admission (pulse dose methyl prednisolone vs low dose 

corticosteroid). 

a.  

 
 

b.  

 
 

Figure 3. Forest plots for subgroup and sensitivity analysis. a) Subgroup analysis for all-cause mortality (pulse dose 

methyl prednisolone vs low dose corticosteroid) excluding the study Zuniga et al., b) Sensitivity analysis for Need for 

ventilation or ICU admission (pulse dose methyl prednisolone vs low dose corticosteroid). 



J Pharm Pharm Sci (www.cspsCanada.org) 25, 110 - 123, 2022 

119 
 

Table 4. Grade of evidence. 
Certainty assessment (All-cause mortality) No. of patients Effect Certainty 

No. of 

studies 

Study 

design 

Risk 

of bias 

Other 

considerations 

PD Methyl 

Prednisolone 
Usual care 

Relative 

(95% 

CI) 

Absolute 

(95% 

CI) 

 

8 

observational 
studies  

serious 
a 

publication bias 
b,  

All plausible 
residual 

confounding 
would suggest 

spurious effect, 
No large effect  

107/797 
(13.4%)  

221/1452 
(15.2%)  

OR 0.71 
(0.51 to 

0.97)  

39 fewer 

per 

1,000 
(from 68 
fewer to 
4 fewer)  

⨁⨁⨁◯ 
MODERATE  

No. of 

studies 

Study 

design 

Risk 

of bias 

Other 

considerations 

PD Methyl 

Prednisolone 

Low dose 

corticosteroid 

Relative 

(95% 

CI) 

Absolute 

(95% 

CI) 

 

5  observational 
studies  

serious 
a 

publication bias 
b,  

all plausible 

residual 
confounding 

would suggest 
spurious effect, 
No large effect 

51/483 
(10.6%)  

115/756 
(15.2%)  

OR 0.66 
(0.44 to 

1.01)  

46 fewer 

per 

1,000 
(from 79 
fewer to 
1 more)  

⨁⨁⨁◯ 
MODERATE  

Certainty assessment (Need for mechanical 

ventilation or ICU) 

No. of patients Effect Certainty 

No. of 

studies 

Study 

design 

Risk 

of bias 

Other 

considerations 

PD Methyl 

Prednisolone 
Usual care 

Relative 

(95% CI) 

Absolute 

(95% CI) 
5  observational 

studies  
serious 

a 
publication bias 

b, 
All plausible 

residual 
confounding 

would suggest 
spurious effect, 

No large effect 

118/586 
(20.1%)  

231/1018 
(22.7%)  

OR 0.69 
(0.53 to 

0.91)  

58 fewer 

per 

1,000 
(from 92 
fewer to 

16 fewer)  

⨁◯◯◯ 
VERY LOW  

No. of 

studies 

Study 

design 

Risk 

of bias 

Other 

considerations 

PD Methyl 

Prednisolone 

Low dose 

corticosteroid 

Relative 

(95% 

CI) 

Absolute 

(95% 

CI) 

 

3  observational 
studies  

serious 
a 

publication bias 
a, 

All plausible 
residual 

confounding 
would suggest 
spurious effect, 
No large effect 

46/333 
(13.8%)  

49/378 
(13.0%)  

OR 0.98 
(0.63 to 

1.52)  

2 fewer 

per 

1,000 
(from 44 

fewer to 
55 more)  

⨁◯◯◯ 
VERY LOW  

CI: Confidence interval; OR: Odds ratio; Explanations. a: Confounding and selection bias, b: Publication bias demonstrated by 
funnel plot (strongly suspected). 

 

DISCUSSION 

 

In the past, pulse dose corticosteroid therapy has 

been used in severe SARS or Middle East 
Respiratory Syndrome (MERS) resistant to usual 

care alone (13,34). But it has not been accepted in 

the COVID 19 management guidelines due to lack 
of definitive and quality evidence. A systematic 

review and case series by Dolci et al, reported that 

though there was no significant adverse effect with 

use of pulse dose methyl prednisolone in COVID 
19, its indication and effectiveness needed more 

meticulous exploration (18). 

 This meta-analysis showed a statistically 
significant mortality benefit and decreased need for 

mechanical ventilation or ICU admission with the 

use of pulse dose methyl prednisolone in 

comparison to usual care for management of 

COVID 19 patients. Our result is also in 
conformity with the result of the RCT by 

Edalatifard et al, which reported significant 

reduction in mortality with the use of pulse dose 
methyl prednisolone in comparison to usual care 

alone (5.9% versus 42.9%; p<0.001) (33). A 

retrospective study from Japan has also suggested 

the beneficial effect of pulse/semi-pulse dose 
methyl prednisolone in shortening the duration of 

mechanical ventilation for severe COVID 19 

patients in comparison to usual care alone (35). 
However, the use of pulse dose methyl 
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prednisolone for COVID 19 did not have 

statistically significant mortality benefit or 
decreased need for mechanical ventilation or ICU 

admission in comparison to low dose 

corticosteroid. Though the study by Pinzon et al 
reported significant improvement in recovery time 

and need for mechanical ventilation or ICU care 

with use of pulse dose methyl prednisolone in 

comparison to low dose dexamethasone, our meta-
analysis did not support that observation (25). 

Also, there was no statistically significant mortality 

benefit in the subgroup analysis with the use of 
methyl prednisolone at a higher dose of 250 

mg/day (OR=0.72, 95% CI: 0.46 to 1.11, 

[P=0.13]). Moreover, the mortality benefit in 

RECOVERY trial was reported with the use of low 
dose dexamethasone (9). The World Health 

Organisation (WHO) guideline for management of 

COVID 19 also recommends low dose 
dexamethasone or its equivalent dose of other 

corticosteroid for the management of moderate to 

severe disease (11).  
 The certainty of evidence for the pooled 

result for primary outcome in this meta-analysis is 

of moderate grade. We calculated the NNT which 

indicated the clinical desirability of the outcome. 
For primary outcome, the NNT was 23.5 for pulse 

dose steroid compared to usual care alone as well 

as for low dose corticosteroid. This suggests the 
clinically desirable benefit with use of 

corticosteroid in moderate to severe COVID 19 

patients. But the clinical desirability to use of pulse 
dose methyl prednisolone over low dose 

corticosteroid must be interpreted cautiously in 

view of non-significant p value (P=0.05). 

 Previous studies have reported increased 
incidence of hypertension, psychosis, arrhythmia, 

and hypokalaemia with the use of pulse dose 

corticosteroid (36,37). But the most common 
adverse events reported in all included studies were 

secondary bacterial infection and GI bleeding and 

there was no significant difference between the 

groups.  
 As suggested by previous studies, due to its 

rapidity and durability of action, pulse steroid has 

been used in many diseases for treatment and for 
steroid sparing (38-40). Due to its rapid action, 

pulse dose steroid downregulates hyper-

inflammation early in comparison to low dose 
steroid, which helps to decrease the duration of 

steroid therapy. Moreover, gradual dose tapering is 

not required for stoppage of therapy.  But most of 

the uses are for chronic autoimmune disorders. The 
evidence for use of pulse dose steroid in the hyper-

inflammatory stage of any infectious disease is still 

lacking. Also, with the increase incidence of 
COVID 19 associated mucormycosis (CAM), the 

use of corticosteroid and its dose needs to be 

planned cautiously. 

 

LIMITATIONS 

 
Most of the included observational studies were 

retrospective in nature thus impacting bias due to 

confounding and patient selection into the studies. 

The disease severity varied across the studies, 
which would have affected the expected outcome. 

Lastly, as other antiviral and immunosuppressant 

drugs were used, their effect would have influenced 
the overall outcome.  

 

CONCLUSION 

 
This meta-analysis concurs with the previous 

reports regarding the use of corticosteroid in 

management of COVID 19 in comparison to usual 
care. However, for both the primary and secondary 

outcome, the study did not find any statistically 

significant difference between the use of pulse dose 
methyl prednisolone and low dose corticosteroid to 

treat COVID 19 patients. There was no significant 

difference in adverse events with use of pulse dose 

methyl prednisolone. Further RCTs are needed to 
explore the efficacy and safety of pulse dose 

methyl prednisolone for management of COVID 

19 patients.  

 

AUTHOR CONTRIBUTION. The concept was 

developed by RRM and BMP. BRM and RRM 
carried out the search, data extraction, and quality 

assessment. Any disagreement was resolved by 

BMP. Statistical analysis and inference were done 

by BMP and BRM. The manuscript was written by 
RRM, BRM and BMP. All authors approved the 

final version for publication. 

 
CONFLICTS OF INTEREST. There are no 

conflicts of interest. 

 

FINANCIAL DISCLOSURE. None. 
 

GUARANTOR. The corresponding author (along 

with all authors) is the guarantor of the content of 
the manuscript, including the data and analysis.  

 

 

REFERENCES 

1. Zheng J. SARS-CoV-2: an Emerging 

Coronavirus that Causes a Global Threat. Int J 

Biol Sci. 2020;16(10):1678-1685. 

2. Thakur B, Dubey P, Benitez J, et al. A systematic 
review and meta-analysis of geographic 



J Pharm Pharm Sci (www.cspsCanada.org) 25, 110 - 123, 2022 

121 
 

differences in comorbidities and associated 

severity and mortality among individuals with 

COVID-19. Sci Rep. 2021 Apr 20;11(1):8562. 

doi: 10.1038/s41598-021-88130-w. PMID: 

33879826; PMCID: PMC8058064. 

3. Jin Y, Yang H, Ji W, et al. Virology, 

Epidemiology, Pathogenesis, and Control of 

COVID-19. Viruses. 2020 Mar 27;12(4):372. 
doi: 10.3390/v12040372. PMID: 32230900; 

PMCID: PMC7232198. 

4. Mohamadian M, Chiti H, Shoghli A, Biglari S, 

Parsamanesh N, Esmaeilzadeh A. COVID-19: 

Virology, biology and novel laboratory 

diagnosis. J Gene Med. 2021 Feb;23(2):e3303. 

doi: 10.1002/jgm.3303. Epub 2021 Jan 6. PMID: 

33305456; PMCID: PMC7883242. 

5. Lu L, Zhang H, Zhan M, et al. Preventing 

Mortality in COVID-19 Patients: Which 

Cytokine to Target in a Raging Storm? Front Cell 

Dev Biol. 2020 Jul 17;8:677. doi: 
10.3389/fcell.2020.00677. PMID: 32766256; 

PMCID: PMC7379422. 

6. Signorini C, Pignatti P, Coccini T. How Do 

Inflammatory Mediators, Immune Response and 

Air Pollution Contribute to COVID-19 Disease 

Severity? A Lesson to Learn. Life (Basel). 2021 

Feb 25;11(3):182. doi: 10.3390/life11030182. 

PMID: 33669011; PMCID: PMC7996623. 

7. Deftereos SG, Giannopoulos G, Vrachatis DA, et 

al. Effect of Colchicine vs Standard Care on 

Cardiac and Inflammatory Biomarkers and 
Clinical Outcomes in Patients Hospitalized With 

Coronavirus Disease 2019: The GRECCO-19 

Randomized Clinical Trial. JAMA Netw Open. 

2020 Jun 1;3(6):e2013136. doi: 

10.1001/jamanetworkopen.2020.13136. PMID: 

32579195; PMCID: PMC7315286. 

8. Mohanty RR, Padhy BM, Das S, Meher BR. 

Therapeutic potential of N-acetyl cysteine 

(NAC) in preventing cytokine storm in COVID-

19: review of current evidence. Eur Rev Med 

Pharmacol Sci. 2021 Mar;25(6):2802-2807. doi: 
10.26355/eurrev_202103_25442. PMID: 

33829465. 

9. RECOVERY Collaborative Group, Horby P, 

Lim WS, et al. Dexamethsone in Hospitalized 

Patients with Covid-19. N Engl J Med. 2021 Feb 

25;384(8):693-704. doi: 

10.1056/NEJMoa2021436. Epub 2020 Jul 17. 

PMID: 32678530; PMCID: PMC7383595. 

10. WHO Rapid Evidence Appraisal for COVID-19 

Therapies (REACT) Working Group, Sterne 

JAC, Murthy S, Diaz JV, et al. Association 

Between Administration of Systemic 
Corticosteroids and Mortality Among Critically 

Ill Patients With COVID-19: A Meta-analysis. 

JAMA. 2020 Oct 6;324(13):1330-1341. doi: 

10.1001/jama.2020.17023. PMID: 32876694; 

PMCID: PMC7489434. 

11. Update to living WHO guideline on drugs for 

covid-19. BMJ. 2021 Mar 31;372:n860. doi: 

10.1136/bmj.n860. PMID: 33789884. 

12. Hasan SS, Kow CS, Mustafa ZU, Merchant HA. 

Does methylprednisolone reduce the mortality 

risk in hospitalized COVID-19 patients? A meta-

analysis of randomized control trials. Expert Rev 

Respir Med. 2021 May 4. doi: 

10.1080/17476348.2021.1925546. Epub ahead 

of print. PMID: 33945381. 

13. Ho JC, Ooi GC, Mok TY, et al. High-dose pulse 
versus nonpulse corticosteroid regimens in 

severe acute respiratory syndrome. Am J Respir 

Crit Care Med. 2003 Dec 15;168(12):1449-56. 

doi: 10.1164/rccm.200306-766OC. Epub 2003 

Aug 28. PMID: 12947028. 

14. Yamano Y, Taniguchi H, Kondoh Y, et al. 

Multidimensional improvement in connective 

tissue disease-associated interstitial lung disease: 

Two courses of pulse dose methylprednisolone 

followed by low-dose prednisone and tacrolimus. 

Respirology. 2018 Nov;23(11):1041-1048. doi: 

10.1111/resp.13365. Epub 2018 Jul 16. PMID: 
30011421. 

15. Das S, Giri PP, Roy AK. Dexamethasone- 

cyclophosphamide pulse in collagen vascular 

diseases: An observation. Indian Dermatol 

Online J. 2011 Jan;2(1):10-2. doi: 10.4103/2229-

5178.79858. PMID: 23130206; PMCID: 

PMC3481802. 

16. Sauñe PM, Bryce-Alberti M, Portmann-Baracco 

AS, Accinelli RA. Methylprednisolone pulse 

therapy: An alternative management of severe 

COVID-19. Respir Med Case Rep. 2020 Sep 
12;31:101221. doi: 10.1016/j.rmcr.2020.101221. 

PMID: 32995261; PMCID: PMC7502379. 

17. Sheianov MV, Udalov YD, Ochkin SS, Bashkov 

AN, Samoilov AS. Pulse Therapy With 

Corticosteroids and Intravenous 

Immunoglobulin in the Management of Severe 

Tocilizumab-Resistant COVID-19: A Report of 

Three Clinical Cases. Cureus. 2020 Jul 

7;12(7):e9038. doi: 10.7759/cureus.9038. PMID: 

32656044; PMCID: PMC7343298. 

18. Dolci G, Cassone G, Venturelli F, et al. High-
dose glucocorticoids pulse-therapy for beta-

coronaviridae pneumonia: a systematic literature 

review and case-series of Coronavirus disease-

2019. Clin Exp Rheumatol. 2021 Feb 26. Epub 

ahead of print. PMID: 33635218. 

19. Sinha A, Bagga A. Pulse steroid therapy. Indian 

J Pediatr. 2008 Oct;75(10):1057-66. doi: 

10.1007/s12098-008-0210-7. Epub 2008 Nov 

21. PMID: 19023530. 

20. Moher D, Liberati A, Tetzlaff J, Altman DG; 

PRISMA Group. Preferred reporting items for 

systematic reviews and meta-analyses: the 
PRISMA statement. Ann Intern Med. 2009 Aug 

18;151(4):264-9, W64. doi: 10.7326/0003-4819-

151-4-200908180-00135. Epub 2009 Jul 20. 

PMID: 19622511. 

21. Stroup DF, Berlin JA, Morton SC, et al  . Meta-

analysis of observational studies in 

epidemiology: a proposal for reporting. Meta-

analysis Of Observational Studies in 



J Pharm Pharm Sci (www.cspsCanada.org) 25, 110 - 123, 2022 

122 
 

Epidemiology (MOOSE) group. JAMA. 2000 

Apr 19;283(15):2008-12. doi: 

10.1001/jama.283.15.2008. PMID: 10789670. 

22. Liu F, Ji C, Luo J, et al. Clinical characteristics 

and corticosteroids application of different 

clinical types in patients with corona virus 

disease 2019. Sci Rep. 2020 Aug 

13;10(1):13689. doi: 10.1038/s41598-020-
70387-2. PMID: 32792492; PMCID: 

PMC7426825. 

23. Papamanoli A, Yoo J, Grewal P, et al. High-dose 

methylprednisolone in nonintubated patients 

with severe COVID-19 pneumonia. Eur J Clin 

Invest. 2021 Feb;51(2):e13458. doi: 

10.1111/eci.13458. Epub 2020 Dec 1. PMID: 

33219551; PMCID: PMC7744876. 

24. Rodríguez-Baño J, Pachón J, Carratalà J, et al. 

Treatment with tocilizumab or corticosteroids for 

COVID-19 patients with hyperinflammatory 

state: a multicentre cohort study (SAM-COVID-
19). Clin Microbiol Infect. 2021 Feb;27(2):244-

252. doi: 10.1016/j.cmi.2020.08.010. Epub 2020 

Aug 27. PMID: 32860964; PMCID: 

PMC7449935. 

25. Pinzón MA, Ortiz S, Holguín H, Betancur JF, 

Cardona Arango D, Laniado H, Arias Arias C, 

Muñoz B, Quiceno J, Jaramillo D, Ramirez Z. 

Dexamethasone vs methylprednisolone high 

dose for Covid-19 pneumonia. PLoS One. 2021 

May 25;16(5):e0252057. doi: 

10.1371/journal.pone.0252057. PMID: 
34033648; PMCID: PMC8148307. 

26. Callejas Rubio JL, Luna Del Castillo JD, de la 

Hera Fernández J, Guirao Arrabal E, Colmenero 

Ruiz M, Ortego Centeno N. Effectiveness of 

corticoid pulses in patients with cytokine storm 

syndrome induced by SARS-CoV-2 infection. 

Med Clin (Barc). 2020 Aug 28;155(4):159-161. 

English, Spanish. doi: 

10.1016/j.medcli.2020.04.018. Epub 2020 May 

27. PMID: 32532461; PMCID: PMC7250763. 

27. Fernández-Cruz A, Ruiz-Antorán B, Muñoz-
Gómez A, et al. A Retrospective Controlled 

Cohort Study of the Impact of Glucocorticoid 

Treatment in SARS-CoV-2 Infection Mortality. 

Antimicrob Agents Chemother. 2020 Aug 

20;64(9):e01168-20. doi: 10.1128/AAC.01168-

20. PMID: 32571831; PMCID: PMC7449182. 

28. Ruiz-Irastorza G, Pijoan JI, Bereciartua E, et al. 

Second week methyl-prednisolone pulses 

improve prognosis in patients with severe 

coronavirus disease 2019 pneumonia: An 

observational comparative study using routine 

care data. PLoS One. 2020 Sep 
22;15(9):e0239401. doi: 

10.1371/journal.pone.0239401. PMID: 

32960899; PMCID: PMC7508405. 

29. Ivan Cusacovich, Álvaro Aparisi, Miguel 

Marcos, et al, Corticosteroid pulses for 

hospitalized patients with COVID-19: Effects on 

mortality”, 32. medRxiv 

2020.09.30.20204719; doi: 

https://doi.org/10.1101/2020.09.30.20204719 

30. López Zúñiga MÁ, Moreno-Moral A, Ocaña-

Granados A, et al. High-dose corticosteroid pulse 

therapy increases the survival rate in COVID-19 

patients at risk of hyper-inflammatory response. 

PLoS One. 2021 Jan 28;16(1):e0243964. doi: 

10.1371/journal.pone.0243964. PMID: 
33507958; PMCID: PMC7842890. 

31. Mareev VY, Orlova YA, Pavlikova EP, et al. 

Steroid pulse -therapy in patients With 

coronAvirus Pneumonia (COVID-19), sYstemic 

inFlammation And Risk of vEnous thRombosis 

and thromboembolism (WAYFARER Study). 

Kardiologiia. 2020 Jul 7;60(6):15-29. English, 

Russian. doi: 10.18087/cardio.2020.6.n1226. 

PMID: 32720612. 

32. Batirel A, Demirhan R, Eser N, Körlü E, Tezcan 

ME. Pulse Steroid Treatment for Hospitalized 

Adults with COVID-19. Turk J Med Sci. 2021 
Apr 21. doi: 10.3906/sag-2101-243. Epub ahead 

of print. PMID: 33878858. 

33. Edalatifard M, Akhtari M, Salehi M, et al. 

Intravenous methylprednisolone pulse as a 

treatment for hospitalised severe COVID-19 

patients: results from a randomised controlled 

clinical trial. Eur Respir J. 2020 Dec 

24;56(6):2002808. doi: 

10.1183/13993003.02808-2020. PMID: 

32943404; PMCID: PMC7758541. 

34. Yam LY, Lau AC, Lai FY, Shung E, Chan J, 
Wong V; Hong Kong Hospital Authority SARS 

Collaborative Group (HASCOG). Corticosteroid 

treatment of severe acute respiratory syndrome in 

Hong Kong. J Infect. 2007 Jan;54(1):28-39. doi: 

10.1016/j.jinf.2006.01.005. Epub 2006 Mar 15. 

PMID: 16542729; PMCID: PMC7112522. 

35. Ikeda S, Misumi T, Izumi S, et al. Corticosteroids 

for hospitalized patients with mild to critically-ill 

COVID-19: a multicenter, retrospective, 

propensity score-matched study. Sci Rep. 2021 

May 21;11(1):10727. doi: 10.1038/s41598-021-
90246-y. PMID: 34021229; PMCID: 

PMC8140087. 

36. Hari P, Srivastava RN. Pulse corticosteroid 

therapy with methylprednisolone or 

dexamethasone. Indian J Pediatr. 1998 Jul-

Aug;65(4):557-60. doi: 10.1007/BF02730894. 

PMID: 10773904. 

37. Roujeau JC. Pulse glucocorticoid therapy. The 

'big shot' revisited. Arch Dermatol. 1996 

Dec;132(12):1499-502. PMID: 8961881. 

38. Pasricha JS, Khaitan BK, Raman RS, Chandra 

M. Dexamethasone-cyclophosphamide pulse 
therapy for pemphigus. Int J Dermatol. 1995 

Dec;34(12):875-82. doi: 10.1111/j.1365-

4362.1995.tb04430.x. PMID: 8647673. 

39. Sharada B, Kumar A, Kakker R, et al. 

Intravenous dexamethasone pulse therapy in 

diffuse systemic sclerosis. A randomized 

placebo-controlled study. Rheumatol Int. 

https://doi.org/10.1101/2020.09.30.20204719


J Pharm Pharm Sci (www.cspsCanada.org) 25, 110 - 123, 2022 

123 
 

1994;14(3):91-4. doi: 10.1007/BF00300808. 

PMID: 7839076. 

40. Hari P, Bagga A, Mantan M. Short term efficacy 

of intravenous dexamethasone and 

methylprednisolone therapy in steroid resistant 

nephrotic syndrome. Indian Pediatr. 2004 

Oct;41(10):993-1000. PMID: 15523124. 

 


