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INTRODUCTION 

Coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), is a disease that causes severe pneumonia and critical acute 

respiratory failure (ARF) with high mortality [1,2]. COVID-19 has been shown to cause cyto-

kine storm syndrome by elevating proinflammatory cytokine levels and inducing a hyper-

inflammatory state [3]. Corticosteroids are known to alleviate cytokine storm syndrome and 

have been suggested as a treatment option for severe and critical COVID-19 [4]. There are a 

number of various immunologic approaches for treating COVID-19, of which steroids are an 
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important axis. 

The 2021 Surviving Sepsis Campaign recommended the 

use of corticosteroids, particularly dexamethasone, in critical 

or severe COVID-19 cases [5]. This recommendation is based 

on the results of the Randomised Evaluation of COVID-19 

Therapy (RECOVERY) study [6], wherein the administration of 

dexamethasone 6 mg for 10 days (defined as a control steroid) 

improved 28-day mortality in hospitalized patients diagnosed 

with COVID-19 receiving oxygen or mechanical ventilation. 

As indicated in this guideline, the group that was administered 

dexamethasone 6 mg for 10 days had the highest number of 

cases, and the effect size on 28-day mortality was large, thus 

leading to this conclusion; however, it is not a definite conclu-

sion about the comparative efficacy of other corticosteroids [5]. 

Meanwhile, studies using other corticosteroids, such as hydro-

cortisone [7,8] or methylprednisolone [9], have limited anal-

yses because they were prematurely stopped [10] or showed 

no clear effect owing to the small number of study participants 

[11]. 

A meaningful message from these studies is that the role 

of corticosteroids is important because COVID-19 patho-

physiology involves the overproduction of proinflammatory 

cytokines, which can lead to vascular hyperpermeability and 

often triggers ARF [12]. Therefore, corticosteroids are thought 

to downregulate systemic and pulmonary inflammation, espe-

cially in severe cases [13]. 

Owing to the varying severity of COVID-19 in patients, we 

believe that it is impossible to uniformly use a conventional 

corticosteroid, namely, dexamethasone 6 mg, in severe or crit-

ical COVID-19. Therefore, we aimed to study how higher doses 

of corticosteroids might affect the course of severe or critical 

COVID-19 illness compared with control corticosteroids. 

MATERIALS AND METHODS 

Study Design 
This single-center retrospective cohort study enrolled patients 

with critical or severe COVID-19 hospitalized and treated in 

the intensive care unit (ICU) of a tertiary teaching hospital, 

South Korea. We retrospectively reviewed the medical records 

of patients who were confirmed positive for SARS-CoV-2 by us-

ing reverse transcription polymerase chain reaction (RT-PCR) 

on nasopharyngeal swabs or sputum samples from September 

2021 to December 2021. Currently, the Delta variant of SARS-

CoV-2 is prevalent. 

This study was approved by the Institutional Review Board 

of Daegu Catholic University Medical Center (No. CR-22-060). 

The study was conducted in accordance with the tenets of the 

Declaration of Helsinki, and the requirement for informed 

consent was waived owing to the retrospective design of the 

study. 

Inclusion and Exclusion Criteria 
The inclusion criteria were as follows: (1) age ≥18 years; (2) 

critical or severe COVID-19 illness using the World Health 

Organization (WHO) definition [5]: “critical” includes acute 

respiratory distress syndrome (ARDS) or ARF requiring venti-

lation, sepsis, or septic shock, and “severe” includes the pres-

ence of clinical signs of pneumonia and respiratory rate >30 

breaths/min, severe respiratory distress, or oxygen saturation 

<90% on room air; (3) partial pressure of oxygen in arterial 

blood/ fraction of inspired oxygen ratio (PF ratio) ≤300; (4) 

SARS-CoV-2 infection confirmation using an RT-PCR assay of 

upper or lower respiratory samples; (5) presence of bilateral 

lung infiltration in chest images; (6) admission in the ICU; and 

(7) administration of corticosteroids. 

The exclusion criteria were as follows: (1) patients who re-

fused intubation with a do-not-resuscitate order, (2) patients 

who died within 24 hours of admission, and (3) patients who 

did not use corticosteroids or were unable to use corticoste

roids (Figure 1).  

Use of Corticosteroids  
In Korea, a sporadic increase in the incidence of COVID-19 

began in September 2021 and then increased rapidly toward 

the end of 2021 [14]. In total, 44 of the 54 patients hospitalized 

for COVID-19 pneumonia met the above criteria and were 

included. If pneumonia was detected on chest radiography 

and computed tomography (CT) and if the PF ratio was ≤300, 

an intravenous daily injection of dexamethasone 6 mg was 

administered for 10 days in accordance with the criteria for 

critical or severe COVID-19 treatment of the WHO defini-

tion while administering oxygen [5]. However, in the case of 

■ A pulse dose of methylprednisolone 250 mg a day for 3 
days may be associated with oxygenation improvement 
and shorter hospital stay in critically ill coronavirus dis-
ease 2019 (COVID-19) patients.

■ Hyperglycemia should be carefully monitored with pulse 
steroid therapy.

KEY MESSAGES
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shock, hydrocortisone 200 mg/day was used in one case, and 

methylprednisolone was used as a 1 mg/kg daily intravenous 

injection in four cases. As the number of patients with the 

Delta variant of SARS-CoV-2 rapidly increased, the incidence 

of severe pneumonia or critical ARF also increased. From No-

vember 2021, methylprednisolone 250 mg was intravenously 

injected daily for 3 days followed by daily tapering until the 

10th day. 

Definition of Terms 
The control steroid group was defined as the group with 10 

days of corticosteroid administration with methylprednisolone 

≤1 mg/kg/day or dexamethasone ≤0.2 mg/kg/day. The pulse 

steroid group was defined as the group administered with 250 

mg/day of methylprednisolone for 3 days followed by daily 

tapering until the 10th day. We checked the steroid starting 

dose by converting it to the methylprednisolone dose [15] and 

then checked the period of use and total accumulation dose. 

The accumulated dose was defined as the sum of the doses 

of intravenous corticosteroids over the entire period of use. 

“Pre-steroid” was defined as the time before corticosteroid 

administration, and “post-steroid” was defined as the 10th day 

after corticosteroid administration. 

We adopted the Berlin definition of ARDS [16] for the hypox-

ia severity groups in the current study: severe ARDS group, PF 

ratio of 100 or less; moderate ARDS group, PF ratio of over 100 

to 200; mild ARDS group, PF ratio of over 200 to 300; and PF 

ratio >300, regardless of positive end-expiratory pressure. The 

length of hospital stay was defined as the interval from the date 

of hospitalization to the date of death or discharge. 

We used the Radiographic Assessment of Lung Edema 

(RALE) score in the chest X-ray evaluation. The RALE score 

evaluates the extent and density of alveolar opacities on chest 

X-ray. The RALE score can be used as a non-invasive monitor-

ing measurement of ARDS severity, response to therapy, and 

extent of pulmonary edema [17]. 

Clinical Management 
Except for the corticosteroid dose, all treatments were per-

formed identically. The patients received antibiotic treatment 

and antiviral agents, such as remdesivir. In the case of pulse 

steroid use, the patients were given pneumocystis pneumonia 

prophylaxis, preventive anticoagulation, and gastrointestinal 

(GI) protection. If necessary, renal replacement therapy, high-

flow nasal cannula oxygen therapy, mechanical ventilation, 

extracorporeal membrane oxygenation, and prone positioning 

were performed. 

The patient was placed in a prone position by using awake 

prone positioning. If the patient cannot tolerate the prone po-

sition, the lateral decubitus position was allowed. The target 

duration of prone positioning was more than 15 hours a day. 

We counted the time of strict prone positioning, and the sum 

of those times was defined as the “prone duration.” 

Data Assessment 
During hospitalization, we investigated the blood tests, vital 

signs, disease severity classification score such as the Acute 

Physiology and Chronic Health Evaluation (APACHE) II score, 

pneumonia severity score such as the CURB-65 (confusion, 

uremia, respiratory rate, BP, age ≥ 65 years) score, comorbidity, 

and chest images. Blood gas analysis was performed to deter-

mine the PF ratio immediately before corticosteroid adminis-

tration and on the 10th day after corticosteroid administration. 

We compared the clinical characteristics, PF ratio, laboratory 

results, length of hospital stay, and mortality between the 

control and pulse steroid groups. Our primary outcome was 

mortality, and the secondary outcomes were the length of hos-

pital stay, oxygen status such as PF ratio, and steroid-related 

complications. 

Statistical Analyses 
The results are presented as absolute values and percentages. 

Continuous variables were not normally distributed; there-

fore, medians and interquartile ranges were presented. The 

Figure 1. Flowchart of critical or severe COVID-19 cases with control 
and pulse steroid groups. COVID-19: coronavirus disease 2019; ICU: 
intensive care unit; ARDS: acute respiratory distress syndrome.

52 Admission due to COVID-19 in ICU 
from September to December 2021

8 Exclusion
1 Do not resuscitate
2 Do not use steroid
5 No ARDS

44 Steroid use due to COVID-19 ARDS

14 Control steroid group 30 Pulse steroid group
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Mann-Whitney U-test and Pearson’s chi-square test were used 

to compare the continuous and categorical data between both 

groups. To identify the risk factors affecting the pulse steroid 

group, univariate and multivariable logistic regression models 

were expressed as odds ratios and 95% confidence intervals. 

Statistical significance was set at P<0.05. Statistical analyses 

were performed using IBM SPSS ver. 25.0 (IBM Corp.).

RESULTS 

Baseline and Steroid-Related Characteristics between 
the Control and Pulse Steroid Groups 
Among the 44 patients, 14 and 30 were treated with control ste-

roids and pulse steroids, respectively. There were no differenc-

es in age, CURB-65 score, and APACHE II score between the 

two groups. There was a significant difference between sex and 

malignancy as an underlying disease (P=0.005 and P=0.034, 

respectively). Furthermore, there was no difference between 

the two groups in the time interval from the onset of dyspnea 

to hospitalization or in the time interval from the diagnosis of 

COVID-19 to steroid administration. 

There was a difference in the type of steroid used between 

the two groups. The control steroid group used dexameth-

asone the most (8 cases, 57.1%), whereas the pulse steroid 

group used methylprednisolone the most (29 cases, 96.7%) 

(P<0.001). When the starting dose of steroids was converted 

into methylprednisolone, the control steroid group had a me-

dian dose of 32 mg, and the pulse steroid group had a median 

dose of 250 mg (P<0.001). The total duration of corticosteroid 

use was 10 days in the control steroid group and 9 days in 

the pulse steroid group, with no difference between the two 

groups. Chest X-ray showed improvement of the RALE score 

in both groups without statistical difference. Chest CT was 

performed in 13 patients in the control steroid group and 19 

patients in the pulse steroid group. All of them had bilateral 

pulmonary infiltrates. (Table 1). 

ARDS Severity and Laboratory Findings between the 
Control and Pulse Steroid Groups 
There was no statistical difference in ARDS severity between 

the two groups before steroid use, but severe ARDS (PF ratio 

≤100) was more common in the pulse steroid group. In ad-

dition, after steroid use, there was no statistically significant 

difference in the ARDS severity group between the two groups. 

However, the control steroid group had a moderate ARDS (100< 

PF ratio ≤ 200) of 50%, whereas the pulse steroid group had a 

mild ARDS (200< PF ratio ≤300) of 50%. 

Vital signs; PF ratio before steroid administration; and labo-

ratory data, including glucose, were not different between the 

two groups. On the 10th day after steroid administration, the 

C-reactive protein (CRP), total bilirubin, potassium, and glu-

cose levels were significantly different between the two groups. 

CRP and glucose levels were significantly higher in the pulse 

steroid group than in the control steroid group (P=0.021 and 

P=0.003, respectively), and total bilirubin and potassium levels 

were significantly lower in the pulse steroid group than in the 

control steroid group (P=0.003 and P=0.022, respectively) (Ta-

ble 2).  

Changes in ARDS Severity According to the Control and 
Pulse Steroid Groups 
When comparing the ARDS groups before and after steroid 

treatment in the control steroid group, the severe ARDS group 

decreased from 35.7% to 14.3%, and the moderate ARDS group 

decreased from 57.1% to 50.0%; the oxygenation improve-

ment with a PF ratio >300 was 21.4%. However, this difference 

was not statistically significant (P=0.196). In the pulse steroid 

group, the severe ARDS group decreased from 50% to 10%, the 

moderate ARDS group decreased from 43.3% to 23.3%, and 

the oxygenation improvement with a PF ratio >300 was 16.7%, 

which was statistically significant (P<0.001) (Figure 2). 

Although there was no statistical significance, the pulse ste-

roid group had more improvement in the RALE score than the 

control group. Figure 3 shows the chest X-ray improvement 

in three cases between pre- and post-steroid treatment in the 

pulse steroid group. 

Treatment and Prognosis between the Control and Pulse 
Steroid Groups 
All patients were treated with antibiotics and remdesivir, but 

there was a difference in the use of interleukin-6 receptor an-

tagonist, tocilizumab, and baricitinib between the two groups. 

Tocilizumab and baricitinib were initially not recommended 

in the guideline [4] and were not used in some cases because 

they were not prepared at that time. There was no difference in 

mechanical ventilation in 28.6% and 20.0% of the two groups, 

and the median ventilator duration was 18 days in the control 

steroid group compared with 8 days in the pulse steroid group. 

There was no statistically significant difference; however, the 

duration of mechanical ventilation in the control steroid group 

was longer than that in the pulse steroid group (P=0.063). 

There was no difference in in-hospital mortality or 28-day 
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mortality between the two groups (P=0.186 and P=0.390, re-

spectively), but the pulse steroid group had a lower mortality 

rate (23.3%) than the control steroid group (42.9%). Survival 

trend was better in the moderate and mild ARDS groups 

(P=0.088) than in the severe ARDS group (P=0.933). There was 

a significant difference in the length of hospital stay between 

the two groups. Therefore, it was confirmed that the hospital 

stay of the control steroid group was 14 days longer than that 

of the pulse steroid group at 11 days (P=0.039). There was one 

case of Candida infection in the blood and two cases of uncon-

trolled hyperglycemia in the pulse steroid group. There was 

one case of GI bleeding in the control steroid group. There was 

no significant difference between the two groups (P=0.295) 

(Table 3). Regardless of steroid use, the prone position group 

had a survival rate of 82.1%, which was significantly better 

than the 50.0% survival rate of the non-prone position group 

(P=0.025, data not shown). 

Table 1. Baseline demographic, clinical and steroid-related characteristics of critical or severe COVID-19 cases with control and pulse steroid groups
Variable Control steroid (n=14) Pulse steroid (n=30) Total (n=44) P-value
Age (yr) 72 (64–76) 70 (65–76) 71 (64–81) 0.860
Male:female 12:2 12:18 24:20 0.005d)

CURB-65 scorea) 1 (1–2) 2 (1–3) 1 (1–2) 0.305
APACHE II score 10 (9–14) 12 (9–15) 11 (9–15) 0.383
Day from symptom onset to hospitalization 4 (1–8) 6 (3–7) 6 (3–8) 0.541
Day from dyspnea onset to hospitalization 1 (1–2) 1 (1–3) 1 (1–3) 0.313
Day from diagnosis to steroid administration 1 (0–4) 1 (0–3) 1 (0–4) 0.843
Day from hospitalization to steroid administration 1 (0–4) 1 (0–3) 1 (0–4) 0.843
Type of corticosteroids <0.001d)

Methylprednisolone 5 (35.7) 29 (96.7) 34 (77.3)
Dexamethasone 8 (57.1) 1 (3.3) 9 (20.5)
Hydrocortisone 1 (7.1) 0 1 (2.3)

Starting doseb) (mg) 32 (32–62) 250 (250–272) 250 (91–267) <0.001e)

Accumulation doseb) (mg) 465 (352–620) 1,462 (1,313–1,745) 1,313 (680–1,635) <0.001e)

Duration of steroid administration (day) 10 (10–10) 9 (7–11) 10 (8–11) 0.076
Underlying disease 

Hypertension 7 (50.0) 19 (63.3) 26 (59.1) 0.402
Diabetes mellitus 3 (21.4) 8 (26.7) 11 (25.0) 0.709
Cerebrovascular disease 4 (28.6) 5 (16.7) 9 (20.5) 0.362
Chronic lung disease 2 (14.3) 5 (16.7) 7 (15.9) 0.841
Cardiovascular disease 1 (7.1) 3 (10.0) 4 (9.1) 0.759
Chronic liver disease 2 (14.3) 1 (3.3) 3 (6.8) 0.179
Malignancy 2 (14.3) 0 2 (4.5) 0.034d)

Immune suppressionc) 1 (7.1) 1 (3.3) 2 (4.5) 0.572
Dementia 0 1 (3.3) 1 (2.3) 0.490
Connective tissue disease 0 1 (3.3) 1 (2.3) 0.490
Chronic kidney disease 0 1 (3.3) 1 (2.3) 0.490

Confusion at hospitalization 4 (28.6) 9 (30.0) 13 (29.5) 0.923
Chest X-ray
  Pre-steroid RALE score 14 (11–19) 16 (13–20) 15 (12–20) 0.117
  Post-steroid RALE score 10 (5–12) 8 (7–11) 9 (7–12) 0.919

Values are presented as median (interquartile range) or number (%).
COVID-19: coronavirus disease 2019; APACHE: Acute Physiology and Chronic Health Evaluation; RALE: Radiographic Assessment of Lung Edema.
a) The scores was measured using factors below; confusion of new onset, blood urea nitrogen level greater than 19 mg/dl, respiratory rate of 30/min or greater, 
systolic blood pressure less than 90 mm Hg or diastolic blood pressure 60 mm Hg or less, age 65 or older; b) Converted to methylprednisolone dose; c) One case 
was receiving chemotherapy due to malignancy, and one case was receiving tocilizumab for rheumatoid arthritis; d) Chi-square test for comparisons between 
the control and pulse steroid groups; e) Mann-Whitney U-test for comparisons between the control and pulse steroid groups.
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Table 2. ARDS severity and laboratory findings of critical or severe COVID-19 cases with control and pulse steroid groups
Variable Control steroid (n=14) Pulse steroid (n=30) Total (n=44) P-value
Pre-steroid ARDS severitya) 0.666
  Severe 5 (35.7) 15 (50.0) 20 (45.5)
  Moderate 8 (57.1) 13 (43.3) 21 (47.7)
  Mild 1 (7.1) 2 (6.7) 3 (6.8)
Post-steroid ARDS severitya) 0.135
  Severe 2 (14.3) 3 (10.0) 5 (11.4)
  Moderate 7 (50.0) 7 (23.3) 14 (31.8)
  Mild 2 (14.3) 15 (50.0) 17 (38.6)
  PF ratio >300 3 (21.4) 5 (16.7) 8 (18.2)
Pre-steroid PF ratio 130 (87–150) 103 (71–130) 112 (74–140) 0.166
Post-steroid PF ratio 184 (144–277) 219 (181–253) 214 (156–257) 0.496
Pre-steroid lab
  Leukocyte (×103/ul) 9.0 (8.1–11.4) 9.3 (5.8–12.3) 9.2 (5.9–12.3) 0.920
  Neutrophil (%) 85 (78–92) 86 (77–93) 85 (77–93) 0.830
  Lymphocyte (%) 7 (4–11) 8 (3–14) 8 (4–14) 0.632
  Hematocrit (%) 38 (35–44) 38 (35–39) 38 (35–39) 0.427
  Platelet (×103/ul) 158 (118–224) 192 (154–219) 175 (140–223) 0.231
  CRP (mg/l) 105 (44–139) 95 (49–155) 95 (45–145) 0.980
  Procalcitonin (ng/ml) 0.34 (0.10–0.46) 0.14 (0.08–0.50) 0.17 (0.08–0.49) 0.313
  Lactate (mmol/L) 1.9 (1.5–2.2) 1.7 (1.3–2.2) 1.8 (1.3–2.2) 0.631
  BUN (mg/dl) 17 (13–23) 19 (15–25) 19 (14–25) 0.715
  Total bilirubin (mg/dl) 0.6 (0.4–0.8) 0.5 (0.3–0.8) 0.5 (0.3–0.8) 0.315
  Potassium (mmol/L) 4.1 (3.6–4.8) 4.1 (3.8–4.3) 4.1 (3.7–4.4) 0.920
  Glucose (mg/dl) 137 (114–210) 153 (131–184) 153 (124–201) 0.900
Post-steroid lab
  Leukocyte (103/ul) 8.8 (5.6–15.5) 8.1 (6.9–10.2) 8.7 (6.4–12.0) 0.579
  Neutrophil (%) 82 (74–89) 87 (82–90) 86 (79–90) 0.252
  Lymphocyte (%) 10 (3–15) 7 (4–12) 7 (4–13) 0.435
  Hematocrit (%) 39 (30–42) 36 (34–39) 36 (34–39) 0.650
  Platelet (×103/ul) 207 (117–263) 233 (166–304) 217 (159–282) 0.445
  CRP (mg/l) 4 (1–28) 16 (6–36) 12 (4–33) 0.021b)

  Procalcitonin (ng/ml) 0.06 (0.02–0.16) 0.05 (0.03–0.16) 0.05 (0.02–0.16) 0.607
  Lactate (mmol/L) 1.6 (1.2–2.4) 2.2 (1.8–2.6) 2.1 (1.5–2.5) 0.056
  BUN (mg/dl) 28 (21–29) 34 (21–35) 26 (21–35) 0.910
  Total bilirubin (mg/dl) 0.8 (0.7–1.0) 0.6 (0.4–0.7) 0.7 (0.5–0.9) 0.003b)

  Potassium (mmol/L) 4.1 (3.5–4.7) 3.7 (3.3–3.9) 3.7 (3.4–4.2) 0.022b)

  Glucose (mg/dl) 136 (106–216) 247 (197–302) 220 (139–299) 0.003b)

Values are presented as number (%) or median (interquartile range).
COVID-19: coronavirus disease 2019; ARDS: acute respiratory distress syndrome; PF ratio: partial pressure of oxygen in arterial blood/fraction of inspired oxygen; 
CRP: C-reactive protein; BUN: blood urea nitrogen.
a) ARDS severity was adopted from Berlin definition [15]: severe, defined as PF ratio ≤100; moderate, defined as 100< PF ratio ≤200; and mild, defined as 200< 
PF ratio ≤300; b) Mann-Whitney U-test for comparisons between the control and pulse steroid groups.

DISCUSSION 

The pulse steroid group did not show a statistically significant 

improvement in 28-day mortality or in-hospital mortality com-

pared with the control steroid group, but in-hospital mortality 

was lower in the pulse steroid group than in the control steroid 

group. According to the current COVID-19 guidelines, systemic 

corticosteroids should be considered for adults with critical or 
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Figure 2. Changes in the acute respiratory distress syndrome (ARDS) severity of the control and pulse steroid groups, which include patients with
critical or severe coronavirus disease 2019 (COVID-19) cases. ARDS severity was adopted from the Berlin definition [16]: severe, PF ratio ≤100; 
moderate, 100< PF ratio ≤200; mild, 200< PF ratio ≤300. PF ratio, partial pressure of oxygen in arterial blood/fraction of inspired oxygen ratio.

Figure 3. Changes in chest X-ray between pre- and post-steroid treatment in the pulse steroid group. (A-C) These examples were three cases of 
chest X-ray improvement after pulse steroid administration.
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Table 3. Treatment and prognosis in critical or severe COVID-19 cases with control and pulse steroid groups
Variable Control steroid (n=14) Pulse steroid (n=30) Total (n=44) P-value
High flow nasal cannula oxygen 14 (100) 29 (96.7) 43 (97.7) 0.490
Mechanical ventilation 4 (28.6) 6 (20.0) 10 (22.7) 0.527
  Duration of mechanical ventilation (day) 18 (11–33) 8 (4–10) 10 (6–8) 0.063
Other treatmenta) 1 (7.1) 3 (10.0) 4 (9.1) 0.759
Prone positionb) 7 (50.0) 21 (70.0) 28 (63.6) 0.199
In-hospital mortality 6 (42.9) 7 (23.3) 31 (70.5) 0.186
In-hospital mortality among moderate and mild ARDS groups 4 (44.4) 2 (13.3) 6 (25.0) 0.088
In-hospital mortality among severe ARDS group 2 (40.0) 5 (33.3) 7 (35.0) 0.933
28-Day mortality 5 (35.7) 7 (23.3) 32 (72.7) 0.390
Cause of death 0.255
  Respiratory failure 4 (28.6) 5 (16.7) 9 (20.5)
  Hepatic failure 2 (14.3) 0 2 (4.5)
  Arrhythmia 0 1 (3.3) 1 (2.3)
  Renal failure 0 1 (3.3) 1 (2.3)
Length of hospital stay (day) 14 (12–24) 11 (9–16) 11 (8–17) 0.039d)

Complication after steroid use 1 (7.1) 3 (9.9) 4 (9.0) 0.295
  Uncontrolled hyperglycemia 0 2 (6.7) 2 (4.8)
  Othersc) 1 (7.1) 1 (3.3) 2 (4.8)

Values are presented as number (%) or median (interquartile range).
COVID-19: coronavirus disease 2019; ARDS: acute respiratory distress syndrome.
a) Other treatment includes renal replacement therapy or extracorporeal membrane oxygenation; b) Awake prone positioning; c) One gastrointestinal bleeding 
case in control steroid group and 1 candidemia case in pulse steroid group; d) Mann-Whitney U-test for comparisons between the control and pulse steroid 
groups.

severe COVID-19, thus indicating that dexamethasone should 

be used rather than other corticosteroids. If dexamethasone is 

not available, it is recommended to use other corticosteroids 

that are equivalent to dexamethasone 6 mg daily for 10 days 

[5]. This recommendation is based on the RECOVERY study 

[6], and most meaningful studies known to date and other me-

ta-analyses [11,18,19] support this suggestion. This conclusion 

was reached because the RECOVERY study had a large effect 

size. However, some articles [20-22] have discussed the bene-

fits of a higher corticosteroid dose. There was no difference in 

the 28-day all-cause mortality compared to the usual care or 

control steroid group [11], but a trend toward improvements, 

such as ventilator-free days [21] and more days alive without 

life support [22], was observed. One retrospective cohort 

study [23] reported that there was a mortality benefit in the 

group using a moderate-to-high-dose corticosteroid (any dose 

higher than the low-dose steroid definition below) compared 

with the group using a low-dose steroid (methylprednisolone 

<1 mg/kg/day) in patients with critical COVID-19. In a severe 

COVID-19 pneumonia clinical trial [24], the clinical improve-

ment and survival of patients treated with methylprednisolone 

250 mg per day for 3 days were significantly higher than those 

in the standard care group when steroids were used at the 

beginning of the early pulmonary phase of illness. This study 

used the steroid dose most similar to that used in the current 

study, except that the inclusion criteria were COVID-19 pa-

tients with hypoxia excluding ARDS. These above studies used 

various doses and types of corticosteroids under various clini-

cal conditions. Therefore, although the current guidelines rec-

ommend the use of conventional corticosteroids, it is difficult 

to uniformly apply dexamethasone 6 mg to various COVID-19 

severities because of the variety in steroid type, dosage, and 

administration duration in different studies [11,25]. 

The meta-analysis by Sterne et al. [11], which was our most 

referenced study, did not include all data because some stud-

ies [7,8,21] were prematurely stopped. Therefore, comparative 

studies using higher corticosteroids and flexible corticosteroid 

applications are considered necessary in the future [10]. One 

study [23] found that using steroids in critical COVID-19 cases 

was not effective in women who are at a lower risk of death or 

in those with greater risk or severity, such as cancer, diabetes, 

and APACHE II >14; therefore, patient characteristics should 

be assessed before prescribing corticosteroids. Determining 

which patients to use corticosteroids selectively will remain a 
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challenge in the future. 

In this study, in the moderate and mild ARDS groups, the 

pulse steroid group appeared to have lower in-hospital mortal-

ity than the control steroid group (Table 3). Pulse steroid ther-

apy seemed to have a positive effect on the hyperinflammatory 

state due to COVID-19. However, in the severe ARDS group, 

there was no difference in mortality according to the steroid 

dose. COVID-19 related severe ARDS has a high mortality rate 

from diffuse alveolar damage alone and is a severe hyperin-

flammatory state with systemic inflammation [12,26]. Given 

this condition, improving mortality seems to be difficult by 

using different steroid doses only. Therefore, in Edalatifard et 

al. [24], the pulse dosing of steroids was used in patients with 

COVID-19 pneumonia without ARDS. 

The most significant point in our study is that improvement 

in oxygenation appears to be evident in patients with critical 

or severe COVID-19 (Figure 2). Evidence that corticosteroid 

use improves hypoxia in non-COVID-19 ARDS has been con-

sistently reported [25,27-30]. In COVID-19 infection, hypoxia 

is already known as an important sign of poor outcome [31]. 

However, in COVID-19, many corticosteroid studies have fo-

cused on mortality, but only a few studies have reported on 

hypoxia improvement. A retrospective study [32] reported a 

significant improvement in oxygenation in severe COVID-19 

ARDS by using high-dose dexamethasone (20 mg daily for 5 

days followed by 10 mg for 5 days). Although this is another 

case report, hypoxia improvement and survival were shown 

in a case using immunosuppressive therapy and steroid half-

pulse therapy (methylprednisolone 500 mg for 3 days) in se-

vere COVID-19 pneumonia, especially in the Delta variant of 

SARS-CoV-2 [33]. This is a very severe case of COVID-19 pneu-

monia, thus suggesting that the selective use of pulse steroids 

in COVID-19 pneumonia, which is thought to be a hyperin-

flammatory state with severe hypoxia, may affect a patient’s 

hypoxia correction and survival. 

In our study, the length of hospital stay was significantly 

shorter in the pulse steroid group than in the control steroid 

group. Although the duration of mechanical ventilation was 

not statistically significant, it was shorter in the pulse steroid 

group (Table 3). Similar results were found in non-COVID-19 

ARDS [28,29,34] and severe COVID-19 cases [23,35], thus sug-

gesting the possibility that steroids may be helpful in disease 

recovery. For early steroid use (i.e., receiving a steroid dose 

within the first 48 hours after ICU admission) in the severe 

COVID-19 study, moderate-to-high steroid doses (any dose 

higher than low dose) were associated with improved length 

of ICU stay compared with a low dose of methylprednisolone 

(<1 mg/kg/day) [23]. The current study may also have shown a 

decrease in the length of hospital stay because corticosteroids 

were administered early on the first day (median) after hospi-

talization. 

In our study, the CRP and glucose levels were significantly 

higher in the pulse steroid group than in the control steroid 

group. In the Jeronimo study [9], glucose elevation was higher 

with methylprednisolone use (methylprednisolone 0.5 mg/kg 

bid) than with placebo, and the systemic inflammatory status, 

such as CRP, was more evident; these findings were similar to 

those of the current study. When a high steroid dose is used, 

caution is required during infection and hyperglycemia.  

In conclusion, pulse steroids did not significantly improve 

mortality compared with control steroids in critical or severe 

COVID-19 cases. However, the pulse steroid group showed 

significant improvement in oxygenation and a shorter length 

of hospital stay than the control steroid group. The glucose lev-

els were higher in the pulse steroid group than in the control 

steroid group. 

This study had several limitations. First, this was a single-cen-

ter retrospective study, and there are limitations to this observa-

tional study. Second, the sample size was small. Third, the fact 

that the steroid types used in the control steroid group and the 

pulse steroid group was different can be a problem. It is difficult 

to exclude the possibility that the minimal mineralocorticoid 

effect of methylprednisolone has a negative effect on severe 

pneumonia because of the difference in steroid types between 

the control and pulse steroid groups. Fourth, in our study, the 

prone position was implemented when necessary, and interfer-

ence with the prone position was possible. Finally, the timing of 

corticosteroid administration has not been studied. 
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