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Dear Editor,

Twelve months after the beginning of the Coronavirus dis-
ease 2019 (COVID-19) pandemic, there is no established 
therapy for patients with severe acute respiratory syndrome 
Coronavirus 2 (SARS-CoV-2) infection [1, 2]. Glucocorti-
costeroids (called steroids thereafter) are the only drug that 
demonstrated to reduce mortality and the need for invasive 
mechanical ventilation in hospitalized patients with COVID-
19 [3, 4]. Accordingly, several national and international 
guidelines included systemic steroids for the treatment of 
severe COVID-19 patients [5]. For instance, World Health 
Organization (WHO) and UK National Institute for Health 
and Care Excellence strongly recommend low-dose steroids 
(namely dexamethasone 6 mg/die or equivalent dose) for 
7–10 days in adults with severe or critical disease [2, 6].

The optimal dose and duration of steroids treatment are 
mainly based on a single clinical trial (RECOVERY trial) 
[7]. However, a conclusive comparison of the efficacy 
between high- and low-dose steroids in COVID-19 patients 
is not available to date. In other settings, steroids therapy 
for moderate-to-severe acute respiratory distress syndrome 
(ARDS) has been recommended at a higher dose [8]. There-
fore, the hypothesis that a higher dose could be beneficial, 
at least in critically ill COVID-19 patients, deserves to be 
explored.

In this case series, we reported clinical characteristics, 
outcome, and side effects of a small population of patients 

with critical COVID-19, treated with a high-dose steroids 
(methylprednisolone equivalent ≥ 2 mg/kg/day) at Careggi 
University Hospital, Florence, Italy, during the period Feb-
ruary 25–April 25, 2020, in three internal medicine and one 
infectious diseases unit.

Inclusion criteria were: (1) diagnosis of COVID-19 con-
firmed by at least one positive result of real-time polymerase 
chain reaction (RT-PCR) in a diagnostic specimen (naso-
pharyngeal swab, sputum, broncho-alveolar lavage); (2) 
treatment with at least one dose of intravenous high-dose 
steroids, defined as methylprednisolone equivalent ≥ 2 mg/
kg/day; (3) oxygenation impairment consistent with partial 
pressure to fractional inspired oxygen ratio  (PaO2/FiO2) less 
than 200 mmHg, before the administration of high-dose 
steroids. An improved patient was defined as a discharged 
patient with no need for supplementary oxygen, irrespec-
tively from the monitoring RT-PCR results.

Viral clearance was defined as two negative result at RT-
PCR for SARS-CoV-2 in a nasopharyngeal swab. Descrip-
tive analysis was employed to illustrate population charac-
teristics. Data collection was approved by the local Ethics 
Committee (17104_oss). The study was performed following 
the ethical principles of the Declaration of Helsinki and with 
the International Conference on Harmonization Good Clini-
cal Practice guidelines.

Overall, we evaluated 397 patients. Of them, 95 (23.9%) 
were treated with steroids, but only 14 (3.5%) patients 
received a high-dose steroids (as for the inclusions crite-
ria); 1 patient was excluded from the analysis because of the 
 PaO2/FiO2 above 200 mmHg.

Thus, we included 13 patients. The median age was 
76 years (IQR 62–83), 7 (53.8%) were male. The median 
Charlson comorbidity index (CCI) was 4 (IQR 3–4), and 4 of 
them had a do-not-resuscitate (DNR) status, according to the 
medical condition. The median  PaO2/FiO2 at the hospitaliza-
tion and before starting high-dose steroids was 229 mmHg 
(IQR 134–293) and 98 mmHg (IQR 61–138), respectively 
(Table 1). Eleven patients had bilateral pulmonary infiltrates, 
demonstrated by chest radiography and/or high-resolution 
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chest tomography. In comparison with patients receiv-
ing low-dose steroids, those treated with high doses had 
lower  PaO2/FiO2 at the admission (229 [IQR 134–293] vs. 
296 [255–333], p = 0.004), and received steroids in a later 

stage (14 vs. 10 days from symptoms onset, p = 0.022), 
when ARDS was more frequently present (100% vs. 67%, 
p = 0.016). Among patients receiving high-dose steroids, 
nine improved (69.2%) and four deceased (30.8%); patients 
treated with low-dose steroids had a higher mortality (31/81, 
38.3%), without reaching a statistically significant difference 
(p = 0.625) (data not shown).

Among the nine improved patients, seven achieved the 
viral clearance after a median of 16 days (IQR 10–33), while 
in two cases date of viral clearance was missing. The median 
time between the onset of symptoms and high-dose steroids 
administration was 14 days (IQR 10–16).

Steroids were administered for a median of 4 days (IQR 
3–5); the median dosage of methylprednisolone used was 
250 mg (IQR 130–271), and the median dosage adjusted for 
body weight was 2.6 mg/kg/die (IQR 2.13–3.71). At the time 
of the first steroids infusion, two patients (15.3%) had fever. 
Of note, five patients (38.5%) also received tocilizumab and 
one (7.7%) ruxolitinib. Detailed information on clinical fea-
tures, therapies and outcome of each patient treated with 
high-dose steroids are reported in Table 2.

About supportive oxygen therapy, five (38.5%) patients 
received Venturi-mask, while eight (61.5%) required high-
flow-nasal cannulas (HFNC) and/or additional non-invasive 
ventilation (NIV). No one of the included patients was intu-
bated nor admitted to the intensive care unit. Among the 
improved patients, the median time from the first steroids 
dose to exceed  PaO2/FiO2 > 200 mmHg was 6 days (IQR 
6–10 days). Trends of CRP, following high-dose steroids 
administration, are shown in Fig. 1.

No grade 3–5 adverse events were registered after ster-
oids administration: only one patient developed an uncom-
plicated urinary tract infection (UTI) 4 days after receiving 
the first steroids dose; three patients developed alteration of 
blood glucose (> 250 mg/dL), while four developed minor 
alteration (126–249 mg/dL). In all cases, the glucose levels 
returned into the normal range within 2 weeks from the ster-
oid discontinuation, without the use of antidiabetic drugs. 
No clinical suspicion of femoral head necrosis was observed.

Currently, no evidence suggested that higher doses of 
steroids are associated with more significant benefits than 
a lower dose. Our study aims to explore whether the use of 
high-dose steroids could be a possible option to consider 
in the weaponry against COVID-19, especially in critically 
ill patients. The rationale of their use is to tackle “cytokine 
storm”-related manifestations, and it partially derives from 
data obtained during the SARS-CoV epidemic of 2003, 
when systemic steroids were administered in infected 
patients who developed the severe respiratory disease [9, 
10]. Another relevant point is that early high-dose steroids 

Table 1  Demographic and clinical characteristics of COVID-19 pop-
ulation treated with high-dose steroid

IQR interquartile ranges, HRCT  high-resolution chest tomography, 
PaO2/FiO2 partial pressure to fractional inspired oxygen ratio

Characteristics Patients (n = 13)

Age (median, IQR), years 76 (62–83)
Male gender
Male 7 (53.8%)
Comorbidities
Hypertension 7 (53.8%)
Diabetes 1 (7.6%)
Chronic obstructive pulmonary disease 2 (15.4%)
Malignancies 2 (15.4%)
Coronary artery diseases 1 (7.6%)
Charlson comorbidities index (median, IQR) 4 (3–4)
Smoking history
Active smokers 0 (0%)
Former smokers 6 (46.1%)
Non-smokers 5 (38.5%)
Not know 2 (15.4%)
Symptoms
Cough 9 (69.2%)
Fever 11 (84.6%)
Diarrhea 3 (23.1%)
Dyspnoea 5 (38.5%)
Radiological features
Chest X-ray bilateral infiltrates 11 (84.6%)
HRCT bilateral ground glass opacities 4 (30.7)
Time from onset of symptoms to high-dose steroid 

administration (median, IQR), days
14 (10–16)

Hydroxychloroquine 12 (92.3%)
Protease inhibitors 11 (84.6%)
Tocilizumab 5 (38.5%)
Ruxolitinib 1 (7.6%)
PaO2/FiO2 at the admission (median, IQR) 229 (134–293)
PaO2/FiO2 before high-dose steroid (median, IQR) 98 (61–138)
Oxygen supportive therapy
Ventury-mask only 5 (38.5%)
High flow nasal cannula (HFNC) only 2 (15.4%)
Non invasive ventilation (NIV) only 2 (15.4%)
HFNC and NIV 4 (30.8%)
Outcome
Improved 9 (69.2%)
Deceased 4/13 (30.8%)
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could preserve pulmonary fibrosis and long-term pulmonary 
consequences in the surviving patients [11].

The main limitation of our study is the small number of 
included subjects and its retrospective design. For this rea-
son, an exhaustive evaluation of the efficacy of high-dose 
steroids in this setting is beyond the scope of the paper.

The steroids dosage utilized in our case series was 
much higher (a median 2.6 (IQR 2.13–3.71) mg/kg/die 
of 6-methylprednisolone) than that currently recom-
mended in the most relevant international guidelines, and 
that reported in the most of the published studies [7, 12]. 
SARS-CoV-2-related ARDS is characterized by the poor 
outcome, with mortality above 50% in the short term [13]. 
According to our findings, among 13 patients with critical 
COVID-19, 9 (69.2%) improved, and 4 (30.8%) died; no 
one was admitted in the intensive care unit. Moreover, all 
patients with an unfavorable outcome were over 80 years 
old, had DNR status, and started the steroids treatment 
when  PaO2/FiO2 was < 150 mmHg. In particular, two of 
them received steroids in a very late stage of the disease 
(namely, patient no. 13, 21 days after the first record of 
 PaO2/FiO2 < 200 mmHg and patient no. 5, in a condition 
of severe hypercapnia, respiratory acidosis, and Glasgow 
Come Scale impairment).

Although the use of high-dose steroids is known to be 
burdened by serious side effects, in our experience, use of 
high-dose steroids therapy resulted safe and well tolerated. 
Altered blood glucose level is the main side effect observed. 
In all cases, this condition resolved spontaneously, without 
the need for antidiabetic drugs.

Concerning the timing of viral clearance, no substantial 
difference was seen between our population (16 days) com-
pared to the available data in the literature: for instance, in 
a Chinese cohort of patients with COVID-19, the median 
time of viral shedding was 20 days (IQR 17–24), without 
receiving steroids [14].

In conclusion, our preliminary results support the useful-
ness of a randomized clinical trial, investigating the impact 
of different dosage of steroids on the outcome of critical 
COVID-19 patients. Furthermore, future studies are needed 
to identify which patient could benefit from high-dose 
steroids, to investigate the additional effect of other immu-
nomodulant drugs, such as tocilizumab or JAK inhibitors, 
and to disclose whether steroids treatment could prevent or 
reduce the risk for pulmonary fibrosis or any residual lung 
impairment after SARS-CoV-2 infection.
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