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A B S T R A C T

Purpose: Severe coronavirus disease 2019 (COVID-19) is strongly related to interstitial pneumonia with frequent
development of acute respiratory distress syndrome (ARDS). The role of corticosteroids (CS) treatment in these
patients is still controversial. Some studies evidenced a possible role of an early short-term course of CS treatment
in the treatment of severe pneumonia.
Patients and methods: This is a single-center, retrospective study considering the patients with confirmed COVID-
19 pneumonia admitted to our hospital between 9th March and 15th June 2020. Two groups were considered:
early high-dose of methyl-prednisolone (eHDM; n ¼ 31) and the control group (n ¼ 52). Patients in the eHDM
group received the dose of 5-8 mg/kg/day of methyl-prednisolone for 2 consecutive days. Primary outcome was
the mortality evaluation; secondary outcomes were clinical improvement, side-effects and laboratory/radio-
graphic changes.
Results: Significant differences between the two groups were: length of hospitalization (21.5 vs 28.4 days, p ¼
0.026), length of non-invasive ventilation (NIV) or mechanical ventilation (11.5 vs 14.5 days, p ¼ 0.031), death (5
vs 12, p ¼ 0.006) and clinical improvement (16 vs 11, p¼0.018). The following factors were related to in-hospital
mortality in the multivariate analysis: comorbidities (OR ¼ 2.919; 95%CI ¼ 1.515-16.705; p<0.001), days from
the onset of symptoms and the hospital admission (OR ¼ 1.404; 95%CI ¼ 1.069-12.492; p ¼ 0.011), PaO2/FiO2

(P/F) ratio (OR ¼ 3.111; 95%CI ¼ 2.334-16.991; p ¼ 0.009) and eHDM treatment (OR ¼ 0.741; 95%CI ¼ 0.129-
0.917; p ¼ 0.007).
Conclusion: The eHDM is an interesting and promising approach in the ARDS related to COVID-19 pneumonia,
which reduces mortality, length of hospitalization and the need for mechanical ventilation.
1. Introduction

The outbreak of novel coronavirus disease 2019 (COVID-19) is
currently a global health emergency [1] due to respiratory illness caused
by this infection with progression to critical hypoxemia and the devel-
opment of acute respiratory distress syndrome (ARDS) [2]. The ARDS
related to the severe acute respiratory syndrome coronavirus 2 (SAR-
S-CoV-2) infection is associated with a high mortality rate [3] and the
main trigger factor is the ‘cytokine storm‘ caused by the hyper-
inflammation and immune-suppression with a decrease of CD4þ T helper
and increase of CD8þ cytotoxic activity; the unregulated release of in-
flammatory cytokines such as TNF-α, IL-1 and IL-6 leads to lung tissue
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In patients with evidence of SARS-CoV-2 pneumonia, the effective-

ness of supportive treatment with oxygen, ventilatory support or low
molecular weight heparin (LMWH) was reported [5]; among the
adjunctive immunomodulatory agents, corticosteroids (CS) have been
widely employed in ARDS and in other viral infections [6,7]; despite an
initial contraindication of the use of CS in the COVID-19 related pneu-
monia due to the lack of evidence of a proven advantage or the potential
harm, such as the reduction of viral clearance and the bacterial/fungal
superinfections [8,9], some evidences are currently available about the
role of CS in the ARDS related to COVID-19 [10]. The rationale for CS use
in this setting is the reduction of hyper-inflammatory syndrome, as
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observed in previous studies with other causes of ARDS [11]; in partic-
ular the major benefit seems to be observed in more severe patients, in
intensive care unit (ICU) with a reduction in mortality and need of
intubation or length of intubation time [12,13]. Some aspects, however,
need to be clarified: the type of CS used (dexamethasone, methylpred-
nisolone or others), the dose and treatment duration and the initial
timing [14]. Recent studies evidence the improvement in different clin-
ical outcomes with the high-dose, short-term and early administration of
methylprednisolone in patients with initial ARDS [12,15] and this
approach seems to be more promising that low-dose, prolonged time in
late phase of ARDS, where bacterial or fungal superinfection, diabetes
and other side-effect related to CS administration are more frequent [16].

In this retrospective study, we analyzed the real-life benefit of early
short-course of CS treatment in patients with critical COVID-19 infection
and ARDS.

2. Methods

2.1. Study design and definitions

We considered all the consecutive patients admitted at the ʽSt. Andrea
Hospitalʼ, Vercelli, Italy, between 9th March and 15th June 2020 with
confirmed diagnosis of SARS-CoV-2 infection, with radiological evidence
of interstitial pneumonia. We excluded patients with unconfirmed diag-
nosis (negative PCR assay for SARS-CoV-2) or with positive PCR but
without pneumonia or other respiratory illness. The severity of clinical
presentation was defined with different score: Pneumonia Severity Index
(PSI), sequential organ failure assessment (SOFA) and Brescia-COVID
respiratory severity scale (BCRSS).

Based on these parameters, we defined the following clinical cate-
gories: mild disease - defined as the presence of symptoms with pulmo-
nary infiltrate but without hypoxia; moderate disease - defined as
pulmonary involvement with the need of supplemental oxygen; severe
disease - defined as the presence of moderate or severe ARDS according
to the Berlin definition with the need for non-invasive ventilation (NIV)
or mechanical ventilation [17].

The study design was a retrospective analysis in the subgroup patients
with severe clinical condition and ARDS according to received CS
therapy.

Early ARDS was considered within 72 h from hospital admission,
while late ARDS after 72 h from admission or after previous treatment
failure to standard of care (other CS, antivirals, hydroxychloroquine,
tocilizumab).

Early high-dose of methylprednisolone (eHDM) was defined as single
bolus IV administration (5-8 mg/kg/day) for 2 days in patients with early
ARDS; the ʽrescue therapyʼ (RT) was defined as the late-HDM in patients
with previous treatment failure or rapidly worsening condition.

2.2. Study endpoints

The primary endpoint was the comparison of mortality between pa-
tients receiving eHDM treatment vs RT or other CS or without CS (control
group); secondary endpoints were the evaluation of clinical improvement
between the two groups of patients (defined as escalation to an ICU from
a non-ICU hospitalization) and the side-effect or other clinical compli-
cations that occurred during the observation period. Changes in WBC,
platelets, CRP, ferritin, D-dimer, procalcitonin, PaO2/FiO2 (P/F) ratio
and radiological improvement were also assessed and compared among
patients receiving eHDM treatment compared to the control group.

2.3. Statistical analysis

In descriptive statistics, continuous variables were summarized as
median (inter-quartile range (IQR): 25th to 75th percentiles). Categorical
variables were described as frequency and percentage. All data were
assessed for normality using a Shapiro-Wilk test and categorical data
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were compared using a Mann-Whitney or Kruskal-Wallis statistical test.
To investigate continuous data, a Spearman’s rank correlation was uti-
lized. The association was calculated using the χ2-test. Multivariate lo-
gistic regression analysis with stepwise forward selection was performed
with p-values of less than 0.05 as the criteria for model inclusion. All p-
values were two-tailed. P<0.05 was considered statistically significant.
Statistical analyses were conducted using SPSS software package ver.
26.0 (Chicago, IL, USA).

2.4. Ethical issues

The study protocol was approved by the local Ethics Committee
Comitato Etico Interaziendale ASL VC (4/8/2020; Protocol number:
0026301).

This study which involves human participants is in compliance with
the 1964 Helsinki declaration and its later amendments.

3. Results

3.1. Patients selection and baseline characteristics

We evaluated a total of 289 patients with a suspected diagnosis of
COVID-19 infection. We excluded 46 patients i.e. 22 without pulmonary
involvement, 6 with a negative PCR of a nasopharyngeal test and 18
patients who died within 24 h of hospital admission. Among the 243
patients with confirmed COVID-19 related pneumonia, 18 (7.4%) had a
mild disease, 142 had a moderate disease (58.4%) and 83 (34.1%) had a
severe disease with confirmed diagnosis of ARDS. In this group, 31 pa-
tients received the eHDM treatment, while 52 were considered as the
control group in which 10 did not receive any CS treatment, 34 were
treated with other CS (dexamethasone 10-20 mg/day; methyl-
prednisolone 20-40 mg/day; hydrocortisone 100-500 mg/day) and 8
received the late-HDM as RT (Fig. 1).

The baseline characteristics of the study population are reported in
Table 1. There were 58 male patients (69.9%), with a median age of 66
years; 70 patients (84.3%) had one or more comorbidities - the most
common coexisting conditions included hypertension (n ¼ 51, 61.4%),
diabetes mellitus (n ¼ 38, 45.8%), cardiovascular diseases (n ¼ 21,
25.3%), immunologic diseases (n ¼ 5, 6%), neoplastic illness (n ¼ 4,
4.8%), kidney diseases (n ¼ 9, 10.8%), chronic obstructive pulmonary
disease (COPD; n ¼ 14, 16.9%); 71 patients (85.5%) were directly
admitted into ICU, with a median 12.5 days from the onset of symptoms
and the hospital admission; 47 patients (56.6%) were supported by NIV,
while 36 (43.4%) required mechanical ventilation. Among the 36 pa-
tients who required mechanical ventilation, 3 were intubated at the
hospital admission, while the other 33 were previously supported by NIV;
after extubation all patients were supported by NIV for a median time of
2.5 days. The median time of hospitalization was 26.5 days.

3.2. Clinical outcomes

In our cohort, 17 patients died (20.5%), 27 (32.5%) evidenced a
clinical improvement; sepsis was observed in 39 (47%), candidemia in 14
(16.9%), ventilator-associated pneumonia (VAP) in 16 (19.3%). Median
P/F increase after 48 h was 10.5, CRP reduction was 5.5, ferritin
reduction 122.5; radiological improvement was observed in 32 patients
(38.5%). In the demographic characteristics, we observed that the me-
dian time of CS treatment delay after hospital admission showed a sta-
tistically significant difference, as expected, between eHDM and controls,
being 2 days (IQR:1-2.5) and 4 days (IQR:3.5–9), respectively (p<0.001).

Among the clinical outcomes, significant differences were observed
between the two groups according to the length of hospitalization (21.5
vs 28.4 days, p¼ 0.026), length of NIV or mechanical ventilation (11.5 vs
14.5 days, p ¼ 0.031), death (5 vs 12, p ¼ 0.006), clinical improvement
(16 vs 11, p¼0.018). Sepsis and VAP were more frequent in the control
group (10 vs 29, p<0.001 and 4 vs 10, p ¼ 0.006, respectively). In the



Fig. 1. Flow-chart of selecting the study population.
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eHDM group, all the laboratory and radiologic parameters measured
after 48h showed statistically significantly improvement, i.e. P/F change
(22 vs 5, p ¼ 0.009), CRP reduction (8.5 vs 4, p ¼ 0.005), ferritin
reduction (190 vs 71, p¼0.011), radiological improvement (18 vs 14,
p<0.001).

As presented in Fig. 2, a statistically significant difference was
observed between patients who were directly admitted into ICU
compared to those who were not, according to days from the onset of
symptoms: 12 days (IQR: 9–14) vs. 6 days (IQR: 5–8), respectively
(p<0.001).

In Fig. 3, the median values of CRP after 48h from the CS treatment,
according to different therapies, in patients receiving the standard dose
of methylprednisolone the median CRP reduction was 3 mg/L (IQR: 2–5);
in the dexamethasone group the reduction was 6 mg/L (IQR: 2.9-8.5); in
the eHDM group the reduction was 8.5 mg/L (IQR: 0.5-16.5). Differences
were statistically significant among all groups (p<0.001).

In Fig. 4, the median P/F changes between patients treated with the
standard treatment (control group) and with the eHDM treatment were
reported. The median increase was 5 in the control group (IQR: 2–12)
and 22 in the eHDM group (IQR: 17.5–38) (p<0.001).
3.3. Antimicrobial and antiviral treatment

In Table 2 we report the antimicrobial and antiviral treatment
administered in the study population; empiric therapy was used in 36
patients (43.4%) and the most commonly given drugs were: ceftriaxone
alone (n ¼ 11; 13.2%), ceftriaxone plus azithromycin (n ¼ 6; 7.2%),
levofloxacin (n ¼ 4; 4.8%) and piperacillin/tazobactam (n ¼ 15; 18%).
The choice of these different antimicrobials was related to different
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factors, including clinical approach, presence of comorbidities, such as
COPD, known drug allergies, previous home therapies. Specific oriented
therapy based on the microbiological isolation from blood or other
samples was administered in 47 patients (56.6%) with different antimi-
crobial or antifungal drugs. Antiviral treatment was administered in 71
(85.5%) patients according to different clinical conditions and changes in
guidelines; 12 patients (14.4%) did not receive any antiviral treatment
due to different reasons i.e. presence of major contraindications, such as
cardiac arrhythmias, inability to take medications orally or more severe
clinical condition.
3.4. Univariate and multivariate analysis considering the mortality in the
study population

In the univariate analysis, we considered the following factors: age,
male sex, body mass index (BMI), comorbidities, time from onset of
symptoms to hospital admission, P/F, CRP, ferritin, D-dimer, NIV or
mechanical ventilation, duration of NIV and mechanical ventilation,
eHDM treatment vs standard treatment, sepsis/candidemia. The
following factors were related to mortality and were considered in the
multivariate analysis: comorbidities, days between the onset of symp-
toms and hospital admission, P/F, CRP, D-dimer, mechanical ventilation
and days in mechanical ventilation, eHDM vs control group, sepsis/
candidemia. The multivariate analysis confirmed the statistically signif-
icant effect on the mortality for: comorbidities (OR ¼ 2.919; 95%CI ¼
1.515-16.705; p<0.001), days from the onset of symptoms to the hospital
admission (OR ¼ 1.404; 95% ¼ 1.069-12.492; p ¼ 0.011), P/F (OR ¼
3.111; 95%CI ¼ 2.334-16.991; p ¼ 0.009) and the eHDM treatment (OR
¼ 0.741; 95%CI ¼ 0.129-0.917; p ¼ 0.007) (Table 3).



Table 1
Baseline characteristics of the study population and clinical outcomes.

Characteristics Total (n ¼
83)

eHDM group
(n ¼ 31)

Control group
(n ¼ 52)

P value

Demographics
Age (median, IQR) 66 (51.2–84) 61 (50.8–76) 65.5 (63–84) 0.118
Male sex (n, %) 58 (69.9) 22 (70.9) 36 (69.2) 0.782
BMI (median, IQR) 28.9 (25–36) 26.6

(24.8–35)
27.5
(25.5–36)

0.456

Comorbidity (n, %) 70 (84.3) 26 (83.9) 44 (84.6) 0.331
-hypertension 38 (45.8) 13 (41.9) 25 (48) 0.112
-diabetes mellitus 25 (30.1) 10 (32.2) 15 (28.8) 0.313
-cardiovascular
diseases

21 (25.3) 9 (29) 12 (23) 0.090

-immunologic
diseases

5 (6) 1 (3.2) 4 (7.7) 0.415

-neoplastic illness 4 (4.8) 2 (6.4) 2 (3.8) 0.109
-kidney diseases 9 (10.8) 3 (9.7) 6 (11.5) 0.229
-chronic
obstructive
pulmonary diseases

14 (16.9) 4 (12.9) 10 (19.2) 0.087

Direct admission in
ICU (n, %)

71 (85.5) 25 (80.6) 46 (88.4) 0.356

Days from the onset
of symptoms
(median, IQR)

12.5
(6.5–15.5)

10.5 (7.5–13) 12.5 (6–16) 0.334

Days to CS start after
admission
(median, IQR)

4.5 (2.5–8.5) 2 (1–2.5) 4 (3.5–9) <0.001

ARDS (n, %) 0.026
-mild/moderate 45 (54.2) 13 (41.9) 32 (61.5)
-severe 38 (45.7) 18 (58) 20 (38.5)

NIV (n, %) 47 (56.6) 22 (70.9) 25 (48) 0.081
Requiring invasive
mechanical
ventilation (n, %)

36 (43.4) 9 (29) 27 (51.9) 0.070

Requiring
vasopressor
support (n, %)

16 (19.3) 6 (19.3) 10 (19.2) 0.450

PSI baseline score
(median, IQR)

110
(95–135)

112 (91–130) 109 (94–135) 0.113

BRCSS baseline
score (median,
IQR)

4.5 (3–7) 4 (3–6) 4.5 (2–7) 0.514

SOFA baseline score
(median, IQR)

2 (1.5–4) 2 (1–4) 2.5 (1–3) 0.219

Laboratory examinations
WBC (109/L) 4.1 (3.9–8.6) 4.5 (3.8–7.7) 4.4 (3.9–8.7) 0.228
Platelets (109/L) 184

(95–633)
192
(110–598)

189
(100–640)

0.395

CRP (mg/L) 69.8
(55.5–135)

71.5
(55.9–134.8)

68.9
(54.8–131.6)

0.628

Ferritin (ng/mL) 1213
(653–6678)

1318
(690–6145)

1299
(700–5199)

0.989

D-dimer (ng/mL) 966
(344–2878)

811
(288–2009)

915
(290–2907)

0.667

Procalcitonin (ng/
mL)

1.4 (0.8–4.5) 1.2 (0.9–3.6) 1.6 (1.1–4.9) 0.051

P/F (median, IQR) 229
(90.5–271.8)

218
(96.6–269.5)

220
(91.4–276.9)

0.335

Lactates (mmol/L) 2.3 (1.8–4.2) 2.2 (1.5–4.1) 2.1 (1.7–4.3) 0.429
PEEP (cm H2O) 10 (5–10) 10 (5–10) 10 (5–10) 0.762
Clinical outcomes
Days of
hospitalization
(median, IQR)

26.5
(19.5–34.5)

21.5
(18.5–28.5)

28.4
(18.8–34.5)

0.026

Days in NIV
(median, IQR)

11.8
(7.5–20.5)

10.5
(7.5–21.5)

13.5
(9.5–20.5)

0.041

Days in mechanical
ventilation
(median, IQR)

10.5
(8.5–14.5)

8 (8–11) 10.5
(9.5–14.5)

0.028

Death (n, %) 17 (20.5) 5 (16%) 12 (23%) 0.006
Clinical
improvement (n,
%)

27 (32.5) 16 (51.6) 11 (21.1) 0.018

Sepsis (n, %) 39 (47) 10 (32.2) 29 (55.8) <0.001
Candidemia (n, %) 14 (16.9) 4 (12.9) 10 (19.2) 0.110

Table 1 (continued )

Characteristics Total (n ¼
83)

eHDM group
(n ¼ 31)

Control group
(n ¼ 52)

P value

Documented VAP 16 (19.3) 4 (12) 12 (23) 0.006
Laboratory and radiologic changes at 48h
P/F increase
(median, IQR)

10.5 (2–38) 22 (17.5–38) 5 (2–12) 0.009

CRP (mg/L)
reduction
(median, IQR)

5.5 (0–16.5) 8.5 (0–16.5) 4 (0–7.5) 0.005

Ferritin reduction
(ng/mL) (median,
IQR)

122.5
(13–370)

190 (78–370) 71 (13–211) 0.011

Radiological
improvement (n,
%)

32 (38.5) 18 (58) 14 (27) <0.001
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4. Discussion

The major findings of our study included the statistically significantly
lower mortality rate in patients treated with the eHDM - similar to that
reported in the study by Fadel et al. [12] - in comparison to other
treatments (16% vs 23%, p ¼ 0.006), considering that the control group
had similar baseline characteristics without significant heterogeneity;
higher clinical improvement (51.6% vs 21.1%, p<0.018); and the
reduction of hospitalization period. Conversely, major incidence of
side-effects and bacterial/fungal infections (with inclusion of VAP and
sepsis/candidemia) were observed in patients treated with lower dose,
prolonged time of CS.

Due to the current lack of effective antiviral therapies against the
SARS-CoV-2 infection, the role of other supportive treatment against the
cytokine storm and ARDS have been recently examined in different
studies, without provided evidence; however, encouraging results con-
cerning the use of CS in patients with the COVID-19 pneumonia are
coming. Despite an initial caution and uncertain outcomes in other viral
infections such as influenza A and B or SARS [7,18], due to a reduction of
viral clearance and major incidence of side-effects such as diabetes or
bacteria/fungal infections, some studies report a decrease in the risk of
death or need of mechanical ventilation using both methylprednisolone
and dexamethasone in patients with critical illness due to COVID-19
pneumonia [2,19], and lower 28-day mortality rate was confirmed in a
recent trial evaluating the effect of dexamethasone in patients with
COVID-19 pneumonia [13]. Therefore, the treatment with dexametha-
sone reduces mortality rate in patients with the need of respiratory
support or mechanical ventilation, while no effect was demonstrated in
patients without the need for oxygen. The studies about the role of CS in
SARS-CoV-2 infection showed higher heterogeneity and many aspects
should be clarified. First, the use of CS might be useful only in patients
with the evidence of lung involvement with initial ARDS, while in the
early phase of infection the use of CS could be useless or harmful, with
the consequent reduction of viral clearance. Second, it is not clear what is
the optimal CS, although dexamethasone and methylprednisolone seem
to have the most consistent data. Third, the timing of CS use in the
different phases of SARS-Cov-2 infection may be crucial in this
perspective - in the phase of pulmonary involvement the role of gluco-
corticoids should be decisive for limiting progression to the
hyper-inflammation and cytokine dysregulation [20]. The evidence of
timing in CS therapy has been previously demonstrated in studies on
potential role of glucocorticoids in ARDS conditions; the available data
were favorable to the use of CS in the early phase of ARDS, with a better
effectiveness when using high-dose, short-time course of methylpred-
nisolone [16]. Based on these evidences and other small case-series [15]
we report in our study similar and encouraging results of the early,
high-dose and short term treatment with methylprednisolone in patients
with SARS-CoV-2 infection and initial phase of ARDS.

The beneficial effect of this approach was also confirmed by the
improvement in inflammatory, biochemical and radiographic parameters



Fig. 2. Median time from the onset of symptoms to the hospital admission according to ICU/non-ICU direct admission.

Fig. 3. Median CRP changes in the study population according to different CS use.
Abbreviations: HD, high-dose.

Fig. 4. Median P/F changes after 48 h of CS treatment in different study groups.
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Table 2
Treatment received in the study population.

Total n ¼
83

eHDM
n ¼ 31

Control group n
¼ 52

P
value

Antimicrobial treatment
Ceftriaxone alone 11 (13.2) 5 (16.1) 6 (11.5) 0.113
Ceftriaxone plus
azithromycin

6 (7.2) 4 (12.9) 2 (3.8) 0.016

Piperacillin/tazobactam 15 (18) 6 (19.3) 9 (17.3) 0.224
Ceftazidime alone 11 (13.2) 4 (12.9) 7 (13.4) 0.488
Ceftazidime/avibactam 10 (12) 3 (9.6) 7 (13.4) 0.017
Levofloxacin 4 (4.8) 2 (6.4) 2 (3.8) 0.080
Cefepime 9 (10.8) 3 (9.6) 6 (11.5) 0.178
TMP/SMX 3 (3.6) 0 (0) 3 (5.7) 0.025
Fluconazole 2 (2.4) 2 (6.4) 0 (0) 0.018
Caspofungin 12 (14.4) 4 (12.9) 8 (15.4) 0.132
Antiviral treatment
Hydroxychloroquine 41 (49.3) 11

(35.5)
30 (57.7) 0.039

Lopinavir/ritonavir 17 (37.3) 4 (12.9) 13 (25) 0.014
Darunavir/cobicistat 13 (15.6) 5 (16.1) 8 (15.4) 0.290
Without antiviral
treatment

12 (14.4) 2 (6.4) 10 (19.2) 0.015

Table 3
Univariate and multivariate logistic regression analyses considering the mortal-
ity in the study population.

Univariate analysis

Factors OR, 95% CI, p
Age 3.551, (1.899-8.556), p ¼ 0.566
Sex M 1.235, (0.499-5.341), p ¼ 0.391
BMI 0.667, (0.531-1.080), p ¼ 0.300
Comorbidities 2.669, (1.018–11.938),

p¼0.009
Days from onset of symptoms and hospital
admission

1.885, (1.006–9.019),
p¼0.004

P/F at baseline 4.982, (1.774–13.561),
p¼0.007

CRP at baseline 1.912, (1.445–22.781),
p¼0.019

Ferritin at baseline 1.399, (0.441-3.616), p ¼ 0.956
D-dimer at baseline 1.224, (1.009–6.499),

p¼0.013
NIV 0.912, (0.614-1.229), p ¼ 0.418
Invasive mechanical ventilation 1.227, (1.090–4.669), p¼0.013
Days in NIV 0.843, (0.356-1.226), p ¼ 0.567
Days in mechanical ventilation 1.576, (1.053–6.959),

p¼0.009
eHDM treatment vs control group 0.626, (0.113–0.989),

p¼0.016
Sepsis 4.226, (3.890–12.550), p ¼

0.021

Multivariate analysis
Factors OR, 95% CI, p

Comorbidities 2.919, (1.515–16.705),
p<0.001

Days from onset of symptoms and hospital
admission

1.404, (1.069–12.492),
p¼0.011

P/F at baseline 3.111, (2.334–16.991),
p¼0.009

CRP at baseline 1.419, (1.020-17.554), p ¼
0.190

D-dimer at baseline 1.900, (1.225-7.332), p ¼ 0.416
Invasive mechanical ventilation 1.424, (0.916-8.336), p ¼ 0.514
Days in mechanical ventilation 1.899, (1.426-8.836), p ¼ 0.090
eHDM treatment vs control group 0.741, (0.129–0.917),

p¼0.007
Sepsis 2.111, (1.445-9.815), p¼0.117

Statistical significance is indicated by bolding.
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in the eHDM group. Among the factors significantly associated with
higher mortality rate in our study population, we highlight the time from
the onset of symptoms to the hospital admission (OR ¼ 1.404); for this
267
reason, clinicians should play an active role in promoting the correct
information about the COVID-19 risk in the outpatients, regarding the
need of home-treatment and monitoring, and early hospital admission
before the worsening of clinical condition and ARDS onset. In fact, a
median difference of 6 days late was strongly related to the direct ICU
admission of patients with consequent higher mortality rate.

The relationship between the early use of CS in COVID-19 pneumonia
and lower mortality was recently reported in the study byMonedero et al.
[21]; patients who have never received CS during the hospital admission
had higher mortality rate than patients with early CS treatment; in this
setting, patients with higher inflammatory markers requiring ventilatory
support may benefit from the CS treatment. Beneficial effect of the
standard dose of dexamethasone may conversely be an alternative for
patients with mild COVID-19 pneumonia with the need for oxygen sup-
port but without ARDS, as reported in the RECOVERY study [22].

In our present study, the most important factor associated with higher
mortality, was the presence of one or more comorbidities (OR ¼ 2.919).
The presence of chronic heart failure, diabetes mellitus, COPD and other
illnesses leads to the unfavorable outcome in patients with COVID-19
pneumonia [2]. The clinicians should focus their attention on the
modifiable factors, such as timing of admission, timing of therapy and
early CS administration. Moreover, the lower rate of VAP in the eHDM
group can be related to the shorter hospitalization time and lower rate of
mechanical ventilation in this group.
4.1. Limitations of the study

The conclusions of this study are not definitive, and several limita-
tions are related to the retrospective design: limited sample size of the
two groups, the heterogeneity of the control group, without randomi-
zation. In addition, the standard definition of “early” and “late” ARDS
were derived from the Berlin criteria [17], although the COVID-19
related ARDS presents some different characteristics which could make
inapplicable the same parameters used in the “standard” definition of
ARDS [23].

5. Conclusions

In conclusion, we focus the attention on the role of early CS admin-
istration in COVID-19 ARDS, with encouraging results in mortality
reduction and shortening of hospitalization time using the eHDM
approach. Further randomized studies are urgently needed to confirm
these promising results in patients with COVID-19 related ARDS.
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