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Abstract

INTRODUCTION: A new coronavirus infection caused by the
SARS-CoV-2 coronavirus and the associated disease COVID-19
is accompanied by a high incidence of acute respiratory distress
syndrome (ARDS) and pneumonia with respiratory failure. Cor-
ticosteroids are a therapeutic treatment option. OBJECTIVE:
To determine the advantage of personalized corticosteroid
dosing to reduce inflammation in pneumonia in patients with
comorbid diseases. MATERIALS AND METHODS: A prospec-
tive comparative study was conducted among adult patients
in the Republican Clinical Infectious Hospital and the Clinical
Emergency Hospital (Ufa, Republic of Bashkortostan) from
May 2020 to May 2021. Patients were divided into two groups:
personalized corticosteroid administration in accordance with
the level of the inflammation biomarker C-reactive protein
(CRP) (n =30) compared with conventional therapy (n = 28).
Measurements of CRP levels in blood samples were carried out
at the time of hospitalization and during the first 5 days of treat-
ment. RESULTS: The intervention group had fewer days of re-
spiratory support (9.4 [6.2-15.6] vs. 14.3 [7.1-21.4]; p = 0.003]
and no differences in cumulative outcome (persistent respira-
tory support and/or death) and the incidence of nosocomial
infection compared with the control group. Daily distribution
of the inflammation biomarker CRP showed significantly lower
levels on 2—4 days of treatment in the intervention group com-
pared with the control group. CONCLUSIONS: In critically ill
patients with COVID-19 associated pneumonia and comorbid
diseases, a personalized approach to the corticosteroids pre-
scribing slightly reduced the frequency of treatment ineffec-
tiveness and significantly reduced the duration of respiratory
support.
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Pegpepam

AKTYAJIbHOCTb: HoBasa KopoHaBupycHas uHeKLUA
(HKW), Bbi3BaHHas KopoHasupycom SARS-CoV-2, 1 accoum-
nposaHHoe 3abonesaHne HKWM COVID-19 conpoBoxgatoT-
CA BbICOKOWM 4acTOTOW pasBUTUA OCTPOro pecnnpaTopHOro
avcrpecc-cuHapoma (OP/IC) M MHEBMOHMM C AbIXaTesbHOl
He0CTaTOYHOCTbI0. KOPTUKOCTEpOUAbI ABAAIOTCA Tepanes-
TUYeCcKuM BapuaHToM nedenuna. LLIEJIb UCC/IEAOBAHUA:
Onpegenntb NpenMyLLeCTBO NEePCOHNPULMPOBAHHOIO f0-
3MPOBaHNA KOPTUKOCTEPOWUAO0B ANA YMEHbLUeHWA BOcCnasne-
HWA NPU NMHEBMOHMM Y NaLMEHTOB C KOMOP6UAHbIMK 3ab0-
nesaHuamn. MATEPUAJIBI U METO/bI: lMpocnekTnBHOe
CpaBHUTe/IbHOE UMCCefoBaHMe 6blI0 MPOBEAEHO Cpeau
B3pOC/bIX NaumeHToB ¢ Maa 2020 r. no man 2021 r. Mauum-
eHTbl 6blIM pa3jgeneHbl Ha ABe TPyNMbl: NepcoHUPULMpO-
BaHHOe Ha3Ha4eHWe KOPTUKOCTepOMAOB B COOTBETCTBUM
C ypoBHeM 6uomapkepa Bocnanenna C-peakTMBHOro 6esika
(CPB) (n = 30) B cpaBHeHUM ¢ 06bIYHOI Tepanueit (n = 28).
WN3mepenna yposHeli CPE B obpasuax KpoBu MpoBOAWAM
Ha MOMEHT rocnuTanu3aummn 1 ganee exeHeBHO B TeYeHune
nepsbix 5 cyT neverna. PE3YJIbTATDI: B rpynne sMewareib-
CTBa 6bII0 MeHbLUE JHEW pecnupaTopHoi noaaepwku (9,4
[6,2-15,6] vs 14,3 [7,1-21,4]; p = 0,003) 1 oTcyTCTBUE pas/in-
YWit B KYMYNSTMBHOM UCXOAE (CTOMKan 3aBUCUMMOCTb OT pe-
CMVPaTOPHOW MOAAEPHKM MW CMEPTb) M HacTOTe Pa3BUTHA
HO30KOMWabHON MHGEKLMMN B CPaBHEHUM C FPYMNMOM 06bly-
Hol Tepanun. CyTouyHoe pacrpegeneHne buomapkepa CPb
MoKa3ano CTaTUCTUYeCKW 3Ha4MMo 6osiee HU3KME YPOBHMU
Ha 2—4-e CyT fleveHnA B rpynne BMeLIaTe/IbCTBa B CPAaBHEHUN
C KOHTpo/bHOW rpynnoi. BbIBOAbI: Y kputuyeckn 60sb-
HbIX MALWMEHTOB C MHEBMOHMEN, Bbi3BaHHOW HK COVID-19,
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Introduction

The novel SARS-CoV-2 infection and associated
COVID-19 disease is accompanied by a high incidence
of acute respiratory distress syndrome (ARDS) and pneu-
monia with hypoxemic respiratory failure that need for re-
spiratory support in the setting of the intensive care unit
(ICU) [1-3].

Although the pathophysiology of COVID-19 remains
not fully understood, organ damage, especially diffuse
lung injury, is the result of both direct virus cytotoxicity
and immune response dysregulation [4]. Theoretically,
immunomodulatory drugs, including corticosteroids,
may have the effect of reducing lung inflammation
in COVID-19 and are being investigated as therapeu-
tic approaches for the treatment of pneumonia [5, 6].
Corticosteroids suppress pulmonary and systemic in-
flammation, accelerate clinical resolution, reduce the in-
cidence of systemic inflammation-related complications
such as ARDS and septic shock, reduce the production
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of tumor necrosis factor and interleukins, and subse-
quent recruitment of inflammatory cells into the alveolar
space [7, 8]. The efficacy and safety of corticosteroids
among critically ill adult patients with viral pneumonia
remains largely uncertain due to a lack of evidence from
randomized clinical trials and uncertain results from ob-
servational studies [9]. The pros and cons of corticoste-
roids in the treatment of COVID-19 remain controversial
[10-15]. At the beginning of the pandemic, there was
opposition to the use of corticosteroids for severe pneu-
monia [16], because they could impair immune defens-
es and inhibit viral clearance, as was the case in patients
with severe influenza [17]. Observational study reported
that treatment with methylprednisolone was associated
with reduced mortality among patients with ARDS as-
sociated with COVID-19 pneumonia [18]. More recent
RECOVERY Collaborative Group trial have shown that
the use of dexamethasone resulted in lower 28-day mor-
tality among patients hospitalized with COVID-19 who
were receiving either invasive mechanical ventilation
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(MV) or oxygen alone, but not among those no receiving
respiratory support [15]. Finally, recent meta-analyses
have demonstrated the therapeutic efficacy of corticoste-
roids in COVID-19 [19-21]. According to the expert con-
sensus statement, the following basic principles should
be followed when using corticosteroids: (1) the benefits
and harms should be carefully weighed before using cor-
ticosteroids; (2) corticosteroids should be used prudently
in critically ill patients with 2019-nCoV pneumonia; (3)
for patients with hypoxemia due to underlying diseases
or who regularly use corticosteroids for chronic diseases,
further use of corticosteroids should be cautious; and (4)
the dosage should be low-to-moderate (<0-5-1 mg/kg
per day methylprednisolone or equivalent) and the dura-
tion should be short (<7 days) [20]. The challenge now
is to harness the benefits of corticosteroids and reduce
side effects, thereby minimizing mortality and reducing
ICU hospitalization time [22, 23].

Thus, recent studies have shown the benefit effects
of corticosteroids in the treatment of pneumonia in reduc-
ing mortality, especially in a subgroup of critically ill pa-
tients requiring respiratory support [24]. Although the use
of corticosteroids was associated with improved outcomes
in pneumonia, their ideal dosage, initiation and duration
of use remain uncertain when used regardless of the indi-
vidual inflammatory response [25, 27].

Objective

The aim of this study was to assess the feasibility
and safety of a personalized approach to the prescription
of corticosteroids, considering the profile of the inflamma-
tion biomarker CRP, in reducing the need for respiratory
support and the duration of treatment in the ICU in patients
with COVID-19 associated pneumonia and comorbid dis-
eases.

Materials and methods

This prospective, non-randomized, controlled clinical
trial was conducted in accordance with the Declaration
of Helsinki (as revised in 2013) in the Republican Clinical
Infectious Diseases Hospital and the Clinical Emergency
Hospital (Ufa, Republic of Bashkortostan). The protocol
was designed in accordance with the Recommendations
for Interventional Trials 2013 statement. Due to the mixed
study design, no written informed consent was obtained.
An institutional ethics review board of Bashkir State
Medical University (Ufa, Republic of Bashkortostan,
Russia) approved this study (approval number: Ne 10
/ 15.12.2021). The flow diagram of the study is shown
in the Figure 1.
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Corticosteroid administration

Patients with COVID-19 pneumonia and the respirato-
ry support received corticosteroids at the dosage and dura-
tion of administration according to the daily level of the in-
flammation biomarker CRP compared to standard intensive
care. In the conventional therapy group the use and dosage
of corticosteroids were determined by the attending physician
on the basis of the interim guidelines of the Ministry of Health
of the Russian Federation [28]. In the intervention group
the algorithm for dosing, titration and duration of corticoste-
roids use was selected on the basis of individual CRP levels
based on retrospective data by Torres A., 2015 [29]. CRP lev-
els in blood samples were measured at the time of ICU admis-
sion and then daily during the first 5 days of treatment:

s If the CRP level was greater than 200 mg/L, then
the patient received 0.3 mg/kg dexamethasone
or an equivalent dose of oral prednisolone;

s If the CRP level was between 151 and 200 mg/L,
the patient received 0.15 mg/kg dexamethasone
or an equivalent dose of prednisolone;

s If the CRP level was between 101 and 150 mg/L,
then the patient received 0.1 mg/kg dexamethasone
or an equivalent dose of prednisolone;

s If the CRP level was between 50 and 100 mg/L,
then the patient received 0.05 mg of dexamethasone
or an equivalent dose of prednisolone;

s Ifthe CRP level was less than 50 mg/L, or if the pa-
tient’s respiratory and general condition improved
sufficiently within 4 days of treatment to consider
transfer from the ICU, corticosteroids were dis-
continued. To do this, the following criteria should
be presented: spontaneous respiration or low-
flow oxygen therapy; PaO,/FiO, ratio greater than
200 mmHg; regression of organ failure.

Outcomes

The primary cumulative outcome included persistent
respiratory support and/or death. Preliminarily defined
secondary outcomes included (1) the length of respiratory
support measured over a daily basis; (2) episodes of noso-
comial infection reported during treatment in the ICU; (3)
levels of the inflammation biomarker CRP.

Statistical analysis

Statistical data processing was performed using the MedCalc
software package (v 11.3.1.0, Belgium). Continuous variables are
presented as median and 25 %-75 % interquartile range, the cat-
egorized variables are represented as absolute values (n) and rel-
ative frequency (percentage). Cross-sectional comparisons
were made using the Mann-Whitney U-test for nonparametric
variables and Pearson’s y2-test or Fisher’s exact test for the cor-
responding categorized variables. P values less than 0.05 were
accepted statistically significant.
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Patients with COVID-19! pneumonia hospitalized to the ICU with acute respiratory failure?

|

Severity of condition (PSI, PaO,/FiO,, SOFA) and CCI

!

Inclusion Criteria: Exclusion Criteria:
» 18 years < age < 75 years * Refractory septic shock®
* Any comorbid disease * Treatment with corticosteroids or other
* Duration of clinical symptoms = 7 days immunosuppressants for other indications*
« At least one of the followings: (1) CRP > 60 mg/L; « Adrenal insufficiency
(2) ferritin > 1 mg/L * Leukopenia and/or neutropenia®

» Bone marrow or solid organ transplantation
¢ Clinically or biochemically (PCT > 0.25 ng/mL)
suspected non-coronavirus infection

!

Patient’s allocation

) }

Conventional therapy group: Intervention group:
Standard intensive care
Standard intensive care +

Personalized corticosteroid treatment

| }

In the case of:

1Pa0, = 15 % from baseline level
+ laboratory or radiographic deterioration and/or
SpO, < 90 % and/or PaO, < 60 mmHg and/or PaO,/FiO, < 300 mmHg
(unexplained by other conditions)

!

Immediately:
Tocilizumab (400 mg for patients < 75 kg; 600 mg for patients = 75 kg)

Fig. 1. Flowchart of the study

T High suspicion (clinical and radiographic [focal opacity or infiltrate on chest radiograph or CT scan] features, epidemiological history, absence of other
infection) or confirmed by a positive polymerase chain reaction (PCR) test in nasal and pharyngeal swabs, or lower respiratory tract aspirate.

2Pa0,/FiO; < 200 mmHg (SpO, < 90 % when breathing room air or < 95 % by inhalation of 2 L of oxygen through nasal cannulas).

3 Need for norepinephrine treatment at doses greater than 0.1 ug/kg/min and/or the use of vasopressor(s) at equivalent doses. The patients with no ev-
idence of circulatory insufficiency at the time of admission whose condition required vasopressor medication after initiation of respiratory support were in-
cluded provided that: (1) circulatory failure due to exposure of MV and sedatives; (2) blood lactate levels below 4 mmol/L; (3) norepinephrine doses below
0.25 ug/kg/min.

4 Pre-hospitalization use of more than 15 mg/day of prednisolone (or equivalent) for more than 30 days or other immunosuppressive medications.

5 Leukopenia <1 x 109/L and/or neutropenia <0,5 x 109/L.

Note. CCl, Charlson Comorbidity Index; CRP, C-reactive protein; FiO,, inspired oxygen fraction; ICU, Intensive Care Unit; PaO,, arterial oxygen
pressure; PCR, polymerase chain reaction; PCT, procalcitonin; PSI, Pulmonary Severity Index; SOFA, Sequential Organ Failure Assessment; SpO.,
oxygen blood saturation.
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Patients and settings

From May 2020 to May 2021, a total of 65 adult patients
with laboratory-confirmed COVID-19 and/or diagnosed
with International Classification of Diseases U07.1, version
10, admitted to the ICU for respiratory support, were con-
secutively included in this study. Patients who were trans-
ferred to another hospital (n = 2) or died (n = 5) in the first
24 hours of hospitalization, were excluded from the study,
so 28 patients were included in the conventional therapy
group and 30 patients in the intervention group. Thirty
(51.7 %) patients were men, the mean age of the patients
was 64 years and the mean body mass index was 29 kg/
m?; arterial hypertension, heart disease, and obesity were
the most common comorbid diseases (Table 1). PCR test
results were positive in 52 (89.6 %) patients. There were
no significant differences in age, sex, body mass index,
and comorbidities between the patient groups.

Results

The majority of patients (54; 93.1 %) had bilateral
pneumonia at the time of admission. Some patients had
the Pa0O,/FiO, index of more than 300 mmHg at the time
of hospitalization, but subsequently the index decreased
to less than 200 up to 100 mmHg (Table 2).

All patients with acute respiratory failure received respi-
ratory support and all critically ill patients received non-in-
vasive or invasive MV (Table 3). There were no significant
differences in the need for respiratory support between

the patient groups. Vasopressor treatments were given
equally to patients in the intervention or conventional thera-
py groups. Primary cumulative outcome was observed in 12
(40.0 %) patients in the intervention group compared to 17
(60.7 %) in the conventional therapy group. The duration
of respiratory support was significantly longer in the con-
ventional therapy group. During the ICU treatment, 9
(15.5 %) patients had episodes of nosocomial infection, half
as long in the intervention group.

Daily distribution of the CRP levels showed a signifi-
cantly lower level on days 2-4 of treatment in the interven-
tion group compared with the conventional therapy group
(Table 4).

Discussion

During the pandemic, we have witnessed changes
in the standards of care. The proportion of patients with
hyperinflammation decreased from 65 % in 2020 to 27 %
in 2022, while the proportion of patients treated with corti-
costeroids increased from 25 % in 2020 up to 70 % in 2022.
Dexamethasone has previously been shown to exacerbate
the body’s hyperinflammatory response [30-32]. Low-
dose hydrocortisone did not significantly reduce treatment
failure, defined as 21-day mortality or persistent respirato-
ry support with high-flow oxygen therapy (HFO) or MV,
among critically ill patients with acute respiratory failure
associated with COVID-19 [11]. In another study, early
use of short-duration, low-to-moderate dosage methyl-
prednisolone was the more accurate immunomodulatory
treatment and brought more benefits to severe patients

Table 1. Demographic variables of patients b
Variables All patients Conventional therapy group Intervention group p value
Age, years 63.9 (52.7-70.0) 62.9 (51.9-67.1) 65.0 (53.5-72.7) 0.395
Sex, male/female 30/28 15/13 15/15 0.824
BMI, kg/m2 29.2 (26.1-30.8) 28.6 (25.2-29.6) 29.7 (27.0-31.9) 0.081
Hypertension 29 (50.0) 15 (53.6) 14 (46.7) 0.603
Diabetes 11(18.9) 5(17.9) 6 (20.0) 0.840
Obesity 21(36.2) 10 (35.7) 11(36.7) 0.937
Heart Diseases 23 (39.6) 10 (35.7) 13 (43.3) 0.578
Lung Diseases 5(8.6) 3(10.7) 2(6.7) 0.665
Kidney Diseases 3(5.2) 2(7.1) 1(3.3) 0.605
Liver Diseases 2(3.4) 1(3.6) 1(3.3) 1.000
Oncology 4(6.9) 2(7.0) 2(67) 1.000
ccl>3 19 (32.8) 10 (35.7) 9 (30.0) 0.647
Note. Values are presented as number (percentage) or median (25 %-75 % interquartile range).
BMI — Body Mass Index; CCl — Charlson Comorbidity Index.
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Table 2. Clinical and laboratory variables of patients b
Variables All patients Conventional therapy group Intervention group p value
MBP, mmHg 84.5 (73.0-92.4) 82.1(70.1-91.0) 86.7 (75.7-93.7) 0.078
HR, beat/min 85.4 (71.0-107.4) 84.9 (70.0-110.0) 85.9 (71.9-105.0) 0.834
RR, breath/min 26.4 (22.6-30.9) 27.0 (23.9-30.9) 25.9 (21.5-31.0) 0.339
Body temperature, °C 37.7 (36.7-38.9) 37.7 (36.6-39.0) 37.7 (36.9-38.9) 1.000
Pa0,/Fi0,, mmHg 135.8 (88.6-216.6) 132.3 (87.0-230.2) 139.1(90.1-203.9) 0.688
Leukocytes, x109/L 8.6 (6.7-10.6) 8.6 (6.9-10.5) 8.6 (6.6-10.8) 1.000
Lymphocytes, x109/L 0.8 (0.6-1.4) 0.9 (0.4-1.3) 0.7 (0.7-1.4) 0.063
Platelets, x109/L 214.2 (160.6-271.8) 208.3 (161.4-269.7) 219.7 (159.8-273.8) 0.440
PCT, ng/mL 0.6 (0.4-0.9) 0.5 (0.3-0.8) 0.6 (0.4-1.0) 0.175
Glucose, mmol/L 7.9 (6.6-10.5) 7.7 (6.7-10.2) 8.1(6.6-10.8) 0.431
Lactate, mmol/L 2.0 (1.8-2.6) 21(1.9-2.4) 19(17-27) 0.062
D-dimer, mg/L 2024 (1005-3884) 1570 (903-3260) 2449 (1101-4468) 0.005
SOFA, score 5.8 (3.0-8.8) 6.1(3.0-9.3) 5.5 (3.1-8.3) 0.428
Note. Values are presented as median (25 %-75 % interquartile range).
FiO, — inspired oxygen fraction; HR — heart rate; MBP — mean blood pressure; PaO, — arterial oxygen pressure; PCT — procalcitonin; RR —
respiration rate; SOFA — Sequential Organ Failure Assessment.
~
Table 3. Treatment modalities and outcomes
Variables All patients Conventional therapy group  Intervention group p value
HFO 7(12.1) 3(107) 4(133) 0.070
NIV 22 (37.9) 12 (42.9) 10 (33.4) 0.325
MV 29 (50.0) 13 (46.4) 16 (53.3) 0.304
Persistent respiratory support and/or death 29 (50.0) 17 (60.7) 12 (40.0) 0.118
Duration of respiratory support, days 11.8 (6.6-18.4) 14.3 (7.1-21.4) 9.4 (6.2-15.6) 0.003
Nosocomial infection 9 (15.5) 3(10.7) 6 (20.0) 0.473
Note. Values are presented as number (percentage) or as median (25 %-75 % interquartile range).
HFO — high flow oxygen; MV — mechanical ventilation; NIV — non-invasive ventilation.
~
Table 4. C-reactive protein levels (mg/L)
Variables All patients Conventional therapy group Intervention group p value
15t day 151.4 (110.9-217.3) 155.2 (107.8-230.0) 147.8 (104.6-205.4) 0.597
2n day 156.4 (105.8-198.4) 207.6 (118.3-229.9) 118.0 (94.2-168.9) 0.001
37 day 103.9 (73.9-145.7) 134.9 (79.4-189.6) 75.0 (68.9-114.7) 0.001
4th day 72.2 (58.1-111.0) 86.4 (62.9-141.1) 58.9 (53.7-82.9) 0.001
5th day 86.9 (57.5-114.2) 86.9 (60.7-138.9) 87.0 (54.5-90.7) 0.989

Note. Values are presented as median (25 %-75 % interquartile range).
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with COVID-19 [24]. Also, the results of COVIDICUS ran-
domized clinical trial showed that high-dose dexametha-
sone did not significantly improve 60-day survival among
ICU patients with COVID-19-related acute hypoxemic
respiratory failure [33]. These findings support current
interim clinical guidelines for the treatment of patients
with COVID-19 pneumonia with low-dose dexameth-
asone (6 mg daily for 10 days). Recently published data
from the RECOVERY and REACT working groups have
confirmed the benefits of using corticosteroids in the treat-
ment of severe forms of COVID-19, although they con-
tribute to the development of hyperglycemia [15, 19].
The first controlled, open-label trial compared high-dose
oral or intravenous dexamethasone (20 mg daily for 5 days,
followed by 10 mg daily for another 5 days) with standard
doses in 1272 hospitalized patients who were hypoxic but
did not require HFO or invasive MV. The 28-day mortality
rate was higher in the high-dose group than in the stan-
dard-dose group: 19 % vs 12 %. In the second prospective
meta-analysis of clinical trials of critically ill 1703 patients
with COVID-19, administration of systemic corticoste-
roids, compared with usual care or placebo, was associ-
ated with lower 28-day all-cause mortality. In the interna-
tional multicenter COVID STEROID 2 trial among adult
patients with COVID-19 and severe hypoxemia, 12 mg/d
of intravenous dexamethasone compared with 6 mg/d did
not result in statistically significant more days alive without
life support at 28 days (invasive MV, circulatory support,
or kidney replacement therapy). However, the trial may
not have been powerful enough to identify a significant
difference [34].

In the Bayesian analysis of COVID STEROID 2, a clini-
cally-important difference for days alive without life support
was at least 1 day. There was a 64 % chance that this was true
for those who received 12 mg of dexamethasone. Further,
there was a 94 % chance that there was any benefit for be-
ing alive and without life support at 28 days for those who
received 12 mg of dexamethasone. A clinically important
difference in 28-day mortality was defined as at least 2 % ab-
solute difference (number needed to treat of, 50). There was
an 81 % probability that those who received 12 mg of dexa-
methasone met this threshold [35]. Therefore, the absolute,
short-term mortality benefit for 12 mg of dexamethasone
relative to 6 mg was almost identical (4.5 %), but this was
not significantly different based on a frequentist model.
Note, that the probability of significant harm was no differ-
ent than those who received 6 mg of dexamethasone. Thus,
the evidence indicates that standard doses of dexametha-
sone should be used in hospitalized patients with COVID-19
who require HFO or MV.

The body’s response to COVID-19 can be pro- or an-
ti-inflammatory [36, 37]. In the absence of a standard defi-
nition of hyperinflammation, some biomarkers have shown
abnormalities consistent with this state [38—41]. In particu-
lar, patients with hyperinflammation had the highest levels
of CRP, a standard biomarker of inflammation associated
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with COVID-19. The hyperinflammatory pattern of ARDS
was confirmed by elevated interleukin-6 levels [42].

In our study we hypothesized that increased cortico-
steroid use was associated with a decrease in the prevalence
of hyperinflammation, and we assessed this association in 30
patients who personified dexamethasone use in the first 5
days of treatment and compared with 28 control patients
who received conventional therapy. In our study, we con-
firmed the presence of a hyperinflammatory pattern
in pneumonia. Using CRP levels, we found that hyperin-
flammation had an increased incidence of respiratory fail-
ure, requiring HFO up to MV.

The empirical use of corticosteroids in severe ARDS
remains controversial, and the results of clinical trials vary
considerably. In one study, methylprednisolone-induced
down-regulation of systemic inflammation was associated
with significant improvement in pulmonary and extrapul-
monary organ dysfunction and reduction in duration of MV
and ICU length of stay [43]. However, a larger study con-
ducted in 2006 by the ARDS Network showed no clinical
benefit in patients treated with methylprednisolone with-
in 7 days of the onset of ARDS and increased mortality
among patients treated more than two weeks after the on-
set of ARDS [44]. A recent DEXA-ARDS studied patients
with established moderate-to-severe ARDS and found that
patients treated early with dexamethasone had more ven-
tilator-free days and lower overall mortality [45]. Different
subphenotypes within ARDS showed different responses
to corticosteroid treatment. Analysis of the latent classes
of the ARMA and ALVEOLI studies identified a hyperin-
flammatory subphenotype that was characterised by more
severe inflammation, shock, and metabolic acidosis
and by worse clinical outcomes [46]. The hyperinflamma-
tory phenotype showed a higher mortality rate, and a retro-
spective analysis of ARDS in COVID-19 observed the het-
erogeneity of treatment effect to corticosteroids, with
improved mortality in the hyperinflammatory phenotype
and worse mortality in the hypoinflammatory phenotype
[16]. Although the empirical use of corticosteroids remains
controversial in all patients with severe ARDS, there are
likely distinct subgroups of ARDS in whom it is clinically
effective.

In severe community-acquired pneumonia, a meta-anal-
ysis of previous randomized trials showed the reduction
in all-cause mortality by approximately 3 %, need for MV
by approximately 5 %, and hospital stay by approximately
1 day in patients treated with adjunctive corticosteroids
[47]. During previous epidemics of coronavirus pneumo-
nia, the lack of high-quality studies ruled out the rationale
for the use of corticosteroids in severe ARDS [48]. In influ-
enza pneumonia, despite the lack of randomized clinical tri-
als and conflicting results from observational studies, it has
been suggested that corticosteroids may increase the risk
of death [16].

The results of our clinical trial suggest that the person-
alized approach to the prescribing, dosing, and duration
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of corticosteroids under the control of the inflammation bio-
marker CRP is effective and safe in the treatment of severe
COVID-19 associated pneumonia requiring ICU hospitaliza-
tion and respiratory support in terms of reducing the inci-
dence of cumulative outcome, defined as persistent respira-
tory support and/or death among critically ill patients with
comorbid diseases. The personalized approach provided
a more precise strategy for drug therapy in comparison with
universal temporary guidelines.

A limitation of the study was the difficulty to assess
the effect of other treatments administered concomitant-
ly with corticosteroids. However, there was the evidence
that comparable patients who were enrolled in other treat-
ment modalities but did not receive a short course of dexa-
methasone ended up with longer hospital stays [12]. Given
the hard period of pandemic in which the study was con-
ducted, some data were incomplete or missing.

Conclusion

In our cohort of critical ill patients with COVID-19 asso-
ciated pneumonia and comorbid diseases, the personalized
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