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Summary 
The COVID-19 pandemic has posed an unprecedented challenge to healthcare systems around the world. 

The mass influx of patients with severe hypoxemic respiratory failure, often progressing to acute respiratory 
distress syndrome (ARDS), has led to an acute shortage of beds in intensive care units (ICUs). 

The aim of the study was to evaluate the effectiveness of an organizational model for the care of patients 
with severe COVID-19 pneumonia, including the creation of intensive observation wards (IOWs) for non-in-
vasive respiratory support outside the ICU, and to develop a prognostic model for the risk of transferring pa-
tients to invasive mechanical ventilation (IMV) or non-invasive mechanical ventilation (NIMV). 

Materials and methods. A retrospective observational study was conducted at the V. P. Demikhov city 
clinical hospital of the Voronovskoye Moscow clinical center for infectious diseases from January to Decem-
ber 2021. We analyzed data from 950 patients with confirmed COVID-19 and hypoxemic respiratory failure 
who started high-flow oxygen therapy (HFOT) in the IOW. The demographic structure, premorbid back-
ground, clinical and laboratory parameters, and respiratory and anti-inflammatory therapy regimens (glu-
cocorticoids — GCS: dexamethasone or methylprednisolone, and/or monoclonal antibodies — MAbs) were 
studied. For 573 patients transferred from the IOW to the ICU, we assessed outcomes and risk factors for 
the need for NIMV/IMV using binary logistic regression. 

Results. Of the 950 patients who started HFOT in the IOW, 573 (60.3%) were transferred to the ICU for es-
calation of respiratory support. The mortality rate in the ICU group was 25.7% (147 of 573 patients hospitalized 
in the ICU). When comparing GCS regimens with or without MAbs, the mortality rate in patients receiving 
methylprednisolone in any treatment regimen was lower than in patients receiving dexamethasone: 14.1% vs. 
25.8% (with MAbs, P � 0.001) and 15.3% vs. 37.4% (GCS only, P � 0.001). According to the logistic regression 
model, predictors of increased risk for the need for NIMV/IMV were: older age (OR � 1.014 for each year [1.024; 
1.058], presence of diabetes mellitus (OR � 1.530 [1.038; 2.2123]), and a higher NEWS score upon transfer to 
the ICU (OR � 1.342 for each score [1.153;1.562]). The use of methylprednisolone compared to dexamethasone 
was associated with a reduced risk of requiring NIMV/IMV (OR = 0.346 [0.238; 0.503]). 

Conclusion. The organization of IOW for the implementation of HFOT according to a strict protocol made 
it possible to provide assistance to a large number of patients in conditions of ICU resource shortages. The 
use of methylprednisolone was associated with lower mortality in the ICU compared to dexamethasone. The 
developed prognostic model may be useful for stratifying the risks of escalating respiratory support methods 
and making timely decisions to transfer patients to non-invasive/invasive mechanical ventilation. 

Keywords: acute respiratory failure; COVID-19; high-flow oxygen therapy; glucocorticoids; methylpred-
nisolone; dexamethasone; prognostic model of risks of escalation of respiratory support; intensive care wards. 
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Introduction 
Humanity is constantly faced with epidemics 

and pandemics that claim thousands of lives. The 
effectiveness of medical and health care advances 
that made it possible to «tame» 19th century pathogens 
such as cholera led epidemiologists, medical histo-
rians, and other experts to believe that developed 
countries had managed to eradicate infectious dis-
eases once and for all in the 20th and 21st centuries. 
As virologist Sir Frank Macfarlane (Mac) Burnet 
stated in 1951, «the eradication of infectious diseases 
has become a significant factor in the social structure». 
«To write about infectious diseases», he added in 
1962, «is to stir up the long forgotten». 

The COVID-19 pandemic caused by the SARS-
CoV-2 virus has radically changed the landscape of 
modern medicine, posing unprecedented challenges 
for healthcare systems around the world [1, 2]. One 
of the most serious problems has been the massive 
influx of patients with severe lung damage, rapidly 
developing hypoxemic respiratory failure, and acute 
respiratory distress syndrome (ARDS) [3, 4]. 

Medical facilities around the world have faced 
enormous pressure on resources, especially in intensive 
care units (ICUs). A critical shortage of resuscitation 
beds, ventilators, and qualified personnel has neces-
sitated an urgent reorganization of medical care and 
a search for new approaches to the management of 
patients with severe respiratory failure [5–7]. 

In response to these challenges, many hospitals 
adopted a strategy of creating intermediate levels of 
care — so-called intensive observation wards (IOWs) 
or respiratory support units — based in infectious 
disease or therapeutic departments. The main task 
of such units was to provide care to patients receiving 
ongoing pathogenetic therapy and standard low-
flow oxygen therapy (LFOT) for respiratory disorders 
that do not meet the criteria for immediate transfer 
to mechanical ventilation but require escalation of 
respiratory support methods and closer monitoring 
of vital signs. The key method of respiratory support 
in IOW was high-flow nasal oxygen therapy (HFOT), 
which allows the delivery of heated and humidified 
oxygen-air flow at high speed and with a controlled 
oxygen fraction (FiO₂) [8, 9]. 

The effectiveness of this organizational model 
largely depended on a clear respiratory support 
protocol regulating both the indications for starting 
HFOT and the criteria for its effectiveness and the 
need for timely escalation of therapy — transferring 
the patient to the ICU for noninvasive mechanical 
ventilation (NIMV), invasive mechanical ventilation 
(IMV), or, in refractory cases, extracorporeal mem-
brane oxygenation (ECMO) [10, 11]. 

Alongside respiratory support, the cornerstone 
of treatment for severe COVID-19 has been the sup-
pression of the hyperinflammatory response (cy-
tokine storm), which plays a key role in the devel-

opment of ARDS and multiple organ failure. The 
main method of pathogenetic therapy was the ad-
ministration of glucocorticoids (GCs), the effective-
ness of which has been demonstrated in large in-
ternational studies such as RECOVERY [12]. However, 
the optimal regimens, dosages, and choice of specific 
GCs drug (e. g., dexamethasone or methylpred-
nisolone) remained a subject of debate and required 
study in real-world clinical practice [12, 13]. According 
to the temporary methodological recommendations 
and local protocols in force, various GCs regimens 
were used, including the use of dexamethasone or 
methylprednisolone [14–17]. In addition, interleukin 
inhibitors (monoclonal antibodies — MAbs) were 
used in some patients with signs of severe systemic 
inflammation [18–21]. 

In the context of mass admissions and limited 
ICU resources, assessing the effectiveness of the 
approaches used and early identification of patients 
at high risk of adverse outcomes or in need of esca-
lated respiratory support became paramount. The 
development of prognostic models based on available 
clinical and laboratory data helps in risk stratification 
and optimization of patient routing [22–26]. 

The aim of the study is to evaluate the effec-
tiveness of an organizational model for the care of 
patients with severe COVID-19 pneumonia, including 
the creation of (IOWs) for non-invasive respiratory 
support outside the ICU, and to develop a prognostic 
model for the risk of transferring patients to invasive 
mechanical ventilation (IMV) or non-invasive me-
chanical ventilation (NIMV). 

Materials and Methods 
A retrospective observational cohort study was 

conducted at the V. P. Demikhov city clinical hospital 
of the Voronovskoye Moscow clinical center for in-
fectious diseases. The electronic medical records 
of patients admitted for treatment from January 1 
to December 31, 2021, were analyzed. 

Patients. During the specified period, 17,761 
patients diagnosed with COVID-19 were hospitalized. 
15,521 patients were sent to infectious disease 
wards, and 2,240 were sent directly to the intensive 
care unit (ICU), bypassing the emergency room. Of 
the total number of patients hospitalized in infectious 
disease wards, 3,053 (19.7%) were transferred to 
the ICU at various stages of treatment due to negative 
dynamics in their condition for various reasons. 

Of the 15,521 patients, 950 (6.1%) were trans-
ferred to the IOWs of infectious disease departments 
for high-flow oxygen therapy (HFOT). As respiratory 
failure progressed, patients were transferred to the 
ICU for non-invasive mechanical ventilation (NIMV), 
invasive ventilation (IMV), or extracorporeal mem-
brane oxygenation (ECMO). 

The criteria for inclusion of patients in the 
study were: laboratory-confirmed diagnosis of 
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COVID-19; stay in the IOW/transfer to the ICU; age 
over 18 years; specific lung damage according to 
computed tomography (CT) data; presence of symp-
toms of hypoxemic respiratory failure requiring res-
piratory support with low-flow oxygen therapy 
(LFOT) or HFOT/NIMV. 

Exclusion criteria: admission to the ICU by-
passing the infectious diseases department; preg-
nancy of various stages; mental illnesses of various 
etiologies; transfer to the ICU for reasons not related 
to progressive lung tissue damage; acute surgical 
diseases. 

The patient selection scheme for the study is 
presented in Fig. 1. 

Therapy. Patient examination, diagnosis of the 
underlying disease, its complications, concomitant 
diseases, and assessment of the severity of the pa-
tients' condition were carried out in accordance 
with the Temporary methodological recommenda-
tions (TMR) «Prevention, diagnosis, and treatment 
of the novel Coronavirus Infection (COVID-19)» 
versions 8 to 9, relevant at the time of the study. 

Respiratory support was provided using a stan-
dard Bobrov system for oxygen therapy with a flow 
rate of 1–15 L/min (LFOT). High-flow oxygen therapy 
(HFOT) was used in patients with acute hypoxemic 
respiratory failure to deliver a humidified and 
warmed breathing mixture at a flow rate of 
15–50 L/min and an oxygen fraction in the breathing 
mixture of 30 to 60% (AIRVO™ 2 Humidification 
System, New Zealand). Prone positioning (patient 
breathing in the prone position) was used for up to 
16 hours per day as a second standard position. 
The third mandatory component was incentive 
spirometry using a Portex (Smiths Medical) Coach 
2 exercise spirometer with a one-way valve and a 
volume of 4,000 ml, which was performed every 
2 hours according to the standard method recom-
mended by the manufacturer. 

High-flow oxygen therapy was performed with 
the following parameters: oxygen flow in the air 
mixture 15–50 L/min, oxygen fraction in the respi-
ratory mixture 40–60%. To assess the effectiveness 
of the therapy, the patient's clinical status (com-
plaints, shortness of breath during exercise, respi-
ratory rate) was monitored every 2 hours; SpO₂ 
while breathing atmospheric air — once a day; the 
goal of oxygen therapy was SpO₂ 90–96%. The indi-
cation for transfer to the intensive care unit was 
the presence of one of the following criteria: SpO₂ 
during oxygen therapy � 92%, RR � 26 per minute, 
with maximum HFOT parameters of more than 
50 L/min and FiO₂ � 60%, impaired consciousness 
(depression, agitation), hypotension (decrease in 
systolic blood pressure below 90 mm Hg). 

Anti-inflammatory therapy was carried out 
with glucocorticoids alone or in combination with 
monoclonal antibodies. The first-line drugs for anti-
inflammatory therapy in hospitalized patients with 

COVID-19 were glucocorticoids (GCs). The indication 
for the prescription of glucocorticoid hormones 
outside intensive care units was the development 
of signs of severe systemic inflammation and/or 
the progression of macrophage activation syndrome 
(increase in ferritin, serum C-reactive protein, de-
velopment of dual/triple cell-line cytopenia). In 
such cases, one of the glucocorticoid drugs was 
used in the infectious diseases department: 

— methylprednisolone (at a dose of 2 mg/kg/day 
intravenously, 1 mg/kg over an hour, then 1 mg/kg 
as a prolonged 24-hour infusion); 

or 
— dexamethasone (20 mg per day intravenous-

ly in two doses for at least 3 days, followed by a 
gradual dose reduction by 20–25% per dose every 
1–2 days for 3–4 days, then by 50% every 1–2 days 
until complete withdrawal). 

The indications for the use of monoclonal an-
tibodies (tocilizumab, olucizumab) were: the pres-
ence of pathological changes in the lungs corre-
sponding to CT 1–4 or moderate/severe pneumonia 
according to X-ray examination (infiltration-type 
diffuse opacities («white lung» symptom), involve-
ment of � 50% of lung tissue) combined with two 
or more of the following signs: 

— SpO₂ � 93%, shortness of breath at rest; 
— body temperature � 38°C for 5 days or re-

currence of fever on the 5–10th day of illness after a 
«clear interval»; 

Fig. 1. Scheme of patient selection for analysis and construction 
of a logistic regression model.



— CRP � 9N or a 3-fold increase in CRP on the 
8th-14th day of illness; 

— white blood cell count � 3.0×10⁹/L, 
— absolute lymphocyte count � 1.0×10⁹/L; 
— blood ferritin � 250 ng/mL; 
— IL-6 � 40 pg/mL. 
Tocilizumab was administered at a dose of 

4–8 mg/kg intravenously in combination with glu-
cocorticoids (GCs). 

If tocilizumab could not be used, an alternative 
regimen was considered that included the IL-6 re-
ceptor inhibitor levilimab 324 mg once (the contents 
of two pre-filled syringes of 162 mg/0.9 ml were di-
luted in 100 ml of 0.9% NaCl solution and adminis-
tered intravenously by drip over 60 min). If the 
effect was insufficient, the administration was re-
peated after 12 hours [14, 20]. 

Statistical data processing was performed 
using the IBM SPSS Statistics v.27.0 software package. 
Quantitative data were presented as the arithmetic 
mean ± standard deviation (M ± SD) for normally dis-
tributed data, and as the median and interquartile 
range (Me [Q1; Q3]) for data with a distribution 
other than normal. Qualitative data were presented 
as absolute numbers and percentages (n, %). The 
normality of the distribution of the studied parameters 
was assessed using the Shapiro–Wilk test. Quantitative 
indicators between groups were compared using 
the Student's t-test or the Mann–Whitney U test, 
depending on the normality of the distribution of 
each parameter. Quantitative indicators were equal-
ized using Pearson's χ² test or Fisher's exact test. 
Differences were considered statistically significant 
at P � 0.05. A two-tailed significance level was used. 

The binary logistic regression method was 
used to determine the probability of NIMV/IMV 
use in patients and the prognosis of fatal outcome. 
This method calculates the probability of an event 
occurring depending on the values of independent 
variables. 

Data from 950 patients were used to perform 
regression analysis. 

The parameters taken as probable predictors of 
the use of NIMV or IMV were: gender (female — 0; 
male — 1), age (years), obesity (0 — no; 1 — yes), 
diabetes mellitus (0 — no; 1 — yes), concomitant 
cardiovascular diseases (0 — no; 1 — yes), NEWS 
scale score (scores), length of stay on HFOT (number 
of days), therapy (Dexamethasone — 0; Methyl-
prednisolone — 1). 

To construct the regression functions that 
make up the prognostic model, we used a multi-
variate analysis based on binary logistic regression 
with an adjusted OR estimate (taking into account 
the joint influence of predictors, corr. OR) and its 
95% confidence interval. The predictors were in-
troduced into the model stepwise backward (using 
Wald statistics), which made it possible to select 
informative predictors and exclude noisy ones. 

To assess the quality of the logistic regression 
model, we used the Hosmer–Lemeshow test and 
calculated the percentage of total explained variance 
using the Nagelkerke method. Binary classification 
was evaluated based on ROC analysis. 

The cutoff point for binarization was deter-
mined using the Judd criterion. 

Descriptive statistics and hypothesis testing 
methods were used to analyze the data. Mortality 
was calculated as the percentage of deceased patients 
relative to the total number of patients in each 
group. The chi-square (χ²) test was used to compare 
mortality between groups, which allowed to assess 
whether the observed difference in frequencies was 
statistically significant. 

Results 
Patient characteristics. In 2021, HFOT was ini-

tiated in 950 patients with COVID-19 pneumonia and 
hypoxemic respiratory failure in the IOW. The char-
acteristics of this cohort are presented in Table 1. 

Patients mean age was 63.4 years, with a pre-
dominance of women (55.1%). The vast majori-
ty  (76.9%) had concomitant cardiovascular dis-
eases  (CVD). Obesity and diabetes mellitus were 
found in 31.8% and 24.9% of patients, respectively. 
HFOT was intiated on average on the 6th day of ill-
ness. In most patients, the degree of lung damage 
on CT corresponded to CT 1–2 (89.5%) at baseline. 

Transfer to the ICU and outcomes. Despite 
the therapy provided in the IOW, 573 patients (60.3% 
of those receiving HFOT in IOW) were transferred 
to the ICU for escalation of respiratory support 
using HFOT with a flow rate � 50 L/min, an inspira-
tory oxygen fraction � 60%, and NIMV/IMV. The 
characteristics of patients transferred to the ICU 
are presented in Table 2. 

Among patients transferred to the ICU, women 
were older than men (68.1 vs. 62.2 years), and they 
were more likely to have obesity (42.1% vs. 30.9%) 
and CVD (86.8% vs. 81.4%). 
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Table 1. Characteristics of patients hospitalized in the 
IOW, N = 950. 
Indicators                                                                        Indicator values 
Gender                                                                                            

Male                                                                              427 (44.9%) 
Female                                                                         523 (55,1%) 

Age, years                                                                           63.4 ± 10.8 
Premorbid background 

Obesity                                                                        302 (31.8%) 
Diabetes mellitus                                                     237 (24.9%) 
Cardiovascular diseases                                        731 (76.9%) 

Duration of disease, days                                              6.02 ± 1.6 
Degree of lung tissue damage  
according to chest computed tomography                      

CT1 (less than 25%)                                                457 (48.1%) 
CT 2 (25–50%)                                                           393 (41.4%) 
CT 3 (50–75%)                                                            96 (10.1%) 
CT 4 (� 75%)                                                                  4 (0.4%) 
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The overall mortality rate in the ICU was 25.7%, 
with no statistically significant differences between 
men (23.8%) and women (27.3%). 

Use of anti-inflammatory therapy and out-
comes in the ICU. All patients in the ICU were pre-
scribed GCs. In 444 (77.5% of those transferred to 
the ICU, or 46.7% of those receiving HFOT in IOW), 
MAbs were additionally used in treatment. 

Rate of fatal outcomes, depending on the anti-
inflammatory treatment regimen used: GCs 
monotherapy or in combination with MAbs is pre-
sented in Table 3. 

It was found that when using methylpred-
nisolone (both as monotherapy and in combination 
with MAbs), mortality among patients transferred 
to the ICU was statistically significantly lower than 
when using dexamethasone (15.3% vs. 37.1% for 
GCs monotherapy, P = 0.0001; 14.1% vs. 25.8% for 
GCs+MAb combination, p=0.046). The addition of 
MAb to dexamethasone statistically significantly 
reduced mortality (37.1% to 25.8%, p=0.0117), while 
with methylprednisolone, the addition of MAb did 
not result in a statistically significant change in 
mortality (15.3% vs. 14.1%, p=0.823) in this cohort 
of ICU patients. 

Predictive model of the need for NIMV/IMV. 
To identify factors associated with the need for 
NIMV or IMV in patients transferred to the ICU 
(n = 573), a binary logistic regression model was 
constructed. After stepwise selection using backward 
elimination, the following predictors were included 
in the final model: age, presence of diabetes mellitus, 
NEWS score upon transfer to the ICU, and type of 
GC used (methylprednisolone vs. dexamethasone). 
The results are presented in Table 4. 

The model showed good predictive power. 
The Hosmer–Lemeshow test was insignificant 
(χ² = 0.309, df = 8, P � 0.05), indicating good model 
calibration and a fairly accurate description of 
the actual data. Nagelkerke's pseudo-R² was 0.255, 
meaning that the model explains 25.5% of the 
variance in the dependent variable. The area 
under the ROC curve (AUC) was 0.792 (95% CI: 
0.758–0.827; P � 0.001), indicating high discrimi-
natory power of the model (Fig. 2). The optimal 
cutoff point, determined by the Youden index, 
was 0.197, which corresponds to a sensitivity of 
75.7% (95% CI: 68.8–81.7%) and a specificity of 
70.7% (95% CI: 67.3%–73.9%) for predicting the 
need for NIMV/IMV. 

Table 2. Characteristics of patients transferred from the IOW to the ICU .  
Parameter                                                                                                                                            Men, N = 269            Women, N = 304      Total, N = 573 
Age, years (M ± SD)                                                                                                                    62,17 ± 10,94                 68,1 ± 10,94               65,3 ± 11,3 
Premorbid background                                                                                                                                                                                                    
Obesity, n (%)                                                                                                                                 83 (30,9)                       128 (42,1)                 211 (36,8) 
DM, n (%)                                                                                                                                         76 (28,3)                       100 (32,9)                 176 (30,7) 
CVD, n (%)                                                                                                                                      219 (81,4)                     264 (86,8)                 483 (84,3) 
Duration of illness before transfer to the ICU, days (M ± SD)                                      6,12 ± 1,76                     5,97 ± 1,74                6,04 ± 1,75 
Need for NIMV/IMV, n (%)                                                                                                       108 (40,1)                     131 (43,1)                 239(41,7) 
(NIMV/IMV)                                                                                                                                    (37/71)                          (43/88)                    (80/159) 
Mortality in the ICU, n (%)                                                                                                        64 (23,8)                        83 (27,3)                  147 (25,7) 

Table 3. Mortality among ICU patients depending on the anti-inflammatory therapy regimen used. 
Treatment regimens                                                                                                     Number of patients, n (%) 
                                                                                             By treatment regimen           Transferred to ICU        With fatal outcome in the ICU 

1Dexamethasone only                                                               310                                       175 (56.5)                                        65 (37.1) 
2Methylprednisolone only                                                       195                                       118 (60.5)                                        18 (15.3) 

p1,2                                                                                                                                             0.368                                             � 0.001* 
3Dexamethasone + МАb                                                          334                                       209 (62.6)                                        54 (25.8) 
4Methylprednisolone + МАb                                                  111                                        71 (63.9)                                         10 (14.1) 

p3,4                                                                                                                                             0.793                                             � 0.001* 
Note. MAb — monoclonal antibodies. p — level of statistical significance calculated using the χ² criterion. * — values of P � 0.001 in-
dicate a statistically significant reduction in mortality with methylprednisolone therapy, both as monotherapy and in combination 
with MAbs, compared with similar use of dexamethasone.

Table 4. Prediction of the need for NIMV/IMV in the ICU based on the results of binary logistic regression (n = 573). 
Predictor                                Coeff.          Standard error       Wald stat.                     p                         Exp (B)              95% CI for OS, boundaries 
                                                                                                                                                                                       (corr. OS)                  lower                    upper 
Age                                          0.040                     0.008                    22.505                  � 0.001                   1.041                     1.024                    1.058 
Gender                                   0.387                     0.187                     4.304                     0.038                     1.473                     1.022                    2.123 
Diabetes mellitus               0.426                     0.198                     4.607                     0.032                     1.530                     1.038                    2.257 
CVD                                        0.758                     0.336                     5.092                     0.024                     2.134                     1.105                    4.124 
NEWS scale                          0.294                     0.077                    14.422                  � 0.001                   1.342                     1.153                    1.562 
GCs therapy                        –1.061                    0.191                    31.006                  � 0.001                   0.346                     0.238                    0.503 
HFOT                                      0.101                     0.016                    37.728                  � 0.001                   1.106                     1.024                    1.142 
Constant                               –6.770                    0.762                    78.927                  � 0.001                   0.001                         —                           — 



The regression equation is as follows:  
Z = 0.040 × Age + 0.387 × Gender + 0.426 ×  
Diabetes mellitus + 0.758 × CVD + 0.294 ×  

NEWS scale-1.061 × Therapy + 0.101 ×  
HFOT – 6.770 

According to the model, the predictors of an 
increased risk of requiring NIMV/IMV were: older 
age (OR � 1.014 for each year [1.024;1.058], gender, 
presence of diabetes mellitus (OR � 1.530 [1.038; 
2.2123]), and a higher NEWS score upon transfer to 
the ICU (OR � 1.342 for each score [1.153; 1.562]). 
The use of methylprednisolone (compared to dex-
amethasone) was associated with a reduced risk of 
requiring NIMV/IMV (OR = 0.346 [0.238; 0.503]). 
Gender, obesity, CVD, and duration of ICU stay had 
a lower weight as independent predictors in the 
final model. 

Discussion 
We presented our experience in organizing 

medical care for patients with severe COVID-19 in 
the context of significant healthcare system overload 
in 2021. Faced with a shortage of intensive care 
beds, our hospital implemented a model of stepwise 
respiratory support, including the active use of 
HFOT in specially organized IOW outside the ICU. 

The data obtained indicate that this strategy 
made it possible to provide care to a large number 
of patients (950 people started HFOT in the IOWs), 
but a significant proportion of them (60.3%) needed 
to be transferred to the ICU for escalation of respi-
ratory therapy. The high frequency of transfers re-
flected the severity of COVID-19-associated respi-
ratory failure during the pandemic waves studied 
and highlights the importance of clear criteria for 
timely escalation of treatment. However, it can be 
assumed that without the HFOT stage in the IOW, 
the burden on the ICU would have been even higher, 
and some of the patients successfully treated in the 
IOW (about 40%) could have occupied ICU beds. 

The overall mortality rate among patients 
transferred to the ICU was 25.7%, which is compa-
rable to data from other studies of that period for 
patients with severe COVID-19 requiring intensive 
care [15, 16]. Demographic characteristics and the 
presence of comorbidities (high incidence of CVD, 
diabetes mellitus, obesity) also correspond to global 
data on risk factors for severe COVID-19 [17]. 

One of the key aspects of our study was to 
evaluate the impact of different GCs regimens on 
outcomes in the ICU. The results indicate a statistically 
significant lower mortality rate in patients receiving 
methylprednisolone at a dose of 1 mg/kg/day (as a 
bolus and prolonged infusion) compared to patients 
receiving dexamethasone 20 mg/day. This difference 
persisted both with GCs monotherapy and in com-
bination with MAbs. Moreover, the use of methyl-
prednisolone was associated with a reduced risk of 

requiring NIMV/IMV according to logistic regression 
data. These results are consistent with data from 
several other studies suggesting potential advantages 
of methylprednisolone over dexamethasone in severe 
COVID-19 ARDS, possibly due to a more pronounced 
anti-inflammatory effect or better penetration into 
lung tissue [10, 11, 18]. However, it is important to 
note the retrospective nature of the analysis, which 
does not allow us to exclude the influence of unac-
counted factors and bias in the choice of therapy. 
Nevertheless, the data obtained support the hy-
pothesis of the potential advantages of the methyl-
prednisolone regimen used and require further con-
firmation in prospective studies. 

Interestingly, the addition of MAbs to GCs was 
associated with a reduction in mortality only in the 
dexamethasone group, but not in the methylpred-
nisolone group. This may indicate that when using 
a more intensive GCs regimen (methylprednisolone 
1 mg/kg/day), the additional effect of IL-6 inhibition 
may be less pronounced or may only be evident in 
a specific subgroup of patients. This observation 
also requires further study. 

The developed prognostic model for the need 
for NIMV/IMV in the ICU demonstrated good pre-
dictive ability (AUC � 0.792). The identified predic-
tors  — age, presence of diabetes mellitus, and 
severity of condition on the NEWS scale at trans-
fer  — are known risk factors for unfavorable 
COVID-19 outcomes [13, 17]. The inclusion of GCs 
entity (methylprednisolone as a protective factor) 
in the model further emphasizes the potential im-
pact of the choice of anti- inflammatory therapy 
on the course of the disease. This model can be 
used in clinical practice for the early identification 
of patients at high risk of requiring invasive respi-
ratory support, allowing for the timely concentration 
of resources and decisions on treatment intensifi-
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Fig. 2. ROC curve for the predictive model of the need for 
NIMV/IMV.
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cation. However, before widespread implementation, 
the model requires external validation on other 
patient cohorts. 

Strengths and limitations of the study. The 
strengths of the study include the analysis of data 
over a long period (one year) covering various 
waves of the pandemic, the description of a specific 
organizational model and treatment protocols, as 
well as a direct comparison of outcomes for dif-
ferent GCs regimens and the development of a 
prognostic model. The main limitations are the 
retrospective design, the possible presence of un-
accounted confounding factors, the potential in-
completeness of data in electronic records, and 
the focus of outcome analysis primarily on patients 
transferred to the ICU (lack of detailed comparison 
with those who remained in the IOW). Also, the 
data on the number of patients in various analyses 
(n = 950, N = 573, N = 644 + 306) require clear inter-
pretation and coordination. 

Conclusion 

The organization of IOW for high-flow oxygen 
therapy is a feasible strategy for managing patients 
with COVID-19-associated hypoxemic respiratory 
failure in conditions of a shortage of resuscitation 
beds, although a significant proportion (about 60%) 
of patients require escalation of respiratory therapy 
in the ICU. 

The use of methylprednisolone at a dose of 
1 mg/kg/day (bolus + prolonged infusion) in patients 
with severe COVID-19 transferred to the ICU was 
associated with lower mortality and a lower risk of 
requiring NIMV/IMV compared with the use of 
dexamethasone 20 mg/day in the study cohort. 

The developed logistic regression model, which 
includes age, presence of diabetes mellitus, NEWS 
score, and type of GCS used, has good predictive 
ability for identifying patients in the ICU at high 
risk of requiring NIMV/IMV, and may be useful for 
clinical application after external validation.



84 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 5 ,  2 1 ;  6

Optimization of  ICU

References 

1. Guan W.-J., Ni Z.-Y., Hu Y., Liang W.-H., Ou C.-Q., 
He J.-X., Liu L., et al. Clinical characteristics of 
coronavirus disease 2019 in China. N Engl J 
Med. 2020; 382 (18): 1708–1720.  
DOI: 10.1056/NEJMoa2002032. PMID: 32109013. 

2. Grasselli G., Zangrillo A., Zanella A., Antonelli M., 
Cabrini L., Castelli A., Cereda D., et al. Baseline 
characteristics and outcomes of 1591 patients 
infected with SARS-CoV-2 admitted to ICUs of 
the Lombardy region, Italy. JAMA. 2020; 323 (16): 
1574–1581.  
DOI: 10.1001/jama.2020.5394. PMID: 32250385. 

3. Berlin D. A., Gulick R. M., Martinez F. J. Severe 
COVID-19. N Engl J Med. 2020; 383 (25): 
2451–2460. DOI: 10.1056/NEJMcp2009575. 
PMID: 32412710. 

4. Gibson P. G., Qin L., Puah S. H. COVID-19 acute 
respiratory distress syndrome (ARDS): clinical 
features and differences from typical pre-
COVID-19 ARDS. Med J Aust. 2020; 213 (2): 
54–56.e1.  
DOI: 10.5694/mja2.50674. PMID: 32572965. 

5. Phua J., Weng L., Ling L., et al. Intensive care 
management of coronavirus disease 2019 
(COVID-19): challenges and recommendations. 
Lancet Respir Med. 2020; 8 (5): 506–517.  
DOI: 10.1016/S2213-2600 (20)30161-2. 

6. Azoulay E., Beltran P., Loomis A., et al. Ethics in 
the wake of coronavirus disease 2019: a call for 
solidarity. Lancet Respir Med. 2020; 8 (6): 549–551. 
DOI: 10.1016/S2213-2600 (20)30198-3. 

7. Заболотских И. Б., Киров М. Ю., Лебедин-
ский  К.  М., Проценко  Д.  Н., Авдеев  С.  Н., 
Андреенко  А.  А., Арсентьев  Л.  В., с соавт. 
Анестезиолого-реанимационное обеспече-
ние пациентов с новой коронавирусной 
инфекцией COVID-19. Методические ре-
комендации Общероссийской обществен-
ной организации «Федерация анестезио-
логов и реаниматологов».» Вестник ин-
тенсивной терапии имени А. И. Салтанова 
2022; 1: 5–140. Zabolotskikh I. B., Kirov M.Yu., 
Lebedinsky K. M., Protsenko D. N., Avdeev S. N., 
Andreenko A. A., Arsentiev L. V., et al. Anesthesia 
and intensive care for patients with the new 
coronavirus infection COVID-19. Instructional 
guidelines of the All-Russian Public Organi-
zation «Federation of Anesthesiologists and 
Intensive Care Physicians.» Ann Crit Care = 
Vestnik Intensivnoy Terapii im A. I. Saltanova. 
2022; 1: 5–140. (in Russ.).  
DOI: 10.21320/1818-474X-2022-1-5-140. 

8. Lewis  S.  R., Baker  P.  E., Parker R., Smith  A.  F. 
High flow nasal cannula for respiratory support 
in adult intensive care patients. Cochrane 
Database Syst Rev. 2021; (3): CD010172.  
DOI: 10.1002/14651858.CD010172.pub3. 
PMID: 33661521. 

9. Ricard J.-D., Roca O., Lemiale V., Corley A., 
Braunlich J., Jones P., Kang  B.  J., et al. Use of 
nasal high-flow oxygen during acute respiratory 
failure. Intensive Care Med. 2020; 46 (12): 
2238–2247. DOI: 10.1007/s00134-020-06228-7. 
PMID: 32901374. 

10. Grieco D. L., Menga L. S., Cesarano M., Rosa T., 
Spadaro S., Bitondo M. M., Montomoli J., et al. 
Effect of helmet noninvasive ventilation vs 
high-flow nasal oxygen on days free of respira-
tory support in patients with COVID-19 and 
moderate to severe hypoxemic respiratory fail-
ure: the HENIVOT randomized clinical trial. 
JAMA. 2021; 325 (17): 1731–1743.  
DOI: 10.1001/jama.2021.4682. PMID: 33764378. 

11. Ospina-Tascón G. A., Calderón-Tapia L. E., Gar-
cía A. F., ZaramaV., Gomez-Alvarez F., Alvarez-
Saa T., Pardo-Otalvaro S., et al. Effect of high-
flow oxygen therapy vs conventional oxygen 
therapy on invasive mechanical ventilation and 
clinical recovery in patients with COVID-19: a 
randomized clinical trial. JAMA. 2021; 326 (21): 
2161–2171.  
DOI: 10.1001/jama.2021.20714. PMID: 34874419. 

12.  RECOVERY Collaborative Group, Horby P., 
Lim W. S., Emberson J. R., Mafham M., Linsell L., 
Staplin N., et al. Dexamethasone in hospitalized 
patients with Covid-19. N Engl J Med. 2021; 
384 (8): 693–704.  
DOI: 10.1056/NEJMoa2021436. PMID: 32678530. 

13. WHO Rapid Evidence Appraisal for COVID-19 
Therapies (REACT) Working Group, Sterne J. A. C., 
Murthy S., Diaz J. V., Slutsky A. S., Villar J., An-
dus D. C., Annane D., et al. Association between 
administration of systemic corticosteroids and 
mortality among critically ill patients with 
COVID-19: a meta-analysis. JAMA. 2020; 324 (13): 
1330–1341. DOI: 10.1001/jama.2020.17023. 
PMID: 32876694. 

14. Временные методические рекомендации 
«Профилактика, диагностика и лечение но-
вой коронавирусной инфекции» (COVID-19). 
2020. Temporary methodological recommen-
dations. «Prevention, diagnosis and treatment 
of new coronavirus infection» (COVID-19). 2020. 
(in Russ.). metodika_corona26_10_2020.pdf 
(xn—80aibbnbujvtgm0c.xn—p1ai) 

15. Ranjbar K., Moghadami M., Mirahmadizadeh A., 
Fallahi M. J., Khaloo V., Shahriarirad R., Erfani A., 
et al. Methylprednisolone or dexamethasone, 
which one is superior corticosteroid in the 
treatment of hospitalized COVID-19 patients: 
a triple-blinded randomized controlled trial. 
BMC Infect Dis. 2021; 21 (1): 337. DOI: 
10.1186/s12879-021-06045-3. PMID: 33838657. 

16. Edalatifard M., Akhtari M., Salehi M., Naderi Z., 
Jamshidi A., Mostafaei S., Najafizadeh S. R., et 
al. Intravenous methylprednisolone pulse as a 
treatment for hospitalised severe COVID-19 pa-



85w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 5 ,  2 1 ;  6

Optimization of  ICU

tients: results from a randomised controlled 
clinical trial. Eur Respir J. 2020; 56 (6): 2002808. 
DOI: 10.1183/13993003.02808-2020.  
PMID: 32943404. 

17. Pinzón M. A., Ortiz S., Holguin H., Betancur J. F., 
Arango D. C., Laniado H., Arias C. A., et al. Dex-
amethasone vs methylprednisolone high dose 
for COVID-19 pneumonia. PLoS One. 2021; 16 (5): 
e0256766. DOI: 10.1371/journal.pone.0252057. 
PMID: 34033648. 

18. RECOVERY Collaborative Group. Tocilizumab 
in patients admitted to hospital with COVID-19 
(RECOVERY): a randomised, controlled, open-
label, platform trial. Lancet. 2021; 397 (10285): 
1637–1645. DOI: 10.1016/S0140-6736 (21)00676-0. 
PMID: 33933206. 

19. REMAP-CAP Investigators; Gordon  A.  C., 
Mouncey  P.  R., Al-Beidh F., Rowan  K.  M., 
Nichol A. D., Arabi Y. M., Annane D., et al. Inter-
leukin-6 receptor antagonists in critically ill pa-
tients with COVID-19. N Engl J Med. 2021; 384 
(16): 1491–1502. DOI: 10.1056/NEJMoa2100433. 
PMID: 33631065. 

20. Lomakin N. V., Bakirov B. A., Protsenko D. N., 
Mazurov  V.  I., Musaev  G.  H., Moiseeva  O.  M., 
Pasechnik E. S., et al. The efficacy and safety of 
levilimab in severely ill COVID-19 patients not 
requiring mechanical ventilation: results of a 
multicenter randomized double-blind place-
bo-controlled phase III CORONA clinical study. 
Inflamm Res. 2021; 70 (10–12): 1233–1246. DOI: 
10.1007/s00011-021-01507-5. PMID: 34586459. 

21. Гома, Т. В., Калягин, А. Н., Рыжкова, О. В., Со-
ловьева, Н. С. Эффективность применения 
препарата олокизумаб у пациентов с COVID-19. 
Acta Biomedica Scientifica. 2022; 7 (5–2): 86–95. 
Goma T.V., Kalyagin A. N., Ryzhkova O. V., Solovy-
ova N. S. Efficacy of olokizumab in treatment of 

COVID-19 patients. Acta biomedica scientifica. 
2022; 7 (5–2): 86–95. (in Russ.).  
DOI: 10.29413/ABS.2022-7.5-2.9. 

22. Knight S. R., Ho A., Pius R., Buchan I., Carson G., 
Drake T. M., Dunning J., et al. Risk stratification 
of patients admitted to hospital with COVID-19 
using the ISARIC WHO Clinical Characterisation 
Protocol: development and validation of the 
4C Mortality Score. BMJ. 2020; 370: m3339. 
DOI: 10.1136/bmj.m3339. PMID: 32907855. 

23. Richardson S., Hirsch  J.  S., Narasimhan M., 
James M Crawford J. M., McGinn T., 
Davidson  K.  W., the Northwell  COVID-19 Re-
search Consortium, et al. Presenting charac-
teristics, comorbidities, and outcomes among 
5700 patients hospitalized with COVID-19 in 
the New York City area. JAMA. 2020; 323 (20): 
2052–2059.  
DOI: 10.1001/jama.2020.6775. PMID: 32320003. 

24. Yan L., Zhang H. T., Goncalves J., Xiao Y., Wang M., 
Guo Y., Sun C., et al. An interpretable mortality 
prediction model for COVID-19 patients. Nat 
Mach Intell. 2020; 2: 283–288.  
DOI: 10.1038/s42256-020-0180-7. 

25. Alhazzani W., Møller M. H., Arabi Y. M., Loeb M., 
Gong M. N., Fan E., Oczkowski S., et al. Surviving 
Sepsis Campaign: guidelines on the manage-
ment of critically ill adults with Coronavirus 
Disease 2019 (COVID-19). Intensive Care Med. 
2020; 46 (5): 854–887. DOI: 10.1007/s00134-
020-06022-5. PMID: 32222812. 

26. WHO. Corticosteroids for COVID-19: Living 
guidance. WHO-2019-nCoV-Corticosteroids-
2020.1-eng.pdf (poder360.com.br). 

 
Received 28.06.2025 
Accepted 20.11.2025 

 


