Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK

OPUMHATTBHBIE VICCNELOBAHWA Tom 31, N2 3, 2023 VMeHn akagdemmra V. 1. Nasnosa

YK 312.26:616.988 ' '.)

DOL: https://doi.org/10.17816/PAVLOVJ569334 .

AHanu3 BHYTpU60IbHMYHOM NETaNbHOCTU Y NALUEHTOB
C HOBOM KopoHaBupycHoi uHdekrumen (COVID-19)
Knunuyeckoro ueHtpa CeyeHOBCKOro yHMBepcureTa

B. B. ®omuH', B. B. Powok', B. A. Pewwetnukos', 0. C. Bonkosa', H. I'. Kopluesep?,
B. B. Kosznog®**

'MepBbii MOCKOBCKMI rocyqapCcTBeHHbIA MeULIMHCKIRA YHuBepcuTeT uMenn U. M. CeueroBa (CeueHoBCKuin YHuBepeuTeT), MocKBa,
Poccuitckan Oepepaums;

2 CapaTOBCKMIA FOCY[apCTBEHHbIA MeAVULMHCKUIA YHMBEpCHTET uMeHn B. U. Pasymoscroro, Caparos, Poccuiickan ®egepaums;

3 AsepbaiimKaHCKMn MeQULIMHCKWI yHuBepcuTeT, Baky, Asepbainman

AHHOTAUNA

AxkmyansHocms. InneMUs HOBOM KopoHaBupycHol uHdekumm (COVID-19) noTpeboBana oCyLLECTBUTL B CHaTble
CPOKM NepecTpoyiKy paboTbl BCeM cucTeMbl 3apaBooxpaHenns Poccuiickoi Oeaepauuu. lpy 3ToM feTanbHOCTb NaLYEeHTOB
ABNAETCA BaKHEWLUMM Pe3yNbTaTUBHLIM MOKa3aTefieM, OTpaKaloLMM YCMEeLHOCTb OpraHM3auMOoHHBIX MeponpuUATUN
Mo COBEPLUEHCTBOBAHMIO AeATENIbHOCTU MeJULMHCKUX OpraHM3auui. icxogHaa roToBHOCTb MHGPACTPyKTypbl N03BONMNA
onepatmBHO Ha 6ase KnuHuueckoro ueHTpa CeyYeHOBCKOro yHMBEpcMTETa Pa3BepHYTb CTalLMOHap ONA OKa3laHuA
MeULMHCKOM noMoLmn naumerTtam ¢ COVID-19.

Lene. [poBectM aHanu3 BHYTPUOONBbHUYHOM neTanbHocTM naumentoB ¢ COVID-19 KnuHuueckoro LueHTpa
CeyeHOBCKOr0 yHMBEpCHUTETA.

Mamepuanel u Memodel. bbin npoBegeH aHanus 6asbl gaHHblx COVID-19 (n = 19 230) KnuHuueckoro LeHTpa
CeueHoBcKoro yHusepcuteta 3a 2020-2022 r.

Pesynemamesi.  06buwiaa rocnutanbHaA NeTanbHOCTb B CTauuoHapax KnuHuyeckoro ueHTpa CeyeHoBCKOro
yHuBepcuTteTa npu COVID-19 coctaBuna 8,5%, uto HaxoguTcA Ha 6onee HU3KOM YPOBHE MPW CPaBHEHWUMU C LaHHLIMU
3apyberHbix uccnegosanuin (Utanua, Wcnanua, Benukobputanua, CLUA, MpaH). OcHoBHblE NpeamKTOpbl NETanbHOCTY:
UCXOLOHbIE — MYMKCKOW MOJ, BO3pacT (MpemMyLLecTBeHHO > 75 NeT); Hanuume y NaLMeHTOB 3M0KayYecTBEHHbIX
HOBOOOpa3oBaHWUM, GonesHel HepBHOM cuCTeMbl, 60/e3Hel CUCTeMbl KpoBoobpallueHus, 6onesHen 3HOOKPUHHOW
CMCTEMbI; BO3HMKaKOLLME B MPOLECCEe CTALMOHAPHOr0 JIeYeHUA — WCKYCCTBEHHAA BEHTUNALMA NErKUX, NepeHeceHHble
XUPYPruYecKmUe BMeLLaTenbCTBa.

3arnoyerue. OnbiT paboTbl KnuHuyeckoro LeHTpa Ce4eHOBCKOr0 YHMBEPCUTETA FOBOPMT O BO3MOMKHOCTH BbICTPOro
PELUEHNA OpraHWM3aLUMOHHbIX 3afady, CTOALMX Mepen CUCTEMOM 3[paBoOXpaHeHWA B nepuog nangemum COVID-19,
C pesy/ibTaTaMu, XapaKTepU3YIOLMMUCA HU3KOM NeTaNbHOCTbI0 MOCMMTaNM3MPOBaHHBIX BOJbHbIX.

KnioueBble cnoBa: H0BaA KopoHagupycHas uHgexyus; COVID-19; nandemus; oka3aHue MeduyuHcKoU noMoWu;
BHYMPUbOLHUYHAA N1eManbHOCMB; KIUHUYECKaA bombHuya
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ABSTRACT

INTRODUCTION: The epidemic of a new coronavirus infection (COVID-19) required a restructure of the entire
healthcare system of the Russian Federation within a limited period of time. Here, the mortality of patients is the most
important effective parameter that reflects successfulness of organization measures for improvement of the activity of
medical institutions. The initial preparedness of the infrastructure permitted to rapidly deploy a hospital on the base of the
Clinical Centre of Sechenov University for providing medical assistance to patients with COVID-19.

AIM: To analyze the in-hospital mortality of patients with COVID-19 at the Clinical Center of Sechenov University.

MATERIALS AND METHODS: The COVID-19 database (n = 19 230) of the Clinical Centre of Sechenov University for
2020-2022 was analyzed.

RESULTS: The overall in-hospital mortality in COVID-19 hospitals of the Clinical Centre of Sechenov University was
8.5%, which is the lower level compared to the data of foreign studies (Italy, Spain, Great Britain, USA, Iran). The main
predictors of mortality are: basic — male gender, age (mainly > 75 years); existence of malignant neoplasms, diseases
of the nervous system, diseases of the cardiovascular system, diseases of the endocrine system in patients; diseases
occurring in the course of hospital treatment — artificial lung ventilation, past surgical interventions.

CONCLUSION: The working experience of the Clinical Center of Sechenov University shows a possibility for quick
salvation of organizational tasks facing the healthcare system in the period of COVID-19 pandemic, with the results
characterized by low lethality of hospitalized patients.
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LIST OF ABBREVIATIONS

APV — artificial pulmonary ventilation
Cl — confidence interval

COVID-19 — COronaVlrus Disease 2019
OR — odds ratio

UCH — university clinical hospitals

INTRODUCTION

The pandemic of a new coronavirus infection
(COronaVirus Disease 2019, COVID-19) placed
extraordinary organizational tasks before the healthcare
system. The resources of infectious services available
in the epidemiologically favorable period, appear to
be insufficient in the emergency situation associated
with spread of highly contagious infection. Maintaining
the proper quality of medical care in such conditions
not only requires the re-profiling of some medical
institutions, but also forces medical workers to acquire
new competencies [1, 2.

The COVID-19 pandemic dictated the need to
restructure the work of the entire healthcare system
of the Russian Federation in the shortest possible time.
The growth of morbidity with COVID-19 in Moscow
required taking decisions directed at both preventing a
rapid spread of the disease, and providing the sick with
high-quality and available medical care [3]. Already at
the beginning of the pandemic it became clear that the
resources of infectious diseases services of the city were
insufficient and therefore it was decided to re-profile a
part of medical institutions [4].

The steady spread of COVID-19 and the need to
solve numerous epidemic management tasks determined
the relevance of a detailed and comprehensive analysis
of the results of the activities of medical organizations
during the pandemic. Special attention should be
paid to the study of cases of COVID-19 with a fatal
outcome, since the mortality of patients is the most
important effective parameter reflecting the success
of organizational measures to improve the activities of
medical organizations in a pandemic [5, 6].

The aim of this study to analysis of the in-hospital
mortality of patients with a new coronavirus infection of
the Clinical Center of Sechenov University.

MATERIALS AND METHODS

In April 2020, on the basis of the Clinical Center of
Sechenov University, a hospital was deployed to provide
medical care to patients with COVID-19. A significant
argument in favor of attracting Sechenov University
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hospital beds to provide inpatient medical care to
patients with COVID-19 was a sufficiently high degree of
initial readiness of the infrastructure:

« in the buildings of four university clinical hospitals
(UCHs) involved in providing medical care to patients with
COVID-19, inpatient pulmonology units (a total of 170
beds of ‘Pulmonology’ profile), intensive care units were
initially present; UCH No.1 was equipped with apparatus
for extracorporeal membrane oxygenation;

« more than 70% of wards of all UCHs were equipped
with toilet facilities and shower rooms during the capital
repair of 2010-2020, which permitted to provide isolation
of the patients;

« all the buildings of the UCH involved in providing
medical care to patients with COVID-19, were equipped
with CT scanners; in three of them they were in close
proximity to the reception departments, in one — in
direct access from the reception room, which permitted
to organize this study in the shortest possible time,
immediately upon admission [1].

In addition, UCH No. 4 was initially working in the
routing system of emergency medical care of Moscow
Healthcare Department, and in this regard, its work was
organized in the regime of readiness for round-the-clock
reception of patients [1].

The study presents the results of the analysis of the
database of patients with COVID-19 of the Clinical Center
of Sechenov University for 2020-2022. The protocol of
the study was approved by the Local Ethics Committee
of Sechenov University (Protocol No. 22-25 of December
08, 2022).

Statistical processing of the obtained data was
performed using the IBM SPSS program version 26.0
(USA). Descriptive statistics of the study results was
presented for qualitative parameters by absolute values
and relative frequencies calculated per 100 people.
Arithmetic mean (M) and mean square deviations (a), as
well as the median and quartiles (first and third) were
used to describe the age.

The statistical significance of the differences for
quantitative variables was verified using parametric
Student's t-test for independent samples. The statistical
significance of differences in qualitative characteristics in
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the intergroup comparisons was assessed using Pearson
x2 test. A statistically significant probability level for
rejecting null hypotheses was considered at p < 0.05.
To model the mortality factors of hospitalized patients
in a new coronavirus infection COVID-19, the multiple
logistic regression analysis was used. The sensitivity
and specificity of the model were evaluated using ROC
analysis.

RESULTS

An in-depth analysis of the structure of patients
of the Clinical Center of Sechenov University who
underwent treatment for COVID-19 in 2020-2022, and of
peculiarities of inhospital mortality, was conducted. The
total database of patients of deployed covid hospitals of
four UCHs was analyzed (UCH No. 1-4).

In total, 19,230 patients underwent treatment in
specialized hospitals of the Clinical Center from April
2020 to March 2022 (of them: 8985 (46.6%) — in 2020,
8540 (44.4%) — in 2021, 1705 (8.9%) — in 2022). To
note, 4202 (21.8%) patients were transferred from other
inhospital medical organizations of Moscow.

The structure of patients by gender: 8944 (46.5%)
men and 10,286 (53.5%) women. The social structure of
patients was dominated by pensioners — 9115 (47.4%).
There were 4077 (21.2%) non-working people among
the patients, 5981 (31.1%) were employed. The smallest
number was represented by students — 58 (0.3%)
people. Among the patients, 90.8% were urban residents
and 6.3% were rural residents.
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The mean age of patients was 62.3 + 15.8 years,
according to the median — 63.0 (52.0; 74.0) years. The
largest share of hospitalized patients was in the elderly
group (60-74 years) — 35.4%. The middle age group
(45-59 years) made 25.9% of patients, 22.4% were of
senile age (75-90 years), and 14.8% of patients were
of the young age (18-44 years). The least number of
hospitalized patients were in the group of centenarians
(= 90 years) — 1.5%.

Eighteen thousand and fifty (93.9%) patients had
a complicated course of COVID-19. Surgical operations
were performed in 299 (1.6%) patients.

More than half of the patients — 10,083 (52.4%)
had some concomitant diseases the most common being
diseases of the circulatory system — 7,316 (38.0%)
cases, followed by diseases of the respiratory system —
1,968 (10.2%), and diseases of circulatory system —
1,809 (9.4%). Malignant neoplasms were present in
268 (1.4%) patients.

During the analyzed period, 1,636 patients with
COVID-19 died in the Clinical Center of Sechenov
University. The total inhospital mortality was 8.5%.

Among the mortal cases, 819 (50.1%) occurred in
female patients and 817 (49.9%) among male ones. Here,
mortality rate among men (9.1%) was higher than among
women (8,0%; p = 0.004). The mean age of deceased was
74.7 £ 11.7 years, by the median — 76.0 (67.0; 73.0) years.

The mortality level increased in each subsequent
age group (Figure 1), the highest mortality rate was
noted in the group of patients > 90 years — 35.2%. The
differences in mortality rate between all the age groups
were statistically significant, p < 0.001.

40,0

Mortality rate, per 100 patients

Fig. 1. Mortality rate of patients with a new coronavirus infection (COVID-19) depending on age at the Clinical Center of Sechenov

University in 2020-2022, p < 0.001.

DAl https://doi.org/10.17

816/PAVLOVI569334




OPATHATIBHBIE MCCTIEAOBAHNA

Among certain social groups of patients, the highest
mortality was observed among pensioners — 13.7%,
with statistically significant difference from that in all
other groups (p < 0.001). Among non-working patients,
the mortality rate was 4.4%, among working patients —
3.4%, among students — 3.2%.

The highest mortality rate was recorded among
patients who required artificial pulmonary ventilation
(APV) — 84.5%. For comparison, among patients without
use of APV, the mortality rate was 3.5% (p < 0.001).

Of attention is statistically significant increase in
mortality rate among unvaccinated inpatients, 16.8%
versus 6.9% among vaccinated ones (p < 0.001).

The likelihood of a fatal outcome was significantly
increased by a factor of surgery. In patients who
underwent surgery, the mortality rate in the postoperative
period was 68.2% (204 out of 299 patients).

Among the concomitant pathology, a higher level of
mortality rate was noted in the presence of malignant
neoplasms — 25.2% (p < 0.001), in diseases of the

nervous system — 25.5% (p < 0.001), diseases of
circulatory system — 17.9% (p < 0.001), diseases of
endocrine system — 14.8% (p < 0.001), diseases of

urogenital system — 13.1% (p = 0.015).

To determine the main factors of mortality in
patients with COVID-19, the frequency of occurrence and
the average level of individual signs among recovered
and deceased patients were compared.

The analysis of differences by age groups shows that
in the group of the deceased, patients of the age group
75-89 years were most common. There were 45.1% of
such patients versus 20.0% in the group of recovered
patients (p < 0.001). Also, patients > 90 years of age
were more common in the group of deceased (8.4%
vs. 1.4%). In the group of recovered patents, younger
age groups of 1844 years (15.9% vs. 1.6%) and 45-
59 years (27.4% vs. 8.6%) predominated. The frequency
of patients aged 60-74 years had no statistically
significant differences. The mean age of patients in the
group of deceased was 74.7 + 11.7 years versus 61.1 +
15.7 years in the group of recovered patients (p < 0.001).

The gender differences between the groups of
deceased and recovered patients consist in a statistically
significant predominance of male patients in the group
of patients with a fatal outcome — 49.9% versus 46.2%
(p = 0.002).

In assessment of differences by body mass index
at admission to the hospital, statistically significant
differences were noted in terms of some increase in this
parameter in the group of deceased patients 29.9 + 6.7
vs. 29.3 £ 5.7 (p = 0.046).

A number of signs that influence the course of the
disease, have significant differences that characterize
the group of patients with fatal outcome. Thus, in the
group of patients who underwent surgical intervention,
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there were 12.5% of deaths versus 0.5% in the group of
recovered patients (p < 0.001).

With this, the duration of hospital stay of recovered
and deceased patients had no statistical significant
differences with the median of 13 days in both groups
(p =0.186).

Concomitant diseases occurred in 90.1% of cases
with mortal outcomes, which was 1.85 times more often
than in the group of recovered patients — 48.6% (p <
0.001).

Considering the proportion of concomitant diseases,
it is possible to distinguish the main classes of diseases
with statistically significant predominance in the group
of deceased patients. These were diseases of the
circulatory system — 78.1% vs. 34.3% (p < 0.001),
diseases of the endocrine system — 16.0% vs. 8.8% (p
< 0.001), malignant neoplasms — 4.1% vs. 1.2% (p <
0.001), diseases of the nervous system — 0.9% vs. 0.2%
(p < 0.001), diseases of urogenital system — 1.9% vs.
1.3% (p = 0.030).

To model the factors of mortality of patients
hospitalized with COVID-19, the multiple logistic
regression analysis was used (Table 1). As the
possible predictors, there were considered the
patient's gender, age, body mass index, presence of
complications, need for APV, social status, presence
of a concomitant pathology. As a response variable, a
binary variable was used including 2 categories: 0 —
no fatal outcome at the time of discharge from hospital,
1 — fatal outcome that occurred during inhospital
treatment of the patient.

The most significant prognostic factor of mortality
was staying on a ventilator regime — the odds ratio (OR)
145.509 [95% confidence interval (CI) 116.439-181.837].
Next in importance are malignant neoplasms — OR
3.604 [2.446-5.311], diseases of nervous system — OR
3.553 [1.580-7.988], diseases of circulatory system —
OR 2.882 [2.378-3.350], surgeries — OR 2.329
[1.464-3.705]. The statistically significant predictors
modeling the probability for fatal outcome in COVID-19,
also include male gender — OR 1.624 [1.385-1.905],
presence of diseases of the endocrine system —
OR 1.595[1.281-1.985], age — OR 1.086 [1.078-1.094].

The determination coefficient (R2) for this model
was 0.597, which shows a statistically significant
explanation of variance of the response variable by
59.9% by these predictors. With this, the model has
99.1% specificity for predicting the absence of mortality.
The sensitivity of the model for correct prediction of the
fatal outcome was 59.6%. The total percentage of correct
predictions reached 96.0%.

By the results of construction of ROC-curve, AUC
parameter was 0.935 + 0.004 (95% ClI 0.928-0.925;
p < 0.001), which corresponds to a very good quality of
prognostic model (Figure 2).
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Table 1. Assessment of Predictors of Death from New Coronavirus Infection (COVID-19) at Clinical Center of Sechenov University

in 2020-2022

Predictors cooficenib | Emor | statstes, 2| ° OR | 95% Clfor OR
Age 0.083 0.004 505.718 <0.001 1.086 1.078-1.094
Gender 0.485 0.081 35.555 <0.001 1.624 1.385-1.905
Artificial Pulmonary Ventilation 4.980 0.114 1918.181 <0.001 145.509 116.439-181.837
Surgery 0.845 0.237 12733 <0.001 2.329 1.464-3.705
Malignancy 1.282 0.198 42.034 <0.001 3.604 2.446-5310
Diseases of endocrine system 0.467 0.112 17.418 <0.001 1.595 1.281-1.985
Diseases of nervous system 1.268 0.413 9.404 0.002 3.553 1.580-7.988
Diseases of circulatory system 1.038 0.087 140.612 <0.001 2.822 2.378-3.350

Notes: Cl — confidence interval, OR — odds ratio
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Fig. 2. ROC-curve of the fatal outcome predictor model of patients with COVID-19 at the Clinical Center of Sechenov University

in 2020-2022.

DISCUSSION

The study conducted on the basis of the results
of the analysis of the activity of covid hospitals of the
Clinical Center of Sechenov University, permitted to
identify the following factors as predictors modeling
fatal outcomes in patients with COVID-19:

« initial — male gender, age (mainly, = 75 years);
the presence of malignant diseases, diseases of the
nervous system, diseases of the circulatory system,
diseases of endocrine system in patients;

« occurring during inhospital treatment — need in
APV, surgical interventions.

DAl: https://doi.org/10.17816/PAVLOVI569334

The data obtained agree with the results of studies
devoted to the analysis of predictors of mortality in
COVID-19 [7-13], which emphasizes the importance of
the age factor and existence of concomitant diseases.

A significant advantage of rendering medical
care to patients with COVID-19 in the conditions of a
multidisciplinary university clinic of the given model was
the possibility of operational re-profiling of departments
according to unified logistic schemes.

An important aspect of the activity of a
multidisciplinary clinic in the condition of a pandemic
was organization of treatment of comorbid patients,
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including those transferred from other federal medical
organizations.

The following key management decisions that
permitted to effectively organize the process of
providing medical care to patients with COVID-19 in a
multidisciplinary university clinic can be considered:

1. centralization of quality management, including
that in the key profiles — pulmonology, anesthesiology
and intensive care;

2. centralization of the management of the sanitary
and epidemiological regime and protection of personnel;

3. use of unified schemes and local clinical protocols
adopted by consensus of all clinics (32 local clinical
protocols were adopted);

4. operational data analysis and decision-making in
video conferencing format.

The working experience of the Clinical Center of
Sechenov University in the conditions of the COVID-19
pandemic has shown that the centralized taking
organizational decisions and quality management is
equally important in providing favorable treatment
outcomes, as the supply of the organization with medical
drugs and medical instruments. Along with solving
applied problems of providing medical care to patients
with COVID-19, university clinics can and should be a
platform for conducting clinical trials. In the Clinical
Center of Sechenov University, 20 multicenter clinical
trials were conducted in 2020-2022, including the study
of two vaccines, which was of utmost importance for the
fight against the pandemic at the national level.

CONCLUSION

The total inhospital mortality in the hospitals of
the Clinical Center of Sechenov University in conditions

CMUCOK UCTOYHMKOB

1. Tnbibouko M.B., CeuctyHos AA, ®omuH B.B., v ap. Ponb KNMHUK
CeyeHOBCKOr0 YHMBEpCUTETa B OKa3aHWM NMOMOLLM NaLMeHTaM C HOBOW
KopoHaBwpycHol nHderumer (COVID-19) // HaumoHanbHoe 3apaBooxpa-
Henwe. 2020. 7. 1, Ne 1. C. 23-27.

2. Tnbiboyro [1.B., ®omuH B.B., Momcees C.B., 1 ap. ®aKkTopbl p1cKa paH-
Hero pasBuTWA CEMTUYECKOrO LLUOKa Y 6oMbHbIX ¢ TAXensiM COVID-19 //
TepanesTuyeckuit apxus. 2020. T. 92, N° 11. C. 17-23. doi: 10.26442/004
03660.2020.11.000780

3. Hwkutud UB., Menexos AT, Caindynaus MA, n ap. OpraHusauma
OKa3aHuA MeanUMHCKoM noMoLLm 6onbHbIM COVID-19 B HeMHGEKUMOHHOM
cTaumoHape . MocKBbl: oMbIT nepenpodunposaHua // TepaneBTudecKui
apxv. 2020. T. 92, N° 11. C. 31-37. doi: 10.26442/00403660.2020.11.000838
4. [lpvka3z MuHucTepcTBa 3apaBooxpaHeHna Poccuiickon Oepepaumm
ot 19 mapta 2020 r. N° 1981 «0 BpeMeHHOM NopAfKe OpraHu3aLmm paboTsl
MeVLIMHCKMX OpraH13aLumii B LEeNAX peanusaumm Mep no npodunaxTuke

Tom 31, N2 3, 2023

DAl: https://doi.org/10.17816/PAVLOVI569334

Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK
nmern akagemmka M. 1. Nasnosa

of the new coronavirus infection (COVID-19) that made
8.5%, was at a lower level in comparison with the data
of foreign studies reflecting mortality rates in hospitals
of other countries (ltaly, Spain, Great Britain, USA, Iran)
which ranged from 10.2% to 28% [3, 14].

Thus, rendering medical care to patients with a
new coronavirus infection (COVID-19) in conditions of a
multidisciplinary university clinic can be characterized
as one of the possible models of effective deployment
of medical care systems in new conditions.
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