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Abstract. Introduction. The main risk factors for adverse outcomes in patients with COVID-19 pneumonia are age
and comorbidities. For accurate risk stratification, a comprehensive dynamic assessment of clinical, laboratory, and
hemodynamic factors of patients is important. The aim of the study was to assess the risk factors for the development
of a lethal outcome in patients with COVID-19 pneumonia with comorbid diseases based on the analysis of time trends
in clinical and laboratory characteristics. Materials and methods. A retrospective observational, multicenter study of
125 patients aged 18 to 75 years with laboratory-confirmed COVID-19 and/or ICD-10 U07.1 hospitalized with acute
respiratory failure was conducted from March 2020 to May 2022. Demographic, clinical, and laboratory data of patients
were recorded at the time of hospitalization and during the first 5 days of treatment. Results. In the analysis of operational
characteristics and Kaplan—-Meier survival curves, the age of patients >71 years, body mass index >29.8 kg/m?, and D-dimer
levels >1600 ng/mL and procalcitonin >3.4 ng/mL were statistically significantly associated with the risk of death. For two
parameters (D-dimer and procalcitonin levels), the prognostic value of the temporal trend was statistically significantly
higher compared to their daily values. Conclusion. The increased risk of death in patients with COVID-19 pneumonia
and comorbid diseases is associated with older age and high body mass index, but not with comorbid diseases. Temporal
trends in D-dimer and procalcitonin have a greater predictive value compared to their daily values.
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Pe3slome. BeedeHue. OCHOBHbIMI (hakTopamu pucka HebnaronpusiTHbix McxogoBs y nauueHtos ¢ COVID-19 nHes-
MOHMEN SBNAKTCS BO3PACT U KoMOpOuaHble 3aboneBanuns. [ns TOYHOM cTpaTMdUKaLMM pUcka BaxHa KOMMIeKCHas
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AMHaMUYeckas OLEHKa KIIMHUYECKUX, TabopaTopHbIX 1 reMogMHaMnyecknx hakTopoB naumeHToB. Lesb uccne-
doeaHusi — oLeHKa (PakTOpPOB pUcKa pasBuUTMSA NeTanbHOro ucxoaa y nauyneHtoB ¢ COVID-nHEBMOHMEN ¢ KOMOp-
OnaHbiMK 3ab0neBaHMsaMN Ha OCHOBE aHann3a BPEMEHHbIX TPEHAOB KNMHWUKO-NabopaTopHbIX XapaKTeEPUCTUK.
Mamepuanbi u Memodsbi. PeTpocnekTnBHoe 06cepBaLMOHHOE MYNbTULEHTPOBOE ccneaoBanne 125 naymeHTos
B Bo3pacTe oT 18 go 75 net ¢ nabopatopHo noaTeepxaeHHbIM COVID-19 uivnu ¢ guartosom U07.1 no MKB-10, ro-
CMUTANN3MPOBAHHbIX C OCTPOMN AbIXaTerlbHOM HeAOCTATOYHOCTHIO, ObINo NpoBeaeHo ¢ MapTa 2020 r. no mait 2022 .
Kputepuin HeBKNOYEHNS — pedpaKkTepHbIli cenTuyeckui Wok. [lemorpadmyeckne, KnuHuyeckue n nabopaTopHble
JaHHble nauneHToB ObiNK 3anucaHbl Ha MOMEHT FroCnMTanu3aLny 1 B Nepebie 5 CYyTOK NeveHuns. Pe3ynbmamail.
Mpy aHanu3e onepawMOoHHbIX XapakTEPUCTUK U KpUBbIX BblknBaeMocTu KannaHa—Meinepa Bo3pacT nauneHToB
>71 ropa, MHAEKC Macchl Tena >29,8 kr/m? u yposHu D-gumepa >1600 Hr/Mn 1 NpokanbLUTOHWUHA >3,4 HI/MN Gbinu
CTaTUCTUYECKM 3HAUNMO CBS3aHbI C pUCKOM cMepTu. [ins ABYX napameTpoB (ypoBHM D-aumepa v npokanbLMTOHWHA)
NPOrHOCTMYECKAs BeIMYMHA BPEMEHHOIO TpeHaa Obina CTaTUCTUYECKM 3HAYMMO BhILLE B CPABHEHUM C UX CYTOYHbI-
MU 3Ha4YeHMaMU. 3akroyeHue. YBenuyerne pucka cmeptu naumentos ¢ COVID-19 nHeBMOHWENR N KOMOPOMAHBIMM
3aboneBaHNsMM CBA3aHO C NOXWIbIM BO3PACTOM W BbICOKMM UHAEKCOM Macchl Tena, Ho He ¢ KoMopbuaHbIMu 3abo-
nesaHusmMu. BpemeHHble TpeHabl D-auMepa v npokanbLMToHWHa 061aaatoT 6onbLuei MPOrHOCTUYECKOMN LLEHHOCTbIO
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B CpaBHEHUU C NX CYTOYHbIMWN 3HAYEHUAMMU.

KntoueBble cnosa: COVID-19, nHeBMOHMS, KoMopBuaHble 3aboneBaHns, pUck CMEPTU, BPEMEHHbIE TPEHAbI

INTRODUCTION

MATERIALS AND METHODS

Main factors that contribute to risks of severe morbidity
and mortality in patients with COVID-19 and COVID-19-in-
duced pneumonia, in addition to age, are comorbid diseases
such as arterial hypertension, diabetes mellitus, overweight
and others [1-3, 6-9, 20].

Several large multicenter trials have examined clinical
and laboratory characteristics of patients when they were
admitted to an intensive care unit (ICU), where several
serum biomarkers predicted adverse outcome, including
elevated levels of interleukin-6, ferritin, C-reactive pro-
tein, lactate dehydrogenase, D-dimer, and fibrinogen, as
well as reduced levels of antithrombin and lymphopenia
[1, 5,10, 12, 20]. A comprehensive dynamic assessment
of patients’ clinical, laboratory, and hemodynamic fac-
tors is important for risk stratification when implementing
COVID-19 pneumonia treatment protocols. Since patients
with COVID-19 pneumonia and comorbid diseases re-
quire prolonged respiratory support in ICU, the use of
time trends of clinical and laboratory characteristics has
been proposed to estimate survival prognosis more accu-
rately [14].

AIM

The aim of was to evaluate risk factors for lethal out-
come in ICU patients with COVID-19 pneumonia with co-
morbid diseases based on time trend analysis of clinical and
laboratory characteristics.

Design — a retrospective observational multicenter re-
search was conducted on the basis of the Republican Cli-
nical Infectious Diseases Hospital and Clinical Emergency
Hospital (Ufa, Republic of Bashkortostan) from March 2020
to May 2022. The trial consecutively enrolled 130 patients
aged 18 to 75 years with laboratory-confirmed COVID-19
and/or a diagnosis of U07.1 (ICD-10 (highly suspected on
clinical grounds and/or confirmed by a positive real-time
polymerase chain reaction with reverse transcriptase (PCR
test) in nasal and pharyngeal swabs or lower respiratory
tract aspirate), hospitalized in ICU with acute respiratory
failure (blood oxygen saturation (SpO,) <90% with room
air or <95% with inhalation of 2 L of oxygen through nasal
cannulas) for respiratory support. Criteria for non-inclusion
were refractory septic shock, defined as requiring a dose
of norepinephrine or equivalent above >0.1 mcg/kg per mi-
nute or the use of two or more vasopressors.

Patients’ clinical data (respiratory support parameters:
high-flow oxygen therapy, non-invasive and artificial lung
ventilation (NIV and ALV); respiratory parameters: fraction
of inhaled oxygen (FiO,), SpO,/FiO, ratio; medications: an-
tiviral, immunomodulatory and vasoactive drugs, antibiotics,
corticosteroids) were recorded in the ProMed medical infor-
mation system at the time of hospitalization and then daily
during the first 5 days of treatment. Patients were treated
according to temporary methodological recommendations
of the Russian Ministry of Health that were relevant for the
period of hospitalization.
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Patients who died in the first 24 hours after admission
were excluded (n=5), thus 125 patients were included in
the final analysis. 110 (88.0%) patients had positive PCR
test results. Comorbid disease characteristics of patients
with COVID-19 pneumonia are summarized in Table 1. At
least 1 disease was reported in 29 patients, most com-
monly obesity (44.8%) or arterial hypertension (24.1%).
The remaining patients had 2 to 7 (total 217) diseases,
with an average of 2.26 diseases per patient. Arterial
hypertension was the most common comorbid disease
(54.4%), followed by heart disease (34.4%), obesity
(35.2%), and diabetes mellitus (21.6%). Arterial hyperten-
sion was associated with the highest number of comorbid
conditions, most commonly heart disease (33.6%), obe-
sity, and diabetes mellitus (equally 18.1% each). Heart
disease was legitimately most often accompanied by obe-
sity (15.5%) and cardiac arrhythmia (14.6%). Obesity and
diabetes mellitus were found in 9.5% of cases of comor-
bid diseases.

Statistical data processing was performed by using Med-
Calc software package (v 11.3.1.0, Belgium) in accordance
with recommendations for processing results of biomedical
studies. Continuous variables were presented as median
and 25-75% interquartile range, categorized variables were
presented as absolute values and relative frequency. Com-
parison of results between patient groups was performed
using the Mann-Whitney U-test for nonparametric variables
and Pearson’s ? test or Fisher’s exact test for correspon-
ding categorized variables. Kaplan-Meier survival estimates
were calculated and a log-rank test was used to compare
groups by survival.

RESULTS

Main vital signs and treatment modalities were moni-
tored at the onset of the disease (Table 2).

Median duration of fever in surviving patients was 12.6
(7.8-14.5) days, and cough persisted for 17.9 (13.0-25.6)
days (Figure 1). The median time from disease onset to
onset of dyspnea was similar in surviving and deceased
patients, with a median duration of 14.2 (8.6-17.6) days in
surviving patients. Median time from onset to tracheal in-
tubation and ventilator was 17.5 (11.9-21.0) days. Median
time from dyspnea to ventilator was 7.0 (3.0-9.5) days. Me-
dian duration of respiratory support was 5 (3—19) days ran-
ging from 1 to 70 days. Median duration of hospitalization in
ICU was 7.5 (3.5-15.6) days for deceased patients and 9.4
(4.7-24.0) days for surviving patients, ranging from 3 to 73
days. Median length of hospitalization was 19.5 (10.8-44.5)
days with a range of 1 to 96 days. Median time from on-
set to hospital discharge was 25.6 (15.2-36.0) days, and
median time to death was 19.6 (9.1-30.1) days. Cumula-
tive follow-up time from hospitalization to transfer from ICU
or death was 2655 days with a median of 22.1 (11.3-32.9
days) patient-days with a range of 4 to 50 days.

A comparative analysis of main symptoms of the disease
course and treatment tactics in surviving and deceased pa-
tients is presented in Figure 1.

At the time of admission to ICU, the SpO,/FiO, ratio
was 118.0% (63.1-172.8), and all patients required respi-
ratory support. 65.6% of patients required high-flow oxygen
therapy or NILV. Among 46 patients who required ventila-
tor support, 38 patients eventually died. Patients initially

Table 1
Comorbid diseases of patients with COVID-19 pneumonia
Tabnuua 1
Komop6uaHbie 3adoneBaHus naumeHToB ¢ COVID-19 nHeBMOHMeN
Xapaktepuctuku / Characteristics 3HaveHns / Values
ApTepuanbHas runepTeHans / Arterial hypertension, n (%) 68 (54,4)
CaxapHblit gnabet / Diabetes mellitus, n (%) 27 (21,6)
Oxwupenue / Obesity, n (%) 44 (35,2)
Ceppeunas aputmus / Cardiac arrhythmia, n (%) 18 (14,4)
3abonesanus cepaua / Heart diseases, n (%) 43 (34,4)
3abonesanus nerkux / Lung diseases, n (%) 20 (16,0)
3abonesanus noyek / Kidney diseases, n (%)/ 9(7,2)
3aboneanus neyenn / Liver diseases, n (%) 12 (9,6)
3nokavecTBeHHble HoBooGpa3oBaHus / Malignant neoplasms, n (%) 8 (6,4)
WHoekc YapnbcoHa, 6annsl / Charleson Index, points 3,1(1,6-4,8)
WHoekc YapnbcoHa >3 6annos / Charleson Index >3 points, n (%) 45 (36,0)
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Table 2
Demographic and clinical characteristics of stratified groups of patients with COVID-19 pneumonia
Tabnuya 2
Demorpadmyeckue n KNMHMYECKME XapaKTePUCTUKN cTpaTUdMLMpoBaHHbIX rpynn naumeHToB ¢ COVID-19 nHeBMOHMeN
Xapaktepuctukn / Characteristics BbikuBLume / Survival (n=55) Ymepume / Dead (n=70) p
MaumenTsl / Patients, n 55 70 -
Boaspacr, net / Age, years 63,0 (48,7-76,4) 72,1 (57,7-81,4) 0,001
MyxumHbl / Men, n (%) 27 (49,1) 37 (52,9) Hn /Ud
WMT «kr/m? / BMI, kg/m? 29,1 (23,4-34,8) 27,1 (22,2-32,0) 0,037
Opbiwka / Dyspnea, n (%) 52 (94,5) 65 (92,8) Ho /Ud
Kawenb / Cough, n (%) 52 (94,5) 67 (95,7) Ho/Ud
TINuxopagka / Fever, n (%) 50 (90,9) 67 (95,7) Hpn / Ud
lnowaab nopaxeHus nerkux HavanoHas / 39,3 (19,3-59,3) 46,8 (21,8-71,8) Hp / Ud
Initial area of lung damage, %
lnowaab nopaxexus nerkux / 64,9 (47,1-82,7) 62,0 (41,7-82,3) Hp / Ud
Final area of lung damage, %
MonoxwtenbHblit NMLIP-TecT / Positive PCR test, n (%) 52 (94,5) 58 (82,9) 0,048
Medukamenmsi / Medicines, n (%)
MpoTuBoBUpYyCHble / Antiviral 47 (85,5) 54 (77,1) Hpa / Ud
MoHoknoHanbHble aHTuTena / Monoclonal antibodies 13 (23,6) 20 (26,7) Hpa / Ud
['ntokokopTukocTepouabl / Glucocorticosteroids 55(100,0) 62 (88,6) 0,010
MoueroHHble / Diuretics 31(56,4) 40 (57,1) Ha / Ud
AHTukoarynsHTbl / Anticoagulants 51(92,7) 67 (89,3) Hpn / Ud
I'mnoTeHauBHble / Hypotensive 32 (58,2) 45 (64,3) Hpn / Ud
AHTOMOTHKM / Antibiotics 55(100,0) 61(87,1) 0,006
lleye6Hbie meponpusimusi, n (%)
PecnupatopHas nognepxka / Respiratory support 47 (85,4) 35 (50,0) 0,001
nBn/Mmv 8 (14,5) 35 (50,0) 0,001
BasonpeccopHas noaaepxka / Vasopressor support 19 (34,5) 21(28,0) Ha /Ud
HyTtputusHas nogaepxka / Nutritional support 31 (56,4) 52 (69,3) Hao/Ud

Note: Ud — unreliable differences; BMI — body mass index; MV — mechanical ventilation; PCR — polymerase chain reaction.
lMpumeyarue: VIBJ1 — nckyccTBeHHas BeHTUNALMS nerkux; UIMT — uHgekc macchl Tena; Ha — HegocToBepHble oTnuung; MLUP — nonumepasHas LenHas peakyus.

receiving respiratory support in the form of non-invasive
lung ventilation had a statistically significant lower risk of
death than patients initially receiving ventilator support: re-
lative risk (RR) 0.82; 95% CI 0.72-0.95; p=0.010. Patients
who initially received respiratory support by NILV followed
by a switch to ventilator had a statistically significant hig-
her risk of death compared to patients whose respiratory
support was limited to NILV: OR 1.49; 95% CI 1.23-1.78;
p=0.010. The mortality of patients with subsequent ventila-
tor support was similar to patients who received ventilator
support from the beginning of hospitalization: OR 1.18; 95%
Cl1 0.75-1.33; p=0.120. 80.8% of patients received antiviral

drugs, 92.8% of patients received antibiotic therapy, 26.4%
of patients received monoclonal antibodies, and 93.6% of
patients received corticosteroids. Time median from onset
of illness to treatment was 9.9 (82-17.4) days for surviving
patients receiving antiviral drugs.

Table 3 presents time trends consisting of 23 parame-
ters over the course of hospitalization in stratified patient
groups.

Baseline lymphocyte levels were roughly equal in sur-
viving and deceased patients at onset; surviving patients
had the lowest lymphocyte levels on day 7-8 after onset
and returned to normal during hospitalization, whereas
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Time trends of the vital characteristics of stratified groups of patients with COVID-19 pneumonia

Table 3

Tabnuua 3

BpemeHHbIe TpeHAbI XU3HEHHO BaXHbIX XapaKTePUCTMK Y CTPaTMhULMPOBaHHbIX rpynn nauueHToB ¢ COVID-19 nHeBMOHMel

BbnkuBLuve / Survival (n=55) Ymepuve / Dead (n=70)
Mokasatenu / Mepesog
Indicators locruranmsaLys / 8 OPUT / Havano MBI/ | Focnutanmsauns / | Mepesoa B OPUT /| Havano VBT / p
Hospitalization Start MV Hospitalization ICU transfer Start MV
ICU transfer
CAL, mm pt.cT. / MAP, 95,0 (83,7- 93,8 87,8 (72,1- 95,1 (85,1- 96,2 (83,6-108,8) | 89,6 (71,8-107,4) | Ha/Ud
mm Hg 106,3) (74,8-112,8) 103,5) 105,1)
YCC, muH / RR, min 89,7 (75,2- 86,2 92,6 (72,5~ |87,4(76,0-98,8) | 84,4(70,3-98,5) | 85,9 (69,7-102,1) | Ha/Ud
104,2) (72,8-99,6) 112,7)
YOO, MuH / HR, min 23,4 (20,9- 25,2 28,1(23,0- |23,3(20,3-26,3) | 23,8(20,6-27,0) | 25,4(20,8-30,0) | Ha/Ud
25,9) (22,6-27,8) 33,2)
Temnepatypa Tena / 37,4 (36,7- 36,9 36,9 (36,2- |37,3(36,6-38,0)| 36,9 (36,5-37,3) | 36,6 (35,9-37,3) | Ha/Ud
Body temperature, °C 38,1) (36,3-37.,5) 37,6)
SpO,/FiO, 177,4 (164,1- 115,2 90,4 (76,3- 174,8 (158,4- |120,8 (58,7-182,9)| 90,0 (76,7-103,3) | Ha/Ud
190,4) (67,6-162,8) 104,5) 191,2)
F'emorno6u, r/n / 125,8 (100,4- 119,8 115,0 124,2 (96,8 [123,4(99,9-157,0) | 114,1 (87,9-140,3) | Ha/Ud
Hemoglobin, g/l 151,2) (93,7-145,9) | (89,5-140,5) 151,2)
OpuUTpoLNTBI, X 42(3,3-51) | 3,9(3,1-4,7) | 3,9(3,0-4,7) 4,2 (3,4-5,0) 4,1(3,3-4,9) 3,9(3,0-4,8) Hpn / Ud
108/mkn / Erythrocyte,
x108/vcl
NeitkouuTsl, x103mkn / | 8,4 (4,2-12,6) 11,6 14,7 (6,1-23,3) | 8,9 (3,3-14,5) 12,5 (5,1-19,9) 15,5 (4,2-26,8) Ha / Ud
Leukocyte, x103/vcl (5,6-17,6)
NumcpouuTbl, x10%mkn / 1,15 (0,35- 0,83 0,90 (0,15~ [1,03(0,37-1,69) | 0,66 (0,06-1,24) | 0,68 (0,14-1,22) | Ha/Ud
Lymphocyte, x10%/mcl 1,95) (0,20-1,46) 1,65)
Heitrpodouribl, x10%mkn / | 8,4 (7,4-9,3) | 8,8(7,9-9,7) | 8,5(7,3-9,7) 8,1(6,8-9,4) 8,4 (7,5-9,4) 8,6 (7,6-9,6) Hp / Ud
Neutrophils, x10%/mcl
TpomGoumTel, x103/mkn /| 194,1 (100,5- 216,2 193,6 202,4 (112,2- 2147 (111,2- | 206,0 (94,5-317,5)| Ha/Ud
Platelets, x10%/mcl 187,7) (103,1-329,3) | (78,5-308,7) 292,6) 318,2)
COJ, mmMyac / 37,8 (21,9- 42,6 31,9(9,9-53,9) | 33,4 (14,2-52,6) | 31,9 (15,7-48,1) 27,4 (9,3-45,5) Hp / Ud
ESR, Imm/h 53,7) (11,4-73,8)
lniokosa, mmons/n/ | 9,1(3,7-14,5) | 9,3 (4,6-14,0) | 10,2 (6,7-15,7) | 8,4 (4,8-12,0) 8,2 (4,4-12,0) 10,2 (2,1-18,3) Hpa / Ud
Glucose, mmol/l
Hatpwit, Mmonb/n / 139,2 (131,4- 139,8 143,2 (132,7- | 138,1 (131,7- 138,5 (133,1- 141,6 (133,5- Hp / Ud
Sodium, mmol/l 147,0) (132,4-209,6) 153,7) 144,5) 143,9) 149,7)
Kanuin, mmons/n / 44 (3,3-55) | 4,3(3,6-5,0) | 4,7(3,4-6,0) 4,6 (3,4-5,8) 4,2 (3,3-51) 4,7 (3,2-6,2) Ha / Ud
Potassium, mmol/l
KpeaTuHuH, Mkmons/n / 107,5 101,1 118,5 87,9 (42,6- 82,7 (32,7-147,6) | 101,0 (58,0-198,0) | Ha/Ud
Creatinine, mcmol/l (29,7-185,3) | (32,6-209,6) | (60,7-220,2) 133,2)
Bunupy6uH, mkmons/n /| 8,9 (3,2-15,0) 10,6 12,4 (7,0-25,5) | 12,5(3,2-32,2) | 10,4 (6,0-24,8) 8,6 (3,9-14,3) 0,004
Bilirubin, mcmol/l (4,9-26,3)
ANT, Ea/n/ 35,3 (16,5— 39,0 42,7 (10,3- [33,4(17,1-59,7) | 39,8 (12,7-66,9) | 52,9 (13,8-102,0) | Ha/Ud
ALT, un/I 54,1) (12,8-65,2) 85,2)
ACT, En/n/ 53,6 (17,8 54,1 64,1 (18,5~ |54,7(10,2-99,2) | 63,9 (13,9-150,0) | 62,9 (11,7-107,2) | Hg/Ud
AST, un/l 89,4) (12,5-105,7) 99,7)
MHO / INR 1,1(0,9-1,3) | 1,2(1,0-1,4) | 1,3(0,9-1,7) 1,2 (0,8-1,6) 1,2 (0,9-1,5) 1,3 (0,7-1,9) Ha / Ud

& RUSSIAN BIOMEDICAL RESEARCH

VOLY9 N2 2024

ISSN 2658-6584




OPUTMHAJIBHBIE CTATBI

37

Ending of the table 3/ OkonyaHue mabn. 3

BbikuBLume / Survival (n=55) Ymepuwme / Dead (n=70)
Mokasatenu / Mepesoa
Indicators locnuTanmsaLys / 8 OPUT / Hauano VBN/ | Focnuranusaumsa/ | Mepesoa 8 OPUT /| Havano UBJT/ p
Hospitalization Start MV Hospitalization ICU transfer Start MV
ICU transfer
AYTB, cek / 33,9 (25,1- 33,8 36,5 (19,7- | 32,6 (24,1-41,1) | 34,4 (18,6-50,2) | 33,7 (20,2-47,2) | Ha/Ud
APTT, sec 42,7) (25,3-42,3) 53,3)
OubpuHoreH, r/n / 52(4,1-6,3) | 48(34-6,2) | 4,1(2,8-54) 4,7 (3,5-5,9) 4,7 (3,1-6,3) 3,5(2,2-4,8) Ho / Ud
Fibrinogen, g/l
D-gumep, Hr/mn / 1409 (365- 1506 1532 (1249- 2453 (773~ 1850 (424-3274) | 3031 (1759-4303) | 0,001
D-dimer, ng/ml 3154) (419-2993) 2782) 4133)
Bernok, r/n/ 62,6 (50,4— 57,3 50,9 (43,2- |66,3(59,0-73,6) | 59,0 (50,4-67,6) | 54,0 (45,3-62,7) | Ha/Ud
Protein, g/l 74,8) (68,4-66,2) 58,6)
AnbBymuH, r/n/ 32,5 (26,4 28,6 26,2 (20,4- |32,8(26,1-39,5) | 30,5(24,4-36,6) | 29,4 (24,8-34,0) | Hgn/Ud
Albumen, g/l 38,6) (24,0-33,2) 32,0
lMpokanbuutoHuH, Hiimn /| 2,7 (0,7-8,1) | 1,7 (0,9-5,5) | 2,8(0,8-8,8) 2,8 (0,8-6,7) 5,6 (2,2-17,9) 11,2 (4,5-17,9) Hp / Ud
Procalcitonin, ng/ml
CPB, mr/n / 101,7 98,9 97,3 (24,3- 123,5(23,2- |106,9 (17,6-196,2) | 118,1 (12,2-234,0) | Ha/Ud
CRP, mg/l (15,1-188,3) | (14,4-193,4) 153,9) 245,9)

Note: ALT — alanine aminotransferase; AST — aspartate aminotransferase; APTT — activated partial thromboplastin time; CRP — C-reactive protein; ESR — erythrocyte
sedimentation rate; HR — heart rate; ICU — intensive care unit; INR — international normalized ratio; MAP — mean arterial pressure; MV — Mechanical ventilation;
RR — respiratory rate; ud — unreliable differences; FiO, — fraction of inspired oxygen; SpO, — blood oxygen saturation.
MpumeyaHue: AIIT — anaHuHamuHoTpaHcdepasa; ACT — acnaptatamuHoTpaHcdepasa; AYTB — akTBMpoBaHHOE YacTuyHoe TpombonnactuHosoe Bpems; UBMT —
CKyCCTBEHHas BeHTUnAUmMs nerkux; MHO — mexayHapogHoe HOpManu3oBaHHOE OTHOLIEHME; HLL — HepoCcToBepHble otnnuus; OPUT — oTaeneHue peaHnmavum
1 nHTeHcuBHoi Tepanuu; CALl — cpenHee apTepuarnbHoe faeneHne; CO3 — ckopocTb ocefanust aputpountos; CPB — C-peaktusHblit 6enok; YA — vactoTa

AblxaTenbHbix ABuxermit; YCC — yacToTa cepaeyHbIX cokpalyeHnin; FiO, — dpakums Basixaemoro kucnopoaa; SpO, — caTypauus KpoBu KUCIOPOLOM.

lymphopenia without dynamics was observed in de-
ceased patients. D-dimer levels were clearly elevated in
deceased compared to surviving patients throughout the
clinical course and increased as the course of the di-
sease worsened. In deceased patients, procalcitonin le-
vels increased rapidly from day 7-8 after disease onset,
whereas CRP levels decreased from day 12 of illness in
surviving patients. Daily values of three parameters (re-
spiratory rate, erythrocyte sedimentation rate, and total
bilirubin) were statistically significantly associated with
a lower risk of death. The prognostic value of time trend
was statistically significantly higher for two parameters
(D-dimer and procalcitonin levels) compared with their
daily values.

ROC-analysis of multiple clinical and laboratory para-
meters of heart, lung, kidney, liver and blood coagulation
system at the time of hospitalization was performed. Only age
>71 years, BMI >29.8 kg/m?, D-dimer levels >1600 ng/mL and
procalcitonin levels >3.4 ng/mL were strongly associated
with the risk of death (Table 4). At the same time, the de-
gree of comorbidity severity (Charlson index) almost did not
determine the outcome of the disease.

Assessment of Kaplan-Meier survival curves showed
statistically significantly lower survival in elderly patients

with higher BMI. Moreover, they had higher levels of bio-
markers (Table 5).

DISCUSSION

Clinical and laboratory parameters, as well as out-
comes of consecutively hospitalized patients with comor-
bid diseases who had severe acute respiratory failure as-
sociated with COVID-19 pneumonia were described in the
research. In order to identify risk factors for death, daily
values and time trends of 23 clinical and laboratory para-
meters associated with acute organ dysfunction, blood co-
agulation disorders, and inflammatory response during the
first 5 days of treatment and their relationship with mor-
tality were analyzed. The majority of patients were hospi-
talized in ICU due to acute hypoxemic respiratory failure,
which required respiratory support ranging from high-flow
oxygen therapy to ventilator support. Overall mortality
amounted to 56.0%, reaching 81.4% in patients on ALV.
34.4% of patients required ALV, which was consistent with
previously published data ranging from 15 to 71%. The
rate of NIVL use was 65.6% which appeared to be higher
than previously cited rates varying from 14 to 62% [8, 12,
15, 18, 20].
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Table 4
Operational characteristics of ROC-analysis
Tabnuua 4
OnepaunoHHble xapaktepucTuku ROC-aHanm3sa
XapaKTepI/l(.)TI/.IKVI/ Touka pasaeneHys /| NMnowaab nog ROC-kpusoit / 95% U1/ CI b
Characteristics Cut of point AUG ROC
Bospacr, net / Age, year 71 0,69 0,61-0,78 0,001
WMT, kr/m? / BMI, kg/m? 29,8 0,61 0,51-0,69 0,047
WHpeke YapnbcoHa, 6annbl / Charleson Index, points 3 0,57 0,48-0,66 0,154
KopTukoctepougpl, CyTku HasHayeHms / 8 0,80 0,69-0,85 0,001
Corticosteroids, daily prescription
D-pumep, Hr/mn / D-dimer, ng/ml 1600 0,62 0,53-0,70 0,023
lMpokanbLMTOHWH, Hr/Mn / procalcitonin, ng/ml 3,4 0,57 0,48-0,66 0,099
Note: Cl — confidence interval; IBM — body mass index.
MpumeyaHue: I — noseputenbHbli nHTepBan; MMT — nHgekc macckl Tena.
Table 5
Comparison of Kaplan-Meier survival curves
Tabnuua 5
CpaBHeHue KpuBbIX BbixuBaemocTn KannaHa—Meiiepa
Xapaktepuctuku / Characteristics OP/OR | 95% W /Cl | BenuuuHa p / Magnitude p
Bospact >71 ropa / Age >71 years 2,83 1,75-4,58 0,001
WMT >29,8 kr/m? / BMI >29.8 kg/m? 1,60 1,07-2,66 0,044
WHpexc YapnbctoHa >3 6annos / Charleson Index >3 points 1,35 0,69-2,64 0,310
KopTtukoctepomabl >8 cyTok HasHaueHus / Corticosteroids >8 days of prescription 3,67 2,24-6,00 0,001
[-nuvep >1600 Hr/mn / D-dimer >1600 ng/ml 2,09 1,16-3,78 0,010
MpokanbuuToHWH >3,4 Hr/mn / Procalcitonin >3.4 ng/ml 219 1,24-3,89 0,003

Note: Cl — confidence interval; IBM — body mass index; OR — odds ratio.

Mpumeyanue: AN — poseputenbHbin uHTepsan; UMT — nHgekc maccsl Tena; OP — OTHOLLEHWe puCKOB.

Our cohort trial identified several clear adverse out-
come factors in patients with COVID-19 pneumonia and
comorbid conditions. Among them there were age older
than 71 years, BMI greater than 29.8 kg/m?, levels of D-di-
mer greater than 1600 ng/mL and procalcitonin greater
than 3.4 ng/mL. These factors were associated with higher
risks of in-hospital mortality. It has been previously repor-
ted that older age is an important independent predictor of
mortality in SARS and MERS [4, 11]. Our findings confirm
that patient mortality was particularly high among elderly
males. The median age of patients hospitalized in ICU was
69.0 (59.7-79.2) years, indicating that older age is a risk
factor.

Two parameters of risk factors for death showed a
statistically significant greater difference in time trends
between surviving and deceased patients than their daily
value. Thus, it confirms the data that changes in clinical
parameters during the first days of treatment differ be-

tween surviving and deceased patients and that the dy-
namics of variables during treatment are more relevant
than their daily value at the time of patient hospitalization
[13, 16, 17, 19]. A strong association between the risk of
death and a biomarker of coagulation system dysfunction
was found.

The influence of D-dimer time trend levels in relation to
the risk of death exceeded the daily value of this parameter
on any day of measurement. Many clinical and laboratory
parameters of organ failure and inflammatory response,
which were recorded at the time of hospitalization of pa-
tients, were greater in deceased patients, and these diffe-
rences increased in the course of treatment. Thus, early
and timely detection of the time trend of the most threa-
tening parameters at the time of hospitalization may help
to reduce organ damage and optimize treatment. At the
same time, there was no relationship between the degree
of comorbidity severity and the risk of developing lethal
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outcome. There are several limitations in the study. Data
on pre-existing comorbid conditions were obtained from the
medical information system, hence their severity was not
assessed. Considering a difficult study period, not all labo-
ratory tests were performed in all patients, including lactate
dehydrogenase and serum ferritin, so their role in predicting
unfavorable outcome may be underestimated. Interpretation
of results may be limited by a small sample of patients. A
larger sample may help to determine prognostic values of
predictors of adverse outcomes such as hospitalization in
ICU, ALV or death.

CONCLUSION

1. Increased risk of death in patients with COVID-19
pneumonia and comorbid diseases was associated with
older age (OR 2.83; 95% CI 1.75-4.58; p=0.001) and high
BMI (OR 1.60; 95% CI 1.07-2.66; p=0.044), but not with
comorbid diseases.

2. Time trends of clinical and laboratory parameters as-
sociated with acute organ dysfunction or systemic inflam-
mation such as high levels of D-dimer (OR 2.09; 95% CI
1.16-3.78; p=0.010) and procalcitonin (OR 2.19; 95% CI
1.24-3.89; p=0.003), have greater prognostic value com-
pared to their daily single rates.
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AOMNOJIHUTENIbHAA UHOOPMALIUA

Bknag aBTOpOB. BCce aBTOPbI BHECIU CYLLECTBEHHDIN
BKNag B pa3paboTKy KOHLENuuu, NpoBeAeHue uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYIM M 0f400pUNM UHANBHYIO
Bepcuio nepep nybnukauyuen.

KoHnukT mHTepecoB. ABTOpPbI JEKNapupyT OTCyT-
CTBME SBHbIX W MOTEHUMANbHbIX KOH(IMKTOB WHTEPECOB,
CBS3aHHbIX C Nybrmkaumen HacTosLEN CTaTbi.

WUcTouHuK chmHaHcMpoBaHuA. ABTOpbI 3asBRsOT 06
OTCYTCTBWW BHELIHEro (hMHaHCMPOBaHWUS NP MPOBEAEHUM
“ccnegoBaHus.

WUHhopmupoBaHHOe cornacue Ha ny6nukaumio. As-
TOPbI MOMYYMAN NUCbMEHHOE COornacKe NauMeHTOB Ha ny-
Brmkaumio MeAULIMHCKNX SaHHBbIX.
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