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AHHOTAUNA

BaedeHue. HoBas KopoHaBupycHaa uHdekuums (HKM) xapaktepusyeTca pa3BUTUEM KaTacTpOPMUECKOM KoarynonaTum
C BO3HWUKHOBEHMEM TPOMBOTUYECKMX U FEMOpparn4ecKMX 0CNI0KHEHWUI. Bbibop ONTUManbHOM0 aHTUKOArynaHTa y JaHHbIX
MaLMeHTOB OCTAeTCA aKTyaslbHbIM BOMPOCOM.

Llene. OueHuTb aKTopbl pUCKa BEHO3HbIX TPOMBo3IMbONMYecKMx ocnoxHeHnid (BT30), adderTmBHOCTL
1 6€30MacHOCTb pPa3fIMyHbIX BapMaHTOB aHTUKoarynaHTHoM Tepanuu (AKT) y naumneHToB ¢ HKN.

Mamepuaner u memodsi. [poBeeHO NPOCNEKTUBHOE UccnedoBaHue, Kotopoe BKAounno 370 naumentoB ¢ HKU:
1 rpynna — 6onbHble, Nony4aBlUMe HU3KOMONERYNApHbIA renapud (HMIN) — 190 yenoBek, 2 rpynna — 6onbHble,
nonyyasLlume HedpaKkLMOHUPOBaHHbIM renaput (HOT) — 123 yenoBeka, 3 rpynna — naumeHTbl, NPUHUMAaBLLME NpAMble
opanbHble aHTUKoarynaHTbl (MOAK) — 57 yenosek. [poBognnack OLEHKa KIMHUKO-aHaMHECTUYECKMX AaHHbIX, YacToTbl
TPOMOOTUYECKMX W TeMopparvyeckux OCNoXKHeHU. MccnenoBaHve 0[0OPEHO NOKaNbHbIM 3TUYECKUM KOMUTETOM
1 3aperucTpupoBaHo Ha nnatdopme ClinicalTrials.gov.

Pesynomameoi. Hannune XpoHnyeckux 3aboneBaHni BeH NoBbiaeT puck pa3sutua BT30 y naumentos ¢ HKW B 6,433
(95% poseputenbHbin MHTepBan (OW) 2,167-19,093) pasa (p = 0,001), npumeHenne HOT Bmecto HMI unmn MOAK —
B 3,542 (95% OW 1,149-10,916) pa3a (p = 0,028), npuMeHeHMe MUCKYCCTBEHHON BeHTUAALMM nerkux (MBJ1) — B 5,925
(95% [N 2,034-17,26) pa3a (p = 0,001), Bbicokui yposeHb [1-auMepa — B 2,024 (95% [OM 1,231-3,33) pasa (p = 0,005).
YpoBeHb C-peakTuBHoro 6enka u depputuHa Ha ¢poHe neyeHna HKM cHukaeTcA y Bcex NaLmeHToB, HO MX HaUMeHbLUME
MoKa3aTeny 3aperucTpmMpoBaHbl y naumeHToB, nonyyaBwmnx HMI (C-peaktueHbif 6enok — 5,8 (1,7-15,0) mr/n, p = 0,004;
depputvH — 364 (324-497) mrr/n, p = 0,001). YpoBeHb dubpuHoreHa 3apeructpupoBaH Ha 6onee HU3KOM YpOBHe
y naumeHToB 1 rpynnbl no cpaBHeHuto co 2 u 3rpynnamm (2,43 (1,9-3,52) r/n npotue 3,37 (2,8-4,92) r/nn 4,1 (2,8-5,25)r/n
cooTBeTcTBEHHO, p = 0,002). Bbicokaa 4acToTa TpoM603M6ONMM NEro4HON apTepun 6e3 YCTAHOBIEHHOrO0 MCTOYHMKA
3aperucTpupoBaHa y naumeHTos, nonyyaswux HOI — 11,4% cnyyaes, npu 3ToM yactoTta nposefeHva VIBJ1 B rpynne
HOI pacueHeHa Kak Bbicokaa — 21% cryyaes.

3aknmoyerue. Oaktopamm pucka passuTua BT30 y naumentos ¢ HKWM aBnAatoTcA Kak gakTopel, TMNU4YHbIe ana BT30
B LieNIoM (0XKMpEHUE, XPOHWUYECKME 3ab0NeBaHNA BEH, NOBLILLEHHbIV YPOBEHb [1-O1Mepa), TaKk 1 daKTopbl, cneumduyeckme
ana HKW (MBJ1, runoseHTMnAumMA). 3QPeKTUBHLIM 1 be30nacHbIM aHTUKOAryiAHTOM B 3TOM rpynne NaLMeHToB ABNAOTCA
HMT', npogeMoHcTpupoBaBLUMe HU3KYHO YacToTy pa3sutva BT30 n reMopparmyecknx 0CAOMHEHUN.
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ABSTRACT

INTRODUCTION: A new coronavirus infection (NCI) is characterized by catastrophic coagulopathy with development
of thrombotic and hemorrhagic complications. The choice of an optimal anticoagulant in these patients remains an
important issue.

AIM: To evaluate risk factors for venous thromboembolic complications (VTEC), effectiveness and safety of different
variants of anticoagulant therapy (ACT) in patients with NCI.

MATERIALS AND METHODS: A prospective study was conducted that involved 370 patients with NCI: group 1 —
patients who received low molecular weight heparin (LMWH) — 190 people, group 2 — patients who received
unfractionated heparin (UFH) — 123 people, group 3 — patients who took direct oral anticoagulants (DOAC) —
57 individuals. Clinical and anamnestic data, frequency of thrombotic and hemorrhagic complications were evaluated.
The study was approved by the Local Ethics Committee and was registered on ClinicalTrials.gov. platform.

RESULTS: The existence of chronic venous diseases increases the risk of development of venous thromboembolism
(VTE) in patients with NCI 6.433 times (95% confidence interval (CI) 2.167-19.093)) (p = 0.001), use of UFH instead of
LMWH or DOAC — 3.542 times (95% CI 1.149-10.916) (p = 0.028), use of artificial lung ventilation (ALV) — 5.925
times (95% Cl 2.034-17.26) (p = 0.001), high D-dimer level — 2.024 times (95% Cl 1.231-3.33) (p = 0.005). The level of
C-reactive protein and ferritin decreased in all patients in the course of treatment for NCI, with the lowest levels in
patients receiving LMWH (C-reactive protein — 5.8 (1.7-15.0) mg/l, p = 0.004; ferritin — 364 (324-497) ug/|, p = 0.001).
Lower fibrinogen levels were recorded in patients of group 1 compared to groups 2 and 3 (2.43 (1.9-3.52) g/l versus
3.37 (2.8-4.92) g/l and 4.1 (2.8-5.25) g/, respectively, p = 0.002). A high frequency of pulmonary embolism with
unspecified source was recorded in patients receiving UFH — 11.4% of cases, with this, the frequency of using ALV in the
group with UFH was evaluated as high — 21% of cases.

CONCLUSION: Risk factors of VTEC in patients with NCI are both factors typical of VTEC in general (obesity,
chronic vein diseases, elevated D-dimer level), and factors specific of NCI (ALV, hypoventilation). Effective and safe
anticoagulants in this group of patients are LMWH that demonstrated low frequency of development of VTEC and of
hemorrhagic complications.
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LIST OF ABBREVIATIONS

ACT — anticoagulant therapy

ALV — artificial lung ventilation

APTT — activated partial thromboplastin time
Cl — confidence interval

COVID-19 — infection induced by SARS-CoV-2
CRP — C-reactive protein

CT- computed tomography

DVT — deep vein thrombosis

DOACs — direct oral anticoagulants

ESR — erythrocyte sedimentation rate

ICU — intensive care unit

INTRODUCTION

One of the main components of treatment of new
coronavirus infection (NCI; syn.: infection induced by new
coronavirus SARS-CoV-2, COVID-19) is anticoagulant
therapy (ACT) which has proven effective in treatment
and prevention of thrombotic complications [1-3]. The
choice of an anticoagulant is an important issue since
it is necessary to take into account not only the usual
anamnestic data: concomitant pathology, patient’s
weight, risk factors for thrombotic complications, but
also new pathophysiological processes in NCI [4, 5]. The
customary Virchow triad is supplemented with a ‘cytokine
storm’, macrophage activation syndrome, endothelial
dysfunction [6, 7]. In management of patients with
NCI, not only coagulogram parameters are evaluated,
but also inflammation markers that previously were
not routinely considered in ACT [8, 9]. The temporary
methodical recommendations of the Ministry of Health
of the Russian Federation ‘Prevention, Diagnostics
and Treatment of NCI' classify variants of ACT to low-
molecular-weight heparins (LMWH), unfractionated
heparin (UFH) and direct oral anticoagulants (DOACs) [6].
The question of choice of the optimal anticoagulant in
patients with NCI remains debatable. Thus, consideration
of different variants of ACT in patients with NCI is an
important question for optimization of effectiveness and
safety of complex treatment.

The aim of this study to evaluation of risk factors
for venous thromboembolic complications (VTEC),
of effectiveness and safety of different variants of
anticoagulant therapy in patients with new coronavirus
infections in conditions of real clinical practice.

MATERIAS AND METHODS

A prospective study was conducted on the base of
two ‘COVID’ hospitals: Ryazan Regional Clinical Hospital
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INR — international normalized ratio

LMWH — low-molecular-weight heparin

NCI — new coronavirus infection

NILV — non-invasive lung ventilation

OR — odds ratio

PE — pulmonary embolism

PT — prothrombin time

RCCECH — Ryazan City Clinical Emergency Care Hospital
RRCH — Ryazan Regional Clinical Hospital

UFH — unfractionated heparin

VTEC — venous thromboembolic complications

(RRCH) and Ryazan City Clinical Emergency Care Hospital
(RCCECH). The study was approved by the Local Ethics
Committee of Ryazan State Medical University (Protocol
No. 3 of 2021, October 11) and registered on ClinicalTrials.
gov platform (ID NCT05143567). On admission, all the
patients signed Informed consent.

The study included 370 patients with NCI who
suffered the disease from June 2021 to January 2022.

Inclusion criteria:

- men and women above 18 with a positive
polymerase chain reaction for COVID-19;

- existence of viral pneumonia by the data of
computed tomography (KT) of lungs.

Non-inclusion criteria:

- age below 18;

- in women: pregnancy or lactation;

- extremely severe, agonizing patients;

- existence of initial thrombocytopenia;

- impossibility to administer ACT.

Treatment of patients was conducted according
to the Temporary Methodical Recommendations of the
Ministry of Health of the Russian Federation ‘Prevention,
Diagnostics and Treatment of NCI' [6]. Besides ACT,
on admission all patients received pathogenetic treatment
(glucocorticosteroids), etiotropic treatment (antiviral
drugs), symptomatic treatment (antipyretic, mucoactive
drugs, bronchodilators), oxygen therapy.

All the patients were taken clinical and anamnestic
data (concomitant pathology, scope of lung damage,
severity of NCI), laboratory parameters, data of initial
duplex ultrasound (on admission of the patient with
NCI to the intensive care unit (ICU), and also in all
patients with NCI at the end of treatment for screening
for VTEC).

Depending on ACT variant, patients were divided to
3 groups:

Group 1 — patients receiving LMWH — 190 people;
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Group 2 — patients receiving UFH — 123 people;
Group 3 — patients receiving DOACs — 57 people.
The groups were comparable in age, in analysis of
gender there were more women in all groups than men
(Table 1). In analysis of the ACT variants, LMWH was often
used in the COVID hospital of RCCECH (97.4% of cases),
and UFH in the COVID hospital of RRCH (70.2% of cases),
while DOACs with the same frequency in both hospitals
(58.9% and 41.1% of cases, respectively). To note, in
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the COVID hospitals participating in the study, patients
received etiotropic, pathogenetic, symptomatic treatment
with a comparable frequency (p > 0.05) according to
the recommendations. Despite the revealed differences
in ACT in the two COVID hospitals, the patients were
comparable in the scope of viral damage of lungs and the
severity of NCI, which is considered as an integral clinical
characteristics, that collectively characterizes saturation,
hemodynamics, and CT data of the lungs.

Table 1. Initial Clinical and Demographic Characteristics of Patients with New Coronavirus Infection in Study Groups

Parameters Group of LMWH Group of UFH Group of DOACs ]
n 190 123 57 -
Age, Me (Q1-Q3), years 63 (56-70) 61 (51-68) 63 (53-71) 0.213
Male gender, n (%) 85 (4.7) 35(28.2) 15(26.8) 0.003
Medical Institution, n (%)
- RRCH 5(2.6) 87 (70.2) 33 (58.9) <0.001
- RCCECH 185 (97.4) 37 (29.8) 23 (41.1)
Degree of lung damage according to CT results, n (%)
-0 11(5.8) 0(0) 2(3.6)
-1 43 (22.6) 23 (18.5) 11(19.6)
-2 81 (42.6) 53 (42.7) 17 (30.4) 0.025
-3 45(23.7) 37 (29.8) 24 (42.9)
-4 10(5.3) 11(8.9) 23.6)
Degree of severity of NCI, n (%)
- Mild 21 (1) 6 (4.8) 7(12.5)
- Moderate 94 (49.5) 50 (40.3) 19 (339 0.021
- Severe 58 (30.5) 48 (38.7) 26 (L6.4)
- Extremely severe 17 (8.9) 20 (16.1) 4(7.1)

Notes: RCCECH — Ryazan City Clinical Emergency Care Hospital, RRCH — Ryazan Regional Clinical Hospital, CT —computed tomography,
NCI — new coronavirus infection, LMWH — low molecular weight heparin, UFH — unfractionated heparin, DOACs — direct oral anticoagulants

In the analysis of the anamnestic data, a triad of
the most common concomitant diseases is observed
in the study groups: essential hypertension, obesity
and diabetes mellitus (Table 2). Statistically significant
differences in the groups were recorded in obesity and
atrial fibrillation: there were significantly fewer obese
patients among those taking DOACs than among those
receiving parenteral anticoagulants, and the opposite
tendency was observed for atrial fibrillation. Patients
admitted to the hospital with a previously known rhythm
disorder, continued to receive DOACs in the hospital.

Frequency of thrombolytic complications and of
bleedings, mortality were evaluated in dynamics.

Statistical analysis of the basic results of the clinical
trial was carried out in the IBM SPSS Statistics program
ver. 26 (SPSS: An IBM Company, USA). The analysis of
qualitative parameters was performed using Pearson
and Fisher criteria % 2. The distribution of quantitative

DQl: https://doi.org/10.17816/PAVLOVI110956

parameters was evaluated using Kolmogorov—Smirnov
and Shapiro—Wilk tests (p > 0.05). Due to the distribution
of parameters different from normal, the average values
were represented by the median (Me) and the interquartile
interval (Q1-Q3), and the analysis was carried out
using Wilcoxon, Mann-Whitney, Kruskal-Wallis tests
(p < 0.05). To determine risk factors for the development
of VTE, a univariate and multivariate analysis were
carried out. Its results are presented in the form of odds
ratio (OR) with 95% confidence interval (Cl).

RESULTS

Despite the conducted treatment, the condition
of some patients worsened, and they were transferred
to the ICU for enhancement of oxygen support (Figure
1). In the ICU, the number of patients on noninvasive
lung ventilation (NILV) was fewer in group 2, but
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Table 2. Concomitant Pathology in Patients with New Coronavirus Infection in Study Groups

Parameters Group of LMWH Group of UFH Group of DOACs p
n 190 123 57 -
Obesity, n (%) 76 (40) 66 (53.2) 9(16.1) <0.001
Essential hypertension, n (%) 151 (79.5) 96 (77.4) 44 (78.6) 0.91
Diabetes mellitus, n (%) 59 31.1) 43 (35) 15(26.8) 0.531
Coronary heart disease, n (%) 48 (25.3) 26 (21) 19 (33.9) 0.178
Atrial fibrillation, n (%) 30 (15.8) 17 (13.7) 57 (100) <0.001
Oncology, n (%) 22 (11.6) 9(7.3) 5(8.9) 0.431
Bronchial asthma, n (%) 6@3.2) 9(7.3) 3(5.4) 0.252
Chronic obstructive pulmonary disease, n (%) 15(7.9) 2 (1.6) 0 0.007
Gastric ulcer, n (%) 11(5.8) 13(10.5) 3(5.4) 0.245
Postinfarction cardiosclerosis, n (%) 16 (8.5 9(7.3) 5(8.9) 0.904
Chronic kidney disease, n (%) 39 (20.5) 7 (5.6) 6(10.7) 0.001
Chronic venous disorder, n (%) 16 (8.4) 19 (15.3) 2 (3.6) 0.030
Venous thromboembolic complications, n (%) 4(2.1) 12 (9.7) 0 0.001

Notes: LMWH — low-molecular-weight heparin, UFH — unfractionated heparin, DOACs — direct oral anticoagulants

%
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Mortality

Invasive lung ventilation

Fig. 1. Frequency of hospitalization to intensive care unit, use of noninvasive lung ventilation and invasive lung ventilation, mortality

of patients with new coronavirus infection in the study groups.

this group appeared to have the largest number of
patients on artificial lung ventilation (ALV) in general
than groups 1 and 3 (21% cases vs. 7% of cases,
p < 0.001). Switching a patient to ALV worsened the
prognosis for recovery, in group 2 high mortality was
observed — 21% of cases.

By the results of clinical blood analysis,
coagulogram and biochemical blood analysis, the study

DOl https://doi.org/10

groups were comparable. With this, all patients had high
concentrations of proinflammatory markers (C-reactive
protein (CRP), ferritin)) and coagulation parameters
(fibrinogen and D-dimer, Table 3).

At the end of inpatient treatment for NCI using complex
therapy, a decrease in the concentration of CRP and ferritin
was noted in all the patients, but the lowest concentration
was achieved in patients of group 1 receiving LMWH (CRP

17816/PAVLOVIT10956
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Table 3. Laboratory Parameters of Patients with New Coronavirus Infection in Study Groups on Admission (Me(Q1-Q3))

Parameters Norm Group of LMWH Group of UFH Group of DOACs P

n - 190 123 57 -

Red blood cells, x 102/ 3.5-55 4.8 (4.4-5.1) 4.7 (43-5.0) 45 (b.2-4.8) 0.103
Hemoglobin, g/l 110-160 135 (122-145) 138 (129-147) 132 (125-140) 0.325
White blood cells, x 10%/ 40-100 6.7 (6.7-9.2) 6.8 (6.9-9.0) 7.6 (5.4-11.7) 0.194
Platelets, x 10%/1 100-400 189 (144-260) 195 (167-257) 236 (174-322) 0.016
ESR, mm/hour 2-18 23 (11-33) 19 (8-34) 27 (15-43) 0.082
CRP, mg/l <5 57.8 (24.0-101.3) 66.3 (38.0-126.9) 47.7 (17.2-104.4) 0.412
Ferritin, pg/l 10-200 738 (210-967) 848 (596-953) 432.5 (278-884) 0.371
APTT, sec 12.6-28.7 343 (25.9-36.8) 33.75 (27.8-40.5) 30.9 (27.8-36.8) 0.541
Prothrombin time, sec 9.8-12.2 132 (12 2-14.2) 124 (11.2-13.4) 11.85(11.0-13.0) 0.251
Fibrinogen, g/l 1.8-35 2 (5.4-6.8) 5.5 (3.28-5.55) 44 (3-5.66) 0.061
INR 0.81-1.25 1.11(1.03-1.2) 1.06 (0.98-1.14) 1.06 (0.98-1.14) 0.301
D-dimer, mg/! <05 0.68 (0.4-0.75) 0.62 (0.37-1.01) 0.54 (0.39-0.84) 0.214

Notes: APTT — activated partial thromboplastin time, INR — international normalized ratio, LMWH — low-molecular-weight heparin,

UFH — unfractionated heparin, DOACs — direct oral anticoagulants, ESR — erythrocyte sedimentation rate, CRP — C-reactive protein

Table 4. Laboratory Parameters of Patients with New Coronavirus Infection in Study Groups at the End of Hospital Treatment

(Me (Q1-Q3))

Parameters Norm Group of LMWH Group of UFH Group of DOACs P

n - 190 123 57 -

Red blood cells , x 10'%/1 35-55 5 (4.1~ ) 5(61-48) 3 (b.0-4.6) 0.064
Hemoglobin, g/l 110-160 127 (1 37) 13[]( 20— 142) 27 (120-135) 0.156
White blood cells, x 10%/1 40-100 283-12.7) 5(8.1-13.6) 9(7.6-11.8) 0313
Platelets, x 10%/1 100-400 219 (176-303) 258 (184-323) 235 (178-308) 0.372
ESR, mm/hour 2-18 14 (6-20) 10 (2-22) 13 (3-24) 0.159
CRP, mg/l <5 5.8 (1.7-15.0) 10.6 (4.1-13.4) 9.1 (4.6-19.7) 0.004
Ferritin, g/l 10-200 364 (324-497) 578 (367-986) 579 (402-952) 0.001
APTT, sec 12.6-28.7 345 (26.3-37.0) 29.6 (25.9-36.9) 27.3 (24.8-32.8) 0.081
Prothrombin time, sec 9.8-12.2 12.0 (11.1-13.0) 11.6 (10.9-12.7) 11.7 (10.9-12.6) 0.160
Fibrinagen, g/l 1.8-35 2.4 (1.9-3.5) 3.4 (2.8-4.9) 4.1(2.8-5.3) 0.002
INR 0.81-1.25 1.01 (0.95-1.09) 1.00 (0.93-1.08) 1.05(0.98-1.14) 0.471
D-dimer, mg/! <05 0.52 (0.36-0.65) 0.58 (0.27-0.83) 0.70 (0.45-0.90) 0.388

Notes: APTT — activated partial thromboplastin time, INR — international normalized ratio, LMWH — low-molecular-weight heparin,

UFH — unfractionated heparin, DOACs — direct oral anticoagulants, ESR — erythrocyte sedimentation rate, CRP — C-reactive protein

— 5.8 (1.7-15) mg/L, p = 0.004), ferritin — 364 (324-497)
pg/l, p=0.001). Besides, fibrinogen had statistically lower

level in patients receiving LMWH (group 1) than in patients

receiving UFH and DOACs (2.43 (1.9-3.52) g/l vs. 3.37 (2.8—
4.92) g/l and 4.1 (2.8-5.25) g/, respectively, p = 0.002).
D-dimer remained elevated in all study groups, which

D0l https://doiorg/101
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indicates the state of hypercoagulation after treatment for
NCI and the need to continue ACT in the outpatient period.

Based on the anamnestic data and the conducted
treatment for NCI, we performed a univariate and
multivariate analysis of risk factors for VTEC (Table 5).
A multivariate analysis showed that the presence of
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Table 5. Risk Factors of Venous Thromboembolic Complications in Patients with New Coronavirus Infection

Univariate Analysis Multivariate Analysis
Parameters

OR (95% CI) p OR (95% CI) ]
Age 1.02 (0.982-1.060) 0.296 - -
Gender
- male 0.482 (0.155-1.495) 0.206 - -
- female 2.075 (0.669-6.435)
NILV 0.533 (0.069-4.125) 0.547 - -
ALV 9.353 (3.478-25.153) <0.001 5.925 (2.034-17.260) 0.001
Obesity 7.137 (2.293-22.208) 0.001 4,282 (1.230-14.906) 0.022
CVeD 8.91 (3.264-24.326) <0.001 6.433 (2.167-19.093) 0.001
Kind of ACT:
- LMWH 0.255 (0.082-0.790) 0.018 0.882 (0.092-8.463) 0.914
- UFH 5.645 (1.964-16.223) 0.001 3.542 (1.149-10.916) 0.028
- DOACs 0.318 (0.041-2.436) 0.27 - -
Initial parameters of coagulogram:
- APTT 1.025 (0.9999-1.050) 0.051 1.009 (0.982-1.037) 0.503
-PT 0.913 (0.682-1.224) 0.543 - -
- Fibrinogen 0.846 (0.652—-1.096) 0.205 - -
- INR 1.041 (0.586-1.851) 0.891 - -
- D-dimer 1.945 (1.304-2.902) 0.001 2.024 (1.231-3.330) 0.005

Notes: APTT — activated partial thromboplastin time, CI — confidence interval, ALV —artificial lung ventilation, INR — international normalized
ratio, NILV — noninvasive lung ventilation, LMWH — low-molecular-weight heparin, UFH — unfractionated heparin, OR — odds ratio, PT —
prothrombin time, DOACs — direct oral anticoagulants, CVeD — chronic venous disorder

chronic venous diseases (CVeD) in a patient increases
the risk of VTEC 6.433 (95% CI 2.167-19.093) times
(p=0.001), the use of UFH instead of LMWH or DOACs —
3.542 (95% CI 1.149-10.916) times (p = 0.028), the use
of ALV — 5.925 (95% Cl 2.034-17.260) times (p = 0.001),

high level of D-dimer — 2.024 (95% CI 1.231-3.330)
times (p = 0.005). The frequency of thrombotic and
hemorrhagic complications in the study groups during
the period of inpatient treatment is shown in Table 6.
The largest number of VTEC was recorded in patients

Table 6. Thrombotic and Hemorrhagic Complications in Patients with New Coronavirus Infection in Study Groups in Period of

Inpatient Treatment

Complications Group of LMWH Group of UFH Group of DOACs p
n 190 123 57 -
Deep vein hrombosis 3(1.6%) 8 (6.5%) 1(1.8%) 0.031
Pulmonary embolism without source 2(1.1%) 14 (11.4%) 0 0.028
Large bleedings 1(0.5%) 6 (4.9%) 0 0.004
Significant bleedings 3 (1.6%) 5 (4.06%) 0 0.246
Minor bleeding 14 (7.4%) 22 (17.9%) 3 (5.3%) 0.025

Notes: LMWH — low-molecular-weight heparin, UFH — unfractionated heparin, DOACs — direct oral anticoagulants
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of group 2. Of attention is the fact that the frequency
of isolated pulmonary embolism without a verified
source in the lower limbs in patients receiving UFH,
was relatively high — 11.4% of cases, which indicates a
probable cause of a large number of patients on ALV in
this group — 21% of cases. In patients receiving DOACs
(group 3), only 1 (1.8%) case of deep vein thrombosis
(DVT) was recorded.

In analysis of hemorrhagic complications, the
greatest number of bleedings was observed in group 2
(intestinal, bronchial bleedings). Despite the treatment,
all large bleedings in group 2 had fatal outcomes. All
the groups were comparable in frequency of significant
bleedings. The frequency of minor bleedings was higher
in patients receiving UFH — 17.9% of cases.

DISCUSSION

The use of ACT in patients with NCl is very important
taking into account the pathogenesis of COVID-19 in which
thrombosis and inflammation are closely connected. To
traditional risk factors for VTEC (obesity, immobilization,
hormonal therapy, surgical treatment, etc.), new factors
add in these patients: infectious diseases, oxygen
therapy, hypoventilation, hyperthermia [10].

According to our study, the leading triad of
concomitant pathology is represented by obesity,
essential hypertension and diabetes mellitus. Of
attention is the fact that patients receiving parenteral
anticoagulants (groups 1 and 2) were also diagnosed
with CVeD (group 1 — 8.4% of cases, group 2 — 16.3%
of cases), which are independent risk factors for VTEC.
Multivariate analysis showed that the presence of CVeD
in a patient increases the risk of developing VTEC 6.433
(95% CI 2.167-19.093) times (p = 0.001).

The transfer of the patient to the ICU, where
he receives intensive oxygen therapy, requires his
immobilization, and it is there, according to our data,
that VTEC most often develops. According to the meta-
analysis, which included 42 studies of patients with NCI,
the overall incidence of VTEC was 21% of cases, DVT —
20% of cases, PE — 13% of cases. Here, the frequency
of these complications in ICU patients increased:
31% — cases of VTE, 28% — cases of DVT and 19% —
cases of PE [11]. In our work, the VTEC mostly occurred
in patients who received UFH. Moreover, a high
frequency of PE without a verified source was recorded
in patients receiving a therapeutic dose of anticoagulant
(11.4% of cases, p = 0.028).

In some studies, autopsies of patients who died
from severe COVID-19 infection, were performed,
and in most of them microthrombi were found in the
pulmonary circulation [12, 13]. In one of these studies,
small thrombi were 9 times more often present in the
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pulmonary circulation of patients with COVID-19 than
in patients who died from influenza virus (p < 0.001).
Besides, growth of new vessels in COVID-19 was 2.7
times higher than in influenza (p < 0.001) [14]. In addition
to diffuse damage of alveoli, which is a distinctive feature
of COVID-19, microvascular thrombosis in the pulmonary
circulation can derange gas exchange promoting
significant hypoxemia observed in patients [15]. Thus,
despite the conducted ACT, isolated microthrombosis of
pulmonary arteries can probably develop requiring more
enhanced oxygen therapy.

According to our study, application of ALV increases
the risk of VTEC by 5.925 (95% Cl 2.034-17.26) times (p =
0.001). The number of patients who needed to be switched
to ALV was higher in group 2, they received UFH in 21% of
cases (p < 0.001). Patients who took LMWH showed good
survival rate in severe NCI, since ALV was used only in
6% of cases (p < 0.001). This phenomenon can probably
be explained by resistance to heparin. According to R.
Beun, et al., the phenomenon of heparin resistance was
observed in almost 80% of patients with COVID-19 who
received UFH at high doses (> 35,000 IU /day) to achieve
the target APTT, presumably due to an increase in the
level of factor VIII [16]. Patients who require high doses
of UFH to achieve the target APTT may also develop a
life-threatening bleeding in the absence of monitoring
of antithrombotic activity using anti-factor Xa analysis.
Monitoring of anti-Xa activity in patients receiving UFH
is associated with a better achievement of therapeutic
anticoagulation compared to monitoring of APTT; it
reduces the time to reach the therapeutic range, as
well as increases the time of stay within the therapeutic
range [17]. Unfortunately, routine determination of anti-
factor Xa in a COVID hospital is not always possible due
to the small volume of the laboratory and the high cost
of the method. However, these techniques are used in
the ICU in particularly severe patients with NCI [18-20].

In real clinical practice, examination of the general
laboratory parameters gives answers to the important
questions concerning treatment tactics and choice of
an ACT. In the analysis of parameters of coagulogram,
fibrinogen level decreased in all the groups, with the
lowest concentration in patients receiving LMWH.
According to our analysis, a high level of D-dimer
increases the risk of development of VTEC by 2.024
(95% CI 1.231-3.33) times (p = 0.005), so there is a
need for the extended anticoagulant prophylaxis in the
outpatient period.

The peculiarity of patients with NCI is that they
receive etiotropic, pathogenetic and symptomatic
treatment for a viral infectious disease together with
ACT. In all patients, a reliable reduction of ferritin and
CRP levels was noted, with the lowest concentrations
of inflammatory markers in the LMWH group. This
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result can be explained by the fact that, in addition to
anticoagulation effect, parenteral anticoagulants can
also have antiviral, anti-inflammatory and cytoprotective
effects. Only 30% of the UFH components have an
anticoagulant effect, and the remaining 70% possess
multiple pharmacological properties, including liberation
of a tissue factor inhibitor from the endothelium, direct
interaction with the vascular surface, cytoprotective
effects, interaction with growth factors and modulations
of cellular regulatory processes [21, 22]. LMWH also
possesses anti-inflammatory properties, including
binding of inflammatory cytokines, inhibition of
chemotaxis of neutrophils and protection of endothelial
cells, as well as a potential antiviral effect; with this;
it has a longer half-life and a low potential to induce
bleeding and thrombocytopenia compared to UFH [23].
We observed different bleeding variants in patients
with NCI with the highest complication rate in the UFH
group (group 2): large bleedings 4.9%, minor bleedings —
17.9%. Large and significant bleedings require cessation
of ACT and hemotransfusion, which aggravates
the condition of patients with NCI and leads to high
mortality. So, use of LMWH is a safer variant for VTEC
prevention in patients with NCI with low frequency of
development of large and significant bleedings.

CONCLUSION

According to our study, the main risk factors for
development of venous thromboembolism in patients
with new coronavirus infection are both the ‘traditional’
factors (obesity, chronic venous disorders, D-dimer
level), and factors specific of the new coronavirus
infection (artificial lung ventilation, hypoventilation,
hyperthermia).

Analysis of different variants of anticoagulant
therapy in this group of patients showed the most effective
and safe group being low molecular weight heparins.
They are characterized by low frequency of venous
thromboembolic and hemorrhagic complications. Direct
oral anticoagulants showed effective prevention of the
development of venous thromboembolic complications in
patients with new coronavirus infection and cardiologic
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concomitant pathology, but their use requires further
study with large comparison groups.

Routine laboratory parameters of hemostasis
and inflammation confirm the effectiveness of low-
molecular-weight heparins both in terms of anti-
inflammatory effect (reduction of the level of C-reactive
protein, ferritin), and the coagulation status (reduction
of fibrinogen).
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