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Aim. The purpose of our work was to find out the clinical and prognostic role of changes in hemostasis parameters and
C-reactive protein (CRP) in the development of thrombotic complications in oxygen-dependent patients with coronavirus
disease (COVID-19).

Materials and methods. 211 oxygen-dependent patients with COVID-19 were examined. To assess the prognostic role
of changes in hemostasis parameters and CRP, patients were divided into groups: | group — 94 patients who recovered, Il
group — 117 patients who died. Subgroups: II-A subgroup — 35 patients with thrombotic complications and II-B subgroup — 82
patients without these complications. All patients were examined and received treatment according to the normative documents
in force at the relevant time.

Results. The frequency of thrombotic complications in oxygen-dependent patients with COVID-19 was 16.6 %, among which
the most common were pulmonary embolism (6.6 %), myocardial infarction (6.2 %), and ischemic stroke (3.2 %). Lifetime
diagnosis of thrombotic complications took place on the 181 [16.0; 24.0] day of iliness in 45.9 % of cases. Deathtime diagnosis
of thrombotic complications took place on the 24" [20.0; 28.0] day of illness in 54.1 % of cases. Lifetime pulmonary artery
thromboembolism was diagnosed less frequently than ischemic stroke (p = 0.002) and myocardial infarction (p = 0.02).

With the development of oxygen dependence and admission to the intensive care unit on the 9™ [8.0; 11.0] day of iliness, changes
in the hemostasis system were characterized as prothrombotic with an increase above the reference values of fibrinogen
and D-dimer in patients of all groups. CRP in patients with fatal outcomes of the disease, regardless of the development of
thrombotic complications, was higher (p < 0.05) than in patients who subsequently recovered, and was accordingly in patients
of the | group —67.65 [41.20; 139.95] mg/l, in the II-A group — 122.2 [61.2; 178.0] mg/l, and in patients of the II-B group — 109.8
[56.3; 180.0] mg/l.

In the dynamics of complex treatment after 5—7 days, the level of fibrinogen, D-dimer and CRP had a diagnostic value in
predicting the further development of thrombotic complications. With an increase in the level of fibrinogen >4.6 g/l (AUC = 0.600,
p = 0.042), D-dimer >2.1 ug/ml (AUC = 0.704, p = 0.001) and CRP >89.3 mg/l (AUC = 0.720, p < 0.001) the probability of
developing thrombotic complications was significant.

Conclusions. In dynamics of complex treatment of oxygen-dependent patients after 5-7 days, the levels of fibrinogen,
D-dimer and C-reactive protein had consistent diagnostic value in predicting further development of thrombotic complications.
Increased fibrinogen >4.6 g/l, D-dimer >2.1 ug/ml, and CRP >89.3 mg/l were important for predicting the risk of developing
thrombotic complications.

KAiHiko-nporHocTUYHa poAb 3MiH napamMeTpiB cMCTEMU remMocTasy
Ta C-peaKTMBHOI0 NPoTeiHy B PO3BUTKY TPOMOOTUUHUX YCKAQAHEHD
Y KHCHEBO3aAeXHUX XBOPUX Ha KOpoHaBipycHy xBopoby (COVID-19)

B. B. Yepkacbkui, 0. B. PA60KoHb, H0. H0. Pa6okoHb

MeTta po6oTu — 3'sicyBaTit KMiHIKO-NPOrHOCTUYHY Ponb 3MiH NapameTpiB remoctady Ta C-peaktusHoro npoteiny (CPI1) B
PO3BUTKY TPOMOOTUYHMX YCKIAAHEHD Y KUCHEBO3AmNEXHNX XBOPUX Ha KOPOHaBipycHy xBopoby (COVID-19).

Marepianu Ta metogu. ObcTexeHo 211 kncHeBosanexHWx xsopux Ha COVID-19. [1ns owiHOBaHHS NPOrHOCTUYHOI POni 3MiH
napamertpis remoctasy Ta CPI1 nawieHTis noginunu Ha rpynu: | — 94 xBopux, siki ogyxxanu; 1 — 117 oci6, siki nomepnu. Migrpynn
nauieHTis: [I-A — 35 xBopwx i3 TpoMGOTMYHUMY yeknaaHeHHsmK; 1I-B nigrpyna — 82 ocobu 6e3 Takux ycknagHeHb. Ycix XBopux
06CTEXWN, NPU3HAYUIN NKYBAHHS 3TAHO 3 YUHHUMMU Ha TO Yac HOPMaTUBHUMM JOKYMEHTaMM.

Pesynikrati. Yactota BUHUKHEHHS TPOMBOTUYHMX YCKNaaHeHb Y KucHeBo3anexHux xsopux Ha COVID-19 ctaHoswna 16,6 %.
Hanyacriwwi 3-nomix Hux — pomboembonis nereHesoi apTepii (6,6 %), iHbapkT Miokapaa (6,2 %), iLueMidHuiA iHeynsT (3,2 %).
MpwxunTTEBa AiarHOCTMKa TPOMBOTUYHUX YCKnaaHeHb Biabynacs Ha 18 [16,0; 24,0] aeHb xBopobu B 45,9 % Bunaakis. Mo-
CMepTHa AiarHoCTuKa TPOMBOTUYHMX yeknaaHeHb — Ha 24,0 [20,0; 28,0] aeHb xBopobu B 54,1 % Bunagakis. TpomboembGonito
NereHeBoi apTepii NPWKUTTEBO AiarHOCTYBany pigwe, Hix iemivnnia ineynst (p = 0,002) Ta iHdapkT miokapaa (p = 0,02).
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Y pa3i BUHWUKHEHHSI KUCHEBOI 3aNEXHOCTI Ta HAAXOMKEHHS! O peaHiMaviiHoro BigaineHHs Ha 9,0 [8,0; 11,0] noby xsopobu
3MiHM B CUCTEMI FEMOCTa3y XapaKTepu3yBanmucs ik pOTPOMBOTUYHI 3 NEPEBULLEHHAM pedepeHTHUX 3HaueHb GibpuHoreHy
Ta D-gumepy B nauieHTiB ycix rpyn. CPIy xBopux i3 netanbH1M HaChigkoM XBOPOOW He3anexHo Bif BUHUKHEHHSI TPOMOO-
TUYHUX YCKraaHeHb 6yB BULWMM (p < 0,05), HiX y XBOpWX, sIki Ha4ani oayKanu, Ta CTaHOBMB Yy XBopux | rpynu 67,65 [41,20;
139,95] mr/n, II-A rpynn — 122,2 [61,2; 178,0] mr/n, 1I-B rpynu — 109,8 [56,3; 180,0] mr/n.

Y OuHaMmiLi KOMNMeKCHOTO NikyBaHHS Yepes 5—7 Aib AiarHoCTUYHE 3HAYEHHS LLOAO NPOrHO3yBaHHS HACTYMHOMO BUHWUKHEHHS
TPOMOOTUYHUX yCKNagHEHb Manm piBeHb ibpuHoreHy, D-aumepy Ta CPI. Mpu nigsuieHHi piBHS dibpuHoreHy >4.6 r/n
(AUC = 0,600, p = 0,042), D-gumepy >2,1 mkr/mn (AUC = 0,704, p = 0,001) Ta CPIM >89,3 mr/n (AUC = 0,720, p < 0,001)

iMOBIPHICTb BUHWUKHEHHS! TDOMBOTUYHNX YCKNaAHEHb 3HAYyLLa.

BucHoBKM. Y OuHaMiLi KOMNIEKCHOTO NikyBaHHS KUCHEBO3ANEXHMUX XBOPUX Yepe3 5-7 aib AiarHoCTUMYHE 3HAYEHHs LWoado
MPOrHO3yBaHHS HACTYNHOMO BUHUKHEHHS TPOMBOTUYHMX YCKIaAHEHb MatOTh piBeHb GibprHoreHy, D-aumepy Ta C-peakTMBHOMO
npoteiny. [ins NporHo3yBaHHs PU3NKY BUHUKHEHHS! TPOMOOTUYHIX YCKNaAHEHb MatOTb 3HAYEHHS NiaBULLEHHS DibpUHOreHy

>4.6 r/n, D-gumepy >2,1 mkr/mn Ta CPI1>89,3 mr/n.

The new coronavirus disease (COVID-19), which started
it's journey in December 2019 from the Chinese province
of Wuhan, turned into a pandemic in a fairly short peri-
od of time and created an irrevocable challenge to the
global health care system [1]. Despite the polymorphism
of clinical manifestations, the calling card of COVID-19
there were rapidly progressive lesions of the lungs, which
led to the development of acute respiratory distress
syndrome, severe respiratory insufficiency and high
mortality [2,3]. The SARS-CoV-2 virus, due to its binding
to the receptor of angiotensin-converting enzyme type
2, penetrates into the goblet cells of the nasal mucosa
and alveolar pneumocytes of type Il, where it replicates
[3,4]. Itis believed that excessive inflammatory response
that arises as a result of this is the main reason for the
complicated course and the fatal outcome of COVID-19
[5,6]. An excessive inflammatory response during the
progression of the disease is accompanied by a signi-
ficant increase in C-reactive protein (CRP) level, which
is a known marker of systemic inflammation. Already at
the beginning of the study of this new disease, it was
found that the level of CRP can exceed the upper limits
of the norm by more than ten times and correlates with
severity of the course of COVID-19 and the frequency
of fatal consequences [7-9].

Today, the elucidation of the pathogenetic mecha-
nisms of the progression of the new coronavirus disease
continues, while attention is paid to the interrelationships
of immunoinflammatory reactions with changes in the
hemostasis system, which is the basis of the formation
of acute respiratory distress syndrome, multiple organ
insufficiency, and fatal thrombotic complications. It is
believed that a cascade of complex interrelated in-
flammatory reactions occurs through the activation of
complement, the release of cytokines, which leads to the
development of endothelial dysfunction, thrombotic mi-
croangiopathy, and pathological angiogenesis [10-12].
The currently known model of the pathogenesis of this
infection is being refined and supplemented. In particular,
the role of certain signs of antiphospholipid syndrome
and disseminated intravascular coagulation syndrome
is discussed [12-14].

As the main clinical manifestations of this disease
were studied, it became obvious that a unique tendency
to thrombus formation without further development of the
processes of generalized fibrinolysis is typical for its com-
plicated course [15-17]. Literature data show significant
discrepancies in the frequency of diagnosis of thrombotic
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complications in patients with the new coronavirus di-
sease, even when taking into account the severity of the
course. Thus, among patients with COVID-19 of light and
medium severity, venous thrombotic events are registered
with a frequency from 0.09 % to 8.00 %. Among intensive
care unit patients, the frequency of thrombotic events are
increasing, but the frequency of their diagnosis ranges
from 24 % to 85 % [18-20] even despite anticoagulant
therapy [10,21].

If according to most researchers, the spectrum of
thrombotic complications of COVID-19 includes pulmo-
nary embolism and deep vein thrombosis of the lower
extremities as dominant [22,23], then statistical data on
the frequency of ischemic strokes and arterial thrombo-
sis vary from 0.9 % to 5.6 % [24,25]. During research
of the pathogenetic mechanisms of the development of
thrombosis in COVID-19, the attention of researchers is
drawn to the abnormality of changes in the hemostasis
system at the progression of this disease. Changes in the
hemostasis system are characterized by high levels of
D-dimer, fibrinogen and fibrin breakdown products, longer
prothrombin time and activated partial thromboplastin
time, the development of thrombocytosis or thrombocy-
topenia [26-28].

In April 2020, the International Society of Thrombosis
and Hemostasis (ISTH) published interim guidelines for
the diagnosis and treatment of COVID-19-associated
coagulopathy [29]. This document focused on the strong
association between D-dimer levels >2.0 pg/ml and hospi-
tal mortality [29]. In fact, according to literary sources, high
values fibrinogen and D-dimer have a direct relationship
with a significant risk of developing systemic thrombosis
and death [30-32]. At the same time, the predictors of
the development of venous thrombotic complications
still remain insufficiently defined. A few researches draw
attention to the fact that only in the case of a combined
increase of CRP, as a marker of systemic inflammation,
and D-dimer, as a product of fibrin degradation, there
is a significantly increased risk of developing venous
thrombosis [33].

Therefore, significant discrepancies in the frequency
of registration of thrombotic complications in patients
with COVID-19 and in the spectrum of these events,
insufficient clarity of the features of changes in the
hemostasis system in relation to the expressiveness of
the inflammatory reaction require further research in this
direction in order to determine early predictors of the risk
of developing thrombotic complications.

Pathologia. Volume 20. No. 1, January — April 2023
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Table 1. Frequency of development and spectrum of thrombotic complications
in oxygen-dependent patients with COVID-19 depending on the consequences
of the disease, abs. (%)

Patients
(n=211) Igroup 1l group
(n=94) (n=117)

Aim

The purpose of our work was to find out the clinical and
prognostic role of changes in hemostasis parameters and
C-reactive protein in the development of thrombotic com-

plications in oxygen-dependent patients with coronavirus
disease (COVID-19).

Presence of thrombotic complications 37 (16.6 %) 2 (2.1 %) 35(29.9 %)*

Ischemic stroke 7(3.2%) 1(1.1 %) 6 (5.1 %)
Materials and methods Transient ischemic attack 1(0.5 %) 1(1.1%) -

Thromboembolism of the pulmonary artery 14 (6.6 %) - 14 (12.0 %)
The research included 211 oxygen-dependent patients Myocardial infarction 13(62%) - 13 (1.1 %)
with coronavirus disease (COVID-19), who during Acute coronary syndrome 105%) - 1(0.9 %)
2020-2021 were being treated in the intensive care unit Thrombosis of upper extremity veins 2009%) - 2(1.7%)
of the Municipal Non-Profit Enterprise “Regional infectious Catheter associated venous thrombosis 1(05%) - 1(0.9 %)
clinical hospital” Zaporizhzhia Regional Council. The Thrombosis of lower limb arteries 2(09%) - 2(1.7 %)
diagnosis in all patients was confirmed by the detection A combination of several thrombotic complications 3 (1.4 %) - 3 (2.6 %)

of RNA-SARS-CoV-2 by the polymerase chain reaction
method. All patients were examined and received treat-
ment according to the normative documents in force at
the relevant time [34-36].

To assess the clinical and prognostic role of changes
in hemostasis parameters and CRP, patients were divided
into groups: | group — 94 patients who recovered, Il group
— 117 patients whose disease ended fatally. For analyze
the characteristics of changes in laboratory indicators,
patients of the Il group were additionally divided into
subgroups: 1I-A subgroup — 35 patients who developed
thrombotic complications and II-B subgroup — 82 pa-
tients without thrombotic complications. The presence
of comorbid pathology in the stage of decompensation
was a criterion for exclusion from the research. During
monitoring of patients for the diagnosis of thrombotic
complications were carried out comprehensive assess-
ment of clinical data, laboratory indicators of hemostasis
(coagulogram, platelets, D-dimer), electrocardiographic
examination, consultations of related specialists (neuro-
logist, cardiologist)

Statistical data processing was carried out using the
created patient database in the program Statistica for Win-
dows 13 (StatSoft Inc., No. JPZ8041382130ARCN10-J).
The x?test was used to determine the differences between
qualitative features, and the Mann—-Whitney test was used
between quantitative features. To establish the diagnostic
significance of the investigated parameters in predicting
outcomes regarding the development of thrombotic com-
plications in oxygen-dependent patients with COVID-19,
ROC-analysis was performed with determination of the
cut-off point. Spearman’s correlation was used to establish
relationships between quantitative traits.

Results

Analysis of demographic parameters of oxygen-de-
pendent patients of the investigated groups showed
the absence of a statistically significant difference in the
median age of patients (p > 0.05). Thus, the median age
of patients of the | group was 63.0 [56.0; 70.0] years, II-A
subgroup — 67.0 [57.0; 79.0] years, 1I-B subgroup — 67.5
[61.0; 74.0] years old. Patients of the investigated groups
also did not statistically differ by gender (p > 0.05). Thus,
among patients of the | group there were 54 (57.4 %)
men, 40 (42.6 %) women; among patients of the II-A

Matonorisi. Tom 20, Ne 1(57), ciueHb — kBiTeHb 2023 p.

*: the difference is significant, compared to the | group (p<0.05).

subgroup, men — 21 (60.0 %), women — 14 (40.0 %);
among patients of II-B subgroup, men — 43 (52.4 %),
women — 39 (47.6 %).

At the time of hospitalization of oxygen-dependent
patients to the intensive care unit, the median indicator
of oxygen saturation in air was 84.5 [80.0; 88.0] %; in
patients of I-A subgroup — 78.0 [70.0; 82.0] %,; in II-B
subgroup patients — 78.0 [74.0; 84.0] %. Statistically
significant differences in this parameter were not found
when comparing the studied groups of patients at the time
of observation (p > 0.05). From the moment of hospital-
ization to the intensive care unit, 12 (12.8 %) patients of
the | group, 7 (20.0 %) patients of the Il-A subgroup, and
14 (17.1 %) patients of the II-B subgroup needed non-in-
vasive lung ventilation. The other patients were started
on oxygen support using a mask with an accumulation
bag and a non-reversible valve in a volume of at least 15
L/min. There were no statistically significant differences
in the degree of severity of acute respiratory deficiencies
and the need for non-invasive lung ventilation at the start
of the observation (p > 0.05).

According to the results of the research, it was estab-
lished that among oxygen-dependent patients, 16.6 % (37
out of 211) were diagnosed with thrombotic complications,
among which the most frequent were thromboembolism
of the pulmonary artery (6.6 %), myocardial infarction
(6.2 %) and ischemic stroke (3.2 %), while a combination
of two thrombotic complications was recorded in 3 (1.4 %)
cases. Thrombotic complications were significantly more
often registered in patients of the Il group, in whom the
disease ended fatally, compared to patients of the | group,
who recovered (29.9 % vs. 2.1 %, respectively, x* = 27.83,
p < 0.0001). It should be noted that the development
of ischemic stroke and transient ischemic attack was
diagnosed only in isolated cases among patients of the
| group (Table 1).

Thrombotic complications in 54.1 % (20 out of 37) of
patients were diagnosed only on the basis of pathological
examinations with a fatal outcome of COVID-19 at 24.0
[20.0; 28.0] day of iliness. Lifetime diagnosis of thrombotic
complications occurred in 45.9 % (17 out of 37) of patients
at 18[16.0; 24.0] day of illness. Arterial and venous throm-
bosis of the extremities in all cases was diagnosed with the
development of venous thromboembolism during lifetime.
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Fig. 1. Comparison of the frequency of intravital and pathological diagnosis of the main
thrombotic complications of COVID-19.
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Ischemic stroke in the vast majority of patients (71.4 %)
and myocardial infarction in almost half of patients
(46.2 %) were also diagnosed during lifetime. However,
pulmonary embolism, conversely, was diagnosed during
lifetime only in isolated cases (7.1 %). Comparison of
the frequency of intravital diagnosis of fatal thrombotic
complications showed that pulmonary embolism was
diagnosed intravitally statistically significantly less often
than ischemic stroke (x?=9.45, p = 0.002) and myocardial
infarction (x? = 5.34, p = 0,02) (Fig. 1).

Analysis of hemostasis parameters at the time of
admission to the intensive care unit at 9.0 [8.0; 11.0]
day of iliness showed that in patients of all investigated
groups, changes in hemostasis parameters indicated the
development of a prothrombotic state. This was confirmed
by an increase in the average prothrombin index (PTI), the
level of fibrinogen and D-dimer above the reference val-
ues. In the vast majority of patients of all observe groups,
the fibrinogen content exceeded upper limits of the norm,
namely in 77.7 % of patients of | group, 77.1 % of patients
of II-A subgroup and 82.9 % of patients of II-B subgroup.
The frequency of increasing the level of D-dimer was
similar, namely in 70.2 %, 88.9 % and 95.5 % of patients
in the respective groups. At the same time, it should be
noted that the level of D-dimer increase was statistically
significantly higher in patients with a fatal outcome of the
disease of both observe subgroups, compared to patients
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*: the difference is significant, compared to the development of pulmonary embolism
(p <0.05).

Fig. 2. Comparison of CRP content in patients with COVID-19 depending on the
development of thrombotic complications and consequences of the disease during
hospitalization (A) and in dynamics after 5-7 days (B).

*: the difference is significant, compared to the | group (p < 0.05).
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of the I group (p < 0.05). Itis worth noting that the median
level of the international normalized ratio (INR) in patients
of all studied groups was within the reference values.
The analysis of the platelet link of hemostasis showed
that 29.9 % (63 out of 211) of patients had deviations in
level of platelets from normal values, but these changes
were multidirectional in nature. Thrombocytopenia was
most often registered and the frequency of it did not differ
statistically (p > 0.05) in the studied groups of patients and
amounted to 21.3 %, 14.3 % and 31.7 %, respectively,
at the time of hospitalization in the intensive care unit.
Thrombocytosis was recorded only in individual patients
of all studied groups (Table 2).

At the time of hospitalization of patients with COVID-19,
the presence of a pronounced inflammatory reaction was
confirmed by a high level of CRP in the blood of patients
of all investigated groups, the level of which was 67.65
[41.20; 139.95] mg/l in patients of the | group, II-A sub-
group — 122.2 [61.2; 178.0] mg/l and in 1I-B subgroup —
109.8 [56.3; 180.0] mg/l. Comparative analysis showed
that the level of CRP in patients with a fatal outcome
of both II-A subgroup (p = 0.027) and II-B subgroup
(p = 0.029) was higher than in patients of | group who
recovered (Fig. 2A).

The conducted ROC analysis did not establish the
cut-off level of the investigated parameters of hemostasis
such as fibrinogen (AUC = 0.530, p = 0.578), D-dimer

Pathologia. Volume 20. No. 1, January — April 2023
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Fig. 3. Prediction of the probability of developing thrombotic complications in oxygen-dependent patients with COVID-19 based on the level of increased fibrinogen (A), D-dimer

(B) and CRP (C) at the time of hospitalization.

(AUC = 0.629, p = 0.083) and CRP (AUC = 0.573,
p = 0.154) in order to identify their prognostic value of
the development of thrombotic complications at the time
of the appearance of oxygen dependence and, accor-
dingly, the admission of patients to the intensive care unit
(p>0.05) (Fig. 3).

Comparison of hemostasis parameters in patients
with COVID-19 in dynamics after 5-7 days of treatment,
which was carried out according to the protocol and includ-
ed the mandatory use of low-molecular-weight heparins,
showed that the median level of fibrinogen remained
above the upper limit of the reference value in patients
of all investigated groups. In particular, the tendency
towards a higher frequency of detection of hyperfibrino-
genemia in patients of the II-A subgroup, compared to
patients of the | group (68.6 % vs. 54.3 %, respectively,
p > 0.05) and a significantly higher frequency of hyperfi-
brinogenemia in patients II-A subgroup, compared with
II-B subgroup patients (68.6 % vs. 9.8 %, respectively,
X2 =42.71, p=0.0001). The level of the median D-dimer
also remained above the upper limit of the reference
value against the background of treatment in patients
of all investigated groups, while the median D-dimer of
patients of both II-A subgroup and II-B subgroup was
statistically significantly higher than in | group patients
who recovered (p < 0.05). In addition, the frequency of
increased levels of D-dimer in patients of II-A subgroup
(100 % vs. 70.3 %, respectively, x* = 6.69, p = 0.009) and
II-B subgroup (96.4 % vs. 70.3 %, respectively, x> = 7.24,
p = 0.007) turned out to be the highest and significantly
exceeded the corresponding indicator of patients of the
| group (Table 3).

A comparison of the CRP content in blood of patients
with COVID-19 after 5-7 days of treatment, depending
on the development of thrombotic complications and the
consequences of the disease, showed that its highest
level remained precisely in patients of [I-A subgroup, which
developed fatal thrombotic complications and was 134.0
[52.2; 247.9] mg/l. In patients of II-B subgroup, the content
of CRP in the blood had a clear tendency to a lower level
of increase than in patients of II-A group and amounted to
80.0[30.5; 172.2] mg/l. The lowest level of CRP is 27.00
[9.80; 59.00] mg/l was recorded in | group patients who
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recovered. In group | patients, the CRP content during
this period of observation was statistically significantly
lower, compared to patients of group II-A (p =0.0001) and
compared to patients of group II-B (p = 0.0001) (Fig. 2B).

Interrelationship of inflammation parameters ac-
cording to the level of CRP and indicators of hemostasis
confirmed the established direct correlative relationships
between the level of CRP and D-dimer (r=0.40, p <0.05)
and fibrinogen (r = 0.38, p < 0.05).

In the dynamics after 5-7 days of the treatment,
according to the ROC analysis, the results regarding the
clarification of the role of such indicators as the level of
fibrinogen, D-dimer and CRP turned out to be statistically
significant.

According to the obtained result of the ROC analysis,
the cut-off level of fibrinogen, which indicated a high pro-
bability of fatal thrombosis in oxygen-dependent patients
with COVID-19, was 4.6 g/l (AUC = 0.600, p = 0.042)
(sensitivity — 62.16 %, specificity — 57.65 %) (Fig. 4).

Limit level of D-dimer, which indicated a high pro-
bability of developing thrombotic complications due to
COVID-19, was 2.1 ug/ml (AUC =0.704, p = 0.001) (sensi-
tivity — 83.33 %, specificity — 53.97 %) (p = 0.001) (Fig. 5).

The threshold level of CRP, which indicated a high
probability of developing thrombotic complications due
to COVID-19, was 89.3 mg/l (AUC = 0.720, p < 0.001)
(sensitivity — 69.23 %, specificity — 71.43 %) (Fig. 6).

Discussion

According to the data of various research [18-20], the fre-
quency of detected venous thrombosis among oxygen-de-
pendent patients who were treated in intensive care units
varied in a fairly wide range from 24 % to 85 %. According
to the results of our research, the frequency of thrombotic
complications in oxygen-dependent patients was 16.6 %
at the same time, the development of pulmonary embolism
(7.1 %), myocardial infarction (6.2 %) and ischemic stroke
(3.2 %) was most often recorded. It should be noted that
arterial and catheter-associated thrombosis were diag-
nosed during lifetime in all cases, ischemic stroke — in
most patients (71.4 %). It was the identified clear clinical
symptoms that allowed us to establish the development of
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Fig. 4. Prediction of the probability of developing thrombotic complications in oxygen-dependent patients with COVID-19 by the level of increased fibrinogen.

Fig. 5. Prediction of the probability of developing thrombotic complications in oxygen-dependent patients with COVID-19 based on the level of D-dimer elevation.

Fig. 6. Prediction of the probability of the development of fatal thrombotic complications in oxygen-dependent patients with COVID-19 according to the level of CRP increase.

Table 3. Parameters of hemostasis and CRP in oxygen-dependent patients with COVID-19 depending on the development of thrombotic complications
and consequences of the disease in dynamics after 5-7 days against the background of treatment

Indicator, Reference values
units of measurement

PTI, %
INR
Fibrinogen, g/l

Fibrinogen increase, abs (%) -

Platelets, x10%/
Thrombocytosis, abs (%)

Thrombocytopenia, abs (%) -

D-dimer, pg/ml

Increase in D-dimer, abs (%) -

1 group

(n=94)
80-100 102.0 [90.0; 115.5]
0.80-1.24 0.98 [0.90; 1.06]
2-4 4.15[3.29; 5.10]

51 (54.3 %)
180-390 283.0 [218.0; 345.0]
- 19 (20.2 %)

5(5.3%)
<0.1 1.01 [0.50; 2.03]

70.3 % (26 of 37)

Il group (n = 117)
II-A subgroup (n = 35) 11-B subgroup (n = 82)

88.6 [64.5; 102.0]* 84.7 [64.8; 99.0]*

1.08 [0.98; 1.33] 1.14[1.00; 1.41]
4.86 [3.90; 5.80] 5.00 [2.94; 6.06]

24 (68.6 %) 8(9.8 %)***

239.0 [159.0; 315.0] 189.5 [136.0; 273.5]
4(11.4 %) 7 (8.5 %)*

10 (28.6 %)* 38 (46.3 %)*

6.80 [3.68; 23.30]*
100 % (18 of 18)*

12.00 [4.15; 21.90]*
96.4 % (27 of 28)*

*: the difference is significant compared to patients of the | group (p < 0.05); **: compared with |I-A subgroup patients (p < 0.05).
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these thrombotic complications during lifetime. Less than
half of the patients managed to diagnose a myocardial
infarction during lifetime (46.2 %), at the same time, the
basis of the diagnosis was the detection of changes on
the electrocardiogram in combination with an increase in
the level of troponin.

In contrast to the above, pulmonary embolism was
suspected during lifetime in only one patient, and in
92.9 % of cases this diagnosis was established only on the
basis of pathomorphological examination of the lungs of
the deceased. In our previous publication [37], we analyz-
ed the results of pathomorphological examinations of 41
deceased persons and also demonstrated that thrombotic
complications were detected in 22.0 % of deceased per-
sons as a result of COVID-19, and pulmonary embolism
occurred in every third deceased person in the absence
of its diagnosis during lifetime in any case.

The results obtained in our research to a certain extent
coincide with the data of the literature, and the discrepan-
cies in the frequency of lifetime diagnosis of pulmonary
embolism have an explanation. On the one hand, it is
known that rapidly progressing acute respiratory distress
syndrome and thromboembolism of the pulmonary artery
have a certain similarity in clinical symptoms, which in the
conditions of a severe and critical course of COVID-19
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most often prompts the doctor to intensively treat acute res-
piratory distress syndrome, and the diagnosis of probable
pulmonary embolism artery on the background of severe
acute respiratory distress syndrome is not considered
accordingly. On the other hand, the absence in the vast
majority of cases of the possibility of conducting computed
tomography of the lungs in oxygen-dependent patients
treated in intensive care units led to the fact that the only
reliable tool for in situ diagnosis of pulmonary thrombotic
lesions was not used [31,38,39]. Precisely because of these
and other similar moments, the question of the impact of
thrombotic complications on the overall mortality rate and
on the progression of disorders of the external respiratory
system among patients with COVID-19 still remains open
and continues to be studied [39,40].

A number of researchers believe that one of the
ways to increase the effectiveness of lifetime diagnosis
of thrombotic complications can be ultrasound screening
of the venous system of the extremities of patients with a
severe course of COVID-19 [41,42]. The hypothesis pro-
posed by researchers [32] regarding the stage course of
COVID-19-associated coagulopathy indicates that there
are no thromboembolic complications at the initial stage of
its development. With systemic activation of the processes
of thrombus formation, which is clearly evidenced by a
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rapid increase in the level of D-dimer, signs of deep vein
thrombosis of the extremities can already be detected,
but only with the help of ultrasound examination, since
these thrombotic complications are asymptomatic in the
vast majority of patients [41—43]. The above is confirmed
by the results of a research in which, during a full autopsy
with the use of postmortem computed tomography, deep
vein thrombosis was detected in 58 % of the deceased,
in whom there was no suspicion of the development of
venous thromboembolism during lifetime [44].

Significant discrepancies in literature data regarding
the frequency of thrombotic complications in patients with
COVID-19 can also be explained by the polymorphism
of genetic factors that have an impact on the features of
the immune response to SARS-CoV-2 antigens, which
determines the features of the course of the disease, in
particular, the risk of developing coagulopathy and related
thrombotic complications [45,46].

Abnormal changes in the hemostasis system during
COVID-19 in patients with a critical course reach their
maximum expression and are able to persist for a long
time, despite anticoagulant therapy [21]. Already at the
initial stages of studying the pathogenetic mechanisms of
the progression of COVID-19, attention was paid to the
increase in the level of D-dimer in the blood of patients. At
the same time, in clinically significant cases, this indicator
was increased in patients at the time of hospitalization
and subsequently, during the first five days of treatment,
it continued to increase, reaching its maximum [47].
According to the results of many research, precisely the
level of D-dimer in blood that is one of the informative
prognostic indicators regarding the risk of an adverse
outcome of the disease. Among patients with a critical
course of COVID-19, level of D-dimer is significantly high-
er, compared to patients with a medium and light degree
of severity, and a high level of this indicator is closely
related to the development of thrombotic complications
and hospital mortality [36,37,39].

According to the results of our research, on the day
of admission of oxygen-dependent patients to the inten-
sive care unit by the 9" [8.0; 11.0] day of the illness, the
analysis of hemostasis parameters revealed development
of a prothrombotic state in them. The medians of such
parameters as PTI, fibrinogen and D-dimer were higher
than the reference values. At the same time, the level of
increase in D-dimer was statistically significantly higher in
patients with subsequent development of a fatal outcome
of the disease (p < 0.05). Our results correspond to the
interim recommendations of the International Society
of Thrombosis and Hemostasis (ISTH) regarding the
recognition and treatment of COVID-19-associated co-
agulopathy, according to which D-dimer level >2.0 ug/ml
is a marker of significantly higher hospital mortality [35].
The median of this indicator, among the patients examined
by us who later died due to thrombotic complications,
was 2.25 [1.20; 8.40] yg/ml. According to the results of
our research, more pronounced laboratory signs of a
prothrombotic state were combined with a higher level
of CRP increase in patients with a fatal outcome of the
disease (p < 0.05) than in patients who subsequently
recovered. When observing the dynamics after 5-7
days in patients with the subsequent development of
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fatal thrombotic complications, the detected disorders
worsened, despite the treatment. It was during these
observation periods that we managed to establish the
threshold levels of fibrinogen >4.6 g/l (AUC = 0.600,
p =0.042), D-dimer >2.1 ug/ml (AUC = 0.704, p = 0.001)
and CRP >89.3 mg/l (AUC = 0.720, p < 0.001), which
have diagnostic value in predicting further development
of thrombotic complications.

Data from the literature indicate that the excessive
inflammatory response that occurs as a result of infection
with the SARS-CoV-2 virus is the main cause of the com-
plicated course of the disease and death [5,6,8]. Asevere
course of COVID-19 is accompanied by an increase more
than ten times the level of CRP already in the early stages
of the disease. A high level of CRP correlates with the
severity of the disease and the risk of death [7-9]. And the
risk of developing venous thromboembolic complications
among patients with a critical course of the disease is the
highest in the case of a combined increase in the levels
of CRP and D-dimer [7].

Conclusions

1. The frequency of developing thrombotic compli-
cations in oxygen-dependent patients with COVID-19 is
16.6 %, among which the most common are pulmonary
embolism (6.6 %), myocardial infarction (6.2 %), ischemic
stroke (3.2 %) and in some cases a combination of throm-
botic complications (1.4 %). Thrombotic complications are
more often registered in oxygen-dependent patients with
afatal outcome of the disease, compared to patients who
recovered (29.9 % vs. 2.1 %, respectively, p < 0.0001).

2. Lifetime diagnosis of thrombotic complications in
oxygen-dependent patients with COVID-19 occurs in
45.9 % of patients on the 18" [16.0; 24.0] day of the iliness.
Thromboembolism of the pulmonary artery is less often
diagnosed during lifetime than ischemic stroke (7.1 % vs.
71.4 %, respectively, p = 0.002) and myocardial infarction
(7.1% vs. 46.2 %, respectively, p = 0.02).

3. With the development of oxygen-dependence and
admission to the intensive care unit on the 9 [8.0; 11.0]
day of the illness, changes in the hemostasis system are
characterized as prothrombotic with increased levels
of fibrinogen and D-dimer in patients of all investigated
groups, regardless of the risk of further development of
thrombotic complications. C-reactive protein in patients
with a subsequent fatal outcome of the disease, regardless
of the development of thrombotic complications, is higher
(p < 0.05) than in patients who subsequently recover.

4. In dynamics of complex treatment of oxygen-de-
pendent patients after 5-7 days, the level of fibrinogen,
D-dimer and C-reactive protein have a diagnostic value
in predicting the further development of thrombotic
complications. When the level of fibrinogen increases
>4.6 g/l (AUC = 0.600, p = 0.042), D-dimer >2.1 pg/ml
(AUC = 0.704, p = 0.001) and C-reactive protein >89.3
mg/l (AUC = 0.720, p < 0.001), the probability of deve-
loping thrombotic complications is significant.

Prospects for further research. In our opinion, a
promising direction of research is to find out the risk of
developing thrombotic complications depending on the
presence of various comorbid pathologies.
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