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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: I group – 94 patients who recovered, II 
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 18th [16.0; 24.0] day of illness in 45.9 % of cases. Deathtime diagnosis 
of thrombotic complications took place on the 24th [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 9th [8.0; 11.0] day of illness, 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 I 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 μg/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 μg/ml, and CRP >89.3 mg/l were important for predicting the risk of developing 
thrombotic complications.

Клініко-прогностична роль змін параметрів системи гемостазу  
та С-реактивного протеїну в розвитку тромботичних ускладнень  
у кисневозалежних хворих на коронавірусну хворобу (COVID-19)

В. В. Черкаський, О. В. Рябоконь, Ю. Ю. Рябоконь

Мета роботи – з’ясувати клініко-прогностичну роль змін параметрів гемостазу та С-реактивного протеїну (СРП) в 
розвитку тромботичних ускладнень у кисневозалежних хворих на коронавірусну хворобу (COVID-19).

Матеріали та методи. Обстежено 211 кисневозалежних хворих на COVID-19. Для оцінювання прогностичної ролі змін 
параметрів гемостазу та СРП пацієнтів поділили на групи: І – 94 хворих, які одужали; ІІ – 117 осіб, які померли. Підгрупи 
пацієнтів: ІІ-А – 35 хворих із тромботичними ускладненнями; ІІ-В підгрупа – 82 особи без таких ускладнень. Усіх хворих 
обстежили, призначили лікування згідно з чинними на той час нормативними документами.

Результати. Частота виникнення тромботичних ускладнень у кисневозалежних хворих на COVID-19 становила 16,6 %. 
Найчастіші з-поміж них – тромбоемболія легеневої артерії (6,6 %), інфаркт міокарда (6,2 %), ішемічний інсульт (3,2 %). 
Прижиттєва діагностика тромботичних ускладнень відбулася на 18 [16,0; 24,0] день хвороби в 45,9 % випадків. По-
смертна діагностика тромботичних ускладнень – на 24,0 [20,0; 28,0] день хвороби в 54,1 % випадків. Тромбоемболію 
легеневої артерії прижиттєво діагностували рідше, ніж ішемічний інсульт (р = 0,002) та інфаркт міокарда (р = 0,02).
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У разі виникнення кисневої залежності та надходження до реанімаційного відділення на 9,0 [8,0; 11,0] добу хвороби 
зміни в системі гемостазу характеризувалися як протромботичні з перевищенням референтних значень фібриногену 
та D-димеру в пацієнтів усіх груп. СРП у хворих із летальним наслідком хвороби незалежно від виникнення тромбо-
тичних ускладнень був вищим (р < 0,05), ніж у хворих, які надалі одужали, та становив у хворих І групи 67,65 [41,20; 
139,95] мг/л, ІІ-А групи – 122,2 [61,2; 178,0] мг/л, ІІ-В групи – 109,8 [56,3; 180,0] мг/л.

У динаміці комплексного лікування через 5–7 діб діагностичне значення щодо прогнозування наступного виникнення 
тромботичних ускладнень мали рівень фібриногену, D-димеру та СРП. При підвищенні рівня фібриногену >4,6 г/л 
(AUC = 0,600, p = 0,042), D-димеру >2,1 мкг/мл (AUC = 0,704, p = 0,001) та СРП >89,3 мг/л (AUC = 0,720, p < 0,001) 
імовірність виникнення тромботичних ускладнень значуща.

Висновки. У динаміці комплексного лікування кисневозалежних хворих через 5–7 діб діагностичне значення щодо 
прогнозування наступного виникнення тромботичних ускладнень мають рівень фібриногену, D-димеру та С-реактивного 
протеїну. Для прогнозування ризику виникнення тромботичних ускладнень мають значення підвищення фібриногену 
>4,6 г/л, D-димеру >2,1 мкг/мл та СРП >89,3 мг/л.

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 II, where it replicates 
[3,4]. It is 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 

complications in patients with the new coronavirus di-
sease, even when taking into account the severity of the 
course. Thus, among patients with СOVID-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 μg/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.
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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 in the development of thrombotic com-
plications in oxygen-dependent patients with coronavirus 
disease (COVID-19).

Materials and methods
The research included 211 oxygen-dependent patients 
with coronavirus disease (COVID-19), who during 
2020–2021 were being treated in the intensive care unit 
of the Municipal Non-Profit Enterprise “Regional infectious 
clinical hospital” Zaporizhzhia Regional Council. The 
diagnosis in all patients was confirmed by the detection 
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: I group – 94 patients who recovered, II group 
– 117 patients whose disease ended fatally. For analyze 
the characteristics of changes in laboratory indicators, 
patients of the II group were additionally divided into 
subgroups: II-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. JPZ804I382130ARCN10-J). 
The χ2 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 I group was 63.0 [56.0; 70.0] years, II-A 
subgroup – 67.0 [57.0; 79.0] years, II-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 I group there were 54 (57.4 %) 
men, 40 (42.6 %) women; among patients of the II-A 

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 II-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 I group, 7 (20.0 %) patients of the II-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 II group, in whom the 
disease ended fatally, compared to patients of the I group, 
who recovered (29.9 % vs. 2.1 %, respectively, χ2 = 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 
I 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 illness. 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. 

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. (%)

Group Рatients
(n = 211)

Рatients
I group
(n = 94)

II group
(n = 117)

Presence of thrombotic complications 37 (16.6 %) 2 (2.1 %) 35 (29.9 %)*
Ischemic stroke 7 (3.2 %) 1 (1.1 %) 6 (5.1 %)
Transient ischemic attack 1 (0.5 %) 1 (1.1 %) –
Thromboembolism of the pulmonary artery 14 (6.6 %) – 14 (12.0 %)
Myocardial infarction 13 (6.2 %) – 13 (11.1 %)
Acute coronary syndrome 1 (0.5 %) – 1 (0.9 %)
Thrombosis of upper extremity veins 2 (0.9 %) – 2 (1.7 %)
Catheter associated venous thrombosis 1 (0.5 %) – 1 (0.9 %)
Thrombosis of lower limb arteries 2 (0.9 %) – 2 (1.7 %)
A combination of several thrombotic complications 3 (1.4 %) – 3 (2.6 %)

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

Оригінальні дослідження
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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 (χ2 = 9.45, p = 0.002) and myocardial 
infarction (χ2 = 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 illness 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 I 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 

of the I group (p < 0.05). It is 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 І group, II-A sub-
group – 122.2 [61.2; 178.0] mg/l and in II-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 I 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 
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Fig. 1. Comparison of the frequency of intravital and pathological diagnosis of the main 
thrombotic complications of COVID-19. 

*: 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 I group (p < 0.05).
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(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 I 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, 
χ2 = 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 I 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, χ2 = 6.69, p = 0.009) and 
II-B subgroup (96.4 % vs. 70.3 %, respectively, χ2 = 7.24, 
p = 0.007) turned out to be the highest and significantly 
exceeded the corresponding indicator of patients of the 
І 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 II-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 I group patients who 

recovered. In group I 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-
ba bility 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-
ba bility of developing thrombotic complications due to 
COVID-19, was 2.1 μg/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 

Table 2. Hemostasis parameters of oxygen-dependent patients with COVID-19 depending on the development of thrombotic complications and 
consequences of the disease at the time of admission

Indicator, units of measurement Reference values I group (n = 94) II group (n = 117)

II-A subgroup (n = 35) II-B subgroup (n = 82)
PTI, % 80–100 115.0 [99.0; 133.0] 105.3 [94.6; 117.7] 107.1 [93.2; 121.6]
Increase in PTI, abs. (%) – 69 (73.4 %) 22 (62.9 %) 53 (64.6 %)
INR 0,80–1,24 0.90 [0.82; 1.02] 0.98 [0.88; 1.06] 0.93 [0.85; 1.05]
Declining INR, abs. (%) – 13 (13.8 %) 2 (5.7 %) 6 (7.3 %)
Fibrinogen, g/l 2-4 5.41 [4.10; 6.48] 5.60 [4.50; 6.48] 5.05 [4.37; 6.57]
Fibrinogen increase, abs. (%) – 73 (77.7 %) 27 (77.1 %) 68 (82.9 %)
Platelets, ×109/l 180–390 215.0 [182,0; 270.0] 245.0 [198.0; 291.0] 205.5 [161.3; 251.0]
Thrombocytosis, abs (%) – 5 (5.3 %) 3 (8.6 %) 4 (4.9 %)
Thrombocytopenia, abs (%) – 20 (21.3 %) 5 (14.3 %) 26 (31.7 %)
D-dimer, μg/ml <0.1 0.90 [0.50; 1.80] 2.25 [1.20; 8.40]* 1.50 [0.98; 2.45]*
Elevation of D-dimer, abs (%) – 70.2 % (40 of 57) 88.9 % (16 of 18) 95.5 % (42 of 44)*

*: the difference is significant compared to the patients of the І group (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 

most often prompts the doctor to intensively treat acute res-
piratory distress syndrome, and the diagnosis of pro bable 
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 

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,  
units of measurement

Reference values I group
(n = 94)

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

PTI, % 80–100 102.0 [90.0; 115.5] 88.6 [64.5; 102.0]* 84.7 [64.8; 99.0]*
INR 0.80–1.24 0.98 [0.90; 1.06] 1.08 [0.98; 1.33] 1.14 [1.00; 1.41]
Fibrinogen, g/l 2–4 4.15 [3.29; 5.10] 4.86 [3.90; 5.80] 5.00 [2.94; 6.06]
Fibrinogen increase, abs (%) – 51 (54.3 %) 24 (68.6 %) 8 (9.8 %)*,**
Platelets, ×109/l 180–390 283.0 [218.0; 345.0] 239.0 [159.0; 315.0] 189.5 [136.0; 273.5]
Thrombocytosis, abs (%) – 19 (20.2 %) 4 (11.4 %) 7 (8.5 %)*
Thrombocytopenia, abs (%) – 5 (5.3 %) 10 (28.6 %)* 38 (46.3 %)*
D-dimer, μg/ml <0.1 1.01 [0.50; 2.03] 6.80 [3.68; 23.30]* 12.00 [4.15; 21.90]*
Increase in D-dimer, abs (%) – 70.3 % (26 of 37) 100 % (18 of 18)* 96.4 % (27 of 28)*

*: the difference is significant compared to patients of the І group (p < 0.05); **: compared with II-A subgroup patients (p < 0.05).
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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.
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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 9th [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 μg/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] μg/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 

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 μg/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]. A severe 
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 
a fatal 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 18th [16.0; 24.0] day of the illness. 
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 9th [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 μg/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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