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Abstract. At present, it can be noted that COVID-19 is the most serious challenge to the international health care system 

in its recent history. Extremely high rates of morbidity and mortality dictate the need for a more detailed study of the 

pathogenetic aspects of the developing infectious catastrophe. Besides respiratory distress syndrome, systemic inflam-

matory response syndrome, COVID-19 is characterized by polyvalent disorders of the mechanisms of systemic hemo-

stasis, which has reflected in an increase in the number of venous thromboembolic complications in the overall structure 

of morbidity and mortality. The given literature summarizes the information on COVID-associated coagulopathy and 

its effect on changes in the clinical and epidemiological characteristics of venous thromboembolic complications. 
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Coronavirus infection is an acute respiratory 

infection caused by the SARS-CoV-2 virus, 

which is one of 7 currently known species of 

viruses in the Coronoviride family. For the first 

time, the new type of virus was detected while 

analyzing an outbreak of SARS of an infectious 

nature in the city of Wuhan, (Hubei province, 

China) (CDC, 2019). This pathology was first 

mentioned by the World Health Organization 

(WHO) on December 31, 2019, and by Febru-

ary 11, 2020, the research group of the Interna-

tional Committee on Virus Systematization 

named this infectious agent the SARS-CoV-2 

virus. There was a rapid spread of infection 

among the population of individually devel-

oped countries, by the end of January 2020 

SARS-CoV-2 (2019-nCoV) was declared an 

emergency in the international health system 

(Gallegos, 2019; Atzrodt et al., 2020). In early 

March, WHO gave the new infection the status 

of a pandemic (W.H.O., 2020). In addition to 

extremely high incidence rates, the pandemic is 

characterized by high mortality parameters, 

reaching an average of 10% and increasing in 

the group of elderly and senile patients, as well 

as among patients with an initially compro-

mised state of the respiratory and cardiovascu-

lar systems (Goyal et al., 2020; Lo et al., 2020). 

SARS-CoV-2 belongs to the single-stranded 

RNA-containing viruses of the Coronoviride 

family. Its distinctive morphological feature is 

the presence of specific glycoproteins or 

peplomers on its surface, the combination of 

which gives it the appearance of a crown when 

viewed in electron microscopy. It is the pres-

ence of these peplomers, or spike S – proteins 

that determines the tropism of the virus to the 

human body, mediated through interaction with 

the angiotensin converting enzyme 2 (ACE 2) 

receptor, according to the principle of enzyme 

– substrate interaction. Subsequently, the virus 

– contaminated cells begin to produce inter-

feron gamma, as well as a number of specific 

chemokine ligands, which lead to excessive ac-

tivation of macrophages and the development 
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of an un-controlled inflammatory response 

(Nicholls et al., 2006). Unlike its predecessor, 

the SARS-CoV virus, it has a number of char-

acteristics that determine its pathogenicity and 

virulence. In particular, it has a more compact 

3D conformation of the binding domain, which 

facilitates its interaction with ACE 2. In addi-

tion, SARS-CoV-2 has a furin cleavage site lo-

cated at the S1 / S2 border of the S-spike protein 

12, which facilitates the penetration of the virus 

into the recipient's cell (Oudit et al., 2009). 

Disorders of the blood coagulation system 

occupy one of the key positions in the patho-

genesis of coronavirus infection, being one of 

the main causes of death in the group of patients 

with a high morbid profile (Asakura & Ogawa, 

2021; Dobesh & Trujillo, 2020). At the same 

time, it is not completely clear whether the de-

veloping coagulopathy is directly influenced by 

a viral agent, or is it secondary to the develop-

ing immune-inflammatory response (Zhang et 

al., 2020). The fact is that, interaction with a vi-

ral agent leads to a distortion of the start of com-

pensatory activation of coagulation, aimed at 

isolating the infectious origin, to a pathologi-

cally developing DIC, a syndrome that tends to 

a progressive course (Agbuduwe & Basu, 2020; 

Chan & Weitz, 2020). This is determined, on 

one hand, by the production of a whole spec-

trum of immune-inflammatory complexes with 

a pronounced pleiotropic effect by the host or-

ganism, including anti-inflammatory cytokines 

that activate the coagulation system. On the 

other hand, the activation of the vascular - 

thrombotic link of the hemostatic system due to 

the developing endothelial dysfunction, exactly 

like the procoagulant ability of SARS-CoV-2, 

also potentiates hypercoagulation, which to-

gether determines the development of con-

sumption coagulopathy, with all the complica-

tions that follow from this. In a number of ex-

perimental studies aimed at studying the mech-

anisms of interaction of SARS-CoV-2 with the 

cells of the human body, it was noted that after 

the internalization of the virus into the cell, 

there is a decrease in ACE 2 on its surface. Ini-

tially, this phenomenon was explained as a 

compensatory physiological process aimed at 

reducing viral load and transmembrane diffu-

sion in the epithelium of the respiratory tract. 

However, subsequent observations showed that 

a decrease in the concentration of ACE 2 deter-

mines the accumulation of angiotensin II and its 

excessive activity, including procoagulation 

(Oudit et al., 2009). 

Thus, the study by Kloka et al, based on the 

study of case histories of 184 resuscitated pa-

tients with confirmed coronavirus infection and 

severe bilateral pneumonia, demonstrated the 

role of venous thromboembolic complications 

(VTEC), as well as arterial thrombosis in more 

than 30% of deaths (Kloka et al., 2020). It 

should be noted that the authors emphasize the 

dominant position of VTEC in the overall struc-

ture of mortality, which, according to their data, 

was more than 25% (Oudit et al., 2009). Cui et 

all also reported the incidence of VTEC in 25% 

of the patients studied by him (Cui et al., 2020). 

The results of Poissy J. et al, demonstrated 

approximately comparable epidemiological 

parameters of VTEC in the group of patients 

receiving inpatient treatment in French clin-

ics. According to their data, VTEC as a cause 

of death was up to 20% in a cohort of 100 pa-

tients. The authors note that the incidence of 

VTEC in the group of patients comparable in 

morbid profile, treated for a similar period of 

time 2019, has an almost three-fold nature of 

growth, namely 20% versus 6.1% (Poissy et 

al., 2020). 

A retrospective analysis of the results of re-

suscitation treatment of 80 patients with severe 

coronavirus pneumonia in China determined 

the incidence of VTEC up to 25%, which fully 

coincides with the data of European studies pre-

sented above (Cui et al., 2020). The reliability 

of the data obtained is confirmed by the results 

of pathological - anatomical studies, which is 

opposed to ordinary clinical practice, when the 

frequency of pathomorphological findings of 

VTEC is several times higher than the fre-

quency of intravital diagnoses (Oudit et al., 

2009; Cui et al., 2020). However, microthrombi 

in the pulmonary arterial bed, verified on sec-

tional material, demonstrated a fundamental 

pathogenetic difference between COVID-asso-

ciated coagulopathy and the classical mecha-

nisms of their formation, which only warms up 
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the interest of researchers (Dolhnikoff et al., 

2020). 

Today, many questions remain, for example, 

whether COVID-19 is the direct etiological fac-

tor of these, often fatal complications, or they de-

velop as the infectious process progresses and 

are characteristic of any infection proceeding to 

a severe scenario. The role and causes of these 

disorders, their real frequency, despite the large 

number of works and publications, remains the 

substrate of heated discussions, the tension of 

which is not inferior only to the intensity that 

arises when discussing the issues of therapy and 

prevention of VTEC in coronavirus infection. It 

is the relevance of this issue that prompted our 

literary review (O'Driscoll et al., 2021). 

Currently, it is known that coronavirus en-

ters the human body via ACE 2, which is a 

membrane protein and is widely present in the 

vascular endothelium and cells of the respira-

tory tract (Bikdeli et al., 2020). According to 

Menachery V. D. et al, this histological feature 

makes them the most vulnerable to COVID-19 

(Menachery et al., 2015; Marchand-Senécal et 

al., 2020). Pathomorphological studies of pa-

tients with COVID-19 showed a diffuse lesion 

of the lung parenchyma, manifested by edema 

of the alveoli, the phenomena of exudative in-

flammation, the formation of hyaline mem-

branes, followed by hyperplasia of type II pneu-

mocytes, which is typical for most acute respir-

atory viral infections (Xu et al., 2020). How-

ever, in comparison with other acute respiratory 

viral infections, patients with COVID-19 have 

a delayed onset of respiratory distress syn-

drome, which is characterized by high respira-

tory compliance and a high shunt fraction 

(Zhang et al., 2020). In addition, the work of 

Hamming et all showed a high frequency of 

ACE 2 expression in the endothelial lining of 

venous and arterial vessels, as well as in the 

thickness of their smooth muscle cells, which 

determines the pathogenetic basis of the for-

mation of arterial and venous thrombosis 

(Hamming et al., 2004). 

Initially, a qualitative assessment of the con-

dition of patients with coronavirus infection re-

vealed that certain disorders of hemostasis oc-

cur in 20% of patients, first of all, talking about 

changes in the concentration of D – dimer and 

fibrinogen degradation products (Alsharif & 

Qurashi, 2021; Hamming et al., 2004; Gómez-

Mesa et al., 2021). The pathogenetic justifica-

tion for this phenomenon is the fact that an 

acute inflammatory reaction caused by viral in-

tervention has a pronounced multicomponent 

effect on the parameters of the hemostasis and 

fibrinolysis system. On the one hand, there is a 

decrease in the concentration of C - protein and 

antithrombin circulating in the blood plasma, 

which directly or indirectly leads to an increase 

in the concentration of the plasminogen activa-

tor inhibitor 1, which in turn determines the 

blocking of fibrinolysis processes and the acti-

vation of hypercoagulation processes (Xu et al., 

2020; Hamming et al., 2004; Iba et al., 2020). 

Among the mechanisms of thrombus for-

mation, the phenomenon of systemic hypox-

emia should be noted, which is most pro-

nounced in patients requiring supportive oxy-

gen therapy. Thus, a decrease in the partial ten-

sion of oxygen and hypercapnia has a stimulat-

ing effect on transcription factors inducible to 

hypoxia, the target genes of which determine 

the production of a number of chemical com-

pounds with procoagulant properties (Gupta et 

al., 2019). 

In addition, the patient's native somatic sta-

tus is an extremely important, but often escap-

ing the attention of researchers, risk factor for 

the development of VTEC in the considered 

group of patients. Severe intoxication and de-

hydration caused by physical cooling of termi-

nal patients, as well as concomitant digestive 

disorders in the form of diarrhea, determine vi-

olations of the water and electrolyte balance, 

lead to dominant hemoconcentration and the 

formation of micro- and macrothrombosis 

(Tang et al., 2020). 

Another extremely important risk factor for 

the development of VTEC is a long-term immo-

bilization regime due to the severity of the de-

veloping primary pathology, and aggravated by 

the addition of a secondary infection (bacterial 

or fungal), obesity, and concomitant comorbid 

pathology (Menachery et al., 2015; Zhang et 

al., 2020). It is this postulate of Virchow's triad 

that acquires one of the key positions in relation 
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to terminal patients being treated in the ICU, as 

well as among elderly and senile patients (Chen 

et al., 2020; Santos-Sánchez et al., 2020). 

The leading link in the pathogenesis of se-

vere forms of COVID-19 is the so-called «cy-

tokine storm», mediated by the excessive re-

lease of pro-inflammatory mediators in re-

sponse to an inadequately strong response of 

the immune system (Colling & Kanthi, 2020). 

The latter determine the formation of a vicious 

pathological circle, in which the initial im-

muno-inflammatory complexes determine 

damage to the endothelial lining of the vascular 

wall, which determines the release of even more 

inflammatory mediators, as well as the activa-

tion of the vascular-platelet link of the hemosta-

sis system, due to the exposure of collagen and 

elastin molecules, which determine progression 

of hypercoagulability (Huang et al., 2020). It is 

the damage to the endothelial lining, both pri-

mary and secondary, that many researchers at-

tribute to the role of a trigger of the developing 

cytokine «storm» (Mucha et al., 2020). 

Namely, damage to a cell in the human body 

causes the production of a tissue factor, which 

acts as an initiator of the initiation of hyperco-

agulation processes, mediated through interac-

tion with factor VII in blood plasma (Witkow-

ski et al., 2016). Subsequently, the progression 

of the inflammatory process determines the 

production of tumor necrosis factor, which, 

along with viral endotoxin, leads to the closure 

of the vicious circle of the developing infec-

tious process (Witkowski et al., 2016). A char-

acteristic feature of the considered «cytokine 

storm», in addition to the excessive production 

of immunoinflammatory mediators (Il-1, Il-1, 

tumor necrosis factor, etc.), is the suppression 

of the T – cell link of immunity, in the form of 

a decrease in the number of T – lymphocytes 

and discoordination of T – cellular regulatory 

mechanisms, as well as an increase in the num-

ber of circulating neutrophils and activated 

monocytes. A similar regulatory imbalance be-

tween humoral and cellular immunity often oc-

curs in sepsis, which, in addition to impaired 

adaptive T-cell immunity, is characterized by a 

pronounced systemic inflammatory reaction 

syndrome with symptoms of damage to the en-

dothelial lining of the vascular wall and internal 

organs (Cao, 2020). One of the distinctive char-

acteristics of the new coronavirus infection is 

the low expression of interferon types 1 and III 

against the background of increased production 

of Il-6 and pro-inflammatory chemokines. 

SARS-CoV-2 generates a unique gene signa-

ture enriched for cell death and leukocyte acti-

vation, including transcripts such as IL1A, 

CCL2, CCL8 and CCL11. A significant in-

crease in CXCL9 and CXCL16 (chemoattract-

ants of T or natural killer (NK) cells, respec-

tively), CCL8 and CCL2 (which attract mono-

cytes and/or macrophages) and CXCL8 (classi-

cal chemoattractant of neutrophils) suggests 

that the presence of these cells may be the main 

driving force of the characteristic pathology ob-

served in patients with COVID-19 (Blanco-

Melo et al., 2020). Given this pathogenetic fea-

ture, a number of authors postulate that the ter-

minal stage of COVID-19 is nothing more than 

a variant of viral sepsis, which, unlike other in-

fectious nosologies, has a tendency not to hypo- 

but to hypercoagulation (Iba et al., 2020). It is 

the endothelial dysfunction that progresses at 

the height of the «cytokine storm» that a num-

ber of authors give priority when considering 

the issues of COVID-associated coagulopathy, 

and the level of blood-soluble thrombomodulin 

is assigned the role of a predictor of an unfavor-

able outcome (Goshua et al., 2020; Katneni et 

al., 2020). The Goshua G. еt al. study included 

68 patients with confirmed SARS-CoV-2 – as-

sociated pneumonia. At the same time, 48 pa-

tients were in the ICU on artificial lung ventila-

tion (ALV), the remaining 20 patients received 

inpatient treatment and were on supportive ox-

ygen therapy. Research results demonstrated an 

increase in the level of D-dimer, thrombin – an-

tithrombin, von Willebrand factor in all the pa-

tients under consideration. However, in the 

group of patients in the ICU, these indicators 

were significantly higher (P < 0.001). Plasma 

plasminogen activator was increased in 96% of 

the subjects. In addition, a number of research-

ers suggest that progressive endothelial dys-

function determines the activation of the com-

pliment system with developing thrombotic mi-

croangiopathy, similar to microangiopathy as-
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sociated with he-molytic uremic syndrome 

(Goshua et al., 2020; Lippi et al., 2019). Stud-

ying changes in the parameters of the hemosta-

sis, the researchers found that an increase in the 

level of soluble thrombomodulin correlates 

with patient survival, namely, exceeding the 

threshold value (3.26 ng/ml) is associated with 

death (p = 0.0087) (Guan et al., 2019). The 

most persistent disorders in the hemostasis in 

the group of patients with COVID-19 are man-

ifested in thrombocytopenia, and an increase in 

the level of D-dimer, which is directly propor-

tional to the clinical outcome of the disease, as 

well as the need and duration of mechanical 

ventilation (Fogarty et al., 2020). The first data 

on the predictive value of the D-dimer level 

were published by Chinese researchers. Thus, 

the authors observed an increase in its level > 

> 0.5 mg / l in 46–63% of the studied patients 

(Guan et al., 2019). In another study, it was 

noted that the level of D-dimer > 1 mg / l is as-

sociated with an 18-fold increase in the risk of 

death (Zhou et al., 2020; Gao et al., 2020). 

Thus, in the study by Tang N et all, the results 

of treatment of 183 patients with COVID-19 

were analyzed. In the general group of patients, 

21 deaths were recorded, which amounted to 

about 12%. Among the dead patients, signifi-

cantly higher levels of D-dimer and fibrin deg-

radation products were noted (3.5 versus 1.9), 

an increase in prothrombin time by 14% (p < 

< 0.0001). In addition, more than 70% of pa-

tients who died met the criteria of the Interna-

tional Society of Thrombosis and Hemostasis 

for DIC, compared with only 0.6% of surviving 

patients (Tang et al., 2020). At the same time, 

coagulopathy associated with COVID-19 has 

clear differences both from the classic DIC syn-

drome and from sepsis. These include: low con-

sumption of platelets and blood plasma coagu-

lation factors (primarily fibrinogen), an ex-

tremely low percentage of hemorrhagic compli-

cations, as well as involvement of the pulmo-

nary microvasculature in the primary patholog-

ical process, with the development of «pulmo-

nary microvascular angiopathy» (Fogarty et al., 

2020). 

It should be noted that the use of hormonal 

drugs, immunoglobulins in terms of the patho-

genetic treatment regimen, as well as catheteri-

zation of the central veins and artificial ventila-

tion of the lungs, which are integral attributes 

of patients in an extremely difficult clinical sit-

uation, potentiate the activation of the vascular-

platelet link of the hemostatic system and in-

crease the risks of development VTEC (Huang 

et al., 2020). Obviously, severe forms of the 

disease are much more often complicated by 

VTEC, and pulmonary embolism (PE) in par-

ticular. In one of the European studies, which 

included the experience of treating more than 

180 patients with confirmed coronavirus infec-

tion, it was found that the diagnosis of PE was 

verified in more than 13% of patients. At the 

same time, all patients with COVID-19 pro-

ceeded in a severe form (Klok et al., 2020). In 

addition, a number of authors note that the phe-

nomena of cardiovascular failure and pulmo-

nary hypertension, acting both as a premorbid 

background and as a complication of corona-

virus infection, should also be considered as 

factors causing the development of the BODY 

in COVID-19 (Driggin et al., 2020). So, ac-

cording to a number of authors, markers of my-

ocardial damage (Troponin T and I) is a factor 

in the development of unfavorable complica-

tions. According to the observations of other re-

searchers, the accumulation of cardioselective 

enzymes requires a more detailed diagnosis and 

can be observed both in nonspecific myocardial 

damage, renal pathology, contributing to the vi-

olation of their excretion in the urine, and also 

be a qualitative sign of acute right ventricular 

failure in PE (Januzzi, 2020). The authors de-

clare a similar tactical approach in relation to 

the prognostic significance of natriuretic pep-

tide (Cao, 2020). Shi et al in their study proved 

that the presence of pathology of the cardiovas-

cular system, primarily coronary heart disease, 

postinfarction cardiosclerosis, atherosclerotic 

lesions of the main arteries, at the time of 

COVID-19 disease significantly increases the 

risks of VTEC (Shi et al., 2020). 

An extremely important point is the diffi-

culty of the initial diagnosis of VTEC, in par-

ticular PE, occurring against the background of 

COVID-19. A similar situation is determined 

by masking the classic manifestations of PE un-
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der the symptoms of respiratory failure caused 

by viral pneumonia (Langer et al., 2020). In 

turn, the maximum concentration of clinicians 

on the respiratory status of patients determines 

their lack of attention to the signs of deep vein 

thrombosis (DVT) (Sodhi et al., 2018). Thus, 

the results of treatment of patients with new 

coronavirus infection at the University Hospital 

of Amsterdam showed that VTEC occurred in 

more than 22% of cases. Moreover, in 7.1% of 

cases, they were accidental findings during the 

screening follow-up examination, within the 

framework of standards of treatment of highly 

morbid patients in ICU conditions (Chi et al., 

2020). However, the authors of this study made 

an important note that screening for DVT was 

performed in only 28% of the subjects, and with 

regard to verification of PE only for strict indi-

cations, which allows us to speak of higher ep-

idemiological characteristics in terms of the to-

tal number of patients (n = 199) (Gibson et al., 

2017). In one of the first reports from China, 

which cited the experience of treating patients 

with COVID-19 in the absence of routinely 

used thromboprophylaxis, the number of veri-

fied DVTs was 25% (Cohen et al., 2016). In 

turn, the material of colleagues from the 3 larg-

est anti-cavid hospitals in Amsterdam demon-

strates the incidence of VTEC in 37% develop-

ing against the background of heparin prophy-

laxis (Chi et al., 2020). Moreover, PE was 

found in more than 80% of the cases under con-

sideration (Chi et al., 2020). 

It should be noted that in a number of studies 

based on the experience of performing patho-

morphological studies, there was a quantitative 

discrepancy between the diagnoses of PE and 

DVT (Gibson et al., 2017; Thachil et al., 2020; 

Zhao et al., 2021). Many researchers emphasize 

the fact that COVID-associated VTECs have 

pathognomonic anatomical localization. 

Namely, the thrombotic process in patients with 

COVID-19 usually has a distal localization, in 

the area of bifurcation of small venous tributar-

ies, which determines an increase in the relative 

frequency of development of thrombosis of the 

sural veins and peripheral forms of PE in the 

general structure of VTEC (Chi et al., 2020; 

Gibson et al., 2017). In addition, in a number of 

works, the idea of the prevalence of Thrombo-

embolism of pulmonary artery in situ in the 

structure of VTEC is expressed. A similar situ-

ation is determined by the fact that in more than 

70% of patients with PE, the source of throm-

boembolic substrate formation was not found, 

and PE was of a diffuse peripheral nature, rem-

iniscent of the type of ascending secondary 

thrombosis when analyzing materials of X-ray 

contrast research methods (Cohen et al., 2016). 

Thus, an analysis of modern literature 

demonstrates a close relationship between the 

gaining momentum of COVID-associated 

pneumonia and multifaceted mechanisms of 

disruption of coagulation processes. Despite the 

large number of works highlighting certain as-

pects of the diagnosis and treatment of COVID-

19, the pathogenetic basis of the developing in-

fectious process has not been fully understood 

(Becker, 2020).  

The extremely high epidemiological data of 

VTEC presented in the review are only «rela-

tively» reliable, since the use of instrumental 

verification methods, in most percent of the 

studies, was associated only with the manifes-

tation of obvious clinical signs of a developing 

thromboembolic process. Therefore, an ex-

tremely important point in the treatment strat-

egy for patients with COVID-19 many re-

searchers consider the mandatory routine use of 

duplex scanning of the arteries and veins of the 

lower extremities, transthoracic echocardiog-

raphy, as well as the use of rating scales for the 

risk of VTEC among patients who are both in-

patient and in ICU. Performing MSCT – angi-

ography is an important screening method of 

examination in the group of patients in the ICU, 

and also requires a revision of the issue and the 

expansion of indications for MSCT – angi-

ography among general inpatients. A deeper 

study of the risk of thromboembolic complica-

tions associated with COVID-19 will allow op-

timizing diagnostic algorithms for managing in-

terested patients, and will also provide answers 

to the questions of choosing a strategy for the 

prevention and treatment of VTEC (Aryal et al., 

2020). The expediency of this approach is de-

termined not so much by the high epidemiolog-

ical values of VTEC, but also by completely 
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different pathogenetic mechanisms of develop-

ment, which ultimately determines the diffi-

culty of early verification of the true diagnosis 

(Marietta et al., 2020). 
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