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Abbreviations

ASA Acetylsalicylic acid

ATE Arterial thromboembolism
COVID-19  Coronavirus disease 2019
CTPA CT pulmonary angiography
DVT Deep venous thrombosis
HFU Unfractionated heparin
ICU Intensive care unit

LMWH Low-molecular-weight heparin
PE Pulmonary embolism

VTE Venous thromboembolism
VUS Venous ultrasound

Patients with coronavirus disease 2019 (COVID-19) are exposed to an increased
risk for thromboembolic complications. Thromboembolic events that frequently
occur in COVID-19 are most often located in the lungs and are more common in
severe COVID-19; thromboembolic events are also associated with significantly
higher mortality rates in patients with severe COVID-19 [1-3]. Macroscopic throm-
bus formation or in situ thrombosis in the branches of pulmonary arteries are found
in 60% of deceased COVID-19 patients [4]. Apart from significant generalized pul-
monary tissue oedema, autopsy examinations reveal massive inflammatory
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infiltration of leukocytes within endothelial cells (mainly neutrophils) and micro-
thrombosis in pulmonary capillaries, including alveolar septal capillaries [5].
Thrombotic events can also affect medium-sized vessels, leading to pulmonary
infarction [5]. The pathogenesis of thromboembolism in COVID-19 is not fully
understood, but it is known to involve hypoxemia, excessive inflammatory response,
endothelial cell damage, impaired blood flow, and platelet activation.
Thromboembolism is common in hospitalized patients, especially in critically ill
patients. The prevention and optimal treatment of thromboembolic episodes is still
a matter of debate and research. This chapter discusses the main aspects of epidemi-
ology and risk factors, pathophysiological mechanisms, diagnosis, and management
of thromboembolic events in COVID-19 patients.

Epidemiology

Thromboembolism in patients with COVID-19 most often manifests as venous
thromboembolism (VTE), such as pulmonary embolism (PE) and/or deep vein
thrombosis (DVT), and less often by arterial thromboembolism (ATE). An increased
risk of blood clots in COVID-19 patients is well documented. An increased inci-
dence of thromboembolic events in COVID-19 patients was first reported as early
as at the beginning of the COVID-19 outbreak.

Klok et al. reported that 31% of 184 patients in intensive care unit (ICU) with
proven pneumonia secondary to COVID-19 who received usual-care thrombopro-
phylaxis experienced thromboembolic events, including VTE confirmed by com-
puted tomography pulmonary angiography (CTPA) and/or ultrasonography of the
lower extremity veins (VUS) (27% of patients), and arterial thromboembolism
(3.7% of patients) [2]. In another single center observational study by Lodigiani
et al. on a group of 388 patients with COVID-19 infection, including 17% of ICU
patients, as many as 21% of ICU patients had VTE despite thromboprophylaxis, and
half of the VTE cases were diagnosed within the first 24 h of hospitalization.
Overall, VTE occurred in 4.4%, ischemic stroke in 2.2%, myocardial infarction in
1.1% of these patients [6]. In an observational study by Middeldorp et al. of 199
COVID-19 patients, including 38% of ICU patients, 47% of ICU patients developed
VTE despite standard thromboprophylaxis, of which 16% within the first 7 days of
admission [3].

The frequency of VTE in patients with COVID-19 varies considerably. In 15
observational studies carried out worldwide, the frequency of VTE was 0.9-69%
(6.7-69% in ICU patients and 0.9-6.5% in non-ICU patients) [7]. The incidence of
VTE was significantly higher than that of ATE (2.7-3.8%) [7]. PE in ICU patients
occurred in 16.7% to 35% of critically ill COVID-19 patients, DVT—in 0.5% to
69% of ICU patients, and in 0% to 46.1% of non-ICU patients [7]. The difference in
the incidence rates of VTE, PE, and DVT can be attributed to the various diagnostic
strategies and algorithms used across hospital departments. In another meta-analysis
by Porfidia et al. based on observational studies of 3487 patients hospitalized for
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COVID-19 in 30 sites, the risk of VTE was estimated at 26%. PE with or without
DVT was diagnosed in 12% of patients, and DVT alone in 14% of patients. In sites
that used a standard diagnostic algorithm to confirm VTE, PE was diagnosed in
13% of patients and DVT in 6% of patients. As for sites that used a diagnostic algo-
rithm other than the standard one, PE was diagnosed in 11%, and DVT in 24% of
patients [8]. There was also a large difference in the incidence of VTE between
hospitalized ICU and non-ICU patients. VTE was diagnosed in 24%, PE in 19%,
and DVT alone in 7% of patients receiving ICU care. The incidence of PE was much
lower among hospitalized non-ICU patients—9% for VTE in total, 4% for PE, and
7% for DVT [8]. In another meta-analysis of 48 studies by Jimenez et al., the total
incidence of VTE was estimated at 17.3% of hospitalized COVID-19 patients, of
which two-thirds had DVT and one-third had PE [9]. Distal DVT, catheter-related
thrombosis associated with the use of a central venous catheter, or subsegmental PE
were diagnosed in a significant proportion of these patients, which may be associ-
ated with a local inflammatory response to COVID-19 [9].

These observations are consistent with the data collected in a multicenter obser-
vational study by Japanese investigators on a group of 1236 COVID-19 patients—
VTE was diagnosed in 22.2% of these patients. The overall incidence rates of VTE
varied depending on the severity of COVID-19: 40% with severe COVID-19
(patients who required mechanical ventilation), 11.8% with moderate COVID-19
(patients who required oxygen therapy), and 0% with mild COVID-19 (patients
who did not require oxygen therapy) [10].

Pathogenesis

The pathogenesis of thromboembolic complications in patients with COVID-19 is
complex and multifactorial [11]. The frequency of VTE in COVID-19 is higher than
in other viral diseases, such as infections with HIN1 influenza or SARS-CoV-1,
which suggests the involvement of other pathogenetic mechanisms of VTE, although
the different research methods used can make such comparison difficult [11-13]..
VTE is also much more prevalent in COVID-19 than in acute respiratory distress
syndrome (ARDS), which indicates that other additional mechanisms can contrib-
ute to the increased risk of VTE, in addition to severe and acute respiratory insuffi-
ciency and immobilization [14]. In post-mortem studies of patients who died of
acute respiratory failure in the course of COVID-19 infection, diffuse alveolar dam-
age with hyaline membrane formation and atypical type II pneumocyte hyperplasia
were predominant in histopathological examinations. Most lung autopsies (33/38)
reported platelet—fibrin thrombi in the small pulmonary vasculature [15].

Blood clots in small pulmonary vessels may result from in situ immune-mediated
thrombosis and/or classic VTE, or both [11]. Coagulopathy typical of COVID-19
includes mild thrombocytopenia, slightly prolonged prothrombin time, and eleva-
tion of fibrinogen and D-dimer [11, 16]. These abnormalities are not specific for
COVID-19 as they also occur in sepsis-induced coagulopathy (SIC) and in
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disseminated intravascular coagulation (DIC) [17]. The activity of von Willebrand
factor (vWI) is typically increased. There is also an increase in inflammatory mark-
ers: ferritin, C-reactive protein, procalcitonin, and leukocytosis. Lymphopenia and
neutrophilia have been reported [11]. Typically, the levels of antithrombin, protein
C/S, and alpha-antiplasmin-endogenous anticoagulants in COVID-19 infection are
normal, which distinguishes COVID-19-associated coagulopathy from DIC [18].
Damage to the vascular endothelium induced by the virus and the resulting endothe-
lial dysfunction is an important feature in the pathogenesis of COVID-19-associated
thromboembolism. A healthy endothelium provides immune and barrier functions
and is also responsible for regulating vascular tone. Activation of endothelial cells
and reduction of endothelium-dependent vasodilation promote the development of
inflammation and thrombosis [11]. Also, the synthesis of nitric oxide and prostacy-
clin was found to be impaired in patients with COVID-19 [19]. The vascular tone is
also mediated by the local renin angiotensin aldosterone system (RAAS). ACE2
enzyme produces Ang-(1-7) from angiotensin II (AnglI), which prevents the accu-
mulation of Angiotensin II to protect the body against excessive vasoconstriction.
The SARS-CoV-2 virus suppresses the ACE2 receptor by internalization and inhib-
its its activity, which causes secondary accumulation of AnglI and excessive vaso-
constriction mediated by Angll, and the activation of TF and PAI-1 expression on
platelets, which promotes intravascular coagulation and pulmonary tissue damage,
and can contribute to thromboembolic events [11, 20]. The ACE2/AnglII imbalance
may be associated with an increased risk of severe COVID-19 and thromboembolic
events among patients with diabetes, heart failure, and arterial hypertension [11]. It
is not entirely clear whether ACE2 is present in endothelial cells, however, it was
confirmed to be present in pericytes (undifferentiated mesenchymal stem cells that
encompass blood vessels and surround endothelial cells) [21]..

COVID-19 infection can be accompanied by increased coagulation and fibrino-
lysis impairment. As a result of endothelial cell damage and dysfunction, collagen
and the tissue factor present in the subendothelial layer become exposed, an exog-
enous coagulation process is activated, fibrinogen is converted to fibrin, and a plate-
let plug is formed. The tissue factor expression is also mediated by pro-inflammatory
cytokines on macrophages and platelets [11]. The endogenous system is activated
on contact between coagulation factor XII (Hageman’s contact factor) and kallikre-
ins, collagen, and kininogens (plasma proteins). This results in the formation of
active factor XII and a cascade reaction that leads to the development of clinically
important clots. Endothelial cell activation markers such as von Willebrand factor,
factor VIII, and P-selectin are elevated in COVID-19 infection. Their presence in
patients with COVID-19 is associated with a worse prognosis [18]. Fibrinolysis is
impaired in COVID-19 patients. The levels of plasminogen activator inhibitor PAI-1
increase, ultimately leading to impaired fibrin degradation [18].

Blood platelets clearly play an important role in blood clot formation in
COVID-19 infection. Unlike DIC, platelet levels are normal or only slightly
decreased. However, platelets can be hyper-activated [22]. Elevated levels and activ-
ity of the von Willebrand factor were observed in patients with COVID-19, which
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promotes the formation of primary platelet plug and stimulates the activation and
aggregation of blood platelets [18]. Hypoxia has been reported in moderate to severe
COVID-19 infections [11]. Endothelial cell become dysfunctional in response to
hypoxia, and hypoxia-induced transcription factors (HIF) are expressed in endothe-
lial cells and immune cells. HIFs promote thrombosis by stimulating the release of
PAI-1, pro-inflammatory cytokines TNFa, IL-2, and by reducing thrombomodulin
expression [23]. The activation of HIFs can trigger an excessive immune
response [11].

COVID-19 infection is associated with impaired regulation of the immune sys-
tem, which promotes blood clots. Uncontrolled excessive release of pro-
inflammatory cytokines has been reported in severe COVID-19. This process,
referred to as a “cytokine storm,” is believed to be one of the key mechanisms lead-
ing to the critical deterioration in COVID-19 and an increased risk of thromboem-
bolic events [24-26]. During COVID-19 infection, the concentration of cytokines
and chemokines such as IL-2, IL-6, TNFa, INFv increases, which exacerbates
inflammatory and pro-thrombotic reactions [11, 26]. Patients with COVID-19 expe-
rience excessive complement activation, mainly associated with the deposition of
C5b-9 complex in the lung tissue, which promotes microthrombosis [27].

Higher levels of WBC count are observed in COVID-19 infection. Pulmonary
post-mortem findings revealed massive leukocyte infiltration patterns in the lung
tissue [5]. Leukocytes promote the growth of thromboembolic lesions. Neutrophils
are hyperactivated in patients with COVID-19, which leads to excessive expulsion
of neutrophil extracellular traps (NETs). These are not effectively eliminated from
the body. The role of NETs is to catch pathogens such as viruses and bacteria, but
they can damage the body’s own tissues when in excess. This is because proteases
in NETs, including neutrophilic elastase, can facilitate viral entry into cells by mod-
ifying surface proteins in the viral envelope. In addition, they promote the formation
of blood clots and the activation of the complement system [11, 28].

Genetic risk factors can also predispose to VTE. In addition to the known classic
types of thrombophilia, such as protein C or S deficiency, antithrombin deficiency,
mutation of the prothrombin gene or factor V Leiden, blood groups ABO may also
be predisposed to severe COVID-19 and thromboembolic complications [11].
Patients with blood group A were shown to have a higher risk of severe COVID-19,
and the blood group O may have a lower risk of severe COVID-19 illness. This is
believed to be associated with the fact that individuals with blood group O have
significantly lower expression (c. 25%) of vWEF, which is necessary platelet activa-
tion [29]. In addition, anti-A antibodies can inhibit the interaction of SARS-Cov-2
with the ACE2 receptor [30]. There are also other known risk factors for VTE in
COVID-19 patients, such as older age, immobilization, comorbid cancer, heart fail-
ure, chronic respiratory failure, obesity, hormone therapy, etc., which increase the
risk of VTE [31]. A meta-analysis by Cui et al. identified male gender, obesity,
mechanical ventilation, significant lung parenchymal injury, admission to ICU, and
elevated D-dimers and white blood cells at two time points, on admission and before
CTPA, as the risk factors for PE in patients with COVID-19 [32].
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The Diagnosis of VTE in COVID-19

Diagnostic testing for VTE in patients with COVID-19 may be difficult, but is rec-
ommended in international guidelines; the diagnostic approach is similar in patients
with COVID-19 and in non-COVID-19 individuals. VTE in COVID-19 patients
should be suspected in the case of: a rapid increase in hypoxemia, increasing oxy-
gen requirements disproportionate to changes in lung parenchyma, sudden drops in
blood pressure unexplained by other reasons, or the worsening of tachycardia.
CTPA remains the key diagnostic examination for VTE in COVID-19 patients
(Fig. 12.1). Venous compression test of the lower extremities should be performed
when symptoms of deep vein thrombosis in the legs are present. VUS can be a valu-
able diagnostic examination especially where VTE is suspected and imaging tests
may be difficult, in unstable patients, in patients requiring high-flow nasal cannula
oxygenation, CPAP or intubation. In this case, the diagnosis of venous thrombosis
validates the presence of VTE and drives the initiation of anticoagulant treatment,
but a negative result does not exclude VTE [33]. Right ventricle dysfunction and
signs of right ventricle pressure overload are common in patients with moderate to
severe COVID-19-related ARDS. A transthoracic echocardiogram (TTE) is not a
routine diagnostic test for VTE, but is used for risk stratification in pulmonary

Fig. 12.1 Acute pulmonary embolism in patients with COVID-19 pneumonia. Emboli present in
right upper lobe artery (a) and intermediate and left lower lobe artery (b) at CT pulmonary angi-
ography. Bilateral lung involvement and ground-glass opacities at high-resolution CT lung scan (c)
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embolism. In some clinical situations, the signs of severe right ventricular dysfunc-
tion in an unstable patient or the presence of thrombi in the right heart cavities may
warrant anticoagulation or even thrombolytic therapy [34].

D-dimer serves as a valuable marker of activation of the coagulation and fibrino-
lysis systems [35]. D-dimer is a two-peptide fragment formed from the enzymatic
breakdown of cross-linked fibrin. D-dimer is a highly sensitive, yet not very specific
marker in the diagnosis of VTE. D-dimer levels are elevated in most patients with
SARS-CoV-2 infection [36]. Already in the early stages of the COVID-19 outbreak
in Wuhan, almost half of the patients hospitalized for COVID-19 were reported to
have elevated levels of D-dimers >500ug/l. Elevations in D-dimers were found in
43% of patients with milder COVID-19 and in 60% of those with severe COVID-19
disease [37]. D-dimer increases in the first day after the infection, and the D-dimer
value has been reported to be a valuable predictive and prognostic marker as far as
the risk of severe COVID-19 is concerned [38—40]. D-dimer value can be used as a
screening test for VTE [41]. COVID-19 patients with VTE events exhibit higher
D-dimer levels than COVID-19 patients without VTE [41]. No optimal cut-off point
for D-dimer has been established for diagnosing VTE. Mouhat et al. concludes that
D-dimer of 2590 pg/L is predictive of pulmonary embolism in patients with
COVID-19 with 83% sensitivity and 84% specificity [42]. Three cut-off points for
D-dimer and associated risk of VTE were identified in a study of 1739 patients hos-
pitalized for COVID-19. D-dimer <1000 pg/L was associated with a low risk of
VTE, D-dimer of 1000-7500 pg/L with an intermediate risk of VTE, and D-dimer
>7500 pg/L with a high risk of VTE in patients with COVID-19 [43]. Kwee et al.
analyzed 71 studies of patients with COVID-19 with known D-dimer values who
also underwent CTPA and proposed a D-dimer value of at least 1000 pg/L as the cut-
off point above which CTPA should be carried out to confirm or rule out VTE [44].

Treatment

The management of confirmed new cases of VTE in patients with COVID-19 does
not differ from the generally accepted standards of care in VTE [33, 45]. Hospitalized
COVID-19 patients with coexisting VTE may benefit more from low-molecular-
weight heparin (LMWH) or unfractionated heparin (HFU) than from other antico-
agulants due to the lower risk of interactions with antiviral drugs and easier options
to reverse the anticoagulant effect in the event of an overdose. Moreover, patients on
LMWH do not require additional coagulation monitoring, which means healthcare
professionals caring for infected patients are exposed to a lower risk of contracting
COVID-19 [33]. Apart from individual case studies, there are no comprehensive
studies that examine the thrombolytic therapy for VTE in patients infected with
COVID-19, but it should be assumed that the patient management is essentially
consistent with the generally accepted standards of care in VTE [33, 45]. Single
cases of successful interventional treatment or cardiac surgery in patients with coex-
isting PE and COVID-19 have also been reported [46, 47].
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The duration of anticoagulation treatment following an episode of VTE associ-
ated with COVID-19 infection remains controversial. Anticoagulation should last
3 months in moderate to severe COVID-19 infection as a strong reversible risk fac-
tor for thromboembolic complications. In VTE associated with mild COVID-19,
this risk factor is rather weak and chronic anticoagulation should be continued for a
longer period, with regular assessment of the benefit-risk ratio. Long duration of the
symptoms of exercise dyspnea, weakness, and fatigue are arguments in favor of
extended anticoagulation therapy in COVID-19-associated VTE as these symptoms
may indicate persisting lesions in the lung parenchyma or vessels and an increased
risk of developing chronic thromboembolic pulmonary disease.

Patients receiving anticoagulants at diagnosis of COVID-19 should continue
their treatment and the form of treatment should not be modified, to the extent pos-
sible. Except for critically ill patients or patients with artificial heart valves, DOACs
are the optimal form of chronic anticoagulation because of the predictable intensity
of blood thinning and less frequent treatment monitoring.

Thromboprophylaxis in Patients with COVID-19

Thromboprophylaxis reduces the risk of VTE in hospitalized patients with pneumo-
nia, heart failure, cancer, and in immobilized patients [40]. Antithrombotic prophy-
laxis should be initiated on admission in all COVID-19 patients, unless it is
contraindicated. The doses of antithrombotic prophylaxis have not been yet agreed.
In observational studies of patients with COVID-19, a standard dose of low-
molecular-weight heparin prophylaxis in all COVID-19 patients was associated
with a 21-31% risk of symptomatic VTE [2, 48]. Novel oral anticoagulants or the
additional use of acetylsalicylic acid in the context of the pathogenesis of VTE in
COVID-19 have also caught the attention of researchers. The differences in interna-
tional guidelines on the use of anticoagulation for thromboprophylaxis in patients
with COVID-19 reflect these uncertainties. However, all guidelines highlight the
importance of individual decision making according to the assessment of VTE risk
factors profile and bleeding risk [33, 49-51] The guidelines of the American Society
of Hematology recommend primary antithrombotic prevention at a standard low
dose, while the International Society of Thrombosis and Hemostasis recommends
higher (intermediate) prophylactic doses for patients at the highest risk (critically ill
ICU patients) [51].. Based on recent studies, it has been suggested that therapeutic
doses should be considered in hospitalized patients with significantly elevated
D-dimers [52, 53]. When the contraindications to pharmacologic thromboprophy-
laxis exist, mechanical methods should be considered, most preferably graduated
compression stockings or intermittent pneumatic pressure.

In a meta-analysis by Jimenez et al. covering 48 studies describing the epidemi-
ology of VTE in hospitalized COVID-19 patients, no significant differences were
found in the incidence of VTE depending on the dose of low-molecular-weight
heparin used in hospitalized COVID-19 patients [9]. The combined total bleeding
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rate was 7.3% [9]. It was the highest in patients on intermediate or high dose LMWH
(21.4%), and was significantly higher than in patients receiving standard primary
thromboprophylaxis (5%), or in patients who did not receive any prophylaxis (4%)
[9]. Major bleeding events occurred in 3.9% of patients [9].

In a multicenter prospective study (The HEP-COVID Randomized Clinical
Trial), 557 critically ill patients with severe COVID-19 were randomized. Indications
for treatment with therapeutic doses of LMWH were defined as D-dimer levels at
least four times the upper limit of normal and a sepsis-induced coagulopathy score
(SIC) of 4 or higher. The patients were randomized into two groups—standard
thromboprophylaxis or extended LMWH or HFU thromboprophylaxis. The second
group received therapeutic-dose LMWH. The therapeutic-dose LMWH was found
to reduce the risk of the composite outcome of VTE, ATE, and all-cause mortality
in patients hospitalized for COVID-19, but no benefit accrued to patients receiving
ICU care [52].

The RAPID study assessed the effectiveness of therapeutic heparin (LMWH or
UFH) compared with prophylactic heparin among moderately ill hospitalized
patients with COVID-19. The study enrolled 465 hospitalized COVID-19 patients
with increased D-dimer levels within 5 days of hospital admission and oxygen satu-
ration <93% on room air or D-dimer >2 times ULN with normal saturation.
Moderately ill patients were defined as patients hospitalized but not requiring
mechanical ventilation on admission (non-ICU on admission) [54]. The primary
outcome was a composite of death, invasive mechanical ventilation, non-invasive
mechanical ventilation, or admission to an intensive care unit, assessed up to 28 days
of observation. The primary outcome was not achieved in patients assigned to thera-
peutic heparin, but a reduced mortality rate and low risk of bleeding were observed
[54]. Major bleeding occurred in 0.9% of patients assigned to therapeutic heparin
and in 1.9% of patients assigned to prophylactic heparin [54].

In a joint open-label randomized trial, REMAP-CAP, ACTIV-4a, and ATTACC
investigators assessed whether moderately ill patients hospitalized for COVID-19,
i.e., those requiring non-ICU hospitalization, could benefit from additional
therapeutic-dose anticoagulation [53]. The study enrolled 2219 patients hospital-
ized for COVID-19 who were noncritically ill and did not require organ support in
an intensive care unit on admission [53]. The patients were randomized to receive
either therapeutic-dose anticoagulation or usual-care pharmacologic thrombopro-
phylaxis. The primary outcome was combined in-hospital death and the number of
days free of cardiovascular and/or respiratory organ support up to day 21 observa-
tion. Of the 1093 patients in the therapeutic-dose anticoagulation group, 94.7%
received a LMWH, most commonly enoxaparin. Among the 855 patients in the
thromboprophylaxis group, 71.7% received a low dose of a thromboprophylactic
drug and 26.5% received an intermediate dose. In the therapeutic-dose anticoagula-
tion group, 82.2% of patients survived until hospital discharge without receipt of
organ support during the first 21 days of observation, as compared with 76.4% of
patients in the usual-care thromboprophylaxis group. Therapeutic-dose anticoagu-
lation with heparin decreased ICU care and organ support (oxygen delivered by
high-flow nasal cannula, NIV/CPAP, mechanical ventilation, or the use of
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vasopressors or inotropes) in patients stable at enrollment and these benefits were
most pronounced in patients with high levels of D-dimer (>2 times the upper limit
of the normal range [ULN]) [53].

REMAP-CAP, ACTIV-4, and ATTACC investigators also assessed whether the
use of therapeutic-dose LMWH in patients requiring ICU could bring additional
benefits. A total of 1098 patients were enrolled, 534 assigned to therapeutic-dose
anticoagulation and 564 assigned to usual-care thromboprophylaxis. The primary
outcome—a composite of organ support-free days and in-hospital death rates evalu-
ated on an appropriate scale, and the number of days free of cardiovascular or respi-
ratory organ support up to day 21 among patients who survived to hospital
discharge—was not obtained in the therapeutic-dose anticoagulation group [55].
ICU patients did not benefit from more intensive therapeutic-dose anticoagulation,
which involves a higher risk of major bleeding. Major bleeding occurred in 3.8% of
the patients assigned to therapeutic-dose anticoagulation and in 2.3% of those
assigned to usual-care pharmacologic thromboprophylaxis [55].

Another prospective multicenter study with the acronym ACTION assessed the
benefits of therapeutic-dose anticoagulation with the use of novel oral anticoagu-
lants compared with prophylactic-dose anticoagulation [45]. Patients receiving
therapeutic-dose anticoagulants received rivaroxaban 20 mg or 15 mg 1x daily if
diagnosed with renal failure of GFR 30-40 ml/kg/min or concomitantly using
azithromycin. If the patient was unstable at baseline, LMWH 1 mg/kg 2x daily or
therapeutic dose of HFU was administered. Patients assigned to anticoagulants at
prophylactic dose received LMWH or HFU. Patients with confirmed diagnosis of
COVID-19 admitted to hospital were enrolled. Inclusion criteria also included
D-dimer above the upper limit of normal [45]. Both stable non-ICU and unstable
ICU patients were enrolled in the study, although the majority of study subjects
were stable noncritically ill patients (elevated D-dimer). A hierarchical composite
endpoint was composed of death, duration of hospitalization, and number of days
with oxygen therapy at the end of 30 days. 615 patients were enrolled, randomized
to therapeutic versus prophylactic anticoagulation in equal proportions. It was dem-
onstrated that the therapeutic-dose anticoagulation did not improve prognosis and
was related to an increased risk of major bleeding. Major bleeding was observed in
8% of patients receiving therapeutic-dose anticoagulation and in 2% of patients
assigned to prophylactic-dose anticoagulation [45].

A retrospective observational study by Chow et al. enrolled 412 patients hospi-
talized for COVID-19, of whom 98 (23.7%) received additional acetylsalicylic acid
(ASA) during the first 24 hours of hospitalization or within 7 days before admis-
sion. It was found that the use of ASA was associated with a lower frequency of ICU
admission, mechanical ventilation, and in-hospital death [56]. There were no differ-
ences in terms of major bleeding or thrombosis between ASA users and non-users
[56]. Another prospective randomized trial REMAP-CAP investigated standard
therapy with or without 150 mg of ASA in hospitalized patients with COVID-19
[57]. The primary outcome was 28-day mortality. Almost all patients in the study
group received thromboprophylaxis. 34% of patients were receiving thrombopro-
phylaxis with extended-dose LMWH, 60% of patients were administered standard
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dose LMWH, and 7% of patients were not receiving any thromboprophylaxis. A
total of 7351 patients were randomly allocated to usual care plus ASA and 7541
were randomly allocated to usual care alone. The mortality rate was similar in both
groups, 17% among patients in the ASA group vs. 17% of patients in the usual care
group. No additional benefits, reduced mortality or lower risk of progressing to
invasive mechanical ventilation were found in the group receiving usual care plus
ASA. However, ASA was associated with a reduced duration of hospitalization of
the patients who survived [57].

In patients with mild COVID-19 who do not require hospitalization, the general
recommendations to reduce the risk of VTE should be kept in mind: drinking
1.5-2.0 I of water per day, and avoiding immobilization, tight clothing, and alcohol
consumption. Routine thromboprophylaxis is not recommended in these patients
[50, 58]. It can be considered individually in patients at high risk of VTE from other
causes with a low risk of bleeding [50].

Selected patients with an increased risk of VTE hospitalized for COVID-19 may
benefit from primary post-discharge thromboprophylaxis extended to 35 days after
discharge. This approach is based on the results of the MICHELLE study [59]. The
MICHELLE study enrolled patients hospitalized for COVID-19 with an increased
risk of VTE, assessed using the International Medical Prevention Registry on
Venous Thromboembolism (IMPROVE) scale and D-dimer values [59]. These were
patients at an increased risk of VTE (IMPROVE score of >4) or IMPROVE score of
2-3 and D-dimer >500 ng/mL at discharge [59]. The IMPROVE score predicts the
risk of VTE within 3 months of follow-up, taking into account the following risk
factors: age >60 years, history of VTE, known thrombophilia, lower limb paresis,
immobilization >7 days before or during hospitalization, hospitalization at ICU,
and active neoplastic disease [60, 61]. Patients were randomized to receive, at hos-
pital discharge, 10 mg rivaroxaban or no anticoagulation for 35 days [59]. All
patients received standard doses of thromboprophylaxis during hospitalization. The
primary outcome, defined as a composite of symptomatic or fatal VTE, asymptom-
atic VTE (PE detected by CTPA or DVT detected by VUS), symptomatic ATE, and
cardiovascular death at day 35 of observation occurred in 5 (5%) patients assigned
to rivaroxaban and 15 (9%) of 159 patients assigned to no anticoagulation (relative
risk 0.33, 95% CI 0.12-0.90; p = 0.0293). There were no major bleeding events in
the thromboprophylaxis group [59].

Influence on Prognosis

Coexisting VTE and COVID-19 increase mortality in COVID-19 patients [2, 28,
41, 62].

Elevated D-dimer values were shown to be associated with an increased risk of
death in COVID-19 patients, both with and without coexisting VTE [63]. Older age,
high sequential organ failure assessment (SOFA) score, and D-dimer greater than
1000 pg/L early after admission are associated with a worse prognosis in COVID-19
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patients, as reported already in the early days of the COVID-19 outbreak in Wuhan
[38]. A follow-up study of 343 COVID-19 patients from Wuhan found that D-dimer
>2000 pg/L predicted the risk of in-hospital death with a sensitivity of 92% and a
specificity of 83% [39]. In another pooled analysis of 6 studies enrolling 1355 hos-
pitalized COVID-19 patients, a D-dimer value of 3590 ng/L was argued to provide
good discrimination of the risk of in-hospital death [64]. A large meta-analysis by
Li et al. failed to identify a single optimal D-dimer cut-off point useful in estimating
the prognosis of patients with COVID-19. Hoverer, it has been unequivocally dem-
onstrated that D-dimer is a reliable prognostic biomarker in COVID-19, and that
both 500 pg/L, 1000 pg/L, and 2000 pg/L cut-off points can be used in various
populations to identify patients with an increased risk of in-hospital death [40].

Conclusions

Hospitalized COVID-19 patients are at an increased risk of thromboembolic com-
plications. D-dimer elevation is often observed in patients with COVID-19 infec-
tion. D-dimer is considered a prognostic marker in these patients, but its specificity
is lower when diagnosing venous thromboembolism. Thromboprophylaxis is rec-
ommended in all patients hospitalized for COVID-19, unless contraindications
exist. Thromboembolic complications in hospitalized COVID-19 patients are asso-
ciated with a poorer prognosis.
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