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ABSTRACT: This paper aims to discuss how blood coagulation causes thromboembolic manifestations, including deep
vein thrombosis (DVT), pulmonary embolism (PE), and other venous thrombosis events (VTE) and the possible
mechanism and the effectiveness of using anticoagulant drugs in severely ill COVID-19 patients. This review is based
on literature search through electronic databases of PubMed, UpToDate, Medline, Embase, International
Pharmaceutical Abstract (IPA) and clinicaltrials.gov from December 2019 (since covid-19 emergence) to end of 2020.
This review used keywords combination related to the association between covid-19 and blood coagulation (DVT, PE
and other VTE), as well as clinical trials of anticoagulant drugs for the treatment of covid-19 patients. We summarized
that thromboembolism incidence in severely symptomatic (ICU) patients ranges from 16.7 to 85 %. Furthermore, the
main D-Dimer parameter had a significant difference between VTE (non-survival) and non-VTE (survival) patients.
Meanwhile, the possible mechanism is the increased levels of complement and cascade components, including CIR,
C1QC, C3b/C4b receptor 1 (CR1), C3, coagulation factors II, V, IX, and X, as well as reactive antiphospholipid antibodies
affecting hypercoagulability, platelet activation, aggregation, and adhesion. Studies have shown the existence of
thrombosis events in severe COVID-19 patients as well as the effectiveness of anticoagulants therapy in early prognosis,
but the results of phase 3 clinical trials are still under investigation at several centers.
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1. INTRODUCTION

Even though COVID-19 was initially regarded as a respiratory system disease, it still causes disorders
in various body organs [1]. Till date, the effects of this virus are known, such as severe lung damage, and many
deaths due to respiratory failure. However, there are reports that it causes other organs damage such as those
of the cardiovascular system [1-4], liver [5,6], and acute kidney injury [7,8] leading to fatal impacts. A study
showed 14 % (701 out of 5019) patients had a heart attack [9].

Meanwhile, the association between COVID-19 and thromboembolic disease or coagulation disorders
in blood vessels including pulmonary embolism (PE), deep vein thrombosis (DVT) or venous
thromboembolism (VTE) is rarely reported. Currently, in several countries, some health service facilities have
started anticoagulant therapy, but the effectiveness reports are still limited and unclear. Therefore, this paper
aims to provide information about the extent of COVID-19 impacts on blood vessels damage in the form of
coagulation phenomena (thromboembolism or venous thrombosis), and its mechanism as well as
anticoagulant therapy’s effectiveness.

This review is based on a literature study available on PubMed, UpToDate, Medline, International
Pharmaceutical Abstract (IPA) and clinicaltrials.gov databases using the following keyword combinations:
COVID-19, SARS-CoV-2, anticoagulants, thromboembolism, and venous thrombosis ( VT), the mechanism of
thromboembolism in covid-19 patients from December 2019 (start of the emergence of covid-19) to May 2021.
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In total, 78 articles (after the first screening of 134 records in all databases) were reviewed, but only 41
articles were included based on the inclusion and exclusion criteria. The inclusion criteria were: articles written
in English, containing descriptions of thromboembolic phenomena in COVID-19 patients, the mechanism of
sarcov-2 virus in causing thromboembolism, laboratory parameters in assessing blood clotting in COVID-19
patients, anticoagulant therapy in COVID-19 patients and clinical trials progress of anticoagulant drugs in
COVID-19 patients. While the exclusion criteria in this review were thromboembolic events in patients before
the patient suffered from COVID-19, anticoagulant therapy on patients which is not related to COVID-19
disease. Therefore, only those related to thromboembolism, biomarker mechanisms and parameters, and
anticoagulant drug therapy in severe COVID-19 patients were analyzed further. The literature review and
analysis flow chart is illustrated in Figure 1.
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Figure 1. Flow chart of literature review and analysis based on inclusion and exclusion criteria.

2. DISRUPTION OF THE BLOOD COAGULATION SYSTEM BY COVID-19

Coronavirus (SARS-CoV-2) has been identified as a pathogen responsible for acute respiratory
syndrome associated with severe inflammatory processes and pneumonia. Furthermore, the virus is thought
to play a role in blood coagulation, and when it occurs in lung vessels, it can cause blockages, leading to
pulmonary embolism. According to Vinayagam et al., SARS-Co-V-2 patients may experience a decrease in
primary platelet production, an increase in platelet destruction, a decrease in circulating platelets which leads
to an increase in thrombocytopenia which results in coagulation disorders. Endothelial dysfunction plays an
important role in impaired coagulation by increasing thrombin formation and stopping fibrinolysis and
ultimately leading to hypercoagulopathy. Furthermore, there will be activation of the complement system that
leads to acute and chronic inflammation due to a storm of cytokines and chemokines that can cause multi-
organ failure [10].

Initially, the relationship of COVID-19 to abnormal blood coagulation (thromboembolic events) was
rarely mentioned until the study by Cui et al in China. It was stated that 20 of 81 (25 %) patients experienced
VTE, and 8 died [11]. In Netherlands, the cumulative incidence of thromboembolic events was stated to reach
31 %, with 27% VTE and another 3.7% experiencing arterial thrombosis [12], but Klok et al stated that it was
41 % [13]. In Wuhan, China, Ren et al. reported 85 % (41 out of 48 ICU patients) experienced lower limb DVT
based on compression ultrasound examination [14]. Belen et al stated that the main pathogenesis begins with
hypercoagulation and pulmonary intravascular coagulopathy (PIC), as well as recommended that early
administration of anticoagulant therapy and thrombolytic drugs can provide a better prognosis [15]. Several
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studies on thromboembolism incidence in ICU patients can be seen in Table 1 which ranges from 9.3 to 85 %
[13,14,16-25].

The laboratory parameters used to identify blood coagulation disorders were D-Dimer,
fibrin/fibrinogen, prothrombin time (PT: the time taken for blood to clot) or can be expressed in INR
(International Normalized Ratio: international standardization for measurement results of PT). In China, Han
et al reported that the D-dimer, fibrin/fibrinogen degradation products (FDP), and fibrinogen (FIB) values in
all SARS-CoV-2 cases were substantially higher compared to healthy controls. Moreover, the D-dimer and
FDP levels were higher in severe than in mild infections. Prothrombin time activity (PT-act) was lower in the
patients, while thrombin time in those with critical condition was also shorter than the value in the control
group. This suggests that coagulation function in people with SARS-CoV-2 is significantly impaired when
compared to healthy individuals, while D-dimer and FDP values” monitoring can help identify severe cases
onset [26]. According to Shi et al based on meta-analysis of 6 studies involving 1379 patients, it was found that
the D-dimer levels were significantly higher in non-survivals than survivals (SMD = 0.91, 95 % CI = 0.79 -
1.03). Therefore, elevated D-dimer levels is associated with an increased death risk [27]. Additional markers
as thrombosis process predictors during hospitalization include platelets > 450x10° /L, C-reactive protein
(CRP)> 100 mg/L, and erythrocyte sedimentation rate (ESR) > 40 mm/hour. ESR, CRP, fibrinogen, ferritin,
and procalcitonin levels were reported to be higher in those with thrombosis complications than in normal
persons [28]. The differences in D-Dimer values in severely symptomatic COVID-19 (VTE/non-survival) and
control (non-VTE/survival) patients from various studies are summarized in Table 2 [29-34].

Table 1. Incidence of venous thrombosis events (VTE) in intensive care unit (ICU) patients with moderate
to severe symptoms of covid-19.

. . Number of ICU Percentage of patients
Studies Countries patients witthTE %/0)
Cui et al. [11] China 81 25
Klok et al. [12] Netherlands 184 27
Klok et al. (update) [13] Netherlands 184 41
Ren et al. [14] China 48 85
Artifoni et al. [16] France 71 32
Llijos et al. [17] France 26 69
Lodigiani et al. [18] Italy 48 16.7
Maatman et al. [19] USA 109 28
Middeldorp et al. [20] Netherlands 75 47
Avruscio, et al. [21] Italy 41 75.6
Demelo et al. [22] Italy 156 19.2
Kerbikov et al. [23] Rusia 75 20
Moll et al. [24] USA 210 93
Trigonis et al. [25] USA 45 422

Table 2. Comparison of D-Dimer level in COVID-19 patients that experienced venous thromboembolism
(VTE) (VTE / non-survival) and non-VTE (survival).

D-Dimer value in COVID-19 patients (mg/L)

Studies VTE (Non-survival)* non-VTE (survival)* p-value
Han et al. [26] 10.36+2.31 0.26+0.18 <0.001
Shi et al. [27] 411+1.32 0.72+0.34 <0.001
Cheng et al. [29] 5.3 [1.3-21.0] 0.6 [0.3-1.1] <0.001
Sakka et al. [30] 5.9742.21 0.72+0.12 <0.001
Tang et al. [31] 212 (0.77-5.27) 0.61 (0.35-1.29) <0.001
Wu etal. [32] 3.95 (1.15 to 10.96 0.49 (0.31 to 1.18) <0.001
Zhang et al. [33] 22.0 <20 NA
Ahmet et al [34]** 6.04+3.95 1.02+1.75 <0.001

*VTE/Non-survival means a severe symptomatic Covid-19 patient with thrombosis incidence and/or death; non-VTE
(survival) is someone with mild symptoms, without thrombosis and recovered. ** this study was grouped by “with Pulmonary
Embolism (PE) and wihout PE”. P-values are based on different statistical methods, most of them are using The Mann-
Whitney U-test and the rest are using Student’s t test.
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3. POSSIBLE MECHANISMS OF THROMBOSIS EVENTS IN COVID-19 PATIENTS

Current reports support the strong prothrombotic diathesis concept in COVID-19, characterized by
severe hypercoagulability rather than consumptive coagulopathy. Furthermore, SARS-CoV-2 infection affects
the hemostatic pathway through different biological mechanisms at several levels. Recent observations based
on autopsy results showed the presence of pulmonary vascular endotheliitis with a high in-situ
microthrombus prevalence in alveolar capillaries consistent with thrombotic microangiopathy. COVID-19
coagulopathy has been described as an immune system-driven process, including cytokines and coagulation
that work together to create a prothrombotic diathesis. Price et al reported the possible mechanisms for blood
clot formation due to severe acute respiratory syndrome (SARS-CoV-2) attacks. When cells expressing the
surface receptor angiotensin-converting enzyme (ACE-2) are infected, active replication and release of the
virus causes the host to undergo pyroptosis (pro-inflammatory apoptosis), produce DAMPs (damage-
associated molecular patterns), and activate oxidative stress. This leads to pro-inflammatory cytokines and
chemokines release from nearby epithelium, endothelium, and alveolar macrophages. Subsequently, the
proteins attract inflammatory cells to the infection site, thereby encouraging a pro-inflammatory feedback.
Tissue factors usually hidden in the subendothelium are upregulated on platelets, leucocytes and endothelial
cells (EC) during inflammation, leading to activation of the extrinsic and intrinsic coagulation pathways to
produce thrombin. This product binds to protease-activating receptors (e.g. PAR-1) to promote fibrin
formation from fibrinogen, platelet activation, subsequent clot stabilization, and further inflammation (Figure
2) [35]. Therefore, early DVT detection in COVID-19 patients allows more precise management by rapidly
switching from standard thromboprophylaxis to definitive anticoagulant therapy [36].

Aid et al. investigated COVID-19 disease mechanisms in both experimental animals (Rhesus macaques)
and humans, and showed that the virus caused inflammation and vascular thrombosis. It was found that
SARS-CoV-2 caused an increased levels of several complement and cascade components, including CIR,
C1QC, C3b/C4b receptor 1 (CR1), C3, coagulation factors II, V, IX, and X. In addition, there was platelet
activation, aggregation, and adhesion phenomenon including an increase in megakaryocyte cells [37]. The
New England Journal of Medicine reported that the infection is associated with the development of reactive
antiphospholipid antibodies (anti-IgA anticardiolipin, anti-B2 glycoprotein IgA, and IgG), which affects

hypercoagulability [38].

-
\/ DAMPs;

Oxidative stress ==

[ Release of chemokine

pro-inflammation
Spike protein of l I
SARS-CoV-2 bind to ACE-2 Viral rep
Inside:the cell Release of cytokine from Bind to monocytes,
the surrounding ephitelial macrophages and
cells, endothelial cells and T cells.
alveolar macrophages.

9

Complement activation

The disorder of vascular
inflammation induce thrombin
form

Downregulation of fibrinolytic Downregulation of anticoagulant
pathway pathway

-

e

Activation of
platelet-prothrombotic state

Figure 2. Mechanism of the possible thrombotic state due to sarcov-2 virus (modified from Price
et al. [35]).
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4. EFFECTIVENESS OF ANTICOAGULANT THERAPY IN SEVERE COVID-19 PATIENTS

Some evidence showed that severe COVID-19 patients experienced coagulopathy complication in the
form of disseminated intravascular coagulation (DIC), which is prothrombotic with a high risk of developing
venous thromboembolism, and the D-Dimer can be used as blood clot disorders” parameter. Consequently,
some experts provided recommendations for anticoagulants usage, which reflect the recognition of
coagulation dysregulation in this case [38,39]. The effectiveness of heparin (particularly low molecular weight
heparin, LMWH) in COVID-19 management has been recommended regarding the risk of developing DIC
and venous thromboembolism. Also, prophylactic therapy with enoxaparin/heparin in more severe cases, or
in people with D-dimer levels > six times above normal has been shown to reduce mortality. According to the
latest version of guidelines published by the Iranian Ministry of Health, anticoagulants are given to the
patients. All those hospitalized with COVID-19 diagnosis are given 40 mg enoxaparin or 5000 units of heparin
subcutaneously, twice or thrice daily. Mechanical prophylactic methods such as compressive stocking are
recommended for those unable to use anticoagulants (due to absolute contraindications like intracranial
hemorrhage and end-stage liver disease). However, the effectiveness of this anticoagulant therapy needs
validation [40].

A single-center observational study involving 2,773 patients at Mount Sinai Hospital, America reported
that out of the 786 receiving anticoagulant therapy (prophylactic dose, LWMH), the mortality rate was 22.5 %,
with an average 21-day survival, compared with 22.8 % and 14-day in those untreated [41]. Furthermore,
among the 395 critically ill and treated with mechanical ventilation, the rate was 29.1 % in persons receiving
anticoagulant and 62.7 % in those that did not. There was no significant difference (3.0% and 1.9 %) in both
groups with regards to bleeding complications (peptic ulcer, hematuria, melena, hemathesis, as well as
intracranial, ocular and gastric hemorrhage). In the multivariate proportional hazards model, a longer
duration of anticoagulant treatment was associated with a reduced death risk [41].

The European Society of Cardiology (ESC) has also recently developed an algorithm for anticoagulants
usage. The administration needs to be considered for those at high risk of thrombosis, which are patients with
dyspnea, respiratory rate> 24 per minute, oxygen saturation <90 %, elevation in C-reactive protein (CRP), D-
dimer and fibrinogen levels. In ICU patients, the parenteral heparin drip administration protocol should be
started immediately with 60-85 seconds target time for the activated partial thromboplastin (aPPT). For non-
ICU, subcutaneous 1 mg/kg body weight enoxaparin is recommended using the same protocol as the
previous. In addition, bed side ultrasound (USG) modality is suggested for the assessment of deep vein
thrombosis. When a positive result is obtained, anticoagulant therapy should be continued, but when negative,
40 mg enoxaparin is recommended twice daily [38].

For supporting the evidence-based medicine, anticoagulant drugs therapy on covid-19 patients need to
be investigated by phase 3 clinical trials. Furthermore, some of the potential anticoagulants including heparin
(LMWH), enoxaparin, tinzaparin, dalteparin, fondaparinux, argatroban, apixaban, and rivaroxaban should
considered to clinical trial tested. Till date, 54 anticoagulant drugs’ clinical trials are registered on
https:/ /clinicaltrials.gov/ with a recruiting status and are already underway, but none has been completed.
For example, the implementation of a clinical trial on 186 participants sponsored by Weill Medical College of
Cornell University under the project name "IMPACT TRIAL". This aims to determine whether the therapeutic
doses in the experimental group (subcutaneous, 1 mg/kg twice daily) can improve the 30-day mortality in
COVID-19 patients compared with those receiving intermediate prophylaxis dose in the control
(subcutaneous, 0.5 mg/kg once or twice daily, depending on creatinine clearance rates). Primary data from
the results were estimated to be obtained around December 2020 and overall, this clinical trial will be
completed in June 2021 [42]. Therefore, we should refere, consider and verify on the result from the clinical
trial studies for further strong evidence. In Indonesia, there is no clinical trial for anticoagulants in COVID-19
patients registered at ClinicalTrials.gov, although it is possible that the therapy has been carried out in several
hospitals.

5. CONCLUSION

Because COVID-19 patients experience thrombotic events as indicated by changes in blood clotting
biochemical parameters such as D-Dimer, prothrombin time, increased levels of various coagulation factors
and others, anticoagulant drugs can be given for prophylaxis (intermediate or long-term definitive therapy).
Also, studies have shown the effectiveness of using anticoagulants in early prognosis. Therefore, to further
prove the therapeutic effectiveness, the results of phase 3 clinical trials in various centers need to be considered
and verified.
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