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Abstract 

Background: Nowadays, the new coronavirus-induced 

severe acute respiratory syndrome (COVID-19) outbreak 

was primarily stated in December 2019. Three months later, 

the Director-General of the World Health Organization, 

avowed the COVID-19 a global pandemic. Gathered 

evidence discloses that coagulation syndrome is repeatedly 

seen in COVID-19, and the incidence is higher in severe 

cases. The worsening lung functions and coagulopathy are 

some of the most significant poor prognostic criteria in the 

outcome of COVID-19. The pragmatic coagulopathy in 

patients hospitalized with COVID-19 (COVID-19 

associated coagulopathy) is categorized by the increased 

level of D-dimer and fibrinogen/fibrin degradation 

products. They are interrelated with the severity of COVID-

19. This elevation will aid the arrangement of the patients 

consistent with the disease severity and management. These 

coagulation parameters elevation can point to a poor 

prognosis. Coagulopathy in COVID-19 mainly affects 

immobilized patients, those in critical care units, and those 

who have extra risk factors that predispose to coagulopathy, 

for instance, acute inflammatory conditions and hypoxia. 

The exact pathogenesis of hypercoagulability in COVID-19 

is unwell understood. The signs suggest that the COVID‐19 

coagulopathy is an evolving phenomenon in which 

endothelial damage, platelet aggregation, augmented innate 

immune response, and other measures as systemic 

inflammation favoring coagulation would divide up the 

severity of this disease. Understanding the pathophysiology 

of COVID-19 related coagulopathy is crucial for suitable 

treatment and monitoring of these patients. Encouraging 

interest in the potential uses of anticoagulation in COVID-

19 particularly is the use of heparin that has a potential 

benefit over other anticoagulants due to its anticoagulant 

role, anti-inflammatory, and potentially anti-viral 

properties. 

 

Introduction 

        Generally speaking, In December 2019, an emerging 

virus named severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) was isolated in patients with 

pneumonia. The disease caused by this virus is called 

coronavirus disease-19 (COVID-19). The WHO declared 

the COVID-19 outbreak a global health emergency 1. Even 

though SARS-CoV-2 is documented to produce substantial 

pulmonary disease, including pneumonia and acute 

respiratory distress syndrome (ARDS), clinicians have 

noticed many extrapulmonary manifestations of COVID-19 

together with, hematological, cardiovascular, renal, 

gastrointestinal, and hepatobiliary, endocrinologic, 

neuropsychiatric, ophthalmologic, and dermatologic 

manifestations  2-4.  

        Characteristically, the virus produces a functional 

disturbance in cell receptors of angiotensin-converting 

enzyme 2 (ACE2). These receptors are present in human 

cells including, type II alveolar cells, gastrointestinal cells, 

myocardial cells, and renal cells. Angiotensin-converting 

enzyme-2 receptors allow the entry of the virus into the cell 

and have been confirmed to be the cell receptor of SARS-

CoV-2. Downregulation of ACE-2 by SARS-CoV-2 

infection producing increased pathological consequences of 

COVID-19 5,6. The principal coagulation abnormalities in 

patients with COVID‐19 propose a hypercoagulable state, 

which has been entitled thrombo-inflammation or COVID‐
19–associated hemostatic abnormalities 7,8. Recently, 

Cytokine storm is a predominant feature in coronaviruses. 

COVID-19 infects the endothelial cells and gives off a 

strong local inflammatory reaction that is an essential cause 

for the development of a systemic inflammatory response 

and cytokine storm 9. Furthermore, key features of a 

cytokine storm syndrome are inflammatory effects of 

activated vascular endothelial cells, and endothelial injury 

with resultant prothrombotic properties. Vascular 

endothelial injury causes additional thrombocytopenia, 

reduction of natural anticoagulants, and also hemostatic 

activation 10. 

 

The incidence of thrombotic phenomena associated with 

COVID-19. 

 Importantly, laboratory and imaging studies found an 

increased risk of thrombotic complications in patients with 

SARS-CoV-2 infection. Klok et al assessed the incidence 

of thrombotic complications in COVID-19 patients 

admitted to the ICU.  They found that 31% of these patients 

had thrombotic complications, even in patients who were 

already getting standard doses of prophylactic 
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anticoagulation 11. The incidence of disseminated 

intravascular coagulopathy (DIC) was found as 71.4% in 

Chinese patients diagnosed with COVID-19 pneumonia  12. 

Patients with COVID-19 pneumonia similarly have a high 

risk of pulmonary embolism. Rising levels of d-dimer help 

the diagnosis of a thromboembolic patient. Out of 1008 

hospitalized patients, 25 with confirmed pneumonia 

underwent computed tomography pulmonary angiography.  

Pulmonary embolism was diagnosed in 40%, mainly 

localized in small branches of the pulmonary artery. 

Remarkably, these patients presented significantly higher 

median d-dimer levels (11.07 µg/mL; IQR: 7.12) compared 

to median d-dimer levels of 2.44 µg/mL (IQR: 1.68) in 

patients without pulmonary emboli (PE) 13. It has been 

theorized that thrombi may play a substantial role in gas 

exchange irregularities and multisystem organ dysfunction 

in COVID-19 pneumonia 14. It has appeared that in a single-

center retrospective study, 81 patients with COVID-19 were 

categorized who had to be admitted to an intensive care unit 

and the incidence of deep vein thrombosis was determined. 

The patients did not receive thromboprophylaxis. Twenty-

five patients (25%) had deep vein thrombosis (DVT) of the 

lower extremities, from which 40% of whom died 15. 

Likewise, autopsy studies postulate the incidence of 

pulmonary endothelial injury and micro thrombosis, four 

autopsies of SARS-CoV-2 infected patients from New 

Orleans with sudden respiratory decompensation, small 

thrombi were present in sections of the peripheral lung 

parenchyma. Besides, the microscopic findings confirmed 

that small vessels confined thromboembolisms and small 

thrombi together with scattered areas of diffuse alveolar 

damage, demonstrating that small vessels can be 

exaggerated by micro thrombosis 16.  

  

Coagulation aberrations in COVID-19 

        Abundant coagulation abnormalities were originated 

in COVID-19 involved, endothelial dysfunction 

and cytokine storm, excess thrombin generation, and 

fibrinolysis shutdown 17. The initial coagulopathy of 

COVID-19 has been presented as increased D-dimer and 

fibrinogen or fibrin degradation products over prothrombin 

time prolongation and thrombocytopenia. Among the non-

survivors, the maximum score in the DIC parameter was in 

the D-dimer measurements (85.7% compared to 23.8% in 

platelet count, 28.6% in fibrinogen, and 47.6% in PT). This 

observation suggested that secondary hyperfibrinolysis 

following the coagulation activation played a dominant role 

in the COVID-19-associated coagulopathy 18. Up-to-date 

guidelines from different countries suggest that coagulation 

markers at hospital and intensive care unit (ICU) admission 

should include; D-dimers, PT and/or an international 

normalized ratio (INR), aPTT, platelet count, and 

fibrinogen to measure daily or twice daily depending on the 

initial results. Twice-daily monitoring should be considered 

in case of altered coagulation parameters at first look 

(platelet count <100 × 109/L, fibrinogen <2 g/L, and raised 

D-dimer (although a specific cutoff for D-dimer cannot be 

defined, a three to four-fold elevation is considered a 

markedly raised value) 19.    

In this way, a study was conducted in Spin has revealed that 

higher D-dimer levels were accompanied by a greater 

incidence of pulmonary embolism 3, 6, 9, and 12 days after 

determining D-dimer levels with of 1.7, 2.0, 2.4, and 2.4, 

respectively in 21 patients from Spain 20. Zhou et al  
17 disclosed in a multivariable regression analysis, an 

increased odds of hospital death associated with older age 

and D-dimer >1 µg/mL on hospital admission. Furthermore, 

a high D-dimer at admission was an independent predictor 

for mortality in COVID-19 patients where are patients with 

a D-dimer ≥2.0 μg/ml had much higher mortality versus 

those with levels ≤2.0 μg/ml 21. Consequently, the potential 

risk factors of older age and D-dimer ≥2 µg/mL may help 

clinicians to classify patients with poor prognoses at an 

early stage. Conspicuously, Tang et al., 22  conveyed that 

patients with D-dimer >3 µg/mL (6-fold of the upper limit 

of normal) showed a significant decrease in 28-day 

mortality (32.8% vs. 52.4%; P = .017) if treated with 

unfractionated heparin (UFH) or low molecular weight 

heparin (LMWH) 23. Accordingly, D-dimer may be able to 

predict which COVID-19 patients have poorer outcomes. 

This could have a significant impression on the ability of 

clinicians to figure out which patients are likely to have 

worse prognoses and act prophylactically  24,25. 

 

Pathogenesis of coagulation abnormalities in COVID-

19. 

Illustratively, there is now evidence that some patients 

may respond to COVID-19 with an exuberant “cytokine 

storm” response 26. Findings from the SARS epidemic 

provide possible viral-specific mechanisms for acute 

respiratory distress syndrome (ARDS) and uncontrolled 

coagulation.  Past Autopsy studies of patients who died of 

SARS pneumonia identified the SARS-CoV spike (S) 

protein in cells expressing the receptor angiotensin-

converting enzyme-2 (ACE2) 27–30. On one hand, the main 

candidate receptor for SARS-CoV-2 31,32 is the binding of 

the S protein to ACE2 receptors on endothelial cells that 

initiates localized inflammation, endothelial activation, 

tissue damage, and altered release of proinflammatory 

cytokines including tumor necrosis factor (TNF) and 

interleukins, including interleukin 1( IL-1) and interleukin 

6 (IL-6). The IL-6 must induce the expression of tissue 

factor in macrophages, followed by the activation of 

coagulation and generation of thrombin, which has been 

concerned in thrombogenesis 33. On the other hand, 

angiotensin-II (AngII), which is metabolized by ACE-2 to 

the vasodilatory and anti-inflammatory peptide angiotensin 

has an imperative role in this phenomenon. The 

consumption of ACE-2 by the viral entry in the early phases 

of the infection leads to the interruption of AngII 

metabolism leading to an upsurge in its plasma 

concentration. AngII exerts several prothrombotic effects, 

including vasoconstriction, endothelial and platelet 

activation, along with pro-inflammatory-cytokine release 
34.  While these changes appear to be predominantly in the 

lungs, endothelium in COVID-19 has been observed in 

kidneys, liver, heart, and intestine 35. Additionally, an 

important feature of coronavirus disease-associated 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7306998/#bibr87-1358863X20932640
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coagulopathy is the microcirculatory endothelial damage in 

the pulmonary circulation and other vascular beds. Since 

SARS-CoV-2 directly infects the vascular endothelial bed 

causing cellular damage and apoptosis 36, the antithrombotic 

activity of the luminal surface is remarkably diminished  37. 

On top of that, it is known that normal endothelial function 

denotes the capacity to regulating vascular tonus, 

permeability, cell adhesion, and anticoagulation. In 

COVID-19, the infected endothelial cells lose their ability 

to preserve the aforementioned physiological functions 

resulting in inflammation and the generation of a 

prothrombotic milieu with the formation of thrombosis, and 

organ malcirculation 38. This infection-mediated endothelial 

injury (characterized by elevated levels of von Willebrand 

factor) and endothelialitis (marked by the presence of 

activated neutrophils and macrophages), found in multiple 

vascular beds (including the lungs, kidney, heart, small 

intestine, and liver) 35-39.40. Undeniably, injury to the 

endothelial barrier results in uncovering of subendothelial 

matrix components, of which collagen and tissue factor 

(TF) are considered to be the most active hemostatic 

components. Consequently, endothelial damage can trigger 

the activation of platelets (e.g., via the collagen receptor 

glycoprotein VI) and the TF‐dependent generation of 

thrombin and fibrin (via the extrinsic coagulation pathway 

of factor VII). It has been proposed that macrophages are 

the crucial cells in inducing thrombotic phenomena. It is 

known that macrophage activation, as well as macrophage 

viral infection itself, determines the production of 

immunomodulation cytokines and reactive oxygen species 

(ROS) from the early stages of the infection 41.  

        Usually, macrophages have been presumed to be the 

basis of the majority of the ROS in the vessel walls, and 

unquestionably these cells show a vital role in vessel 

pathology 42. Macrophages infected with severe acute 

respiratory syndrome coronavirus 2 (SARS‐Cov‐2) produce 

the procoagulant prothrombinase, which is chief for both 

the initiation and localization of fibrin deposition 43.  

         Platelet–neutrophil cross-communication and 

activation of macrophages in this setting can ease a variety 

of proinflammatory effects, such as cytokine release, the 

formation of neutrophil extracellular traps (NETs), and 

fibrin and/or microthrombus formation 44, 45. NETs further 

harm the endothelium and trigger both extrinsic coagulation 

pathways and intrinsic coagulation pathways. They were 

noticed at higher levels in patients hospitalized with 

COVID-19 in a study from a large academic center in the 

USA (50 patients and 30 control participants), with a ‘pro-

NETotic state’ positively correlating with severe illness 46. 

Hypoxia-mediated hyperviscosity and upregulation of the 

hypoxia-inducible factor-1 (HIF-1) signaling pathway after 

acute lung injury may also subsidize the prothrombotic 47. 

Lastly, direct coronavirus-mediated effects may also lead to 

an imbalance of pro-and anti-coagulant pathways 48, 49.  

 

Treatment options of COVID-19 coagulopathy. 

 As a consequence of an elevated risk of venous 

thromboembolism (VTE) in all patients admitted with a 

confirmed diagnosis or assumed COVID-19. All of them 

should be given pharmacological VTE prophylaxis without 

there are absolute contraindication 50-51. In all patients with 

COVID-19, VTE risk should be weighed using a risk 

assessment model validated for acute medical illness. 

The VTE risk stratification should be repeated along with 

bleeding risk assessment during illness. On one hand, As 

said by the international society of thrombosis and 

hemostasis (ISTH), all patients, (including non‐critically ill) 

who require hospital admission for COVID‐19 infection 

should take prophylactic dose LMWH unless they have 

contra‐indications (active bleeding and platelet count 

<25 × 109/L) 52. Besides, The American Society of 

Hematology suggests that hospitalized patients with 

COVID‐19 should receive pharmacologic 

thromboprophylaxis with Low-molecular-weight heparins 

(LMWH) or fondaparinux (preferred to unfractionated 

heparin (UFH) to reduce contact) unless there is increased 

bleeding risk. 

  If anticoagulants are unreachable or contraindicated, 

the use of mechanical thromboprophylaxis (e.g. pneumatic 

compression devices) is very crucial. Extremely ill COVID‐
19 patients should not receive a therapeutic dose of 

anticoagulants empirically (i.e. in the absence of confirmed 

venous thromboembolism) 53. According to the route of 

administration, LMWH was given subcutaneously once or 

twice daily. If LMWH is not available, unfractionated 

heparin could be used, although this requires more frequent 

injections 54. Likewise, it is optional that, anticoagulant 

thromboprophylaxis with LMWH, fondaparinux, or UFH 

over anticoagulant thromboprophylaxis with a direct oral 

anticoagulant (DOAC) and LMWH and fondaparinux over 

UFH to limit staff exposure. Some against the use of 

DOACs as many hospitalized COVID-19 patients will be 

receiving concomitant therapy (antiviral agents) that can 

significantly affect the pharmacodynamics of and thus 

bleeding risk associated with the DOACs 51. In the same 

way, the Italian Society of Thrombosis and Hemostasis 

(SISET) strongly restated that COVID-19 patients should 

be covered by LMWH, UFH, or fondaparinux at doses 

indicated for the prophylaxis of VTE for the entire duration 

of the hospital stay, and for 7–14 days more after hospital 

release 55. Most of the foremost international guidelines and 

recommendations (ISTH-IG, ACF, CDC, and ASH) advise 

stopping anticoagulation in patients who are vigorously 

bleeding or severely thrombocytopenic. ISTH-IG acclaims 

stopping LMWH prophylactic anticoagulation for patients 

with platelet count less than 25 × 109/L. ASH remarks that 

therapeutic anticoagulation should be held if platelet count 

< 30–50 × 109/L or fibrinogen < 1.0 g/L and prophylactic 

anticoagulation should be stopped only if platelet count 

< 25 × 109/L or fibrinogen < 0.5 g/L. The SCC-ISTH does 

not recommend a particular platelet level to hold 

anticoagulation but does report that 50% of their 

respondents report holding for a platelet count < 25 × 109/L. 

The CDC and ACF commend stopping prophylactic 

anticoagulation in severely thrombocytopenic patients, they 

also do not recommend a particular platelet count threshold. 
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     The ACCP does not make any specific recommendations 

concerning the holding of anticoagulation. The ACC 

mentions that in patients with moderate or severe COVID-

19 on chronic therapeutic anticoagulation who develop 

suspected or confirmed DIC with overt bleeding, it is 

advised to consider the indication of anticoagulation and 

risk of bleeding for adjusting dose or discontinuation of 

anticoagulation. The mainstream of their author's acclaim 

reducing the intensity of anticoagulation unless there is an 

exceedingly high risk of thrombosis. Worth mentioning, the 

ISTH-IG, ACF, and ASH mention that abnormal PT or PTT 

is not a contraindication to thromboprophylaxis 56. 

Substantially, since the prothrombotic role of the cytokine 

storm and of the possibility of SARS-CoV2 to induce high 

IL-6 levels and complement cascade activation contributing 

to the prothrombotic state of COVID-19 patients, the use of 

anti-inflammatory drugs as corticosteroids and hMAb that 

target and inhibit the IL-6 pathway and complement 

cascade activation (Tocilizumab and Eculizumab, 

respectively) may be convenient  57. 

 In the same regard, The National Institutes of Health 

(NIH) does not mention routine post-discharge VTE 

prophylaxis for patients with COVID-19 (level of evidence: 

AIII—strong, based on expert opinion).  However, based on 

benefits of post-discharge prophylaxis for certain high-risk 

patients without COVID-19, the Food and Drug 

Administration (FDA) approved two regimens of direct oral 

anticoagulants: Rivaroxaban 10 mg daily for 31 to 39 days, 

and betrixaban 160 mg on day 1, followed by 80 mg once 

daily for 35 to 42 days  58. 

 

All in all, dynamic interrogations endure to be talked, 

thorough the following: 

1. Must all hospitalized patients with severe SARS‐
Cov‐2 with a respiratory decline and/or 

hemodynamic variability be treated with 

anticoagulation therapy until the diagnosis of VTE 

is obtainable? 

2. Had better thromboprophylaxis been nonstop after 

hospital release? 

3. Do the available data of the specific types such as 

unfractionated heparin or low-molecular-weight 

heparin (LMWH)) or LMWH derivatives like 

enoxaparin, dalteparin, or tinzaparin, have 

unraveled a good role for choosing between high-

risk patients?  

4. Concerning VTE, Should the patient have the right 

to take thromboprophylaxis, especially if have a 

high risk for VTE after recovery from COVID-19 or 

hospital discharge?  

 

Conclusion 

SARS-CoV-2 causing COVID-19 has diseased a large 

number of people all over the world. Contagion with this 

disease has an exclusive laboratory signature with 

thrombocytopenia through raised fibrinogen/fibrin and D-

dimer, all of which are connected with poor consequences. 

Thrombotic outcomes add to morbidity and mortality and 

necessitate a thoughtful tactic to VTE prophylaxis, 

harmonizing the risk of thrombosis with the risk of major 

bleeding. Last but not least, we await upcoming trials that 

enable the formal progress of rigorous clinical practice 

guidelines in this regard.  
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