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ABSTRACT 

 

Objectives: Severe acute respiratory syndrome corona virus 2 (SARS-COV-2) is a 

recently known zoonotic coronavirus that has devastated the whole world. The 

objective of this review paper is to find out the available information related to 

COVID-19 infection and thromboembolism. This would help build better 

understanding of the pathophysiology and effective management strategy of 

thromboembolism in COVID-19 patients.  

Data sources: A few articles are available on printed versions, but many more are 

available online versions or in the pipeline. We used various search engines to 

find out COVID-19 and thromboembolism related articles.  

Study selection: The papers depicting various aspects of COVID-19 and 

thromboembolism have been selected and analyzed. Their core messages have 

been extracted and compiled. 

Data extraction: Data have been collected from the articles available from 

MEDLINE and Google Scholar up to July, 2020. We also gathered information 

from doctors involved in the treatment of the COVID patients. 

Data synthesis: Information on relationship between COVID-19 and 

thromboembolism has been collected. In addition, there have been reports of 

many sudden deaths attributed to deadly cardiac arrythmia and increased 

thromboembolic manifestation. A higher risk of vessel thrombosis has been 

correlated with severity of the disease and multiorgan involvement. 

Conclusions: COVID-19 appears to be associated with thrombosis in general, both 

venous and arterial. These patients have increased risk of thromboembolism due 

to infection related inflammation, immobility and hypercoagulable state. 
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Adequate thromboprophylaxis should be administered in all moderate to severe 

COVID-19 patients including patients of comorbidity and aged patients.  

 

 

INTRODUCTION 

 

Severe acute respiratory syndrome corona 

virus 2 (SARS-COV-2) is a recently known 

coronavirus that has acquired the ability of 

human to human transmission. The human 

infection of this apparently previous zoonotic 

virus is designated as COVID-19 by World 

Health Organization (WHO). During the last 

ten months, this virus has devastated the 

whole world. As of 17th November 2020, the 

total number of COVID-19 affected 

worldwide is 5,54,46,786 and total number of 

death is 13,34,5961. The actual numbers may 

be much higher as there seem to be the policy 

of denial by many countries. Moreover, due 

to lack of diagnostic facilities, many cases 

remain undetected. There have also been 

reports of many sudden deaths related to 

cardiac, cerebrovascular or pulmonary 

vascular events. These deaths may be 

attributed to deadly cardiac arrythmia and 

increased thromboembolic manifestation 

because of known and unknown SARS COV-2 

infections. A higher risk of vessel thrombosis 

has been correlated with severity of the 

disease and multiorgan involvement2. The 

proposed mechanisms for COVID-19 induced 

thrombosis include a disease specific 

hypercoagulable state, cytokine-mediated 

diffuse microvascular damage, and, in some 

cases, reactive thrombocytosis3. 

The basic structure of SARS-COV-2 is quite 

like SARS and Middle East respiratory 

syndrome (MERS) viruses in Coronaviridae 

family, with its positive single stranded RNA 

genome containing a surface glycoprotein that 

studs the viral envelope, giving it the 

characteristic corona on electron microscope 

imaging4. These peplomers are known as 

spike proteins or S proteins and are thought 

to be responsible for the tropism displayed 

only with specific receptors on the cell 

surfaces of target organisms. SARS-COV-2 

appears to preferentially target respiratory 

epithelium where it enters the host cells 

through the angiotensin-converting enzyme 2 

( ACE2) receptor similar to SARS-COV5. 

COVID-19 appears to be associated with 

thrombosis in general, both venous and 

arterial. This is observed by klok et.al.6, who 

found that despite thromboprophylaxis of 

patients, venous thrombosis developed. 

Pulmonary embolism (PE) was found the 

most common and instances of arterial 

thrombosis including ischemic stroke were 

also noted. There are several ways in which 

COVID-19 pandemic may affect the 

prevention and management of thrombotic 

and thromboembolic disease7. These include 

the direct effect of COVID-19 or the indirect 

effects of infection. Through severe illness, 

stasis, immobility and hypoxia may 

predispose patients to thrombotic effect. 

Preliminary reports suggest that hemostatic 

abnormalities, including disseminated 

intravascular coagulation (DIC) occur in 

patients affected by COVID-19. Additionally, 

the severe inflammatory response, critical 

illness and underlying traditional risk factors 

may all predispose to thrombotic events. 

Investigational therapies for treating COVID-

19 may have adverse drug interactions with 

antiplatelet agents and anticoagulants. 

Moreover, resource allocations or social 

distancing recommendation due to the 

pandemic may adversely affect the care of the 

patients even without COVID-19 presenting 
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with thrombotic events. For example (mis) 

perception that antithrombotic agents confer 

increased risk of contracting COVID-19 may 

lead to untoward interruption of 

anticoagulation by some patients7. 

 

  METHODOLOGY 

 

SARS COV-2 is a recently known virus, many 

of its characteristics and activities are yet to be 

found out. Research activities are being 

carried out about this virus in an 

unprecedented way in human history. A few 

articles are available on printed versions, but 

many more are available online versions or in 

the pipeline. We used various search engines 

to find out COVID-19 and thromboembolism 

related articles. Data have been collected from 

the articles available in MEDLINE and Google 

Scholar up to July, 2020. We also gathered 

information from doctors involved in the 

treatment of the COVID patients. Information 

on relationship between COVID-19 and 

thromboembolism has been collected and 

compiled.  

The objective of this review paper is to find 

out the available information related to 

COVID-19 infection and thromboembolism. 

For obvious reason, very little material on this 

topic is readily available. Collection and 

compilation of information from various 

sources would help build better 

understanding of the pathophysiology of 

thromboembolism in COVID patients. This 

would be useful for the physicians engaged in 

the treatment of patients suffering from this 

dreadful disease. Most of the sudden and 

unexpected deaths of diagnosed and 

undiagnosed SARS COV-2 virus infected 

patients are  attributed to thromboembolism. 

A clear understanding of the etiology, 

pathogenesis and management is thus 

important for proper treatment of this 

notorious disease.  

 

Thrombosis in the context of COVID-19 

Many critically ill patients with SARS-COV-2 

are shown to have elevated levels of D-dimer, 

fibrinogen and fibrin degradation products 

compared to healthy controls8. This may be 

due to endothelial injury resulting in 

thrombin generation and fibrinolysis shut 

down, contributing to a hypercoagulable state. 

A similar relationship between acute 

respiratory distress syndrome (which can 

occur in patients with COVID-19) and deep 

vein thrombosis (DVT) has previously shown 

in influenza A (H1N1). The inflammatory 

disease process prolonged hospital stay and 

pre-existing comorbidities can contribute to 

venous thromboembolism (VTE). COVID-19 

related risk factors for VTE therefore include 

age, male sex, obesity, cancer, comorbidities 

along with ICU admission, lung injury, 

cytokine storm and inflammation8.  

SARS-COV-2 is thought to gain entry to cells 

by binding to ACE2 receptors and the spike 

protein plays a vital role in this.  This protein 

is cleaved by plasmin which is found to be 

higher in individuals with cardiovascular 

disease thus potentially making them more 

susceptible to poorer outcomes. The 

interaction of SARS-COV-2 with ACE2 

receptor may cause endothelial damage as 

five-fold rise of von Willebrand factor levels 

has been reported in COVID-19 patients. It is 

well known that endothelial dysfunction is a 

component of Virchow's trait driving the 

development of thrombosis7. Angiotensin-

converting enzyme 2 highly expressed in lung 

alveolar cells, cardiac myocytes, the vascular 

endothelium and other cells8. 

 

COVID-19 and hemostasis parameters 
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The most consistent hemostatic abnormalities 

with COVID-19 include mild 

thrombocytopenia, lymphopenia, 

monocytosis along with increased D-dimers 

and Serum Ferritin levels. Disease severity is 

variably associated with prolongation of the 

prothrombin time, (PT)  international 

normalized ratio (INR) and thrombin time 

(TT) and variably by a trend towards 

shortened activated partial thromboplastin 

time (aPTT). Recently a study done by Tang et 

al. assessed 183 patients with COVID-19, 

among whom 21 (11.5%) had died. The 

notable differences between patients who 

died and those who survived were increased 

D-dimer and fibrin degradation products and 

PT prolongation by 14% ( p<0.001). 

Furthermore, 71% of the COVID-19 patients 

who died fulfilled the international society on 

Thrombosis and Hemostasis (ISTH) criteria 

for DIC compared with only 0.6% among 

survivors. collectively these hemostatic 

changes indicate some form of coagulopathy 

that may predispose to thrombotic events 

although the cause is uncertain9. 

Nevertheless it is yet unknown whether 

these hemostatic changes are a specific effect 

of SARS-COV-2  or  consequence of cytokine 

storm that precipitate the onset of SIRS as 

observed in other viral diseases. Another 

consideration that has not been investigated is 

the hemostatic changes seen with COVID-19 

infection related to liver dysfunction. A recent 

study reported 3 cases with severe COVID-19 

and cerebral infarction with associated 

bilateral limb ischemia, in setting of elevated 

antiphospholipid antibodies. Whether 

antiphospholipid antibodies play a major role 

in pathophysiology of thrombosis associated 

with COVID-19 requires further investigation8. 

 

COVID-19, Markers of myocardial injury and 

thrombotic disease 

Elevated troponin levels are associated with 

poor outcomes in several studies of COVID-

19. It should be remembered that troponin in 

COVID-19 patients may be elevated for 

various reasons. These include nonspecific 

myocardial injury, impaired renal function 

( leading to troponin accumulation), 

myocarditis, pulmonary embolism (PE) and 

myocardial infarction. Although anecdotal 

cases of COVID-19 patients presenting with 

ACS due to plaque rupture has been 

described, currently no such definite case 

have been published8. Myocardial  injury can 

also occur through various mechanism in 

COVID-19 patients especially in those with 

preexisting cardiovascular disease. Systemic 

inflammation as well as shear  stress due to 

increased coronary blood flow can result in 

plaque rupture thus causing myocardial 

infraction. A study showed that acute cardiac 

injury is more common with raised troponin I 

as well as significant ST elevation, which 

could mimic acute coronary occlusion. In 

patients with COVID-19 there is a higher 

prevalence of myocardial injury particularly 

in patients  admitted to the ICU7. COVID-19 

patients with preexisting cerebrovascular 

disease may be at a higher risk of developing 

strokes. Although there have not been many 

studies linking stroke and COVID-19, a study 

with 214 patients identified 5.7% of their 

patients with severe disease (n=88) to have 

developed a stroke of which four were 

ischemic7. 

 

Autopsy and Pulmonary Embolism 

Complete autopsy studies were almost 

nonexistent in the initial phases of the 

outbreak; reasonably so, due to concerns 

related to infectivity, transmission rates, 

uncertainty and biosafety10. The few reports 

initially published were limited to 

postmortem biopsies in COVID-19 positive 
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patients or from lobectomy specimens 

initially resected for lung adenocarcinoma, 

but patients were later found to be COVID-19 

positive. Pathologic features of exudative and 

proliferative phases of diffuse alveolar 

damage (DAD) were noted in these initial 

reports and overlapping features with SARS 

were also noted. Later complete autopsies 

performed in United States further supported 

the presence of DAD. Wichmann11 and 

colleagues reported the findings of 12 

consecutive, legally mandated autopsies of 

patients with COVID-19. The authors noted a 

high incidence of pulmonary embolism with 

or without underlying deep venous 

thrombosis, despite the absence of history of 

VTE. Massive pulmonary embolism was the 

cause of death in one third of the cases, with 

an additional one fourth with recent deep 

venous thrombosis but without pulmonary 

embolism. Seventy-five percent were men and 

two thirds of these were noted to have recent 

thrombosis in prostatic venous plexus. 

Preexisting coronary heart disease (50%), 

respiratory tract, obesity, and type 2 diabetes 

mellitus were noted but an absence of 

antemortem VTEs. Histologically exudative 

phase DAD was noted in two thirds and 

presence of pulmonary thrombi in 5 out of 8 

cases with DAD. Similar histologic findings of 

DAD with microthrombi in 45% cases were 

also recently reported by Menter and 

associates in a series of 21 COVID-19–positive 

autopsies, 4 with prominent central 

pulmonary embolism.  

Lax et al.12  reported the findings of 

autopsies performed on 11 patients randomly 

selected among 48 hospitalized COVID-19–

positive decedents. Significant preexisting 

comorbid conditions included hypertension, 

type 2 diabetes mellitus, obesity, chronic 

obstructive pulmonary disease, coronary 

heart disease, cancer, as well as history of 

cerebrovascular disease and pulmonary 

embolism. After autopsy tissue fixation, 

grossly visible pulmonary thrombi were 

noted in all cases with associated infarcts in 9 

out of these 11 (81%) autopsies. During their 

hospital stay, 10 of the 11 deceased patients 

had received prophylactic dose anticoagulant 

therapy, with 2 receiving this therapy even 

before admission; thus suggesting that 

pulmonary thrombi were formed despite 

anticoagulant therapy. Apart from DAD, 

histologic evaluation highlighted the presence 

of multiple thrombi in small to mid-sized 

pulmonary arteries with adjacent lung 

parenchymal infarcts. These autopsy studies 

highlight the importance of thromboembolic 

events in COVID-19. Wichmann and 

colleagues highlighted the high incidence of 

pulmonary embolism with or without deep 

venous thrombosis, as well as presence of 

recent thrombi in prostatic venous plexus, in 

patients with no history of VTE, suggesting 

de novo coagulopathy in these patients with 

COVID-19.  

Microvascular thrombi can be seen in DAD 

with various causes, including sepsis, trauma, 

viral, bacterial or mycoplasma pneumonia, 

aspiration, as well as toxic inhalation. Thus, 

microvascular thrombosis is not a distinctive 

or diagnostic feature of lung parenchymal 

involvement in patients with COVID-19. 

Ultrastructural evidence of acute endothelial 

injury has also been demonstrated, regardless 

of and without correlation with the cause of 

ARDS. Macrothrombi (thrombi in arteries 

with internal diameter >1 mm), large 

microthrombi, and capillary microthrombi 

have also been reported in patients with 

ARDS, due to other causes listed above. 

Pulmonary infarcts are also seen in patients 

with ARDS who died sooner (10 to 19 days) 

and later (≥20 days) after intubation10. Taken 

together, prior reports and more recent 
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descriptions of DAD in COVID-19 suggest 

that these microscopic findings are not 

specific to the etiology, but rather a general 

feature of acute lung injury at various stages 

of response to the injury. 

The contributions of pulmonary thrombosis, 

embolism, or their combination to deaths of 

patients with COVID-19 may remain 

unaddressed because of the limited number of 

autopsy studies available. To address these 

questions more thoroughly it will require 

tissues obtained either as postmortem 

biopsies or as complete autopsies. Further, 

appropriately stored tissues may be used in 

future studies to assess not only the 

underlying pathogenesis but also to inform 

the development of diagnostic biomarkers 

and clinical trials of therapeutic strategies 

aiming to better equip us for the next 

pathogen, epidemic, or even pandemic10. 

 

Thrombosis and Clinical presentation 

In a study including 30 intensive care unit 

(ICU) patients, 16 were found to have clinical 

DVT. The thrombus was found commonly in 

the femero-popliteal region ( 55%) followed 

by brachial-axillary veins. For upper limb 

involvement the authors proposed that 

continuous positive airway pressure 

ventilators can often be tied in a way that 

compress superficial or deep vessels of upper 

limbs leading to increased risk of DVT. Zhou 

et al. reported a case with concomitant lower 

limb venous and arterial thrombosis 

developed in a COVID-19 patient on the third 

day of admission. This illustrates the 

aggressive thrombotic burden in COVID-19 

patients13.  

The Padua prediction score, which  takes 

into consideration multiple factors can be 

used to assess patients for VTE. A score of >4 

makes thromboprophylaxis necessary. It is 

evident that PE in the context of COVID-19 is 

complex and can present with no other risk 

factors. Furthermore, this is complicated 

because of the overlap with other respiratory 

symptoms and adds another layer of 

diagnostic challenge. A study evaluating 

outcome of 183 patients showed that 71.4% of 

non-survivors met the criteria of disseminated 

intra vascular coagulation (DIC)7.  In DIC 

there can be simultaneous derangement of 

hemostasis and hypercoagulability resulting 

in abnormal coagulation profile. These 

patients showed elevated D-dimer levels, 

prolonged prothrombin time (PT) and 

activated partial thromboplastin time (aPTT) 

and thrombocytopenia. Patients with COVID-

19 may develop sepsis resulting in DIC. 

Sepsis induced coagulopathy (SIC) criteria 

were created by the International Society on 

Thrombosis and Hemostasis to categorize 

sepsis and coagulopathy. SIC values > 4 are 

associated with greater severity of illness 

highlighting the importance of prompt 

recognition and appropriate escalation. The 

American society of Hematology 

recommended the monitoring of platelet 

count, PT, aPTT, D-dimer and fibrinogen 

emphasizing the role of D-dimer as a marker 

of severity of infection7. 

 

Management Strategy of thrombosis in COVID-

19 patients 

Regarding management of thrombosis in 

COVID-19 patients a recent study examined 

two groups of patients having  elevated D-

dimer with and without COVID-19.1  The 

COVID-19 group with D-dimer levels ( >6 

times the upper limit of normal) showed 

lower mortality rate with heparin 

administration (Low molecular weight 

heparin 40-60 mg of enoxaperin per day) or 

unfractionated heparin ( 10000-15000 

units/day) than those without heparin. 

Interestingly, there is no difference in 
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mortality in the COVID-19 negative patients 

with the use of heparin when stratified by D-

dimer level. 

Heparin has previously been shown to play 

an anti-inflammatory role and to offer 

endothelial protection. Its antiviral effect is 

also being studied in experimental models 

and is an avenue that requires further study. 

Generous use of thromboprophylaxis may 

help improve outcomes especially in those at 

high risk of VTE. Kolok et al.6 studied 184 ICU 

patients; 23 (13%) patients died and 22(12%) 

were discharged. The remaining 139 (76%) 

were still in the ICU ; 31% had thrombotic 

complications despite receiving low 

molecular weight heparin (subcutaneous dose 

of 2850 IU or 5700 IU per day dependent on 

body weight or date of treatment). From this 

study it is evident that thrombotic 

complications are high despite thrombi 

prophylaxis. Obi14 et al. observed during 

H1N1 pandemic that those with ARDS were 

at increased risk of VTE. They found that 

those without anticoagulation were 33 times 

more likely to develop any VTE than those 

who were treated with empirical systemic 

intravenous heparin anticoagulation (aiming 

for a target partial thromboplastin time of 50-

70 seconds).  Therefore,  a similar approach 

may be necessary  for COVID-19 patients to 

prevent these complications from occurring7. 

However in a study including 407 patients 

who were considered at high risk of VTE it 

was found that 44 (11%) patients were at high 

risk of bleeding. Therefore regular monitoring 

adjustment of thrombi prophylaxis and 

correction of coagulopathy are also crucial in 

preventing complications. Also D-dimer level 

should be evaluated on daily basis to assess 

the progress  in such patients in terms of VTE 

risk7. Rivaroxaban has been another drug 

used to combat thromboembolism in COVID 

patients. For high risk patients at the time of 

discharge from hospital, Rivaroxaban 10 mg 

daily for 31 to 39 days, or Betrixaban 160 mg 

on Day 1, followed by betrixaban 80 mg once 

daily for 35 to 42 days have been 

recommended15,16. Rivaroxaban has also been 

widely used in mild to moderately 

symptomatic patients with risk factors. 

The platelet  count may be an affordable and 

accessible biomarker for assessment of disease  

severity and risk of coagulopathies. Similarly 

elevated plasmin has been seen in the setting 

of acute respiratory distress syndrome  and 

may be useful as a biomarker in COVID-19 

patients. The use of point of care ultrasound 

screening for DVT may also be necessary and 

others  have also been suggested this in the 

context  of COVID-197. The management 

strategies of combating thromboembolism as 

adopted by different societies has been 

portrayed in table 1.  
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Table 1 

Thrombo-prophylaxis recommendation of different authorities 

Authority/Last update Thrombo-prophylaxis 

recommended 

Drug Adaptation of Dose 

recommended 

Post- discharge 

prophylaxis 

American Society of 

Hematology (ASH)  

(Updated: July 20, 2020) 

Yes, standard 

dose in all hospitalized 

patients. Mechanical only if 

pharmacological 

contraindicated. Combination 

not recommended. 

LMWH 

over 

UFH 

Not by disease severity. 

May be for obesity. No 

recommendation for 

biological parameters. 

Not in general. 

Only if VTE risk is 

high.  

International Society on 

Thrombosis, 

Hemostasis, (March 25, 

2020) 

Yes, standard dose; in all 

hospitalized patients. Multi-

modal with mechanical 

methods in ICU patients. 

LMWH 

over 

UFH 

Intermediate-dose if high 

risk ICU patients. Dose 

modification in obesity. 

Not recommended by 

biological parameters. 

Yes, LMWH or 

DOACs for 2-6 

weeks if VTE risk is 

high and bleeding 

risk is low. 

CHEST Guideline and 

Expert Panel Report by 

American College of 

Chest Physicians 

(updated: June 2, 2020) 

Yes, standard dose in all 

hospitalized patients. 

Mechanical if pharmacological 

contraindicated. Combination 

not recommended. 

LMWH 

or 

fondapa

rinux 

over 

UFH or 

DOACs 

No. 

No recommendation for 

biological 

Parameters. 

Yes, if  low risk of 

bleeding. 

National Institutes of 

Health (NIH), USA 

(Updated: July 17, 2020) 

Hospitalized patients as per 

standard of care for non-

COVID hospitalized patients. 

No recommendation made on 

mechanical.  

As per 

standar

d of care 

for non-

COVID 

hospitali

zed 

adults.  

As per standard of care 

for non-COVID 

hospitalized adults.  

No recommendation for 

biological 

Parameters. 

Not in general. 

Only if VTE risk is 

high and bleeding 

risk is low as per 

non-COVID-19 

patients. 

Clinical Management of 

COVID- 19 by World 

Health Organization 

(updated: May 27, 

2020) 

Yes, in all hospitalized as per 

local and international 

standards. Mechanical if 

pharmacological  

contraindicated.  

LMWH No mentioned No mentioned 

National Guidelines on 

Clinical Management of 

Coronavirus Disease 

2019 (COVID-19), 

Bangladesh 

(Updated: May 28, 

2020) 

Yes, in all hospitalized 

Patients, and also in mild 

cases with risks. No 

recommendation made on 

mechanical.  

LMWH 

or UFH 

Yes. Increasing dose of 

LMWH according to 

disease severity,D-dimer, 

oxygen requirements or 

clinical suspicion or 

confirmation of VTE.  

Extended-use of 

DOACs for 1 

month. 

 

CONCLUSION 

 

COVID-19 patients are in increased risk of 

thrombosis and embolism due to infection 

related inflammation, immobility and 

hypercoagulable state. Adequate 

thromboprophylaxis with administration of 

anticoagulation should be administered in all 
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moderate to severe COVID-19 patients 

including patients of comorbidity and aged 

patients. Unfractionated heparin, Low 

molecular weight heparin, Rivaroxaban and 

Betrixaban have been used prophylactically 

and therapeutically to combat 

thromboembolism. However, many issues are 

yet to be explored regarding thrombosis and 

embolism in COVID-19 patients by 

multicentric multinational large scale studies.  
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