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ABSTRACT

Since severe acute respiratory syndrome coronavirus 2 led to a world pandemic, exten-
sive research has been conducted to identify its characteristics and form an appropri-
ate management plan. One recognized complication of COVID-19 is coagulation defects 
that can lead to thromboembolic events.

We have reviewed the literature to summarize and present the latest research about 
the pathophysiology, clinical manifestations, anticoagulation use and appropriate dose 
in COVID-19 patients, as well as the effect of anticoagulation in outpatient and post-
hospital settings. The pathophysiology of coagulation abnormalities in COVID-19 is not 
fully understood yet, but multiple mechanisms appear to be involved, such as a direct viral 
attack, hyperinflammation, increased immune response, blood stasis, and endothelial 
injury. Clinical manifestations are mainly venous thromboembolism (deep vein thrombo-
sis and pulmonary embolism), arterial thromboembolism, ischemic stroke, central venous 
sinus thrombosis, and central retinal vein occlusion. Anticoagulation is widely used in 
hospitalized patients with COVID-19, unless it is contraindicated. Heparinoid is the main 
anticoagulant used. However, the appropriate dosage is still debated as research is try-
ing to find a balance between benefits and risks. In outpatients, it appears that antico-
agulation has no benefit in contrast to post-hospitalization use, where benefit could be 
observed in severely affected patients.

We concluded that thromboprophylaxis should be used in treating hospitalized COVID-19 
patients, but the dosage is still a matter of debate. More research needs to be done on 
outpatient and post-hospitalized patients to derive accurate conclusions.

Keywords: Anticoagulation, coagulopathy, COVID-19, heparins, prophylactic 
anticoagulants

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection triggered 
a pandemic in 2019; its consequences are obvious until now. Many medications 
have been tested to improve the outcome of the disease, but only a few have been 
proven effective. Older patients with comorbidities are the primary candidates 
for poor outcome. Specific pathways, related to medical conditions that com-
monly appear to those patients, whose dysfunction leads to poor outcomes, such 
as coagulation, have been targeted. COVID-19 coagulopathy is a widely talked-
about situation that altered the main cure strategies for COVID-19 patients. 
Herein, we summarize the main pathophysiology, clinical manifestations, medi-
cations, dosages, outpatient, and post-hospitalization strategies regarding this 
condition. Mechanisms that lead to this abnormality are multifarious and include 
direct viral damage on the endothelium, hyperinflammation that leads to hyperco-
agulability, blood stasis, and endothelial dysfunction,1,2 along with patients’ con-
dition and the fact that they spend most of their hospital stay bedridden. Clinical 
manifestations encompass venous thromboembolism (VTE), mostly deep vein 
thrombosis (DVT) and pulmonary embolism (PE), arterial thrombosis and periph-
eral limb ischemia, and ischemic stroke and central venous sinus thrombosis.2,3 It is 
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established that anticoagulation treatment reduces in-hos-
pital mortality and thrombotic incidents.4 Medications used 
are heparins (unfractionated (UFH), low-molecular-weight 
heparin (LMWH), fondaparinux),5 apixaban,6 rivaroxaban,7 
and antiplatelet drugs.8 Standard prophylactic dose, inter-
mediate, and kg-based therapeutic doses have been exam-
ined, composing a broken glass between risks and benefits 
of each.9 Outpatient and post-hospitalization anticoagula-
tion treatment strategies are still investigated, but it seems 
that outpatient anticoagulation has no benefit in contrary to 
post-hospitalization use of oral anticoagulants.10,11

PATHOPHYSIOLOGY

One of the main complications of COVID-19 is coagulation 
defects, which are characterized by micro-thrombotic pat-
terns mainly in the lung.12-14 Nevertheless, the mechanism 
of this defect is not fully understood.15 Coagulation abnor-
malities appear to be caused by the direct viral attack, 
hyperinflammation, and high immune response to the virus 
infection, stasis, and endothelial dysfunction.1,2 Direct viral 
attack on the endothelial cells causes cell injury that acti-
vates primary and secondary pathways of hemostasis, and 
at the same time, it suppresses anticoagulation activity.16 
The endothelial cell endothelitis and diffuse endothelial 
inflammation create endothelial disruption that triggers the 
proinflammatory and procoagulant pathways.17-19 Research 
on COVID-19 coagulopathy defines that SARS-CoV-2 may 
promote pulmonary coagulopathy by directly affecting 
bronchial epithelial cells and activating tissue factor signal-
ing.20 In response to the virus infection, the respiratory epi-
thelium triggers inflammatory and immune reactions with 
alveolar infiltration of the leucocytes and the release of 
chemokines and cytokines.12,20 This initiates an inflamma-
tory response, locally in the lungs and then systemically.21 
The most severely affected patients can develop a so-called 
cytokine storm characterized by high proinflammatory cyto-
kines and chemokines such as interleukin-6 (IL-6) and tumor 
necrosis factor α (TNF-α).1,16,22,23 This significant inflammatory 
state and cytokine production, evident by high C-reactive 

protein (CRP) and ferritin, activate the endothelium that, in 
turn, activates the coagulation pathway causing hyperco-
agulability.1,17,21,24,25 A-defensins, complement products, and 
CRP, activated by the activated neutrophils and secreted 
IL-6, have prothrombotic action as well, contributing to a 
prothrombotic state.16,20,22,26 At the same time, hyperinflam-
mation inhibits the regulatory mechanisms of coagulation 
by increased degradation of antithrombin through enzymes 
that are abundant in neutrophils.16 Moreover, intermittent 
hypoxia due to pneumonia can induce the release of tissue 
factors by the endothelial cells and activate the extrinsic 
coagulation cascade.23 Another essential factor that con-
tributes to hypercoagulability is the hyperviscosity that has 
been observed in COVID-19 patients. Fibrinogen and clot-
ting factors are significant contributors to hyperviscosity. It 
has been observed that higher levels of these 2 in a patient 
affected by SARS-CoV-2 cause hyperviscosity and, to an 
extent, hypercoagulability.17

It is well known that COVID-19 is attached to angiotensin-
converting enzyme 2 (ACE II) receptors on endothelial cells. 
This leads to excess levels of angiotensin II. Angiotensin II 
binds to the angiotensin receptor I and enhances the coag-
ulation cascade by increasing cytokine levels and inducing 
plasminogen activator inhibitor-1 on endothelial cells.21 In 
addition, dysfunction of the Renin –Angi otens in–Al doste 
rone System induces inflammatory responses that enhance 
inflammation.16 Angiotensin-converting enzyme II recep-
tors are also located beyond the lung, such as in the brain's 
endothelium and vascular smooth muscle cells, which could 
potentially explain thrombotic phenomena in other organ 
systems.2 In addition, some studies showcased that cardiac 
fibroblast may play a role in micro-thrombi formation in the 
heart.27

All the above, in combination with prolonged immobilization 
during critical illness, mechanical ventilation, central venous 
catheterization, and surgery, as well as predisposing risk fac-
tors for endothelial damage such as hypertension and dia-
betes mellitus, may cause an accumulation of VTE risk that 
may lead to endothelial vascular damage, endothelitis, and 
induce thrombosis15,16,17,28 (Figure 1).

CLINICAL MANIFESTATIONS

Severe acute respiratory syndrome coronavirus 2 infec-
tion pathophysiology leads to increased prevalence of 
VTE, peripheral arterial thromboembolism (ATE), ischemic 
stroke, and central venous sinus thrombosis.2,3 Among inten-
sive care unit (ICU) patients, prevalence seems to be even 
higher.19 Venous thromboembolism mostly refers to PE and 
DVT. Birocchi et  al compared COVID-19 and non-COVID-19 
patients screened for DVT and PE with ultrasound (US). 
COVID-19 patients had 15.43% prevalence of DVT and 4.85% 
prevalence of PE, while non-COVID-19 patients were sig-
nificantly less consulted (4.21% and 0.22%, respectively).13 
Differences in diagnostic methods for VTE among the stud-
ies result in wide heterogeneity in referred prevalence. When 
diagnosis did not include US screening for VTE, overall pooled 
prevalence was 21% for VTE, 15% for PE, and 27% for DVT.29 In 
patients screened with US, prevalence was 32% for PE and 

HIGHLIGHTS
• COVID-19-induced thrombosis is related to microthrom-

bosis, hyperinflammation, and endothelial dysfunction.
• COVID-19 patients are at increased risk of arterial 

thromboembolism, deep vein thrombosis, pulmonary 
embolism, central venous thrombosis, and stroke.

• Unfractionated heparin, low-molecular-weight hep-
arin, direct oral anticoagulants, and nonoral direct 
anticoagulants but not antiplatelet drugs improve out-
comes of hospitalized COVID-19 patients due to pre-
venting thrombosis.

• The optimal dosage is not yet determined, but standard 
prophylactic anticoagulation is recommended for all 
hospitalized COVID-19 patients.

• Intermediate and therapeutic dosages are debatable 
and treatment should be individualized according to 
risks and benefits for each patient.
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27% for DVT.30 Incidence of VTE is increased among critically 
ill patients. Two meta-analyses with an overall pooled prev-
alence of 4.8% and 16.7% found 7.6% and 60.8%-85.45% inci-
dence in critically ill patients, respectively.3,31 In patients using 
anticoagulants, VTE incidence was lower (23.9% vs. 31.3%) 
than patients not using anticoagulants before.32 Median time 
from admission to VTE diagnosis is found to be 10 days, while 
the median time from VTE to discharge is 9 days.14 Venous 
thromboembolism is described to lead to increased need 
for mechanical ventilation, ICU admission, and death.12,14 
The most common location is the lower limb, followed by 
the upper limb and inferior vena cava (IVC).31 Central venous 
thrombosis (CVT) is diagnosed approximately 7 days after 
the establishment of COVID-19 diagnosis, is not related to 
other medical condition in most cases (57%), and leads to 
45.5% mortality.33 Arterial thromboembolism can occur as 
peripheral arterial ischemic disease with pain, paresthesia 
and gangrene, acute coronary syndrome, line-associated 
radial arterial thrombosis, or ischemic stroke.2,3,21 The most 
usual location is the lower limb, followed by the upper limb 
and aortic thrombosis.34 Critically ill patients are in greater 
risk as 2.8% overall prevalence among COVID-19 patients 
increases to 5.6% in critically ill3 and 12% in ICU patients.19 
Arterial thromboembolism is related to poor outcomes as 

amputation ranges from 4% to 11.8% and mortality ranged 
from 30.1% to 35.3%.18,21,34 COVID-19-related CVT and isch-
emic stroke can lead to intracranial hemorrhage.35 Eventually, 
central retinal vein occlusion can occur in COVID-19 patients, 
without any other traditional risk factors23 (Figure 1).

Medication
Based on the pathophysiology and the studies reporting 
excess thrombotic risk in patients with COVID-19, research 
has been trying to identify the role of anticoagulants in the 
management of the disease.36 Most of the research and lat-
est guidelines suggest using anticoagulation in hospitalized 
COVID-19 patients.15 Tang et  al37 in a retrospective cohort 
study provided the first evidence that COVID patients with 
sepsis-induced coagulopathy score higher than 4 or mark-
edly elevated D-dimer levels appeared to have improved 
mortality when they were treated with anticoagulation 
(UFH or LMWH) compared to patients receiving no anti-
coagulation.38,39 Indeed, since then, many studies have 
been conducted, mainly observational cohort studies and 
meta-analyses, since thromboprophylaxis is considered 
the standard of care and the applicability of these studies 
is difficult.38 A retrospective observational study showed 
that in-hospital mortality was lower in patients receiving 

Figure 1. COVID-19-related thrombosis and clinical manifestations.
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anticoagulation (prophylactic or treatment dose), mostly 
LMWH.40 According to a recent meta-analysis, anticoagu-
lation reduces mortality and improves survival compared 
to no anticoagulation.41 These findings come in alignment 
with other available meta-analyses.6,39 The effect of anti-
coagulation in thrombotic events (PE, DVT), major bleed-
ing, and adverse events also have been studied but not to a 
great extent. A meta-analysis showed no increased risk of 
bleeding events with anticoagulation administration.42 In 
contrast, a recent meta-analysis thought the data were lim-
ited, and due to poor quality, no conclusion could be derived 
for the effect of anticoagulation in thrombotic events when 
compared to no anticoagulation.6 In contrast to the studies 
mentioned above, meta-analyses demonstrated that pro-
phylaxis with heparin failed to improve mortality compared 
to no anticoagulation.29,43 However, the included studies 
were limited in sample size or the results were not statis-
tically significant.29,42,44 The proposed mechanism for the 
benefit of anticoagulation is by suppressing prothrombotic 
coagulopathy, therefore preventing thrombosis.1 More spe-
cifically, though, it appears that heparins, apart from being 
antithrombotic, also have anti-inflammatory and possibly 
antiviral properties by directly interacting with the s1 spike 
protein of SARS-CoV-19 and block viral attachment and cell 
entry.6,36,39,40,45-47 It has been speculated that heparins can 
affect proinflammatory cytokines by inhibiting neutrophil 
chemotaxis and leukocyte immigration, causing decreased 
inflammation.40,43 Therefore, heparinoids, primarily LMWH, 
have been used in critical and noncritical COVID-19 patients. 
It is possible that therapeutic-dose heparin cannot influ-
ence the cascade of inflammation, thrombosis, and organ 
injury in patients with advanced disease.36 Research stud-
ies have not fully explored the timing of initiation of antico-
agulation medication in relation to the degree of severity of 
the illness from inflammation and coagulation.36,45,46 Other 
anticoagulants, besides heparinoids, that have been used 
in COVID-19 patients are vitamin K antagonists, direct 
oral anticoagulants (DOACs), and nonoral direct antico-
agulants (NOACs).6,39,41,45 Rivaroxaban has better distribu-
tion than heparin, allowing for better access to lung tissue. 
However, it does not share the other properties of heparin.46 
It is unknown whether there are clinical differences between 
using rivaroxaban and heparin for COVID-19 patients.46 
Limited studies are comparing the types of anticoagulation 
and their efficacy in COVID-19. A randomized controlled trial 
(RCT) directly compared the efficacy between rivaroxaban 
and enoxaparin in patients with mild to moderate COVID-19. 
It showed that rivaroxaban had improved efficacy since the 
group receiving the rivaroxaban had decreased thrombotic 
events. However, the patient number was small.48 Billett 
et al49, investigating the efficacy of 3 types of anticoagulant 
drugs (i.e., apixaban, enoxaparin, and UFH) on in-hospital 
mortality in COVID-19 hospitalized patients, observed that 
apixaban and enoxaparin had similar beneficial effects on 
that outcome.39 Nevertheless, oral anticoagulation (OAC) 
should be switched to parenteral heparin whenever pos-
sible. Vitamin K antagonists and DOACs should be avoided 
due to possible drug interactions with the antivirals and anti-
bacterial medications used in COVID-19 patients that could 

change the effect of the anticoagulant.28,50 If a VTE is iden-
tified in a COVID-19 patient, management should change 
to parenteral therapeutic anticoagulation.16,41,44 Also, anti-
coagulation has been used for the treatment of acute limb 
ischemia, mostly UFH and LMWH, but also DOAC, alone or in 
combination with other types of therapy.18,34 Central retinal 
vein occlusion secondary to COVID-19 has also been treated 
with anticoagulants, starting on LMWH, which was switched 
to rivaroxaban, with a favorable outcome.23 Cerebral venous 
sinus thrombosis treated with UFH and LMWH was com-
plicated with intracranial hemorrhage, reporting a high 
prevalence of that complication and mortality.51 Our under-
standing of the pathophysiology and the potential role of 
platelets in the pathogenesis of SARS-CoV-2 infection trig-
gered researchers to investigate the role of antiplatelets in 
COVID-19. Indeed, aspirin and other antiplatelets have been 
studied as a potential treatment for COVID-19.8,52 In a large 
retrospective study of hospitalized patients, results showed 
improvement in mortality with the use of in-hospital aspirin 
compared to no aspirin.8 However, this observational study 
comes in contradiction with published randomized control 
studies. In the RECOVERY trial, outcomes for 28-day mortal-
ity and progression to mechanical ventilation were relatively 
consistent between hospitalized patient who received aspi-
rin and the group that did not. Aspirin was associated with 
a small reduction of thrombosis, but at the same time with 
an increased risk of bleeding. On top of that another trial 
that looked into critically ill patients treated with aspirin 
did not show improvement in the number of organ support-
free days within 21 days.52 Studies have also tried to inves-
tigate the combination of therapeutic heparin with P2Y12 
inhibitors, mainly clopidogrel and ticagrelor. However, it was 
found that the addition of P2Y12 inhibitors in the therapeutic 
regime does not result in an increase in organ support-free 
days among noncritically COVID-19 patients.53 Therefore, 
initiation of antiplatelets for COVID-19 is not recommended, 
but future studies will give us better insight shortly (Table 1).

Optimal Dosage
The dosage of anticoagulation has also been the object of 
extended investigation. Many studies have compared stan-
dard prophylactic doses with intermediate and therapeutic 
doses, in terms of mortality, ATE, VTE, bleeding risk, length 
of stay (LOS), risk of ICU admission, mechanical ventilation 
duration, and impact on PO2/FIO2 (P/F) score. Most of the 
studies and meta-analyses that examined mortality, in-
hospital mortality, incidence of death, or all-cause death 
agree that therapeutic dose does not significantly reduce 
the risk.4,7,5,54-60 Intermediate dose did not also achieve to 
decrease mortality among hospitalized and nonhospital-
ized COVID-19 patients nor among critically ill patients.7,61,62 
The same results were demonstrated by a meta-analysis 
that compared intensified (intermediate or therapeutic) 
anticoagulation with prophylactic anticoagulation.9 One 
RCT described a reduction in all-cause death with therapeu-
tic anticoagulation (1.8%) compared to prophylactic dose 
(7.6%),63 and another RCT comprehended that intermedi-
ate dose can decrease in-hospital death.8 A meta-analysis 
resulted in 42% mortality reduction with prophylactic versus 
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therapeutic dose,64 and another meta-analysis resulted in 
60% higher mortality with intensified dose versus prophylac-
tic dose.65 Arterial thromboembolism is also demonstrated 
not to be significantly altered by therapeutic or intermediate 
dose compared to prophylactic dose.54,55,58,63,66 Concerning 
VTE, there is a conflict in literature about the effect of 
therapeutic or intensified dose compared to prophylac-
tic anticoagulation. Therapeutic anticoagulation seems to 
outclass prophylactic in preventing VTE among COVID-19 
patients,44,54,57,58,67 despite some RCTs resulting in no sig-
nificant difference.55,63 When intermediate dose is involved, 
the ascendance of intensified dose is not clear. Two meta-
analyses found no significant difference,7,62 while another 
demonstrated that intensified dose reduces VTE risk to 
2.8% versus 5.4% with prophylactic dose), due to a lower PE 
incidence.9 Bleeding risk seems to be higher in therapeutic 
dose compared to prophylactic dose.5,7,54,56,58,66 In an RCT by 
Spyropoulos et al54 major bleeding occur in 4.7% of COVID-19 
patients receiving a therapeutic dose of anticoagulation ver-
sus 1.6% of those receiving prophylactic dose. Prophylactic 
dose had also better bleeding profile compared to intensi-
fied anticoagulation,9,65 and intermediate dose.62 There are 2 
meta-analyses, one comparing prophylactic to therapeutic 
dose and one comparing prophylactic to intermediate dose 
that found no significant difference in major bleeding.7,57 In a 
meta-analysis, LOS is estimated lower for patients receiving 
prophylactic dose compared to those receiving therapeutic 
dose.5 Two RCTs found no significant difference between 
prophylactic and therapeutic dose at reducing ICU admis-
sion and mechanical ventilation duration,55,63 but another 
RCT demonstrated that therapeutic dose improved weaning 
and P/F score over time59 (Table 2).

Outpatient Use
We found only 3 articles about outpatient use of antico-
agulants in patients with COVID-19 infection. A systematic 

review with meta-analysis by Zeng et al10 described that 
outpatient use of oral anticoagulants did not decrease mor-
tality and ICU admission. Analyzed studies include outpa-
tient and hospitalized patients who received OAC before 
admission. Among analyzed studies, clinicians either con-
tinued OAC or switched to subcutaneous LMWH. None of 
the studies described an improved outcome.10 Outpatient 
use of enoxaparin has been examinedin patients with symp-
tomatic COVID-19, in terms of improving hospitalization rate 
or 30-day all-cause mortality, in two RCTs. In one of them, 
enoxaparin was administered for 13 days and in the other for 
21 days. None of those 2 described an improved outcome.68,69

Post-hospitalization Use
There are limited available data regarding the best approach 
to an anticoagulation strategy post-hospitalization with 
COVID-19 infection. There is a widespread hypothesis that 
the risk of hospital-associated VTE may remain after dis-
charge, also for patients with COVID-19.70 MICHELLE trial 
is an open-label, multicenter randomized study conducted 
in Brazil and tried to investigate anticoagulation manage-
ment in post-hospitalized patients with COVID-19. In this 
study, patients with a high risk for VTE after discharge, as 
determined by an IMPROVE score higher than four or score 
2-3 plus increased D-dimmers, were prescribed a prophylac-
tic dose of rivaroxaban (10 mg per day) for 35 days. Results 
showcased that patients who appeared to have an increased 
risk of thromboembolism (based on an IMPROVE score) had 
reduced thrombotic events after receiving rivaroxaban 10 
mg daily for 35 days, compared to no post-discharge anti-
coagulation. At the same time, there was no increase in 
bleeding complications compared to the control group.67 In 
addition, a prospective observational single-center study 
demonstrated that patients with a low risk of VTE post-
discharge showed a low incidence of post-discharge VTE, 
whereas a small group of patients with high-risk VTE who 

Table 1. Main Studies of Medications Used for COVID-19 Coagulopathy

Title Author Research Type Intervention Main Results

Intermediate-dose anticoagulation, 
aspirin, and in-hospital mortality in 
COVID-19: a propensity score-
matched analysis.8

Meizlish ML 
et al

Observational 
Study

Aspirin vs. no anti-PLT 
therapy

Aspirin-reduced in-hospital 
mortality

Heparin in COVID-19 patients is 
associated with reduced in-hospital 
mortality: the multicenter Italian 
CORIST study41

Di 
Castelnuovo 
A et al

Observational 
study

Heparin (LMWH/UFH) vs 
no anticoagulant

Heparin-reduced mortality

Oral rivaroxaban in the prophylaxis of 
COVID-19-induced coagulopathy50

Dhiraj Kumar 
et al

RCT Rivaroxaban vs. 
enoxaparin

Rivaroxaban group had less 
bleeding and thrombotic 
episodes

Effect of P2Y12 inhibitors on survival 
free of organ support among 
noncritically Ill hospitalized patients 
with COVID-19: a randomized clinical 
trial53

Jeffrey S 
Berger et al

RCT P2Y12 inhibitor plus 
therapeutic heparin vs. 
therapeutic heparin in 
noncritically ill patients

The addition of P2Y12 inhibitor 
did not significantly affected 
organ support-free days, 
mortality, and bleeding events

Effect of antiplatelet therapy on 
survival and organ support–free 
days in critically Ill patients with 
COVID-1954

Charlotte 
A Bradbury 
et al

RCT Aspirin vs P2Y12 inhibitor 
vs. no anti-PLT therapy 
in noncritically ill 
patients

Aspirin or P2Y12 inhibitor 
addition to standard of care 
did not significantly affected 
organ support-free days, 
mortality, and bleeding events
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were prescribed thromboprophylaxis with prophylactic dose 
of enoxaparin was also associated with a low incidence of 
VTE. No bleeding complications occurred in the patients 
receiving anticoagulation. According to this study, routine 
prescription post-discharge may not be needed, d with the 
exception of patients with a high-risk profile.71 These results 
appear to come in alliance with the MICHELLE trial. Finally, 
in a large prospective registry (CORE-19), patients receiv-
ing post-discharge anticoagulation had a 46% reduction in 
post-discharge major thromboembolic events and mortal-
ity.70 Currently, there is no consensus concerning the optimal 
anticoagulation discharge plan for COVID-19 patients, with-
out documented VTE. However, high-risk individuals may 
benefit from post-discharge thromboprophylaxis. Future 
research could give us more answers to identify the appro-
priate management and the benefits of anticoagulation 
post-discharge.41

CONCLUSION

As a result of COVID-19 hypercoagulability state and 
increased risk of thrombotic events, anticoagulation seems 
to be in favor of COVID-19 patients.36 In-hospital use is 
already established, but further investigation is needed 
to clarify the specific groups that will benefit from higher 
doses, the post-hospitalization strategy, and the groups that 
may benefit from outpatient anticoagulation treatment.
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