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SUMMARY
In this review, we summarize the possible mechanisms
of COVID-19-associated coagulopathy and compare
its features to other similar conditions. The recent COVID-19 pandemic has caused enormous mortality and
morbidity worldwide. It is important to note that COVID-19-associated thrombotic events play a huge role
in the morbidity of this disease. Interestingly, it has
been observed that this complication may occur despite prophylactic anticoagulant therapy. Recent stud-

n INTRODUCTION

S

ince the emergence of the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
infection, coronavirus disease 2019 (COVID-19)associated coagulopathy has gained significant
attention. It is associated with a more severe
course of the disease and poor prognosis [1, 2].
The hallmark of COVID-19-associated coagulopathy is the prominent elevation of D-dimer, which
is a biomarker of fibrinolysis and a predictor of
thrombosis. It has been demonstrated that the
incidence of arterial thrombosis is higher among
COVID-19 patients as well [3]. The pathologic
manifestations of vascular involvement include
thrombosis, hemorrhage, edema, inflammation,
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ies on COVID-19-associated coagulopathy revealed
that the COVID-19-associated hypercoagulability is
more frequently observed among those with a severe
course of the disease. Various mechanisms have been
suggested as explanations for this condition and possible underlying etiologies.
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and endothelial cell death. Both pulmonary and
non-pulmonary vessels have been shown to be
affected in COVID-19. There is growing evidence
indicating that thrombosis in pulmonary vasculature may play a role in the COVID-19-associated
Acute Respiratory Distress Syndrome (ARDS)
and respiratory failure. For example, in one study,
the microscopic pathology of the lung of a patient
with COVID-19 infection revealed small vessel
stenosis and occlusion [4]. In addition, studies
have shown that COVID-19 may affect vessels
of different sizes in different organs. This different vascular selectivity may be the result of differential expression of molecular surface antigens
required for the infectivity of this organism [5].
There are many evidences that indicate a higher
tendency toward thrombotic events in COVID19-induced ARDS compared to ARDS due to
non-SARS-CoV-2 infections. Virchow’s triad is
known as the cornerstone of thrombotic events.
The three-arms of this triad include endothelial
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damage, hypercoagulability, and blood stasis.
The contribution of each of these arms may vary
in different thrombotic events [6]. This article reviews the current understandings of the potential
underlying mechanisms of COVID-19-associated
coagulopathy.
SARS-CoV-2 pathogenesis
It has been suggested that Angiotensin-Converting-Enzyme-2 (ACE-2) is the primary molecular
surface element used by SARS-CoV-2 for entrance
to the human cells [5]. Interestingly, the loss or
gain of function of this protein (ACE-2) has been
shown to affect the endothelial cell-protective
barriers in the experimental studies. Other studies have shown that ACE-2 has anti-inflammatory
and antioxidant effects [7]. Given that these cell
surface antigens are the primary barrier disrupted
by the COVID-19 virus, the cells rich in these antigens, such as the pneumocytes and endothelial
cells, may be involved in the pathogenesis of this
viral infection [8]. Studies have shown that SARSCoV-2 infection reduces ACE-2 and subsequently
increases angiotensin II (AT-II) [9]. In addition, it
is known that AT-II is associated with hypertenFigure 1 - Overview of the
pathogenesis of COVID-19-associated coagulopathy. Endotheliopathy (as a consequence of direct viral invasion
or local/systemic inflammatory response) and increase in
angiotensin II have been implicated in orchestrating the
coagulopathy in COVID-19. In
conjunction with hypercoagulable state, endothelial injury
and altered blood flow dynamics constitute the Virchow’s
triad and increase the risk of
thrombotic complications.

sion and recent data have implicated the role of
AT-II in the pathogenesis of thrombus formation
in the arterioles. In fact, in animal model studies,
chronic AT-II infusion has increased platelet-endothelial cell adhesion and enhanced thrombogenesis within the arterial system. Also, increased
AT-II has been associated with an increase in tissue factor expression, which is a known factor of
coagulation cascade activation [10]. These data
provide evidence that the AT-II upregulation may
be another piece of the coagulation pathway activation puzzle. A summary of COVID-19-coagulopathy is shown in Figure 1.
Altered coagulation biomarkers
Studies on patients with severe COVID-19 infection have shown the presence of elevated levels of
D-dimer and Fibrin Degradation Product (FDP),
and prolonged Prothrombin Time (PT), and activated Partial Thromboplastin Time (aPTT). Also,
it has been consistently suggested that elevated
levels of D-dimer indicate poor prognosis and
higher mortality rates [8]. It is worth mentioning
that, D-dimer levels tend to rise as the course of
the disease deteriorates [2]. Platelet count is an-
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other potential marker that is subject to change
in patients affected by COVID-19. In contrast to
sepsis-induced coagulopathy, thrombocytopenia
is not prevalent among patients with COVID-19.
However, low platelet count has been recognized
as a marker of disease severity [11]. In some studies, thrombocytosis was similarly associated with
a more severe course of the COVID-19 infection,
and patients with high platelet counts were reported to have longer hospital stays [12]. In addition, higher serum levels of Von Willebrand
Factors (VWF) were also reported in patients
with SARS-CoV-2 coagulopathy complications
[5]. Another laboratory marker of undetermined
significance is the presence of antiphospholipid
antibodies in some COVID-19 patients. In a study
of 56 COVID-19 patients, about 45% of the participants had lupus anticoagulant antibodies in their
serum. Although acute infections may result in
the transient appearance of these antibodies, the
clinical significance of this association needs to be
elucidated [13, 14]. Another interesting finding is
that the presence of lupus anticoagulant was associated with aPTT prolongation in these patients.
The clinical importance of this finding is that the
prolonged aPTT may adversely affect the clinical decision on administrating anticoagulants in
these patients and may in turn result in increased
thromboembolic conditions [15].
Hemostasis in COVID-19 infection
Considering the change in coagulation biomarkers, patients with COVID-19 infection may be
prone to thromboembolic events. It is of particular
note that these thromboembolic events may occur while the patients were receiving heparin or
enoxaparin for venous thromboembolism (VTE)
prophylaxis [16-18]. For example, one study on
patients with severe COVID-19 infection showed
that about 71% of the cases fulfilled the criteria of
the International Society on Thrombosis and Haemostasis (ISTH) criteria for disseminated intravascular coagulation (DIC) [19]. Unlike bacterial-induced DIC, in COVID-19-associated DIC, there is
a modest level of thrombocytopenia and high levels of fibrinogen. Bacterial-induced DIC is usually
associated with low levels of these markers [2].
Endothelial damage in COVID-19 infection
As mentioned earlier, SARS-CoV-2 infects the
cells by disrupting the ACE-2 receptors. Endothe-

lial cells highly express these surface antigens and
therefore are highly involved in the COVID-19
infection. This endothelial damage may promote the activation of the inflammatory response
which consequently mounts a hypercoagulable
state in the body that may be another potential
mechanism causing COVID-19-coagulopathy
[20]. Additionally, ACE-2 downregulation results
in a decreased level of anti-inflammatory agents
and endothelial damage, which may also be another potential mechanism in COVID-19-induced
coagulopathy [21]. There is evidence demonstrating the presence of platelet-fibrin thrombi within
the vessel wall of different organs in COVID-19
infected patients which was consistent among
multiple studies analyzing post-mortem histopathology of various organ tissues in patients with
COVID-19 infection [22, 23].
Inflammatory cytokines and COVID-19 infection
Recent studies investigating the levels of inflammatory cytokines in patients with COVID-19
revealed that severe cases had higher levels of
circulatory IL-6, IL-10, TNFα, and IL-2 receptor
compared to less severe cases [24, 25]. The rapid
increase in circulating levels of these core proinflammatory cytokines has been known to cause
a clinical syndrome, cytokine release syndrome,
that presents with high fevers, headache, low
blood pressure, night sweats, and multi-organ
dysfunction and is associated with poor prognosis. However, it is notable that this syndrome
is not unique to COVID-19 infection [25]. The
role of IL-6 in COVID-19-associated complications has been investigated in multiple studies.
IL-6 plays multiple roles in the inflammatory
pathways including synthesis of coagulation factors, platelet production, and vascular permeability [5]. These factors may also contribute to
COVID-19-associated coagulopathy. Considering these functions, some studies targeted the
receptor of this cytokine as a potential treatment
of COVID-19 infection and interestingly their
results were promising [26, 27]. In line with IL6, COVID-19 infection has been associated with
increased pro-inflammatory cytokines and chemokines such as Tumor Necrosis Factor (TNF)-α,
IL-1β, and Monocyte Chemoattractant Protein
(MCP)-1 [24]. These elements recruit more immune cells to the infected organs and provide an
environment for the expression of other factors
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including the tissue factor that is associated with
coagulation cascade initiation [9].
Heparin-induced thrombocytopenia
and COVID-19 infection
Heparin-Induced Thrombocytopenia (HIT) has
been a well-known complication of anticoagulant
therapy with heparin-derivative medications. It is
particularly common among those receiving heparin compared to low molecular weight heparin.
In the absence of heparin exposure, studies suggest the presence of a syndrome that manifests
with a similar clinical picture as HIT [28]. This
syndrome, spontaneous HIT, has been reported
in COIVD-19 patients and should be considered
as a potential cause of COVID-19-associated coagulopathy [29].
COVID-19-associated coagulopathy compared
to other causes of coagulopathy
COVID-19-associated coagulopathies should be
differentiated from bacterial-induced DIC and
other thrombotic microangiopathies. The pathogenesis of bacterial-induced DIC and coagulopathy involves pro-inflammatory cytokines and
other host defense mechanisms mentioned earlier
for COVID-19. However, a key distinction of sepsis-induced DIC is the lack of increase in D-dimer
levels with increasing disease severity when compared with non-sepsis induced DIC [30,31]. In
other words, the sepsis-induced DIC is associated
with progressive clot formation and suppressed
fibrinolysis. This suppressed fibrinolysis, also referred to as fibrinolytic shutdown, is due to an increase in the production of plasminogen activator
inhibitor-1 [32]. Additionally, COVID-19 infection
is characterized by high circulatory levels of VWF,
and may manifest with a clinical vignette similar
to Thrombotic Thrombocytopenic Purpura (TTP).
TTP is a micro thrombotic condition associated
with depleted levels of a metalloproteinase, ADAMS 13, which is responsible for VWF cleavage.
The lack of ADAMS 13 activity in TTP results in
the release of VWF multimers and microthrombi
formation in the small vessels and a constellation
of symptoms manifesting with thrombocytopenia, fever, decreased consciousness, and renal failure. COVID-19 infection, in contrast to TTP, has
not been associated with a decrease in ADAMS
13 levels. Another unique feature of COVID-19
infection in comparison to TTP is its relationship

with venous thromboembolism rather than stroke
and arterial thrombosis more commonly seen in
TTP [28].
COVID-19-associated coagulopathy
occurs despite anticoagulant administration
Pulmonary emboli and arterial thrombotic
events have been reported in patients with influenza pneumonia while receiving VTE prophylaxis. Although the exact mechanism of this
finding remains to be elucidated, one study
suggested that influenza A/H1N1 infection is
associated with hypercoagulability and endothelial activation or dysfunction [33]. In line
with this finding, thrombotic events have been
observed in patients with COVID-19 who were
receiving the prophylactic dose of anticoagulant agents. A report from France demonstrated
a higher incidence of thromboembolic events in
patients with COVID-19-associated Acute Respiratory Distress Syndrome (ARDS) compared
to non-COVID-19-associated ARDS despite anticoagulation therapy [34]. Another report from
the Netherlands showed an incidence of 31% of
thrombotic events in Intensive Care Unit (ICU)
patients with COVID-19 who have received at
least the standard doses of thromboprophylaxis
[35]. Although some authors argued that this
phenomenon occurred due to underdosing of
anticoagulant agents and the invalidity of data,
such events show the necessity of venous thromboembolism risk stratification and consideration
of appropriate anticoagulant prophylactic dose
while managing patients with this infection [19].
Another point to be considered while managing
patients with COVID-19-associated coagulopathy is the laboratory findings and their potential
effects on coagulopathy indexes. An abnormally
prolonged aPTT was hypothesized to be the reason for insufficient or avoidance of prophylactic
or therapeutic dose of anticoagulant therapy in
patients with COVID-19 [15].
Clinical features of COVID-19-associated
coagulopathy
COVID-19-associated thrombotic events have
been reported between 16% and 31% in patients
with severe SARS-CoV-2 infection [35-37]. Recent data has also shown that venous thromboembolic events are more frequent than arterial
events. COVID-19-associated coagulopathy may
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manifest with venous thromboembolic events,
arterial thrombotic events, and microangiopathic
events. Arterial thrombotic events, such as stroke
are less common among patients with COVID-19.
However, in a recent study done in New York,
COVID-19 infection was associated with a higher
incidence of stroke as compared to influenza infection. This study demonstrated that a total of
31 out of 1916 patients with COVID-19 infection
developed acute ischemic stroke [38]. Bleeding or
overt DIC has been rarely reported. In half of the
cases, the events would be diagnosed within 24
hours of admission [36].
Evaluation of thromboembolic events
in COVID-19 infection
The ISTH has released a guidance statement on
the evaluation and management of COVID-19-associated coagulopathy. It recommended daily
measurement of D-dimer, PT, and platelet count
as well as serum fibrinogen level (if feasible) in
all hospitalized patients with COVID-19. These
laboratory findings have prognostic values and
can guide clinicians for future clinical decision
making. Worsening of these markers necessitate
the consideration of more aggressive critical care
support or the administration of experimental
therapies and blood product support [39]. On the
other hand, if clinical condition and coagulation
markers are stabilized or improved, step-down of
treatment may be considered.
In hospitalized COVID-19 patients, the Working
Party on Hemostasis (Swiss Society of Hematol-

ogy) recommended regular (daily or 2-3 times/
week) monitoring of PT, D-dimer, fibrinogen,
platelet count, lactate dehydrogenase (LDH), creatinine, and alanine aminotransferase (ALT) [40].
If there is an indication, such as renal impairment, monitoring of anti-Xa activity should be
considered as well. It did not recommend monitoring for antithrombin unless there is DIC, sepsis-induced coagulopathy, or heparin resistance.
In addition, in cases with changes in platelet
counts or signs of heparin resistance, HIT should
be considered [40].
A summary of the recommendations for the evaluation of thromboembolic events in COVID-19
shown in Table 1.
Currently, there is insufficient evidence to recommend routine imaging in evaluating thromboembolic events in COVID-19 patients. Furthermore,
there is an overlap of clinical manifestations of
COVID-19-associated ARDS or pneumonia with
COVID-19-associated pulmonary embolism.
However, some studies suggest using Computed
Tomography (CT) pulmonary angiography in patients with COVID-19 who present with sudden
onset of worsening pulmonary manifestations
and high level of D-dimer [41].
Management of coagulopathy in COVID-19
infection
According to ISTH interim guidance statement,
prophylactic dose of Low Molecular Weight Heparin (LMWH) should be considered in all patients
with COVID-19 infection who require hospital-

Table 1 - Evaluation of thromboembolic events in COVID-19 infection.
Guidelines

Recommendations for the evaluation of thromboembolic events in COVID-19 infection

ISTH [39]

• In all hospitalized patients with COVID-19, daily measurement of D-dimer, PT, platelet count, and
serum fibrinogen level (if feasible) is recommended.
• Worsening of these markers necessitate the consideration of more aggressive critical care support
or the administration of experimental therapies and blood product support.
• If clinical condition and coagulation markers are stabilized or improved, step-down of treatment
may be considered.

Working Party
on Hemostasis
(Swiss Society
of Hematology) [40]

• In hospitalized COVID-19 patients, regular (daily or 2-3 times/week) monitoring of PT, D-dimer,
fibrinogen, platelet count, LDH, creatinine, and ALT is recommended.
• If there is an indication, such as renal impairment, monitoring of anti-Xa activity should be
considered as well.
• It did not recommend monitoring for antithrombin unless there is DIC, sepsis-induced
coagulopathy, or heparin resistance.
• In cases with changes in platelet counts or signs of heparin resistance, HIT should be considered.

Abbreviations: PT: Prothrombin time, LDH: Lactate dehydrogenase, ALT: Alanine aminotransferase, DIC: Disseminated intravascular coagulation,
HIT: Heparin-induced thrombocytopenia.
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ization and have no contraindication. The contraindications include active bleeding and platelet
count less than 25×109/L [39].
Tang et al. have reported that in patients with severe COVID-19 infection, treatment with LMWH
or unfractionated heparin (UFH) is associated
with a better prognosis, and the mortality of patients who received treatment was lower in those
who had sepsis-induced coagulopathy (SIC) score
≥4 or D-dimer >6-fold of upper limit compared to
those who did not receive treatment [42].
Thachil suggested that patients with COVID-19
infection may require higher dose of LMWH,
such as an increased prophylactic dose of LMWH
in patients with high Body Mass Index (BMI), significantly high D-dimers, or requirement of higher levels of ventilation (oxygen requirements), or
ARDS [43].
The Working Party on Hemostasis (Swiss Society
of Hematology) recommended thrombophylactic therapy in all hospitalized COVID-19 patients
that have no contraindications [40]. Patients that
have a creatinine clearance >30 ml/min should
receive LMWH, but consider increasing the dose

in overweight patients (>100 kg). However, those
who have a creatinine clearance <30 ml/min
should receive UFH (subcutaneous 2-3 times/day
or intravenous) but consider increasing the dose
in overweight patients (>100 kg) [40]. Additionally, intermediate or therapeutic doses of LMWH
or UFH is recommended in patients with a significant increase in D-dimer, severe inflammation,
or organ failure. Treatment with UFH (with doses
that bring anti-Xa activity into the therapeutic
range) should be considered in patients that are
receiving extracorporeal membrane oxygenation
(ECMO). However, they did not have any recommendations on treating patients with direct oral
anticoagulants due to lack of evidence [40].
Barret et al. have commented on the ISTH interim guidance statement by that in some patients,
thrombotic events continue to occur despite prophylactic therapy [44]. They suggested early initiation of anticoagulation treatment with UFH
in hospitalized COVID-19 patients who do not
have a significant risk factor for bleeding. They
also suggested that antithrombin supplementation may be helpful [44]. Barret et al. discussed

Table 2 - Management of coagulopathy in COVID-19 infection.
Resources

Management of coagulopathy in COVID-19 infection

ISTH [39]

• Consider prophylactic dose of LMWH in all patients with COVID-19 infection who require
hospitalization and have no contraindication.
• The contraindications include active bleeding and platelet count less than 25×109/L.

Tang et al. [42]

• Treatment with LMWH or UFH in patients with severe COVID-19 infection.

Thachil [43]

• Increased prophylactic dose of LMWH in patients with high BMI, significantly high D-dimers,
requirement of higher levels of ventilation (oxygen requirements), or ARDS.

Working Party
on Hemostasis
(Swiss Society
of Hematology) [40]

Thrombophylactic therapy in all hospitalized COVID-19 patients that have no contraindications.
• LMWH in patients with a creatinine clearance >30 ml/min. Consider increasing the dose in
overweight patients (>100 kg).
• UFH (subcutaneous 2-3 times/day or intravenous) in patients with a creatinine clearance <30 ml/
min. Consider increasing the dose in overweight patients (>100 kg).
• Intermediate or therapeutic doses of LMWH or UFH in patients with a significant increase in
D-dimer, severe inflammation, or organ failure.
• Treatment with UFH (with doses that bring anti-Xa activity into the therapeutic range) in patients
that are receiving ECMO.
• No recommendations on treating patients with direct oral anticoagulants.

Barret et al. [44]

• Early initiation of anticoagulation treatment with UFH in hospitalized COVID-19 patients who do
not have a significant risk factor for bleeding.
• Antithrombin supplementation may be helpful.
• Prophylactic dose of LMWH may be helpful in mild to moderate hospitalized COVID-19 patients.
• In severe COVID-19 patients, the DIC-management with UHF that is recommended by the British
Society for Haemotology is suggested.

Abbreviations: LMWH: Low molecular weight heparin, UFH: Unfractionated heparin, BMI: Body mass index, ECMO: Extracorporeal membrane
oxygenation.
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that in mild to moderate hospitalized COVID-19
patients, the prophylactic dose of LMWH may
be effective. However, severe COVID-19 patients
may progress to hypercoagulability and DIC-related organ failure, and they suggested the DICmanagement with UHF that is recommended by
the British Society for Haemotology [44]. In addition, COVID-19 patients have been found to have
higher levels of fibrinogen and lower levels of
antithrombin. Since increased serum levels of fibrinogen reduce the efficacy of prophylactic therapy in preventing thrombosis, prophylactic doses
of LMWH and UFH may be less effective in severe COVID-19 patients [44, 45]. Increased levels
of fibrinogen causes thrombosis and levels >900
mg/dL increase blood viscosity with low shear,
therefore aggressive anticoagulation therapy may
prevent multi-organ failure and ARDS [44]. Additionally, since there is a high rate of pulmonary
embolism in patients with COVID-19 patients,
Barret et al. suggested that UFH may be a better
choice because these patients required administration of tissue Plasminogen Activator (tPA),
and treating patients with tPA in those who have
received LMWH may increase the risk of unstoppable bleeding. Furthermore, renal failure is common in COVID-19 patients which makes UFH a
better choice in these patients. [44].
A summary of the recommendations for the management of coagulopathy in COVID-19 patients is
shown in Table 2.
A potential combination therapy with heparin
and nafamostat has been suggested [46]. Nafamostat is a serine protease inhibitor that inhibits
proteolytic enzymes (such as thrombin, plasmin,
and trypsin) and has antifibrinolytic actions [47].
It has been used in treating DIC in Japan for over
30 years [46]. Further studies are required to assess the efficacy of nafamostat in treating coagulopathy in COVID-19 patients.
Currently, there are several clinical trials around
the world investigating the effects of various drug
regimen on COVID-19-associated coagulopathy.
An important consideration while managing
thromboembolic events in patients with COVID-19 is potential drug-drug interactions, particularly in patients with inherited bleeding disorders. Another point to remember is considering
the potential inherited bleeding disorders while
initiating anticoagulant agents for these patients.
As discussed earlier, coagulation biomarkers may

be affected according to the severity of the infection. For example, lupus anticoagulant may transiently turn positive in patients with COVID-19
and results in a prolongation of aPTT. Having this
in mind, prolonged aPTT should not prevent the
administration of appropriate thromboprophylaxis medications in these individuals [48].
The use of extended post-discharge thromboprophylaxis has also been highlighted in patients
with comorbidities leading to an increased risk of
coagulopathic events [6].
n CONCLUSION
Thromboembolism has been proposed as a potential culprit of increased mortality in the COVID-19 era. Although currently speculative, COVID-19-induced coagulopathy may be a distinct
entity that involves multiple pathways, including
inflammation, activation of endothelial cells, and
imbalance of pro- and anti-coagulant proteins.
Future research is required to address the appropriate venous thromboembolism prophylaxis in
these patients.
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