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Coronavirus disease 2019 (COVID-19) predisposes to deep vein thrombosis (DVT)
and pulmonary embolism (PE) particularly in mechanically ventilated adults with severe
pneumonia. The extremely high prevalence of DVT in the COVID-19 patients hospitalized
in the intensive care unit (ICU) has been established between 25 and 84% based on
studies including systematic duplex ultrasound of the lower limbs when prophylactic
anticoagulation was systematically administrated. DVT prevalence has been shown to
be markedly higher than in mechanically ventilated influenza patients (6–8%). Unusually
high inflammatory and prothrombotic phenotype represents a striking feature of COVID-
19 patients, as reflected by markedly elevated reactive protein C, fibrinogen, interleukin
6, von Willebrand factor, and factor VIII. Moreover, in critically ill patients, venous stasis
has been associated with the prothrombotic phenotype attributed to COVID-19, which
increases the risk of thrombosis. Venous stasis results among others from immobilization
under muscular paralysis, mechanical ventilation with high positive end-expiratory
pressure, and pulmonary microvascular network injuries or occlusions. Venous return
to the heart is subsequently decreased with increase in central and peripheral venous
pressures, marked proximal and distal veins dilation, and drops in venous blood flow
velocities, leading to a spontaneous contrast “sludge pattern” in veins considered as
prothrombotic. Together with endothelial lesions and hypercoagulability status, venous
stasis completes the Virchow triad and considerably increases the prevalence of DVT
and PE in critically ill COVID-19 patients, therefore raising questions regarding the
optimal doses for thromboprophylaxis during ICU stay.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) patients present with
coagulation disorders and marked predisposition to thrombosis
(Goshua et al., 2020; Helms et al., 2020; Iba et al., 2020).
One major consequence is the high prevalence of deep
vein thrombosis (DVT) demonstrated by studies performing
duplex ultrasound examination of the lower limbs in patients
hospitalized with severe pneumonia (Zhang et al., 2020; Fraissé
et al., 2020; Llitjos et al., 2020; Nahum et al., 2020; Ren et al.,
2020; Voicu et al., 2020a). The high prevalence of DVT exposes
patients to a high risk of pulmonary embolism (PE) (Contou
et al., 2020; Poissy et al., 2020), especially when DVT is proximal,
at the popliteal level, or above (Konstantinides et al., 2020). DVT
in COVID-19 patients may be responsible for approximately
10% of deaths in COVID-19 patients as shown by systematic
autopsy findings (Edler et al., 2020). Therefore, understanding
the underlying mechanisms of the thrombotic process during
the COVID-19 time course is of utmost importance because
of the implications in the clinical, biological, and imaging
monitoring of the patients, as well as in the anticoagulant
prophylaxis and treatment.

High Prevalence of DVT in COVID-19
Patients—Clinical Data
Initial studies reported unusually high rates of thrombotic events
including DVT and PE, i.e., 16.7% (Helms et al., 2020), 20.6%
(Poissy et al., 2020); DVT, 2% (Helms et al., 2020), 14.8% (Tavazzi
et al., 2020); and DVT and/or PE in 27% of the patients (Klok
et al., 2020). More recently, studies provided insight into the
DVT prevalence by using systematic ultrasound screening of the
lower limbs. They established a DVT prevalence up to 85.4%
in hospitalized COVID-19 patients (Fraissé et al., 2020; Llitjos
et al., 2020; Nahum et al., 2020; Ren et al., 2020; Voicu et al.,
2020a; Zhang et al., 2020). Timing and number of ultrasound
examinations per patient varied according to the study. The
highest DVT prevalence was reported by Ren et al. (2020),
who performed at least two ultrasound examinations during
the intensive care unit (ICU) stay in a Chinese series of 48
patients under prophylactic enoxaparin and showed an overall
DVT prevalence of 84.4% but a prevalence of proximal DTV
(defined as popliteal or femoral) of 10.4%. In a study of 143
patients admitted to the medical wards, Zhang et al. (2020)
showed that 46.1% had DVT, of which 34.8% were proximal.
Approximately 50% of the patients received prophylactic or
therapeutic anticoagulation before the ultrasound. The median
time from admission to detection of DVT was 9 days (Zhang
et al., 2020). Patients with DVT had a worse prognosis requiring
more often admission to the ICU, 18.2% of the patients
versus 3.9% (p = 0.005) and having a higher mortality, 34.8%
versus 11.7%, p = 0.001, compared to patients without DVT.
In 56 mechanically ventilated patients, Voicu et al. (2020a)
showed a prevalence of 46% of DVT, 50% of them being
proximal. Importantly, despite standard unfractionated heparin
or enoxaparin prophylaxis, DVT was acquired during ICU stay in
35% of the patients who had a second ultrasound and who were

DVT-free on the initial ultrasound (Voicu et al., 2020a). These
studies proved that prevalence of DVT was higher that initially
suggested, and much higher than in mechanically ventilated
influenza patients (i.e., 10.7%) (Obi et al., 2019). However,
in non-ICU patients studies performing systematic screening
observed lower DVT prevalence of 11.9 with 2.4% being proximal
(Santoliquido et al., 2020) and 14.7% among which 1/156 was
proximal (Demelo-Rodríguez et al., 2020).

Overall, data from these studies suggested that standard
prophylactic anticoagulation was insufficient to prevent DVT and
importantly, that ultrasound monitoring should be undertaken to
accurately diagnose and treat DVT.

Although routine screening has been performed for DVT
using ultrasound, a non-invasive, reliable and cost-effective
technique, screening for PE is limited by the difficulties to
transport patients in life-threatening conditions to the imaging
department and by the adverse effects of computed tomography
pulmonary angiography (CTPA) including the high risk of kidney
injury and potentially life-threatening allergic reactions. It is not
clear how many hospitalized COVID-19 patients present with
PE as no study performed routine CTPA. Among retrospective
studies reporting PE, a prevalence of 30% was found in 106
patients receiving CTPA for suspicion of PE or other indications,
but this high prevalence must be put into perspective with the
selection bias inherent to the retrospective nature of the study
(Léonard-Lorant et al., 2020). However, one study reporting
systematic autopsy studies in patients who died from COVID-
19 infection, found that 21% of the patients had PE, and in
approximately half of them (8/17), PE was considered the cause
of death (Edler et al., 2020).

Several factors can be identified as predisposing to thrombosis
in COVID-19 patients. Most patients had underlying conditions
including obesity, diabetes, hypertension, ischemic heart disease,
associated with hypercoagulable state, endothelial injuries,
decreased venous return and immobility, all of which are major
factors contributing to thrombosis.

Hypercoagulability Favoring Thrombosis
in COVID-19 Patients
The hypercoagulable state underlies the predisposition to
thrombosis as indicated in the first studies in China (Tang et al.,
2020), especially by the extremely elevated D-dimers. Tang et al.
found a correlation between the D-dimer level and mortality
and suggested that anticoagulation may improve survival, as
subsequently suggested in a retrospective study including 2773
patients showing increased survival in patients treated with
versus without anticoagulation in the United States (Paranjpe
et al., 2020). The intense inflammatory reaction supported by the
elevated interleukin 6 (IL-6), C-reactive protein, and fibrinogen
levels (McElvaney et al., 2020) strongly favors thrombosis. Besides
the increase in fibrinogen level, one of the most remarkable
laboratory features of the hypercoagulable state in COVID-19
patients is the unusually high von Willebrand factor levels,
up to 10 times the upper normal limit and higher than the
normal range in 100% of the patients (Panigada et al., 2020;
Voicu et al., 2020b); factor VIII level is subsequently very
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FIGURE 1 | Factors favoring deep vein thrombosis in COVID-19 patients. (A) SARS-CoV-2 invades the endothelial cell and produces systemic and vascular
inflammation leading to increased fibrinogen, CRP, IL-6, and coagulation factor V, as well as antiphospholipid antibodies possibly through molecular mimicry.
Mononuclear cell inflammation, apoptosis, and necrosis were documented in the lungs; in veins, their presence was not specifically studied. SARS-CoV-2 invades
the endothelial cell and determines directly and/or through systemic inflammation the exocytosis of von Willebrand factor and factor VIII from Weibel–Palade
granules. (B) SARS-CoV-2 involves endothelial cells injuries (apoptosis and necrosis). (C) Mechanical ventilation, high PEEP, and immobility decrease the blood
velocities of the venous return. (A–C) Complete the Virchow triad and increase the risk of thrombosis. SARS-CoV-2, severe acute respiratory syndrome–coronavirus
2 virus; IL-6, interleukin-6; CRP, C-reactive-protein; FV, coagulation factor V; FVIII, coagulation factor VIII; VWF, von Willebrand factor; PEEP, positive end-expiratory
pressure; ACE2, angiotensin-converting enzyme type 2.

elevated, as factor VIII is transported by von Willebrand factor
(Tabatabai et al., 2020; Panigada et al., 2020; Voicu et al., 2020b).
Moreover, factor V concentration is also unusually increased
(Helms et al., 2020; Voicu et al., 2020b). Both von Willebrand
factor and factor VIII are stored in the Weibel–Palade bodies of
the endothelial cells, especially in some vascular territories such
as lungs, and released during the COVID-19 disease, resulting in
high circulating levels (Valentijn et al., 2011). This release may
be related to the invasion of the endothelial cell by the virus,
which can attach to the angiotensin-converting enzyme type 2,
and may lead to endothelial dysfunction or damage and release
of the coagulation factors (Panigada et al., 2020; Escher et al.,
2020; Figure 1). Other specific pathways such as anticoagulant
protein C may also play a role, although the extent of its
involvement is still under evaluation. Physiologically, thrombin
activates protein C through the formation of a thrombin–
thrombomodulin complex on the endothelial surface, enhanced
by the endothelial protein C receptor. Therefore, endothelial

damage may result in protein C pathway disruption. Its protein
C activity was found normal in some studies (Panigada et al.,
2020), decreased in others (Tabatabai et al., 2020), or appeared
deficient despite normal concentrations of protein C due to
the saturation or overwhelming of the pathway by high factor
V and VIII concentrations (Voicu et al., 2020b). Similarly,
ADAMTS13, the von Willebrand factor–specific protease, seems
to be slightly decreased, with a subsequent imbalance of
von Willebrand factor/ADAMTS13 axis when considering the
strikingly elevated von Willebrand factor levels (Blasi et al., 2020;
Delrue et al., 2020; Huisman et al., 2020). Hypoxemia associated
with COVID-19–related pneumonia (Sherren et al., 2020) may
also enhance hypercoagulability through increased synthesis of
hypoxia inducible factor-1α (Marchetti, 2020), which increases
procoagulant gene expression (Gupta et al., 2019).

Cardiovascular risk factors predispose to COVID-19 but are
also associated with increased predisposition to thrombosis.
Obesity is associated with increased tissue factor and P-selectin
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expression, increased thrombin generation, and platelet
activation, whereas antithrombotic pathways such as protein C
anticoagulant system, antithrombin, and tissue factor pathway
inhibitor are downregulated (Korakas et al., 2020). Diabetes
increases the thrombotic risk even further, hyperglycemia
increasing the oxidative stress with subsequent thrombin
generation and decreasing antithrombin anticoagulant activity,
through its non-enzymatic glycation (Ceriello, 2020).

The cytokine storm described in COVID-19 patients is a
major pathophysiological bridge between inflammation and
thrombosis. Although its complex pathophysiology is beyond
the scope of this mini-review, the relationship to thrombosis
of one of the main factors involved, IL-6, found in very high
levels in COVID-19 patients (Lazzaroni et al., 2020) must
be acknowledged. Notably, IL-6 up-regulates fibrinogen levels,
activates tissue factor expression, but also increases factor VIII
level, through endothelial injury or activation by complex formed
by IL-6 and IL6-receptor and subsequent von Willebrand factor
release (Joly et al., 2020).

Endothelial Activation and Lesion
Favoring Thrombosis in COVID-19
Patients
Thrombosis may also be favored by endothelial cell activation
leading to increased expression of adhesion molecules and
production of tissue factor by antiphospholipid antibodies,
which are occasionally synthesized in viral infections due
to the antigen mimicry of the virus (Ruiz-Irastorza et al.,
2010). Lupus anticoagulant was positive in 45% of the 56
COVID-19–infected patients, whereas anticardiolipin and/or β2
glycoprotein-I antibodies were found in 10% of the patients
(Harzallah et al., 2020). However, their role in the pathogenesis of
COVID-19–related thrombosis remains to be determined, since
in a study including 74 mechanically ventilated ICU COVID-
19 patients receiving systematic ultrasound DVT screening and
CTPA if PE was suspected, 12% had positive anticardiolipin
and/or β2 glycoprotein-I antibodies, without difference in
prevalence between the 28 patients with a thrombotic event and
the 46 patients without a thrombotic event, 5 (18%) versus 4 (9%)
respectively, p = 0.30 (Siguret et al., 2020).

Neutrophils seem to participate actively in the
immunothrombotic process by the increased expression of
neutrophil extracellular traps (NETs, extracellular traps of
chromatin and microbicidal proteins (Zuo et al., 2020) that
activate tissue factor expression by endothelial cells in COVID-
19 infection) (Skendros et al., 2020). Moreover, complement
fraction C5a increases NET expression and tissue factor
expression by neutrophils, participating in the thrombotic
process (Skendros et al., 2020). Complement is another potential
enhancer of thrombosis, the membrane attack complex C5b-9
being increased in COVID-19–infected patients, in parallel with
other endothelial activation markers such as von Willebrand
factor, tissue plasminogen activator, and plasminogen activator
inhibitor-1 (Cugno et al., 2020).

Finally, the endothelium, which also has antithrombotic
functions, may be severely damaged (Magalhaes et al., 2020)

due to the underlying vascular mononuclear inflammation, as
well as apoptosis of endothelial cells documented by pathology
studies especially in the lungs or small bowel vessels (Escher
et al., 2020; Varga et al., 2020). These features have not been
so far described in veins, but may represent another putative
thrombosis-favoring mechanism.

Increased thrombosis may lead to increased consumption
of platelets and the onset of thrombocytopenia in 5–41.7%
of the patients, percentage varying according to the severity
of the disease, being more frequent in patients with more
severe disease (58–95%) (Wool and Miller, 2020). More severe
thrombocytopenia is encountered in cases of disseminated
intravascular coagulation (DIC), diagnosed in 2% of the
patients in a study including 400 patients, of which 144 were
critically ill (Al-Samkari et al., 2020). Coagulation abnormalities,
apart from rare cases of DIC, include mildly prolonged
prothrombin time (PT) and thrombin time (TT), and increased
fibrin degradation products (FDPs)/D-dimers. Noteworthy, PT
prolongation associated with normal or elevated coagulation
factor concentrations may be most of the time artifactual, due
to unusual hyperfibrinogenemia, depending on PT reagents.
Similarly, the interpretation of TT prolongation may be difficult
because of the presence of FDP high levels and of heparin.

Moreover, microvascular thrombosis promoting kidney injury
and lung microvascular thrombosis promoting hypoxemia
(Sherren et al., 2020; Vinayagam and Sattu, 2020) may further
increase predisposition to thrombosis.

Hemorrheologic Factors Favoring
Thrombosis
In its most severe form, immobility related to bed rest during
hospitalization is present in mechanically ventilated patients
requiring muscular paralysis for the treatment of the acute
respiratory distress syndrome (ARDS). These patients are
immobile and have no muscular contraction and no or very little
muscular tone; therefore, venous return is extremely impaired.
The half-seated position used in mechanically ventilated patients
to improve ventilation parameters introduces another obstacle to
venous return, depending on the angle between lower limbs and
the body (Zhang et al., 2018), decreasing the blood flow velocity of
the venous return and increasing the diameter of the lower limb
veins due to venous pooling.

In addition, intubated critically ill patients are ventilated
with high levels of positive end-expiratory pressure (PEEP),
the median reported PEEP being 12 cmH2O (Beloncle et al.,
2020) increasing central and peripheral venous pressures. The
association of half-seated position and mechanical ventilation
increases lower limb venous pressures and decreases the
venous return as supported by low maximal velocities in the
common femoral vein compared to those in healthy subjects
(approximately −45% vs. normal values) (Delis et al., 2004;
Needleman et al., 2018). Additionally, increased femoral vein
diameters compared to normal (approximately + 31% vs.
normal values) consecutive to the increase in hydrostatic
pressure in lower limbs veins also contribute to venous stasis
and may favor thrombosis. Furthermore, in patients with
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FIGURE 2 | Ultrasound imaging of the popliteal vein. (A) The flow is characterized by the presence of a sludge consisting in the increased echogenicity of blood due
to the “brightness” of the erythrocyte aggregates occurring in vessels with low blood flow velocities. (B) A calf compression is performed that provokes a sudden
increase in blood flow velocities in the popliteal vein; blood becomes anechoic with the disappearance of the sludge pattern. The sludge pattern is recovered in less
than 20 s after compression. In both panels, the blood is anechoic in the popliteal artery because blood flow velocities are elevated compared to the popliteal vein.

myocarditis and cardiac failure, low cardiac output may
increase venous stasis (Shchedrygina et al., 2020). Moreover,
during COVID-19 ARDS, pulmonary microcirculatory
thrombosis may occur as a consequence of the disease
participating in the increased pulmonary arterial resistance
and right ventricular pressures and consequently may decrease
velocities of venous return to the heart and contributes to
peripheral venous stasis (Ackermann et al., 2020; Edler et al.,
2020).

Associated peripheral hemodynamic and hemorrheologic
alterations have been observed during duplex ultrasound as
pronounced sludge patterns particularly in the lower limbs. These
impairments may have resulted from the abnormal “brightness”
of erythrocyte aggregates occurring in vessels with lowered
blood flow velocities (Stuart and Nash, 1990; Knaggs et al.,
2005; Figure 2). The sludge pattern may be considered as a
prothrombotic stage by itself (Delis et al., 2004).

Interpretation of Observations in
COVID-19 Patients
Altogether (1) hypercoagulation state of which the most
remarkable features are increased fibrinogen, D-dimer, factor
VIII, and von Willebrand factor; (2) endothelial lesions
due to the viral invasion and vascular inflammation; and
(3) immobility, half-seated position, and increased resistance
to venous return due to mechanical ventilation PEEP and
pulmonary vascular network injuries concur to create the

ideal conditions for the occurrence of the Virchow triad
(Virchow, 1856; Wolberg et al., 2012) and the consecutive
increased DVT prevalence in critically ill COVID-19 patients
even under standard prophylactic anticoagulation. COVID-
19 plays a major role in thrombus formation in the whole
circulatory system by acting on the different actors of the triad
of Virchow, Moreover, cytokine storm and organ disorders
consecutive to local microvascular thrombosis complete the triad
of Virchow to increase the prevalence of DVT. Comorbidities
such as diabetes, hypertension, and obesity can increase
cytokine storm and hypercoagulability during COVID-19, thus
increasing organ dysfunction and predisposition to thrombosis.
Therefore, to reduce the thrombotic risk, increased doses of
anticoagulants may be required (Marietta et al., 2020; Susen
et al., 2020), several regimens being currently evaluated in
ongoing randomized trials (Porfidia et al., 2020), whereas some
comparative studies showed decreased DVT after increased
anticoagulation (Voicu et al., 2020c). Patients presenting low vein
blood flow velocities, rising to prethrombotic sludge patterns, do
benefit from permanent compression stockings or intermittent
leg compression. Anti-inflammatory treatment may also play
a role in decreasing endothelial lesions and thus decrease
predisposition to thrombosis. Finally, as DVT has a high
prevalence, ultrasound screening may be required in order to
promptly and accurately diagnose and treat DVT. In case of
logistical difficulties and limited availability, ultrasound can be
performed according to plasma D-dimer levels as suggested by
several studies (Cui et al., 2020; Léonard-Lorant et al., 2020;
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Voicu et al., 2020b): the threshold of 3,300 ng/mL (Voicu et al.,
2020b) similar to 3,000 ng/mL (Cui et al., 2020) and 2,680 ng/mL
(Léonard-Lorant et al., 2020) offering a sensitivity of 78% and
specificity of 69% for the onset of a thrombotic event defined as
DVT or PE.

CONCLUSION

In conclusion, hypercoagulable state, endothelial lesions,
immobility, and reduced venous blood flows explain the
extremely high prevalence of thromboembolic events in
mechanically ventilated COVID-19 patients. None of the
abnormalities alone in any component of Virchow triad fully
explain the high DVT prevalence in mechanically ventilated
COVID-19 patients. Initiation of a DVT in lower limbs responds
to complex, multifactorial, and interactive processes. Careful
monitoring and screening with lower limbs ultrasound based
on a high index of suspicion may be necessary to promptly

diagnose and treat DVT. Studies are ongoing to establish if higher
prophylactic regimens could be more effective in preventing
thrombotic events and result in an overall benefit in the outcome
of COVID-19 patients.
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