
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



Clinical Features and
Management of COVID-19–

Associated Hypercoagulabil ity

Gianluca Massaro, MDa, Dalgisio Lecis, MDa, Eugenio Martuscelli, MDa,b,
Gaetano Chiricolo, MDa,b,*, Giuseppe Massimo Sangiorgi, MDa,b
KEYWORDS

� COVID-19 coagulopathy � Hypercoagulability � Venous thromboembolism � Arterial thrombosis
� Antithrombotic therapy

KEY POINTS

� COVID-19 is associated with blood coagulation changes leading to a prothrombotic state.

� Thrombotic complications affect more the venous than the arterial district.

� The incidence of thrombosis increases in more severe forms of the disease and is associated with
high mortality.

� Management of hypercoagulability in COVID-19 is based on preventive measures in patients at risk
or the treatment of manifest thrombotic complications.

� Anticoagulation is the most widely used therapy for the prevention and treatment of thrombosis
associated with SARS-CoV-2 infection. Numerous trials are ongoing to define the best therapeutic
strategy in the different clinical presentations of the disease.
INTRODUCTION time (PT)-activity in patients with COVID-19. The
Coronavirus disease 2019 (COVID-19) is a viral
illness caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). COVID-19
carries several important cardiovascular implica-
tions.1,2 Since this pandemic disease broke out,
it has been observed an increasing occurrence of
thromboembolic events in patients without a his-
tory of cardiovascular disease.3 The progressive
acquisition of knowledge on the pathogenetic ef-
fects of SARS-CoV-2 infection has found a prom-
inent role of the venous and arterial vascular
system in the disease. Accumulated evidence
has shown that coagulopathy is frequently
observed in COVID-19 patients, especially in those
with critical illness.4 Han and colleagues5 reported
increased D-dimer values and fibrin/fibrinogen
degradation products and reduced prothrombin
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increase in D-dimer is particularly marked in se-
vere patients and can be used in patient triaging
and disease monitoring. SARS-CoV-2 infection in
severe forms triggers a vicious cycle that includes
hypercoagulability, endothelial cell activation, and
massive release of inflammatory mediators6

(Fig. 1). All this leads to an increased incidence
of pulmonary and systemic thrombotic phenom-
ena. A large series of autopsies documented an
incidence of venous thromboembolism (VTE) of
42.5% and pulmonary embolism (PE) of 21%.7

Among the most feared systemic complications
of SARS-CoV-2 infection is disseminated intravas-
cular coagulation (DIC), primarily characterized by
thrombotic phenomena, with a lower incidence of
bleeding and thrombocytopenia than other viral in-
fections. Autopsies also revealed thrombotic
microangiopathy observed in the lungs, termed
e conception and writing.
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Fig. 1. Major mechanisms associated with the procoagulative state of COVID-19. SARS-CoV-2 exerts multiple ef-
fects systemically. Activation of the inflammatory response results in the recruitment of immune cells, including
neutrophils. The virus can lead to a pathologic hyperactivation of platelets and endothelial damage that triggers
the coagulation pathway.17 Some evidence points to a role of activated platelets in stimulating NETosis. NETs
contribute to the onset of thrombotic phenomena. All this is favored by blood stasis, due to prolonged immobi-
lization typical of the most severe forms of the disease.87 IL-6, interleukin-6; IL-12, interleukin-12; INF-1, inter-
feron-1; NET, neutrophil extracellular trap; PAI-1, plasminogen activator inhibitor-1; TNF, tumor necrosis factor;
TF, tissue factor; vWF, Von-Willebrand factor.
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“pulmonary intravascular coagulopathy”.7 In se-
vere COVID-19, the "cytokine storm" is associated
with abnormal coagulation parameters. It has been
noticed that, in COVID-19 patients, higher inter-
leukin (IL)-6 blood levels are directly related to
fibrinogen levels predisposing to a hypercoagula-
ble state and thromboembolic events.8 COVID-
19–associated hypercoagulability can essentially
be grouped into two main clinical manifestations:
venous thrombotic events and arterial thrombotic
events (ATEs) (Fig. 2).
PATHOPHYSIOLOGY OF
HYPERCOAGULABILITY

A major cause of morbidity and mortality in
COVID-19 patients is thromboinflammation (the
coordinated activation of thrombosis and inflam-
mation). Laboratory tests revealed, in a great per-
centage of patients hospitalized with COVID-19,
the evidence of a coagulopathy resembling DIC
with marked elevated levels of D-dimers in the
plasma, a mild prolongation of the PT, and border-
line thrombocytopenia.9 The postmortem exami-
nations of COVID-19 patients showed extensive
endothelial injury and diffuse microthrombo-
sis.10–12 However, the etiology of COVID-19–asso-
ciated coagulopathy is still controversial and is
likely to be heterogeneous, involving many
different cell types. Indeed, observational studies
and case series showed that not all the COVID-
19 patients admitted to the ICU fulfilled the ISTH
criteria for DIC (elevation of D-dimer levels,
moderate-to-severe thrombocytopenia, prolonga-
tion of PT time, and decreased fibrinogen levels).
Goshua and colleagues observed that, in a cohort
of critically ill patients with COVID-19, the platelet
counts were typically normal or mildly elevated
and fibrinogen levels were markedly increased:
findings that are inconsistent with coagulopathy
of consumption such as DIC.13 The global inter-
pretation from these diverse reports is that
although COVID-19–associated coagulopathy
has some shared pathophysiological features
with DIC, the coagulopathy observed in patients
with COVID-19 can be considered as a distinct en-
tity. In COVID-19, the variable state of hypercoag-
ulability depends both on the type of cell
involvement (eg, endothelial cells, platelets, leuko-
cytes) and the time of sample collection during the
disease process. In patients with severe COVID-
19, elevated levels of inflammatory markers (such
as C-reactive protein, ferritin, erythrocyte sedi-
mentation rate, and cytokines, including IL-1b,
IL-6, and TNF) lead to a hyperinflammatory
response known as “cytokine storm,” which is



Fig. 2. Major thrombotic complications associated with COVID-19. Thromboses affect both arterial and venous
districts. The latter are more frequent.
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associated with poor outcomes. Jose and col-
leagues showed the correlation between elevated
circulating levels of inflammatory cytokines and
abnormal coagulation parameters.14 The IL-6
levels have been shown to correlate directly with
fibrinogen levels in patients with COVID-19,8 as
well as the levels of prothrombotic acute phase re-
actants (fibrinogen, vWF, and factor VIII) are
increased in patients with COVID-19 compared
with healthy individuals.15,16 In a recent review,
Gu and colleagues17 identified platelets and endo-
thelial cells as the two main cell types whose
dysfunction contributes to the inflammation and
coagulopathy associated with COVID-19, leading
to thrombosis and eventually death. In the context
of cardiovascular risk factors (diabetes mellitus,
obesity, aging, and smoking), the mechanism of
thrombocytopathy and endotheliopathy has been
well represented. These findings are in line with
the evidence that COVID-19 patients with cardio-
vascular risk factors have a high incidence of
vascular complications (such as VTE, arterial
thrombosis, and thrombotic microangiopathy),
which contribute to the high mortality.18–20
Thrombocytopathy and Endotheliopathy in
COVID-19

Contrary to what was thought in the past regarding
their limited functions, platelets interact with many
other cell types, including circulating blood cells
and endothelial cells, either directly or through
the release of signaling molecules, thus func-
tioning as a blood component that bridges the
immune system (through interactions with various
leukocytes) and thrombosis (via platelet activation
and release of hemostatic and inflammatory medi-
ators).21 Manne and colleagues demonstrated that
platelets are hyperactivated in patients with
COVID-19.22 Activated platelets express on their
surface some molecules involved in the stimula-
tion of the immune system (such as P-selectin
and CD40 L). Moreover, activated platelets can
release a-granules, complement C3, and various
cytokines (CCL2, IL-1b, IL-7, and IL-8), thus trig-
gering the immune system activation camp.23,24

Another cause of platelets hyperactivation is hyp-
oxia,25 a condition widely documented in COVID-
19 patients who develop mild to severe hypoxia
with peripheral blood oxygen desaturation. In
addition, platelets dysfunction could be associ-
ated with a direct viral infection. ACE2, the cell-
entry receptor for SARS-CoV-2, is expressed in
the respiratory epithelium and endothelial cells,26

but SARS-CoV-2 RNA traces were detected in
platelet.22 Other potential methods of SARS-
CoV-2 entry into platelets independent of ACE2
are emerging.27 At last, a potential mechanism
for platelet hyperactivation and thrombocytopenia
consists in the formation of immune complexes
similar to that seen in heparin-induced thrombocy-
topenia (HIT) with the consequence of an
increased platelet clearance.28

Endotheliopathy is a critical feature of severe
COVID-19 across multiple studies. The endothelial
damage and microvascular thrombosis are the re-
sults of both the direct viral infection of endothelial
cells by SARS-CoV-2 and the endothelial cell
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response to the inflammatory process associated
with COVID-19. In critically ill patients with COVID-
19, it ispossible to reveal increasedcirculating levels
of markers of endothelial cell damage, including
thrombomodulin, angiopoietin 2, and vWF.29 Della
Rocca and colleagues showed an increased num-
ber of schistocytes in the peripheral blood smear
of patients hospitalized with COVID-19 at different
stages of disease severity, thus identifying a new
biomarker to reveal a high-risk subpopulation with
latent systemic microvascular damage irrespective
of respiratory symptoms.30 It has been well docu-
mented that age is the major risk factor for COVID-
19–related death. Aging is strictly associated with
endothelial dysfunction because of oxidative and
nitrosative stress. In aged endothelial cells, the
accumulation of reactive oxygen species can
decrease the availabilityof nitricoxide (NO), apotent
vasodilator with antiplatelet properties and cardio-
protectiveeffects.31Oneof themost important func-
tions of the vascular endothelium is to maintain a
balance between proinflammatory and anti-
inflammatory factors. In the elderly, the simulta-
neous invasion of the endothelium by SARS-CoV-2
via the angiotensin-converting enzyme 2 (ACE2) re-
ceptor can exacerbate endothelial dysfunction and
damage, further promoting vascular inflammation
and thrombosis.
VENOUS THROMBOTIC EVENTS IN COVID-19

A high incidence of thrombotic events, particularly
deep vein thrombosis (DVT) and PE, has been
documented in COVID-19 patients. As described
in many studies, elevated D-dimer level is a com-
mon finding in COVID-19 patients. Anyway, high
D-dimer levels meet low specificity in the absence
of overt VTE clinical manifestations. Then, it is
essential to recognize some "red flags" that can in-
crease VTE suspicion in COVID-19 patients. The
occurrence of typical DVT symptoms (asymmetric
limb pain or edema), the increasing supplemental
oxygen requirement, and hemodynamic instability
in the setting of imaging findings inconsistent with
worsening COVID-19 pneumonia or the onset of
acute unexplained right ventricular dysfunction
can be considered clinical manifestations of
VTE.32 Several scoring risk systems have been
developed to help the clinician in the identification
of VTE (Table 1). The most used are the Padua pre-
diction score (including factors such as previous
VTE, active cancer, reduced mobility, known
thrombophilic condition, recent trauma or surgery,
age � 70 years, respiratory/cardiac failure, acute
myocardial infarction/stroke, acute infection,
obesity, and ongoing hormonal treatment; <4: low
risk of VTE; �4: high risk of VTE), the International
Medical Prevention Registry on Venous Thrombo-
embolism (IMPROVE) score (7 risk factors: active
cancer, previous VTE, thrombophilia, lower limb
paralysis, immobilization < 7 days, intensive care
unit/coronary care unit stay, age > 60 years; more
than one positive factor increases the risk of symp-
tomatic VTE to 7.2%), and the Wells’ score (clinical
signs/symptoms of DVT, PE most likely diagnosis,
tachycardia [>100 bpm], immobilization/surgery in
previous 4 weeks, prior DVT/PE, hemoptysis, active
malignancy).33 These tools are helpful to identify
patients estimated at a higher risk for VTE and start
prevention with a standard dose of subcutaneous
unfractionated heparin (UFH) or low-molecular-
weight heparin (LMWH) according to the published
guidelines.
Laboratory Parameters in VTE

The most consistent hemostatic abnormalities
with COVID-19 include, as mentioned earlier,
increased D-dimer levels.34 A prospective study
comparing coagulation parameter disorders
among patients with COVID-19 and healthy con-
trols suggested that the D-dimer levels (10.36 vs
0.26 ng/L; P < .001), fibrin/fibrinogen degradation
products (33.83 vs 1.55 mg/L; P < .001), and fibrin-
ogen (5.02 vs 2.90 g/L; P < .001), in all SARS-CoV-
2 cases, were substantially higher than those in
healthy controls. Moreover, these biomarkers,
especially D-dimer and fibrinogen degradation
products, were higher in patients with severe
SARS-CoV-2 infection than those with mild dis-
ease.5 Another common finding is mild thrombo-
cytopenia. A meta-analysis showed that patients
with severe disease were found to have a signifi-
cantly lower platelet count (mean difference:
�31 � 109/L; 95% confidence interval [CI], �35
to�29� 109/L), and thrombocytopenia was asso-
ciated with a 5-fold higher odds of having
the severe disease (odds ratio: 5.13; 95% CI,
1.81–14.58).35 Other hemostatic abnormalities
variably associated with COVID-19 severity are
the prolongation of the PT, international normal-
ized ratio (INR),13,14 and thrombin time.36 A trend
toward shortened activated partial thromboplastin
time (aPTT) is variably associated with the disease
severity.37,38 Tang and colleagues39 assessed 183
patients with COVID-19, 21 (11.5%) of whom died.
The patients who died showed increased levels of
D-dimer and fibrin degradation products (w3.5-
and w1.9-fold, respectively) and PT prolongation
(by 14%) (P < .001) when compared with survivors.
Among the patients who died, 71% fulfilled the In-
ternational Society on Thrombosis and Haemosta-
sis (ISTH) criteria40 for DIC, compared with only
0.6% among survivors. Taken all together, these



Table 1
Scoring systems commonly used for the
assessment of the risk of venous
thromboembolism and pulmonary embolism.

Items Score

Padua Risk Score

Active cancer (metastases and/or
chemoradiotherapy in the
previous 6 mo)

3

Previous VTE (with the exclusion
of superficial vein thrombosis)

3

Bedrest for � 3 d 3

Thrombophilia 3

Recent (�1 mo) trauma and/or
surgery

2

Elderly age (�70 y) 1

Heart and/or respiratory failure 1

Acute myocardial infarction or
ischemic stroke

1

Acute infection and/or
rheumatologic disorder

1

Obesity (BMI � 30 kg/m2) 1

Ongoing hormonal treatment 1

High risk of VTE: � 4 points

IMPROVE score

Previous VTE 3

Known thrombophilia 2

Current lower limb paralysis or
paresis

2

History of cancer 2

ICU/CCU stay 1

Complete immobilization � 1 d 1

Age � 60 y 1

High-risk indication for
prophylaxis if score � 3

Well’s score

Clinical signs/symptoms of DVT 3

PE is most likely diagnosis 3

Tachycardia (>100 bpm) 1.5

Immobilization/surgery in
previous 4 wk

1.5

Prior DVT/PE 1.5

Hemoptysis 1

Active malignancy (trt w/in 6 mo) 1

Total score > 4: PE likely Total
score < 4: PE unlikely

Abbreviations: BMI, body mass index; CCU, cardiac care
unit; DVT, deep venous thrombosis; ICU, intensive care
unit; PE, pulmonary embolism; VTE, venous
thromboembolism.
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hemostatic abnormalities indicate some forms of
coagulopathy that may predispose to thrombotic
events. However, the underlying mechanism lead-
ing to the clinical manifestations of VTE is still
unknown.

Nevertheless, it is uncertain whether these he-
mostatic changes are a specific effect of SARS-
CoV-2 infection or are a consequence of the
cytokine storm that precipitates the onset of sys-
temic inflammatory response syndrome (SIRS) as
documented in other severe viral diseases.41,42 A
recent study reported 3 cases with severe
COVID-19 and cerebral infarction, with one asso-
ciated with bilateral limb ischemia, in the setting
of elevated antiphospholipid antibodies.43 The
presence of antiphospholipid antibodies (eg, anti-
cardiolipin IgA, anti–b2-glycoprotein I IgA, and
IgG) has been described in the serum of
COVID-19 patients. This finding may contribute
to an increased risk of both venous and arterial
thrombosis.44,45 However, some studies have
highlighted that in setting a high degree of inflam-
mation, like in SIRS, and an increased level of in-
flammatory markers, those antibodies can be
falsely positive.46 Whether antiphospholipid anti-
bodies play a significant role in the pathophysi-
ology of thrombosis associated with COVID-19
requires further investigation.
Imaging for VTE

To yield a definitive diagnosis of VTE, imaging
studies can be helpful. The American Heart Asso-
ciation guidelines on managing massive and sub-
massive PE recommend performing computed
tomography pulmonary angiography (CTPA) in all
patients with intermediate or high pretest probabil-
ity or a positive D-dimer.47 Referring to COVID-19,
some studies have shown the usefulness of
compression ultrasonography and CTPA in this
setting of patients.48,49 An Italian study showed
that 16 (36%) of 44 consecutive symptomatic pa-
tients had VTE on imaging, and 10 (33%) of 30 pa-
tients had a PE at CTPA. Half of the
thromboembolic events were diagnosed within
24 h of hospital admission, highlighting the signif-
icance of early diagnosis and treatment in patients
with COVID-19.50 The decision to perform an im-
aging study for diagnosing DVT should be based
on clinical judgment. The feasibility of these imag-
ing modalities (mainly ultrasound imaging) in
COVID-19 is a matter of concern because of the
prolonged health care assistants’ exposition
time. Therefore, the role of bedside point-of-care
ultrasound is essential in aiding diagnosis,
reducing the exposition time. In a recent multi-
center study, a 100% sensitivity and a 95.8%
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specificity have been showing resorting to point-
of-care ultrasound for the diagnosis of DVT.51 At
last, in patients with high clinical suspicion of PE,
a bedside cardiac ultrasound also assists with
the diagnosis by rapid assessment of right ventric-
ular size and function.
ATEs IN COVID-19

The relationship between viral respiratory infec-
tions and arterial thrombosis, especially acute
coronary syndrome (ACS), is clearly described52

Cases of ACS have been previously described
with influenza or other viral illness. They have
been attributed to a combination of SIRS as well
as localized vascular or plaque inflammation.53

During the COVID-19 pandemics, small series of
patients with coronary, cerebrovascular, and pe-
ripheral ATEs have also been reported, but their
true incidence and consequences are not well
described. In a series of 18 patients with
COVID-19 and ST-segment elevation, in more
than 50% of them, the origin was considered to
be noncoronary.54 Acute limb ischemia has
been reported in 2 young COVID-19 patients
with occlusion of major arteries of the upper and
lower limbs.55 In the systematic review and
meta-summary of Tan and colleagues, it has
been reported that the incidence of acute
ischemic stroke in COVID-19 patients ranges
from 0.9% to 2.7%. From this meta-summary, it
has been observed that acute ischemic stroke
severity in COVID-19 patients is typically at least
moderate (NIHSS score 19 � 8), with a high prev-
alence (40.9%) of large vessel occlusion. Notably,
a significant number of cases tested positive for
antiphospholipid antibodies. Although it is re-
ported that antiphospholipid antibodies are
commonly found in COVID-19 infections, the
true prevalence of antiphospholipid-antibody
positivity in the general population is not known.
It has also been detected in healthy individuals.
Hence, the significance of antiphospholipid anti-
bodies in the pathogenesis of acute ischemic
stroke in COVID-19 patients remains uncertain.
It may be worthwhile for future studies to repeat
and trend these serologic markers after the acute
thrombotic setting.
At last, the mortality rate of COVID-19 patients

experiencing acute ischemic stroke has been re-
ported high (38.0%).56 Recently, Cantador and
colleagues57 observed the 1% incidence of sys-
temic ATEs in a large cohort of 1419 COVID-19 pa-
tients, with a death rate of 28.6%. In this study, the
incidence of thrombotic events, at least for cere-
brovascular, seems to be higher than expected
with very serious consequences. A meta-analysis
conducted by Lippi and colleagues showed that
cTnI concentration is only marginally increased in
all patients with SARS-CoV-2 infection, whereby
values exceeding the 99th percentile in the upper
reference limit can only be observed in 8% to
12% of positive cases. Furthermore, higher
troponin levels are associated with severe
COVID-19.58 Hence, it is reasonable to hypothe-
size that initial measurement of cardiac damage
biomarkers immediately after hospitalization for
SARS-CoV-2 infection, and longitudinal moni-
toring during the hospital stay may help identify a
subset of patients with possible cardiac injury
and thereby predict the progression of COVID-19
toward a worse clinical picture.59 However, not
all such events are due to thrombotic ACS. These
data, taken all together, suggest that, although
COVID-19 may favor the occurrence of thrombotic
events, the destabilization and thrombosis of
atherosclerotic plaques do not seem to be a
frequent mechanism that warrants the need for
specific systematic preventive measures. Never-
theless, a high level of suspicion and clinical sur-
veillance should undoubtedly be maintained.
MANAGEMENT OF COVID-19–ASSOCIATED
HYPERCOAGULABILITY

Coagulopathy associated with SARS-CoV-2 infec-
tion has peculiar characteristics compared with
that associated with conventional sepsis, as evi-
denced by the difference in coagulation parame-
ters described earlier. This is confirmed by the
evidence of reduced mortality in patients with
COVID-19 and elevated D-dimer undergoing anti-
coagulation than non–COVID-19 patients.60

COVID-19 disease is associated with a higher
incidence of thrombotic than hemorrhagic compli-
cations, which is the rationale for pharmacologic
schemes targeting the coagulation pathway.
In the early stages of the pandemic, the absence

of randomized clinical trials (RCTs) forced physi-
cians to take an empirical approach to the use of
anticoagulant regimens. Early evidence of different
clinical pictures and numerous variables character-
izing COVID-19 disease led to the realization that
the "one-size-fits-all" strategy was not feasible.
To date, more than 75 RCT testing anticoagu-

lant regimens in different clinical settings have
been designed.61 The choice of drug and dosage
in RCTs depends on the expected rate of throm-
botic events in the study population: the use of
prophylactic or intermediate doses has been
preferred in trials of patients with mild COVID-
19, whereas patients with critical illness or
requiring intensive care have been treated with
higher-dose regimens.
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Given the higher incidence of thrombosis in
venous versus arterial districts,48,62 clinical trials
have tested more pharmacologic regimens to pre-
vent and treat VTE. The use of such strategies in
different types of patients will be discussed in
the following section.
Pharmacologic Approaches

The main approaches used in RCTs for the pre-
vention and treatment of thrombotic complica-
tions of COVID-19 include UFH, LMWH,
fondaparinux, direct oral anticoagulants (DOACs),
antiplatelet drugs, direct parenteral thrombin in-
hibitors, fibrinolytic agents, and drugs less
commonly used in clinical practice such as doci-
parstat, dipyridamole, and nafamostat. The most
significant evidence is with heparins and anti-
platelet drugs.

Data on head-to-head comparisons between
different drugs are lacking, so the choice is often
driven by practical considerations.

Their wide use, mainly in the hospital setting,
has made heparins the most studied anticoagulant
drugs to treat COVID-19 coagulopathy. In addition
to its anticoagulant effect, heparin also has anti-
inflammatory properties and protective effects on
the endothelium.63

In prophylactic anticoagulation, once-daily
LMWH is preferred over twice-daily subcutaneous
UFH administration to reduce health care worker
exposure. Therapeutic anticoagulation with UHF
has the advantage that it can be temporarily dis-
continued and shows utility, especially in patients
who are candidates for invasive procedures. How-
ever, frequent blood draws to check that aPTT is in
the therapeutic range favor LMWH for the reasons
already stated.

The antiviral and anti-inflammatory effects of
heparin provide the rationale for the use of nebu-
lized forms of UFH. Three trials are ongoing to
test the efficacy and safety of this formulation
compared to standard-of-care (INHALE-HEP and
PACTR2020076032743) or prophylactic LMWH
(NEBU-HEPA)

Direct anticoagulants represent an unquestion-
able advantage, especially in outpatients, to
reduce the continuous recourse to INR assess-
ment. However, their intrahospital use is limited
by numerous interactions with other medications
that are used to treat COVID-19 disease and the
inability to use them in patients under orotracheal
intubation or with dysphagia.

The use of antiplatelet drugs in the prophylaxis
of thrombotic complications in patients with
COVID-19 disease has been evaluated in both
mild and severe forms of the disease. However,
unlike heparins, antiplatelet drugs have not
demonstrated effects on "endotheliopathy."17

Prevention of VTE in Patients with Mild
COVID-19

Patients with mild COVID-19 generally do not
require hospitalization and should maintain home
isolation. There are several ongoing clinical trials
on the use of LMWH,61 DOAC, or aspirin in these
patients. The only clinical trial published to date
tested the use of sulodexide in the early stages
of the disease in 243 patients in preventing hospi-
talizations and the use of oxygen therapy. The
treatment arm showed a reduction in hospitaliza-
tions (relative risk: 0.60; 95% CI, 0.37–0.96;
P 5 .03) and in the need for oxygen support (rela-
tive risk: 0.71; 95% CI, 0.50–1.00; P 5 .05)
compared with placebo, with no significant differ-
ence in mortality.

Current recommendations do not indicate
antithrombotic prophylaxis in all patients. Howev-
er, in subjects at high risk of VTE (immobility, pro-
coagulative status, previous VTE), antithrombotic
prophylaxis should be considered, also taking
into account the risk of bleeding.

Prevention and Treatment of VTE in
Hospitalized Patients

When the pandemic began its spread in Europe, in
China, Tang and colleagues64 demonstrated that,
in patients hospitalized for COVID-19 and with
high D-dimer or high sepsis-induced coagulop-
athy (SIC) score, 28-day mortality was lower
among those receiving anticoagulation than
among those not receiving it. Most of the treated
patients had received LMWH at prophylactic
doses. Therefore, the international societies
agreed that prophylactic dose LMWH should be
considered in all patients (including noncritically
ill) who require hospital admission for COVID-19
infection in the absence of any
contraindications.65

Anticoagulant dosing for the prevention of VTE
is not well defined. Some clinicians use a
therapeutic-dose anticoagulant regimen in the
prevention of thrombotic complications in all hos-
pitalized patients, whereas others reserve it for pa-
tients at high thrombotic risk, based on D-dimer or
SIC score values. As already discussed, some ev-
idence shows that SARS-CoV-2 disease has
distinctive features compared with other forms of
sepsis. Hadid and colleagues66 have proposed a
specific score for COVID-19 called CIC (COVID-
19–induced coagulopathy) score, which adds the
D-dimer value to the previous SIC score. Although
not yet validated, this score can be helpful to
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estimate the risk of thrombotic complications and
start more intensive anticoagulation in patients
with severe disease.
An observational study in the United States

showed a better outcome in hospitalized patients
treated with treatment-dose of anticoagulants
than in those treated with prophylactic-dose.67

HESACOVID, a randomized phase 2 clinical trial,
showed improved gas exchange and reduced
need for mechanical ventilation in patients with se-
vere COVID-19 receiving therapeutic enoxaparin
compared with the group receiving prophylactic
anticoagulation.68

Numerous clinical trials are ongoing to evaluate
the use of different anticoagulant regimens in pa-
tients with severe disease. The design of the trials
involves the use of more intense anticoagulation.
In some studies, the administration of fibrinolytic
agents is tested in patients with very severe forms,
despite the rather limited sample size.
A complication observed in patients with severe

forms of COVID-19 is DIC. Traditionally, DIC is
characterized by thrombotic and hemorrhagic
complications, whereas in the specific setting of
SARS-CoV-2 disease, the former is more frequent
than the latter. In patients with COVID-19 and DIC,
prophylactic anticoagulation should be adminis-
tered in the absence of overt bleeding. There is a
tendency to recommend a less intense anticoagu-
lation regimen in these patients; however, the indi-
vidual risk of VTE and significant bleeding must be
weighed.

Prevention of VTE in Postdischarge Patients

Some trials in acutely ill medical patients have
shown that the extension of anticoagulation ther-
apy after discharge is associated with reducing
thromboembolic events at the cost of increased
bleeding.69 Given the particular tendency to hy-
percoagulability of patients with COVID-19, some
trials evaluate the use of different pharmacologic
regimens, including DOACs.70,71

Treatment of Arterial Thromboembolic
Complications

Arterial complications of SARS-CoV-2 infection
have received less attention because of their lower
incidence compared with their venous counter-
parts.48,62 A report from the New York City area
shows that 57% of arterial thromboses, in patients
with COVID-19 (upper- and lower limb ischemia,
bowel ischemia, and cerebral ischemia), were
treated with systemic anticoagulant therapy alone,
6% with administration of systemic tissue-
plasminogen activator, 27% with revasculariza-
tion, and 10% with amputation.72
Patients with acute coronary thrombosis and
concomitant SARS-CoV-2 infection have a higher
thrombotic burden and a worse prognosis.73 Hos-
pital admissions for ST-segment elevation
myocardial infarction (STEMI) were reduced dur-
ing the pandemic, with a more extended treatment
delay and hospitalization.74 The treatment of pa-
tients with STEMI and established or suspected
COVID-19 raised essential questions. The pro-
posal to increase thrombolysis to protect health
care workers75 was not adopted by the European
Association of Percutaneous Cardiovascular Inter-
ventions (EAPCI). Primary percutaneous coronary
intervention (PCI) was confirmed as the gold-
standard therapy for STEMI, whereas thromboly-
sis can be helpful when the catheterization labora-
tory is not available or timely primary PCI cannot
be achieved.76

For patients with COVID-19 and ischemic
stroke, the use of thrombolysis and thrombectomy
should be continued. There are some difficulties in
managing neurologic rehabilitation, mostly related
to organizational issues and risk of infection.77

Acute limb thrombosis associated with COVID-
19 is characterized by greater clot burden and
increased rate of amputation and death.78 As for
myocardial infarction and ischemic stroke, treat-
ment involves prompt intervention, characterized
first by therapeutic anticoagulation, preferably
with UFH, and then by an assessment based on
the stability and viability of the limb on the most
appropriate approach.
COAGULOPATHY AND VACCINES

A turning point in the fight against COVID-19 has
been the development of vaccines, whose effi-
cacy, especially against severe forms of the dis-
ease, and safety profile has led to a rapid
"conditional marketing authorization" by the main
regulatory agencies.79

Abnormal activation of the coagulation system
has been implicated in the pathogenesis of some
severe adverse reactions related to the adminis-
tration of anti–COVID-19 vaccines. After the mar-
keting authorization, there have been increasing
reports, albeit rare, of thrombotic complications
at unusual sites, associated with thrombocyto-
penia, arising mainly after the administration of
viral vector vaccines (Vaxzevria by AstraZeneca
AB and COVID-19 Vaccine Janssen by
Janssen-Cilag International NV). The incidence
of this complication, named Vaccine-associated
Immune Thrombosis and Thrombocytopenia
(VITT) syndrome, remains largely unknown and
appears to be between 1 in 125,000 and 1 in
1,000,000.80



� In the management of patients with COVID-
19, attention must be paid to the occurrence
of arterial and venous thromboembolic com-
plications, which appear to be frequently
associated with the disease

� COVID-19 is associated with changes in coag-
ulation parameters, which are more evident
in severe forms of the disease (increased
D-dimer, lengthening of PT and INR, throm-
bocytopenia, and shortening or sometimes
lengthening of aPTT).

� The diagnosis of thrombotic complications
such as DVT or PE cannot be derived solely
from laboratory parameters but needs to be
correlated with symptoms and must be sup-
ported by imaging methods such as CT angi-
ography or ultrasound. Some scoring
systems can be useful (see Table 1)

� Current recommendations do not indicate
antithrombotic prophylaxis in all COVID-19
patients. However, in subjects at high risk of
VTE (immobility, procoagulative status, and
previous VTE), antithrombotic prophylaxis
should be considered.

� Low-molecular-weight heparin at prophylac-
tic dosage should be considered in all pa-
tients (including noncritically ill) who
require hospital admission for COVID-19
infection in the absence of any
contraindications.

� The rare cases of thrombotic complications
related to the administration of anti–COVID-
19 vaccines, especially those using a viral vec-
tor, should not cast doubt on the advantages
of vaccination. Epidemiologic data on
adverse reactions and an understanding of
the pathogenetic mechanisms may be helpful
in limiting the incidence of such complica-
tions.
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In April 2021, the New England Journal of Med-
icine reports a total of 39 cases of thrombosis,
observed after administration of the Vaxzevria
vaccine, in different descriptive studies.81–83 Clin-
ical manifestations appear between 5 and
24 days after the first administration of the Astra-
Zeneca serum. The affected population is pre-
dominantly female with an age of less than
50 years. In some cases (25.9%), affected women
were using oral contraceptives. In most cases,
thrombosis involved cerebral veins, although
cases of involvement of the splanchnic venous
district and PE have been described. Of note, se-
vere thrombocytopenia (platelet count <25,000/
mm3) was present in 52.6% of the cases evalu-
ated. The concomitance of thrombocytopenia
and thrombosis suggested an autoimmune mech-
anism in the pathogenesis of the syndrome. A
German group led by Andreas Greinacher shed
light on the pathogenesis of VITT, highlighting its
similarities to the condition known as HIT.84 HIT
is due to the formation of autoantibodies directed
against a complex epitope formed by platelet-
derived factor 4 (PF4) and heparin or another poly-
anionic molecule. These autoantibodies can bind
the FcgIIa receptor (FcRgIIa) present at the platelet
surface causing intense intravascular platelet acti-
vation and aggregation.85 They have also been
found in VITT, even in the absence of previous
heparin exposure.81 The cause of the formation
of these antibodies in patients with VITT is unclear.

Cases of platelet count reduction associated
with bleeding in the absence of thrombotic phe-
nomena have been described in persons vacci-
nated with mRNA vector vaccines (Comirnaty by
BioNTech Manufacturing GmbH and COVID-19
Vaccine Moderna by Moderna Biotech Spain,
SL). Although it is not yet clear whether there is a
causal link between this condition and the vaccine,
an autoimmune-type mechanism has been hy-
pothesized here too.86
SUMMARY

Coagulopathy is common in acute sepsis. Howev-
er, hypercoagulability associated with SARS-CoV-
2 infection has peculiar features.

COVID-19 is associated with a high rate of
thrombotic complications, mainly in the venous
district. The "thromboinflammation" that charac-
terizes the disease is evident in the alterations of
laboratory parameters and some clinical mani-
festations characterized by a high mortality
rate. Numerous clinical trials are ongoing to
define the best preventive and therapeutic strat-
egy in the management of thrombosis from
COVID-19.
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57. Cantador E, Núñez A, Sobrino P, et al. Incidence

and consequences of systemic arterial thrombotic

events in COVID-19 patients. J Thromb Thromboly-

sis 2020;50:543–7.

58. Yang X, Yu Y, Xu J, et al. Clinical course and out-

comes of critically ill patients with SARS-CoV-2

pneumonia in Wuhan, China: a single-centered,

retrospective, observational study. Lancet Respir

Med 2020;8:475–81.

59. Lippi G, Lavie CJ, Sanchis-Gomar F. Cardiac

troponin I in patients with coronavirus disease

2019 (COVID-19): evidence from a meta-analysis.

Prog Cardiovasc Dis 2020;63:390–1.

60. Yin S, Huang M, Li D, et al. Difference of coagulation

features between severe pneumonia induced by

SARS-CoV2 and non-SARS-CoV2. J Thromb Throm-

bolysis 2021;51:1107–10.

61. Talasaz AH, Sadeghipour P, Kakavand H, et al.

Recent randomized trials of antithrombotic therapy

for patients with COVID-19: JACC state-of-the-art re-

view. J Am Coll Cardiol 2021;77:1903–21.

62. Fournier M, Faille D, Dossier A, et al. Arterial throm-

botic events in Adult Inpatients with COVID-19.

Mayo Clin Proc 2021;96:295–303.

http://refhub.elsevier.com/S1877-9182(21)00102-7/sref32
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref32
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref33
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref33
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref33
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref33
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref34
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref34
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref34
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref35
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref35
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref35
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref35
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref36
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref36
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref36
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref37
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref37
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref37
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref38
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref38
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref38
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref38
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref39
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref39
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref39
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref39
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref40
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref40
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref40
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref41
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref41
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref41
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref41
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref42
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref42
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref42
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref43
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref43
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref43
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref44
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref44
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref44
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref44
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref45
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref45
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref45
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref45
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref46
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref46
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref46
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref47
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref47
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref47
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref47
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref47
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref47
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref48
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref48
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref48
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref48
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref48
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref49
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref49
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref49
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref49
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref50
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref50
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref50
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref50
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref51
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref51
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref51
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref51
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref52
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref52
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref52
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref53
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref53
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref53
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref54
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref54
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref54
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref55
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref55
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref55
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref56
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref56
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref56
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref56
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref57
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref57
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref57
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref57
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref58
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref58
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref58
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref58
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref58
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref59
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref59
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref59
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref59
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref60
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref60
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref60
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref60
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref61
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref61
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref61
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref61
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref62
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref62
http://refhub.elsevier.com/S1877-9182(21)00102-7/sref62


Massaro et al52
63. Poterucha TJ, Libby P, Goldhaber SZ. More than an

anticoagulant: do heparins have direct anti-

inflammatory effects? Thromb Haemost 2017;117:

437–44.

64. Tang N, Bai H, Chen X, et al. Anticoagulant treat-

ment is associated with decreased mortality in se-

vere coronavirus disease 2019 patients with

coagulopathy. J Thromb Haemost 2020;18:1094–9.

65. Thachil J, Tang N, Gando S, et al. ISTH interim guid-

ance on recognition and management of coagulop-

athy in COVID-19. J Thromb Haemost 2020;18:

1023–6.

66. Hadid T, Kafri Z, Al-Katib A. Coagulation and antico-

agulation in COVID-19. Blood Rev 2021;47:100761.

67. Paranjpe I, Fuster V, Lala A, et al. Association of

treatment dose anticoagulation with in-hospital Sur-

vival among hospitalized patients with COVID-19.

J Am Coll Cardiol 2020;76:122–4.

68. Lemos ACB, do Espı́rito Santo DA, Salvetti MC, et al.

Therapeutic versus prophylactic anticoagulation for

severe COVID-19: a randomized phase II clinical

trial (HESACOVID). Thromb Res 2020;196:359–66.

69. Schindewolf M, Weitz JI. Broadening the categories

of patients eligible for extended venous thromboem-

bolism treatment. Thromb Haemost 2020;120:

014–26.

70. Available at: https://clinicaltrials.gov/ct2/show/

NCT04662684. Accessed September 25, 2021.

71. Available at: https://clinicaltrials.gov/ct2/show/

NCT04650087. Accessed September 25, 2021.

72. Etkin Y, Conway AM, Silpe J, et al. Acute arterial

thromboembolism in patients with COVID-19 in the

New York city area. Ann Vasc Surg 2021;70:290–4.

73. Choudry FA, Hamshere SM, Rathod KS, et al. High

thrombus burden in patients with COVID-19 present-

ing with ST-segment elevation myocardial infarction.

J Am Coll Cardiol 2020;76:1168–76.

74. De Luca G, Verdoia M, Cercek M, et al. Impact of

COVID-19 pandemic on mechanical reperfusion for

patients with STEMI. J Am Coll Cardiol 2020;76:

2321–30.

75. Zeng J, Huang J, Pan L. How to balance acute

myocardial infarction and COVID-19: the protocols

from Sichuan Provincial People’s Hospital. Intensive

Care Med 2020;46:1111–3.

76. Chieffo A, Stefanini GG, Price S, et al. EAPCI posi-

tion statement on invasive management of acute
coronary syndromes during the COVID-19

pandemic. Eur Heart J 2020;41:1839–51.

77. Venketasubramanian N, Anderson C, Ay H, et al.

Stroke care during the COVID-19 pandemic: interna-

tional expert panel review. Cerebrovasc Dis Basel

Switz 2021;50:245–61.

78. Goldman IA, Ye K, Scheinfeld MH. Lower-extremity

arterial thrombosis associated with COVID-19 is

characterized by greater Thrombus burden and

increased rate of amputation and death. Radiology

2020;297:E263–9.

79. Available at: https://www.ema.europa.eu/en/human-

regulatory/overview/public-health-threats/

coronavirus-disease-covid-19/treatments-vaccines-

covid-19. Accessed September 28 2021.

80. Franchini M, Liumbruno GM, Pezzo M. COVID-19

vaccine-associated immune thrombosis and throm-

bocytopenia (VITT): Diagnostic and therapeutic rec-

ommendations for a new syndrome. Eur J Haematol

2021;107:173–80.

81. Greinacher A, Thiele T, Warkentin TE, et al. Throm-

botic thrombocytopenia after ChAdOx1 nCov-19

vaccination. N Engl J Med 2021;384:2092–101.

82. Schultz NH, Sørvoll IH, Michelsen AE, et al. Throm-

bosis and thrombocytopenia after ChAdOx1 nCoV-

19 vaccination. N Engl J Med 2021;384:2124–30.

83. Scully M, Singh D, Lown R, et al. Pathologic anti-

bodies to platelet factor 4 after ChAdOx1 nCoV-19

vaccination. N Engl J Med 2021;384:2202–11.

84. Oldenburg J, Klamroth R, Langer F, et al. Diagnosis

and management of vaccine-related thrombosis

following AstraZeneca COVID-19 vaccination: guid-

ance statement from the GTH. Hämostaseologie.
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