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One aspect of COVID-19 (coronavirus disease 2019) that has
now been clarified, is that patients with severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) infectionman-
ifest an extremely heterogeneous and variegated array of
coagulopathies, ranging from asymptomatic and apparently
innocent elevation of thrombosis biomarkers (namely
fibrin/fibrinogen degradation products and/or D-dimer),
up to a catastrophic syndrome characterized by disseminat-
ed intravascular coagulation, affecting several tissues and
organs,1 which may even persist for extended periods after
hospital discharge.2

Among the various thrombotic events characterizing
SARS-CoV-2 infection, especially appearing in patients
with severe and/or critical disease who need prolonged
and intensive care, venous thromboembolism (VTE) seems
to play the lion’s share. Several critical literature reviews and
meta-analyses have in fact concluded that the burden of VTE
is considerably high in such patients, approximating 13%
(nearly 8% in non-critical disease, but increasing to around
25% in patients in the intensive care unit [ICU]), and with a
frequency of pulmonary embolism (PE) and proximal deep
vein thrombosis as high as 8 to 9% in patients hospitalized for
COVID-19.3,4 In a Swedish nationwide study, reporting the
overall frequency of episodes of venous thrombosis and
bleeding in patients with COVID-19, most thrombotic events
were recorded between a few days from diagnosis up to
2 months thereafter.5 It is also noteworthy that the develop-
ment of any type of thrombosis seems to be associated with
considerably high risk of unfavorable outcome, as empha-
sized by the meta-analysis of Xiao et al,6who concluded that
COVID-19-related critical illness and mortality were up to

threefold higher in COVID-19 patients diagnosed with
thrombotic events.

In this alarming scenario, the use of anticoagulants (and/or
antiplatelet agents) is now advocated for clinical management
of patients with severe or critical COVID-19 illness, especially
thosewith prolonged hospitalization or in the ICU, and largely
favoring heparin, for its pleiotropic antiviral potential beyond
the anticoagulant and anti-inflammatory properties,7 an ac-
tivity that has recently been demonstrated also for other anti-
activated factor X oral anticoagulants, namely apixaban.8

Irrespective of this solid position, there remains open discus-
sion on the intensity of anticoagulation in patients presenting
withCOVID-19-related severe illnessandwithoutVTE,where-
in some guidelines and/or expert opinions recommend thera-
peutic intensity over prophylactic-intensity anticoagulation
and vice versa. With the awareness that a unique “truth” does
not exist in medicine, and with COVID-19 representing per-
haps the most paradigmatic example of a kaleidoscope of
symptomology,we offer in this issue of the journal some space
for commentaries representing some viewpoints on the use of
therapeutic-intensity anticoagulation in patients with moder-
ate or severe SARS-CoV-2 infection.9–11

Several definitions have been provided for the concept of
“precision medicine,” also often referred to as “personalized
medicine.” One of the most popular is indeed that endorsed
by the U.S. Food and Drug Administration (FDA), according to
which “precision medicine is an innovative approach to
tailoring disease prevention and treatment that takes into
account differences in people’s genes, environments, and
lifestyles.”12 This definition perfectly suits the many and
variegated aspects of COVID-19, from pathogenesis to
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therapeutic management, as each single patient seems to be
affected by his/her own personal disease.13 As far as the
onset of thrombotic episodes during SARS-CoV-2 infection is
concerned, either localized or systemic, several lines of
evidence now attest that such risk is considerably spotted
and multifaceted.14 A recent meta-analysis of 21 studies,
totaling 5,296 patients, reported a significantly increased
risk of VTE in patients with elevation of some well-known
laboratory biomarkers such as D-dimer, troponin, and C-
reactive protein (CRP), as well as with overall length of
hospitalization, intubation, and inotropic drugs require-
ment, while no substantial associations were found with
other conventional risk factors such as personal history of
thrombosis, cancer, and overweight.15 These results could be
confirmed in another study, which concluded that the risk of
PE was nearly 60% higher in males, nearly fourfold higher in
patients needing mechanical ventilation, and threefold
higher in those admitted to the ICU.16 The superior role of
D-dimer in predicting the risk of developing venous throm-
bosis in patients with SARS-CoV-2 infection has been con-
firmed in many other published studies,17,18 and is now also
endorsed by the European Society of Cardiology.19

Importantly, unlike assessing the riskof VTE in the general
population, the use of conventional predictive scores (e.g.,
Geneva, Wells, CHADS2/CHA2DS2VASc/M-CHA2DS2VASc
and CHOD among others) does not yield satisfactory predic-
tive performance in patients with COVID-19, as clearly
highlighted in the systematic literature review published
by Rindi et al,20 thus underpinning the need to develop
specific risk assessment models in COVID-19. Additional
factors that may also enhance the risk of developing venous
thrombosis in patients with SARS-CoV-2 infection are pre-
existing pulmonary disorders,21 obesity,22 and, last but not
least, prothrombotic mutations.23 Obesity, D-dimer, blood
lactate, CRP, and neutrophil count were also found to be
independent predictors of venous thrombosis in an analysis
of the COVID-19 Brazilian Registry.24 The evidence that
genetic predisposition may influence the clinical outcome
of COVID-19 goes hand in hand with the results of a large
genome-wide association study, which identified as many as
27 genes potentially associated with SARS-CoV-2-related
hospitalization, many of which were related to coagulation
pathways or inflammation and, most notably, associated
with coagulation factor VIII and clinical phenotypes of
VTE.25 Interestingly, another preprint cross-trait analysis
published by Huang et al found that VTE shared as many
as eight and eleven genetic loci with severe SARS-CoV-2
infection and hospitalization for COVID-19, including genes
participating to blood coagulation (e.g., ADAMTS-13 [a dis-
integrin and metalloproteinase with a thrombospondin type
1 motif, member 13] and FV).26

The evidence emerged so far would hence persuade us
that, perhaps, the most reasonable approach is not a matter
of whether therapeutic-intensity anticoagulation may be
“good” or “bad,” “safe,” or “dangerous,” in patients with
severe COVID-19 illness, but rather whether the correct
answer to the original question could be… “depends.”
Straightforwardly applying here the concept of precision

medicine, one would need to estimate the individual risk
of developing venous thrombosis (i.e., as from elements
summarized in ►Table 1),27,28 that would then be balanced
against the risk of bleeding.

This approach found reliable basis on the evidence that not
only the incidence of venous thrombosis is higher in patients
with SARS-CoV-2-related acute respiratory distress syndrome
(ARDS) compared with those with ARDS caused by bacterial
pneumonia, but the risk factor for thrombosis is also substan-
tially different between these two populations.29 It is also
noteworthy that a recent study found that a predictive score
called “TiC” (Thrombo inCode) encompassing several pheno-
typic (n¼5: sex, age, obesity, smoking, and diabetes) and
genetic (n¼16) variables displayed accuracy (area under the
curve [AUC]), sensitivity, and specificity as high as 0.78, 0.69,
and 0.77 for predicting the risk of VTE in patients receiving
thromboprophylaxis.30 Similarly, Lee et al also evidenced that
a multivariable model including both clinical and laboratory
parameters (i.e., blood pressure, creatinine, electrolytes, he-
patic enzymes and inflammatory biomarkers) predicted in-
hospital VTE in COVID-19 patients with 0.83 AUC, 0.68 sensi-
tivity, and 0.82 specificity, respectively.31 Even the use of
protocols includinganticoagulantescalationbasedonD-dimer
values enables to reduce the risk of death compared with
standard thromboprophylaxis,32 thus reinforcing the concept
that a “personalized” treatment may be perhaps better than
recommending a “standard” anticoagulant strategy.

Table 1 Major factors influencing the decision on
anticoagulation intensity in patients with coronavirus disease
2019 (COVID-19)

● Genetic predisposition (especially referring to pro-
thrombotic mutations)

● Acquired pro-thrombotic risk factors

● Pre-existing pulmonary disease

● Demographical characteristics, especially:

� Older age

� Male sex

� Overweight/Obesity

● COVID-19 severity, including:

� Prolonged hospital stay

� Prolonged immobilization

� Mechanical ventilation

� ICU admission

● Enhanced values of (pro)thrombotic and (pro)inflam-
matory biomarkers, especially:

� D-dimer

� Ferritin/C reactive protein

� Neutrophils

� Lactate dehydrogenase

� Procalcitonin/Presepsin
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Indeed, fewdoubts remain that thebenefits of therapeutic
anticoagulation will offset the risks in a male overweight
patient with SARS-CoV-2 infection, inherited thrombophilia,
and pre-chronic obstructive pulmonary disease, who has
been hospitalized for a protracted period and whose values
of laboratory biomarkers of thrombosis and inflammation
are considerably enhanced. Nonetheless, this same conclu-
sion would not probably apply to a relatively young patient
hospitalized “with” COVID-19 and “for” gastric ulcer, who
only displays one or two risk factors (as per those listed
in ►Table 1, e.g., male sex and overweight). Although a
precise estimation of his personal risk is obviously non-
feasible, one could empirically conclude (according to the
so-called “Gestalt,” intuition-based medical reasoning,
which is frequently better than any scores or diagnostic
tests),33 that prophylactic-intensity anticoagulation may be
safer in this case. There is no discussion, instead, that routine
primary thromboprophylaxis in symptomatic COVID-19 out-
patients would not be clinically effective, and should hence
be currently discouraged.34,35

To close off this discussion, we should also point out the
possibility for confusion in regards to the characterization of
COVID-19 severity. In particular, the term “COVID-19-asso-
ciated acute illness,” which may alternatively be called
“hospitalized non-critically ill,” or as used in one Commen-
tary in this issue as “COVID-19-associated moderate ill-
ness,”11 has the potential to be confused with “COVID-19-
associated severe illness” or “COVID-19-associated critical
illness.”10 The former grouping (acute illness, non-critical
illness, and moderate illness) comprises individuals “with
clinical features that would typically result in admission to a
medicine inpatient ward without requirement for intensive
clinical support. Examples include patients with dyspnea or
mild tomoderate hypoxia.”36Another definition of acutely ill
COVID-19 patients is provided in an earlier guideline, as
“Patients with COVID-19 who require hospital admission
without advanced clinical support (i.e., not to the ICU/CCU),
but could include treatment in other settings if the hospital
was over capacity,” with hospital capacity and admission
criteria potentially varying according to the specific set-
ting.37 In contrast, the latter group (severe illness and critical
illness) comprises “Patients with COVID-19 who develop
respiratory or cardiovascular failure normally requiring ad-
vanced clinical support in the ICU or CCU, but could include
admission to another department if the ICU/CCU was over
capacity,”37 with ICU/CCU capacity and admission criteria
potentially varying according to the specific setting.
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