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Abstract
In patients with coronavirus disease 2019 (COVID-19), the prevalence of pre-existing cardiovascular diseases is elevated.
Moreover, various features, also including pro-thrombotic status, further predispose these patients to increased risk of
ischemic cardiovascular events. Thus, the identification of optimal antithrombotic strategies in terms of the risk–benefit
ratio and outcome improvement in this setting is crucial. However, debated issues on antithrombotic therapies in patients
with COVID-19 are multiple and relevant. In this article, we provide ten questions and answers on risk stratification and
antiplatelet/anticoagulant treatments in patients at risk of/with severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) infection based on the scientific evidence gathered during the pandemic.
Since December 2019, when the first cases of interstitial pneumonia were identified in the province of Wuhan,
China, the infection due to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has rapidly involved a
large part of the population worldwide, reaching the global
pandemic level. National health systems had to implement
public health responses to protect their populations and limit
viral diffusion. In patients with coronavirus disease 2019
(COVID-19), the high prevalence of cardiovascular comorbidities [1] and the increased incidence of thrombotic events,
sustained by multiple factors (Fig. 1), made complex and,
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Key Points
Patients with coronavirus disease-19 (COVID-19) have
an elevated risk of thrombotic events due to a high
prevalence of cardiovascular risk factors, previous cardiovascular diseases and a pro-thrombotic status.
In patients with COVID-19 the thrombotic risk outweighs the bleeding risk.
Diagnostic and therapeutic approaches for thrombotic
events in patients with COVID-19 should take into
account the risk of contagion, the baseline risk profile
and possible drug interactions.

at the same time, crucial the optimization of antithrombotic
treatments. Moreover, guideline recommendations in this
setting should be followed, taking into account peculiar features related to the pandemic, in particular, the modalities of
transmission and the high contagiousness of SARS-CoV-2,
with the related need for use of appropriate personal protective equipment and the design of specific in-hospital diagnostic and therapeutic protocols.
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Fig. 1  Pathogenesis of prothrombotic status and thrombotic complications in patients
with COVID-19. COPD chronic
obstructive pulmonary disease,
COVID-19 coronavirus disease
2019, DIC disseminated intravascular coagulation

RISK FACTORS

CONSEQUENT
ABNORMALITIES

High inflammatory status
Immobilization
Genetic factors
Fever, sepsis
Diarrhea
Liver failure
Renal failure
Cancer
COPD
Antiphospholipid syndrome

Hypoxia
Circulatory stasis
Pulmonary micro-thrombi
Elevated D-dimer
Oxidative stress
Endothelial dysfunction
Increased platelet reactivity

PULMONARY EMBOLISM

In this guidance document, we provide ten questions and
answers on issues related to risk stratification and antithrombotic treatments in patients at risk of/with SARS-CoV-2
infection based on the scientific evidence gathered during
the pandemic.

1 What Advice Should We Give to Patients
on Chronic Anticoagulant Therapy at Risk
of SARS‑CoV‑2 Infection or with Mild
COVID‑19 Maintained at Home?
In patients on oral anticoagulant therapy (OAC) who are at
risk of contagion or have mild COVID-19 and are treated at
home, anticoagulation should be individualized according
to the patient’s characteristics, clinical indication for OAC
[atrial fibrillation (AF), venous thromboembolism (VTE),
prosthetic heart valve], severity of infection, and therapies
used for the viral infection. The duration of OAC for preventing AF-related thromboembolism is generally lifelong,
based on the patient’s C
 HA2DS2-VASc score (> 1 for males
and > 2 for females) [2]. Patients with VTE usually receive
OAC for 3–6 months after the event, but treatment is frequently prolonged in the presence of relapsing episodes or a
high risk of recurrence (i.e., idiopathic thromboembolism,
cancer, antiphospholipid syndrome, and severe congenital
thrombophilias) [3]. Patients with mechanical valve prostheses are given OAC for their lifetime, whereas OAC duration
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is limited to 3 months post-implantation in the case of a
biological prosthesis.
During the pandemic, lockdown measures reducing interindividual contacts were applied in several countries to contain viral diffusion; thus, the indication was to stay home to
keep safe, which was especially addressed to patients with
more advanced age or comorbidities. This should be specifically applied to patients with AF or VTE, who are often
older and have a higher prevalence of previous cardiovascular diseases or cancer. Moreover, health systems worldwide
dealt with an emergency never seen before and had to limit
elective, non-urgent, ambulatory visits. Therefore, in this
context, the management of patients receiving vitamin K
antagonist anticoagulants (VKAs) for AF or VTE was even
more problematic. For these patients, it became difficult to
access the centers for international normalized ratio (INR)
control, especially if more frequent monitoring was needed
because of unstable INR values (which is not uncommon).
Moreover, during the outbreak, public centers for INR control had a reduced number of staff members due to the redistribution of care workers for the emergency and re-addressed
or limited the outpatient flow to contain the viral diffusion
as much as possible. Finally, general practitioners were not
able to immediately assist patients on VKAs in need of INR
adjustments, as they were also fully involved in the management of COVID-19 patients.
Accordingly, in patients at risk for SARS-CoV-2 infection
on VKAs and who have substantial “stability” in their INR
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Table 1  Indications for patients at risk of/with SARS-CoV-2 infection maintained at home
Patients on VKAs at risk of SARS-CoV-2 infection
If INR values are stable (i.e., time in therapeutic range > 60%), a prolongation of the INR control intervals may be considered (every
4–8 weeks)
The use of portable coagulometer devices with self-measurement of INR is encouraged
Switching from VKAs to DOACs must be considered
In the case of unstable INR values, switching from VKAs to DOACs is recommended
Patients on VKAs with mild COVID-19 maintained at home
The use of portable coagulometer devices with self-measurement of INR is encouraged
Switching from VKAs to DOACs must be considered, taking into account possible drug interactions
In the case of unstable INR values, switching from VKAs to DOACs is recommended
Patients not on oral anticoagulant therapy with asymptomatic SARS-CoV-2 infection
No thromboprophylaxis is indicated
Patients not on oral anticoagulant therapy with mild COVID-19
Thromboprophylaxis with LMWH is indicated if multiple risk factors for VTE are present and bleeding risk is low
COVID-19 coronavirus disease 2019, DOAC direct oral anticoagulant, INR international normalized ratio, LMWH low-molecular weight heparin, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, VKA vitamin K antagonist anticoagulant, VTE venous thromboembolism
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Fig. 2  Interactions between antithrombotic drugs and agents used
for COVID-19. White: no data; green: no interaction; yellow: minor
interaction, possibly requiring dose reduction of DOACs, additional
INR controls (if VKA therapy) or functional monitoring of antiplatelet activity (in the case of P
 2Y12 treatment); red: co-administration is contraindicated because of significant interaction. Upward
arrows: increased activity of the antithrombotic drug, proportional
to the number of arrows; downward arrows: decreased activity of the

antithrombotic drug, proportional to the number of arrows. Adapted
from ESC Guidance for the Diagnosis and Management of CV Disease during the COVID-19 Pandemic (https://www.escardio.org/
Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance).
COVID-19 coronavirus disease 2019, CV cardiovascular, DOAC
direct oral anticoagulant, ESC European Society of Cardiology, INR
international normalized ratio, UFH unfractionated heparin, VKA
vitamin K antagonist anticoagulant

values within the therapeutic range (i.e., time in therapeutic
range > 60%), a prolongation of the INR control intervals
may be considered (every 4–8 weeks) [4] (Table 1). The

self-measurement of INR values by portable coagulometer
devices is encouraged [5]. Switching from VKAs to direct
oral anticoagulants (DOACs) must be considered [6].
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In patients with mild COVID-19 treated at home who are
on VKAs, the use of portable coagulometer devices should
be implemented [7]. Moreover, switching from VKAs to
DOACs has a clear indication. In fact, the duration of home
isolation can be longer than 4 weeks; INR values are generally unstable during acute infection or illness; and paracetamol decreases the synthesis of vitamin K-dependent clotting
factors [8], and therefore there is a major interaction between
VKAs and this drug largely utilized for COVID-19-related
fever (Fig. 2).

2 What are the Relevant Interactions
Between Anticoagulant Drugs
and Anti‑SARS‑CoV‑2 Agents?
Treatment approaches in patients with COVID-19 include
a combination of several drugs with virtually synergistic
effects acting at different steps of the pathogenetic mechanisms of the disease [9]. Scientific evidence in this regard is
currently limited but in continuous and rapid evolution [10].
In the first period of the SARS-CoV-2 pandemic, a widespread practice pattern was to treat with hydroxychloroquine
both patients with mild COVID-19 kept at home and those
with more severe disease requiring hospitalization. Notably,
most recent data shifted the therapeutic paradigm from the
initial enthusiasm to a rise of skepticism and uncertainty
when more in-depth analyses of the use of hydroxychloroquine emerged [9–11]. In particular, the World Health
Organization prematurely stopped the hydroxychloroquine
arm of the Solidarity trial (NCT04330690), where no survival benefit had been observed in patients hospitalized for
COVID-19. However, no significant interaction has been
described between hydroxychloroquine and any antithrombotic agent (Fig. 2). The protease inhibitors lopinavir and
atazanavir (either drug given in association with ritonavir
or cobicistat) [12–15] have been largely utilized; however,
accumulating data from recently published randomized
studies and an interim analysis of the previously mentioned
Solidarity trial, showed no reduction in mortality with the
use of lopinavir/ritonavir in COVID-19 [16]. Furthermore,
the nucleotide analog remdesivir [17–19] (developed for the
treatment of Ebola and Marburg virus infections) showed
favorable results in hospitalized patients with SARS-CoV-2
infection [20]. A less robust clinical benefit has been demonstrated with the nucleotide analog ribavirin [21], as well
as with azithromycin [22], a macrolide often administered
for COVID-19 in combination with hydroxychloroquine. In
particular, the effects of the drug combination azithromycin
plus hydroxychloroquine are controversial, given the limited
evidence, the significant biases of available studies, and the
pending results of randomized studies [22]. Interferon-β,
currently authorized for the treatment of multiple sclerosis,

was used in the treatment of Middle East respiratory syndrome coronavirus (MERS-CoV) infections with some
positive preclinical results [14]; on this basis, it has been
now included in anti-SARS-CoV-2 experimental protocols. Finally, due to recent encouraging clinical results, the
use of glucocorticoids, mainly dexamethasone [23], and/
or tocilizumab [24] (an interleukin-6 inhibitor) in patients
with severe COVID-19 has increased. In asymptomatic or
pauci-symptomatic patients with SARS-CoV-2 infection
maintained at home, during the initial phases of the outbreak, treatment with hydroxychloroquine (with or without
azithromycin) was generally performed, although the diffusion of this approach was greatly different across different
countries.
There is no significant interaction between all agents used
in COVID-19 and low-molecular weight heparins (LMWHs)
or fondaparinux (Fig. 2) [25].
Ribavirin and lopinavir/ritonavir decrease the anticoagulant effects of VKAs, especially of warfarin, by interfering with cytochrome P450 3A4 (CYP3A4). Azithromycin significantly increases the anticoagulant action of
warfarin; thus, co-administration should be avoided or at
least INR monitoring must be intensified. Furthermore,
azithromycin enhances the anticoagulant effects of unfractionated heparin (UFH) (Fig. 2).
DOACs, except dabigatran, are metabolized by
CYP3A4. All DOACs are substrates of intestinal P-glycoprotein. In specific cases of uncertainty about possible
drug interference, although not routinely recommended,
a measurement of DOAC concentration could be considered. Macrolides inhibit the action of intestinal P-glycoprotein, resulting in a potential increase in the blood levels
of DOACs and increased hemorrhagic risk. To date, no
clinically relevant interference has been reported for dabigatran, rivaroxaban, or apixaban and azithromycin. There
are no data on the interaction between azithromycin and
edoxaban. Accordingly, the labeling of this agent does not
recommend reducing the edoxaban dose in the case of coadministration. However, such interaction has to be considered plausible, similarly to what occurs for edoxaban
with clarithromycin or erythromycin [25]. Indeed, in the
randomized VTE-CANCER study [26], where edoxaban
was compared to dalteparin in patients with cancer and
VTE, the concomitant use of azithromycin required reduction of the DOAC dose (Fig. 2).
Some antiviral agents used for COVID-19 (lopinavir/
ritonavir, atazanavir) are competitors of intestinal P-glycoprotein and inhibit CYP3A4 [9]. These agents significantly
increase the bleeding risk of DOACs, due to an elevation
in blood concentrations [27]. Thus, an absolute contraindication for co-administering the aforementioned antiviral substances with DOACs must be indicated (Fig. 2).
Although dabigatran is not metabolized by CYP3A4, this
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drug is a substrate of intestinal P-glycoprotein; therefore,
the concomitant use of those antiviral agents and dabigatran should be reasonably prohibited. Accordingly, in
COVID-19 patients on DOACs with an established indication for lopinavir/ritonavir or atazanavir, DOACs will be
temporarily stopped and replaced with LMWH over the
short term [25]. No significant interaction between DOACs
and ribavirin is described.
No significant interference has been reported between
VKAs or DOACs and interferon-ß or tocilizumab (Fig. 2).
However, the use of this monoclonal antibody has been
associated with hepatotoxicity [28]. Thus, close monitoring
of liver function and coagulation indices is mandatory if
tocilizumab is given in patients on anticoagulant treatment.
Furthermore, as tocilizumab may cause an increase in the
expression of CYP3A4, its co-administration can lead to a
slight decrease in blood levels of anti-Xa agents (especially
apixaban and rivaroxaban); therefore, close functional monitoring of coagulation parameters is indicated [25].

3 What to Do in Patients on Antithrombotic
Agents Hospitalized for COVID‑19?
Therapy with non-steroidal anti-inflammatory drugs
(NSAIDs) was hypothesized to be a potential risk factor
for a more serious clinical presentation of COVID-19,
but these data have not been confirmed in the most recent
series [29]. Aspirin at the “antiplatelet” daily dose of
75–100 mg has limited anti-inflammatory effects. Given its
significant cardiovascular benefits, in patients on chronic
therapy with aspirin for secondary prevention who are hospitalized or are maintained at home for COVID-19, this
agent must be continued (Table 2), consistent with the
recent recommendations by McCullough and colleagues

[30]. Aspirin treatment for primary cardiovascular prevention should also be continued, unless contraindications
have occurred during in-hospital stay (acute liver failure,
severe renal failure, severe thrombocytopenia, documented drug interactions, planned invasive procedures).
In patients hospitalized for COVID-19, dual antiplatelet
therapy (aspirin plus oral P2Y12 receptor inhibitor) must
be continued in those who have recently undergone percutaneous coronary intervention (PCI) (within ≤ 3 months),
unless hemorrhagic events are reported [25].
Regarding P2Y12 receptor inhibitors, lopinavir/ritonavir and atazanavir reduce the antiplatelet effect of clopidogrel and prasugrel (the latter not significantly), while
they increase blood concentrations of ticagrelor (Fig. 2)
[9]. Thus, in this setting, the co-administration of aspirin
plus prasugrel should be preferred. Indeed, the most recent
evidence has indicated no clinical benefit of lopinavir/
ritonavir, and the use of such antiviral drugs has progressively declined over the pandemic course [31]. However,
in patients with COVID-19 who are candidates for lopinavir/ritonavir or atazanavir treatment and are on aspirin plus
clopidogrel for a recent (≤ 3 months) PCI after chronic
coronary syndrome, clopidogrel is continued, with blood
cell count and ischemic event monitoring (Table 2). In
patients with COVID-19 who are candidates for lopinavir/
ritonavir or atazanavir and are on aspirin plus clopidogrel/
ticagrelor for a recent (≤ 3 months) PCI after acute coronary syndrome (ACS), the replacement of clopidogrel/
ticagrelor with prasugrel is indicated. If prasugrel is contraindicated, therapy with clopidogrel/ticagrelor is continued, with blood cell count and ischemic/bleeding event
monitoring. There is no significant interference between
clopidogrel/ticagrelor/prasugrel and the other agents used
in COVID-19.

Table 2  Indications for patients receiving chronic antithrombotic treatments admitted for COVID-19
Patients on chronic antiplatelet therapy
Aspirin therapy for primary cardiovascular prevention should be continued, unless contraindications have arisen or there is need for venous
thromboprophylaxis
Antiplatelet therapy for secondary cardiovascular prevention must be continued, considering possible drug interactions
Dual antiplatelet therapy in patients who have undergone PCI within ≤ 3 months must be continued unless hemorrhagic events are reported
In patients on aspirin plus clopidogrel/ticagrelor who have undergone a recent PCI (≤ 3 months) for ACS requiring treatment with lopinavir/
ritonavir or atazanavir, switching from clopidogrel/ticagrelor to prasugrel is indicated. If prasugrel is contraindicated, therapy with clopidogrel/ticagrelor is continued, monitoring blood cell count and ischemic/bleeding events
In patients on aspirin plus clopidogrel who have undergone a recent PCI (≤ 3 months) for stable coronary syndrome requiring treatment with
lopinavir/ritonavir or atazanavir, clopidogrel is continued, monitoring blood cell count and ischemic events
No significant interaction between clopidogrel/prasugrel/ticagrelor and the other agents used for COVID-19 are present
Patients on chronic OAC
If indication for OAC is adequate and no contraindication exists, short-term switching from OAC to LMWH is reasonable
ACS acute coronary syndrome, COVID-19 coronavirus disease 2019, LMWH low-molecular weight heparin, OAC oral anticoagulant therapy,
PCI percutaneous coronary intervention
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Finally, in patients on chronic OAC, if the indication for
OAC is adequate and no contraindication exists, short-term
switching from OAC to LMWH is reasonable (Table 2).

based on the clinical pattern and on the risk of thrombotic
and bleeding complications. However, it is worth pointing
out that this stratification is a dynamic process requiring a
periodical reassessment according to clinical course and
laboratory tests. Patients admitted to the intensive care
unit (ICU), regardless of the need for mechanical ventilation, and those with acute respiratory insufficiency must be
considered at high thromboembolic risk; thus, they require
thromboprophylaxis [33, 34]. In patients with mild-tomoderate respiratory symptoms, with or without evidence
of interstitial pneumonia, stratification based on the risk of
VTE assessed using the PADUA Prediction Score [35] or
the IMPROVE VTE score [36] is recommended (Fig. 3).
A PADUA score of ≥ 4 identifies patients with an elevated
risk of VTE; an IMPROVE score of 2–3 indicates an intermediate risk, whereas a value of ≥ 4 indicates a high risk.
Following this stratification, thromboprophylaxis is not
indicated in patients with a PADUA score of < 4 or an
IMPROVE score of 1. In patients with a PADUA score
indicating a high risk or an IMPROVE score indicating
intermediate-to-high risk, thromboprophylaxis is needed,
if contraindications do not exist.

4 Antithrombotic Prophylaxis in Patients
with SARS‑CoV‑2 Infection: When
and How?

Haemorrhagic risk evaluation

Thromboprophylaxis is not recommended in asymptomatic
patients in whom a nasopharyngeal swab tested positive for
molecular detection of SARS-CoV-2 RNA. In patients with
mild COVID-19 maintained at home, thromboprophylaxis
is indicated only if multiple risk factors for VTE and a low
bleeding risk exist (Table 1) [25, 30].
In patients with more severe COVID-19, the release of
pro-inflammatory mediators, platelet activation, oxidative
stress, endothelial dysfunction [32], prolonged immobilization, hypoxia, circulatory stasis, the use of mechanical
ventilation, liver dysfunction, central venous catheters, and
nutritional deficit increase the risk of VTE (Fig. 1). Thus,
these patients should be stratified upon hospitalization

Patients with respiratory failure and/or
admitted in ICU

Patients with mild-to-moderate symtoms

Thromboprophylaxys (if no
contraindications)*

Thromboembolic risk
stratification

PADUA score ≥4 or
IMPROVE score ≥2
Thromboprophylaxys (if no
contraindications)*

PADUA score <4 or
IMPROVE score 1
Thromboprophylaxys not
recommended

CrCl >30 mL/min
yes
Enoxaparin 4000 IU o.d.**
(max 8000 IU in obese patients) or
Nadroparin 2850 IU o.d.
(max 5700 IU o.d. if weight >100 kg)
or Fondaparinux***

no
Tinzaparin o Dalteparin
(if CrCl between 20 and 30 mL/min)
or UFH (5000 IU b.i.d.
subcutaneous)***

* If pharmacological prophylaxys is contraindicated, it is possible to perform mechanical thromboprophylaxys by intermittent
mechanical elasto-compression
** Due to recent reports showing in COVID-19 a pro-thrombotic milieu and high rates of venous thromboembolism, the use of higherthan-prophylactic doses of enoxaparin (e.g. 4000 IU BID) has been recently encouraged
*** In patients at high thrombotic risk (PADUA score ≥4 or IMPROVE score ≥4) and low bleeding risk, consider thromboprophylaxys
up to 45 days after discharge

Fig. 3  Flowchart for thromboprophylaxis in patients with COVID-19. COVID-19 coronavirus disease 2019, CrCl creatinine clearance, BID/b.i.d.
twice a day ICU intensive care unit, IU international units, o.d. every day, UFH unfractionated heparin
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The choice of agent for thromboprophylaxis should take
into account renal function. In patients with creatinine
clearance < 30 mL/min, UFH [5000 international units (IU)
twice a day (BID) subcutaneously] can be used, whereas in
those with creatinine clearance 20–30 mL/min, tinzaparin
or dalteparin represents an option [25]. Notably, measurement of plasma anti-Xa activity is recommended in patients
with renal failure, adjusting the dosage to maintain levels
of 0.2–0.5 U anti-Xa/mL. In patients with creatinine clearance > 30 mL/min, enoxaparin is the first choice for thromboprophylaxis, with nadroparin or fondaparinux alternatively. Regarding the dosage of thromboprophylaxis drugs,
there is an extensive debate. The World Health Organization
expressed an orientation in favor of using a daily prophylactic dose of LMWH. A general indication is to give enoxaparin at a daily dose of 4000 IU (increased up to 8000 IU in
obese patients) or nadroparin [37].
Notably, available data on the clinical benefit of thromboprophylaxis in patients with COVID-19 were initially
based mainly on a single analysis of approximately 100
patients included in a retrospective study. Here, prophylaxis
was associated with lower mortality only in patients having
criteria for sepsis-induced coagulopathy or with D-dimer
values sixfold higher than the reference limit [38]. Furthermore, data from a large United States cohort suggested that
systemic anticoagulation (including oral, subcutaneous, or
intravenous forms) may be associated with higher survival
among patients hospitalized with COVID-19 [39]. Notably,
in agreement with recent reports showing in such patients a
pro-thrombotic milieu [32] and high rates of venous thromboembolic complications, the use of intermediate doses of
enoxaparin (e.g., 4000 IU BID) for thromboprophylaxis has
been recently encouraged, as prophylactic doses were considered insufficient for this aim [25]. However, specific studies are urgently needed to establish the optimal approach to

thromboprophylaxis with LMWH in this setting, but, in the
absence of robust evidence supporting higher dosing regimens, if thromboprophylaxis is indicated, it appears reasonable to utilize LMWH at prophylactic dosages. There are no
specific data on the extension of thromboprophylaxis beyond
hospitalization in patients with COVID-19; it is advisable
to proceed individually and consider this extension up to a
maximum of 45 days after discharge only in patients with a
high VTE risk and a low risk of bleeding [25].

5 What is the Approach for Diagnosing
Venous Thromboembolism in Patients
with COVID‑19?
The diagnosis of pulmonary embolism (PE) in patients with
SARS-CoV-2 infection must be based on the integration of
clinical, laboratory, and instrumental data (Table 3). d-dimer
testing has a central role as a diagnostic marker for VTE;
monitoring can allow an early diagnosis, but at the same
time, it may be non-specific, if not contextualized. Indeed,
over 50% of patients admitted for COVID-19 present elevated d-dimer values (in most cases < 1.0 mcg/mL), even
without thrombotic complications [40]. Thus, in line with
the diagnostic algorithms provided by pre-existing guidelines [41], d-dimer must be measured only in the presence
of a clinical suspicion of VTE. Conversely, in the absence
of concomitant clinical worsening, high levels of d-dimer
should not guide diagnostic and therapeutic processes. PE
is suspected if increased values of d-dimer are associated
with clinical symptoms/signs of deep venous thrombosis
(DVT), worsening hypoxemia disproportionate to the degree
of respiratory involvement, and/or acute right ventricular
dysfunction.

Table 3  Indications for the management of VTE in patients with COVID-19
In patients with a worsening clinical status, especially in those without anticoagulant treatment, a diagnosis of VTE must always be suspected
In patients with suspected VTE, the diagnostic and therapeutic workup must integrate clinical data, laboratory findings, and imaging test results
Measurement of D-dimer for diagnosing VTE must be performed only if a clinical suspect exists
Vascular/cardiac ultrasound imaging for diagnosing VTE should precede radiological imaging
Patients undergoing a CT scan for worsening respiratory status should receive angio-CT sequences to exclude PE
The use of LMWH for treating a VTE episode is preferred. UFH should be limited to patients with CrCl < 30 mL/min
An invasive “catheter”-based therapy for PE is indicated in selected cases with contraindication to anticoagulant drugs, recurrent events despite
adequate anticoagulation, or when systemic fibrinolysis cannot be performed
For the risk stratification of patients with VTE, monitoring of the following parameters is useful: troponin, BNP, D-dimer, blood cell count,
fibrinogen, prothrombin time, activated partial thromboplastin time, and degradation products of fibrin
After the initial approach, DOACs may represent an option for in-hospital treatment of a VTE episode in patients with clinical stability and
decreasing inflammation
After a VTE episode, DOACs should represent the therapy of choice at discharge
BNP brain natriuretic peptide, COVID-19 coronavirus disease 2019, CrCl creatinine clearance, CT computed tomography, DOAC direct oral
anticoagulant, LMWH low-molecular weight heparin, PE pulmonary embolism, UFH unfractionated heparin, VTE venous thromboembolism

G. Patti et al.

The use of imaging techniques in diagnosing a VTE episode is complex, because of the risk of viral transmission to
other patients and to healthcare workers, and must be regulated by specific in-hospital protocols aimed at limiting such
risk. Each imaging test must be subsequent to an integrated
evaluation of clinical and laboratory data. Notably, vascular
or cardiac ultrasound examination usually anticipates radiological imaging and requires appropriate personal protective
equipment and specific methods for sanitizing the instruments. In view of the high rates of DVT in ICU patients, an
extensive use of vascular ultrasound is advisable to assess
broadly the diagnosis of DVT. Due to the higher risk of PE,
patients with COVID-19 undergoing a lung computed tomography (CT) scan for worsening respiratory function should
receive angio-CT sequences to optimize the diagnostic process [42]. In patients with acute respiratory distress syndrome
(ARDS) and suspected PE, performing radiological tests is
difficult because of patient’s prone position and unstable
clinical conditions. Here, echocardiographic evidence of
deterioration of the right ventricular function or (more rarely)
of transit thrombus represents a relevant finding justifying
further diagnostic steps and on this basis the initiation of
specific treatments.

6 How to Stratify the Prognosis of Patients
with COVID‑19?
Prognostic stratification of patients with COVID-19 is
important and may guide treatment modalities. A higher
inflammatory status (as identified by increased C-reactive
protein levels or neutrophil/lymphocyte ratio) has been correlated with a poorer outcome, including lower survival [43].
The measurement of troponin and brain natriuretic peptide
(BNP) is also useful, as an increase in these parameters indicates acute myocardial damage and hemodynamic overload
[33, 41, 44]. Various abnormalities in the hemostatic parameters were associated with a higher risk of cardiovascular
complications, mechanical ventilation, and mortality, in
particular, thrombocytopenia (especially < 50,000 × 109/L)
and elevation of d-dimer (> 3 µg/mL), fibrinogen (> 1 g/L),
or degradation products of fibrin. Recent studies suggested
a relationship between severity in the clinical course of
COVID-19 and spontaneous prothrombin time prolongation
(> 3 s) or activated partial thromboplastin time prolongation
(> 5 s) [33, 41, 45]. Accordingly, all the aforementioned
hemostatic markers should be routinely monitored in these
patients, with the aim to obtain a more accurate prognostic
stratification.

7 How to Manage Antithrombotic Treatment
in Patients with COVID‑19 Complicated
by Venous Thromboembolism?
In COVID-19 patients with VTE, the indications for treatment are based on pre-existing guidelines and should be
integrated with specific assessments related to the SARSCoV-2 infection [40]. As described above, the choice of the
therapeutic regimen must also take into account considerations regarding the severity of clinical presentation, co-existence of renal disease, liver dysfunction and/or thrombocytopenia, and possible drug interactions with antiviral drugs
[33]. The use of parenteral anticoagulants represents the best
initial option, due to the greater manageability and the lower
risk of drug interference (Table 3). LMWH at anticoagulant dosages (i.e., subcutaneous enoxaparin 1 mg/kg BID or
nadroparin 86 IU/kg BID) should be preferred over UFH,
which exposes healthcare workers to an increased risk of
contagion, due to frequent blood samplings for dose adjustment. UFH should be used only in patients with creatinine
clearance < 30 mL/min. An invasive catheter-based therapy
for PE (locoregional thrombolytic therapy or embolectomy)
is indicated in selected cases with contraindication to anticoagulant drugs, in those who experience recurrent events
despite adequate anticoagulation, or when systemic fibrinolysis cannot be performed.
After the initial approach with LMWH, DOACs may represent an option for in-hospital treatment of a VTE episode
only in patients with clinical stability and decreasing inflammation (Table 3). Unless contraindicated, DOACs should
be preferred over VKAs, given they are easier to manage
during the in-hospital stay and transition to the subsequent
home regimen. However, as mentioned above, the choice
of the OAC drug must consider possible interactions with
anti-SARS-CoV-2 drugs [33, 39].

8 How to Manage Anticoagulant Therapy
in Patients Hospitalized for COVID‑19 Who
Develop Atrial Fibrillation?
In patients with COVID-19, the onset or recurrence of AF
is favored by fever, hypoxia, and adrenergic activation due
to respiratory failure [46, 47]. Here, anticoagulant treatment
for preventing thromboembolic events must be guided by the
CHA2DS2-VASc score rather than the characteristics of the
arrhythmic episodes (i.e., duration of the episodes, number
of relapses). It is reasonable to initiate anticoagulation with
LMWH and then switch to OAC during the hospitalization
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Table 4  Criteria of the ISTH for the diagnosis of disseminated intravascular coagulation
Evaluation of the risk of DIC
ISTH score
Coagulation parameters
Diagnostic score

ISTH score calculation

Does the patient present a clinical condition consistent with DIC?
No: do not proceed with the score
Yes: proceed with the score
Prothrombin time, platelet count, D-dimer, degradation products of fibrin, fibrinogen
Prolongation of prothrombin time: ≤ 3 s = 0 points; > 3– ≤ 6 s = 1 point; > 6 s = 2 points
Platelets: ≥ 100 × 109/L = 0 points; < 100 × 109/L = 1 point; < 50 × 109/L = 2 points
d-dimer, degradation products of fibrin: normal = 0 points; moderately increased = 2
points; markedly increased = 3 points
Fibrinogen: > 1 g/L = 0 points; ≤ 1 g/L = 1 point
≥ 5 points: compatible with DIC
< 5 points: non-suggestive for DIC

DIC disseminated intravascular coagulation, ISTH International Society on Thrombosis and Haemostasis

course, preferentially with a DOAC, taking into account possible drug interference.

9 How to Manage Patients with COVID‑19
and Arterial Thrombosis?
Hospitalizations for ACS have apparently declined during
the pandemic [48]. However, it was observed that 20–30%
of patients hospitalized for COVID-19 have a history of
cardiovascular disease [49]. As demonstrated in other viral
inflammatory syndromes [50], an ACS due to coronary
thrombosis can derive from destabilization of pre-existing
lesions, as a result of the cytokine storm. Given the paucity of specific data, the pharmacological and interventional
management of patients with COVID-19 and ACS should
follow the pre-existing guidelines [51], using specific inhospital protocols and appropriate measures for preventing
the contagion infecting healthcare workers [52]. As previously indicated, in this setting, antiplatelet strategies play a
crucial role. Aspirin can be used without specific additional
concerns. In patients with COVID-19 and ACS on lopinavir/
ritonavir or atazanavir treatment, the co-administration of
aspirin and prasugrel after PCI should be preferred. If prasugrel is contraindicated, the use of clopidogrel or ticagrelor
can be considered, possibly with testing of their antiplatelet
efficacy [53]. The metabolism of cangrelor is independent
of liver function. No drug interaction is expected between
this agent and all drugs used in COVID-19.
Notably, in patients with COVID-19, a high incidence of
ACS, with “ST-elevation myocardial infarction (STEMI)like” presentation and without coronary lesions, has been
reported [54]. In particular, recent data showed that approximately 40% of patients with COVID-19 and STEMI did
not present culprit lesions at coronary angiography [55].
Possible pathogenetic mechanisms of this finding are acute
myocarditis, type 2 myocardial infarction (due to mismatch

between oxygen demand and supply), or “Takotsubo-like”
myocardiopathy [52]. Thus, in patients with confirmed (or
suspected) SARS-CoV-2 infection and “STEMI-like” presentation, fibrinolytic therapy should be considered only
in selected cases, when coronary angiography and a possible percutaneous revascularization cannot be performed
promptly and safely.
Regarding arterial thrombosis in non-coronary vessels,
a recent observational investigation reported a 1.6% incidence of ischemic stroke among consecutive patients hospitalized for COVID-19 [56]. Moreover, there is evidence that
patients with SARS-CoV-2 infection may have a more severe
stroke presentation than non-infected patients [57]. Finally,
cases of ischemic stroke associated with bilateral acute lower
limbs ischemia in the context of antiphospholipid syndrome
have been described [58].

10 How to Manage Patients Hospitalized
for COVID‑19 Developing Disseminated
Intravascular Coagulation?
Disseminated intravascular coagulation (DIC) represents
a possible complication in all patients admitted to the ICU
with critical infectious diseases. In patients with COVID-19,
a severe clinical course was associated with DIC in > 50%
of cases [45]. Serial evaluation of platelet count, prothrombin time, D-dimer, and fibrinogen plays an important role in
diagnosing DIC and monitoring its coagulation abnormalities
(Table 4) [59]. The management of these patients includes
the identification and treatment of the triggering causes and,
in line with international recommendations, the initiation of
specific treatments based on platelet transfusion, coagulation
factors (fresh concentrated plasma), and fibrinogen (cryo-precipitate) in the presence of bleeding complications or, more
rarely, on anticoagulant therapy with heparin, if a thromboembolic pattern is prevalent. In patients with DIC, treatment
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with antiplatelet drugs should be limited to those with recent
coronary stent implantation. With regard to patients on dual
antiplatelet therapy, such treatment is continued if the platelet count is ≥ 50,000 × 109/L, whereas if the platelet count is
25,000–50,000 × 109/L, an antiplatelet agent is stopped, and if
the platelet count is < 25,000 × 109/L, both antiplatelet drugs
are withdrawn. However, the management of these patients
must be individualized, balancing thrombotic and hemorrhagic
risks.
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