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ABSTRACT

Although initially considered a strictly respiratory pathology, the novel coronavirus disease-19 (COVID-19) has
emerged as a significant prothrombotic trigger, inducing hypercoagulable status and increased risk of thrombotic
events. This is due to a plethora of mechanisms, either from inflammation-induced endothelial dysfunction, over-
expression of procoagulant molecules doubled by down-regulation of physiological antithrombotic pathways, or
from an exagerated response to otherwise normal procoagulant stimuli. This complex association of factors define
the concept of immunothrombosis, which can be influenced by several antithrombotic medications. Despite the
lack of an ,,universal” guideline, the general consensus is to recommend antithrombotic treatment in COVID-19 pa-
tients, but its administration should take into account the patient’s clinical status, comorbidities or the other previ-
ous indications for antithrombotic treatment. This precaution is due to the multiple drug interactions with antivi-
rals or other molecules used in COVID-19. Concerning anticoagulant treatment, heparins are the optimal choice,
compared to antivitamins K and direct oral anticoagulants (DOACs), because they exhibit the most protective ef-
fects doubled by the least interactions with other substances. Hospitalized patients should receive prophylactic
doses of anticoagulation, but not for the prevention of arterial thrombosis, unless they have a previous indication
such as atrial fibrillation or prosthetic valve. It is generally recommended that patients on chronic anticoagulant
or antiplatelet therapy for other conditions will continue their prescribed medication, here including special cat-
egories such as pregnant women. However, non-hospitalized patients with mild forms of the disease should not
be initiated anticoagulant and antiplatelet therapy unless they have other indication. Continuation of prophylaxis
after discharge is a matter of debate, the existing data suggesting it may be considered in those patients at high
risk for venous thromboembolism (VTE) and/or who had a moderate-severe form of the disease, always assessing
the bleeding risk. Further data from extensive studies are required in order to standardize the antithrombotic ap-
proach in COVID-19 patients.
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INTRODUCTION

COVID-19 is pathophysiologically characterized
by endothelial injury, inflammation and micro- and
macrovascular thrombosis, a substrate that justifies

the use of antithrombotic treatment. The evolution
to arterial and venous thrombotic complications is
a common manifestation for patients with severe
forms of the disease.
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Regarding daily clinical practice and COVID-19,
the following aspects should be underlined: the
high prevalence of in situ microvascular localiza-
tion, that are difficult to predict and to identify,
caused via various mechanisms; the generally posi-
tive outcomes of an early routine thromboprophy-
laxis in hospitalized patients, which furtherly raises
the need to stratify the risk of thrombosis; the diffi-
culty of quantifying the thrombotic risk in a hetero-
geneous population, doubled by a chalenging
healthcare access. Moreover, in those patients the
prognosis is assessed differently depending on stud-
ies, consequently the thromboprophylaxis regi-
mens being variably reported in terms of efficiency,
safety, and drug types.

For these reasons, antithrombotic treatment —
recommended in rapidly developing guidelines
based on non-randomized studies —remains marked
by areas of uncertainty and unanswered questions
D).

PROPOSED MECHANISMS FOR COAGULATION
ABNORMALITIES IN COVID-19

Although the mechanisms that activate the co-
agulation cascade are not fully elucidated, there is
evidence to support some pathogenic links (2).

The first mechanism involves the direct binding
of the virus to the host cell membrane and the inter-
vention of the renin-angiotensin system (3). Fusion
is accomplished by binding the viral spike protein
to the membrane receptors for angiotensin convert-
ing enzyme 2 (ACE-2). ACE-2 is a counterregulatory
carboxypeptidase of ACE, with an essential role in
cardiovascular homeostasis by reducing the pro-
duction of angiotensin II (Ang II). The consequence
of fusion is the ,down-regulation” phenomenon
concerning the expression of ACE-2 at the cell sur-
face and the subsequent accumulation of Ang II.
This aspect increases the expression of tissue factor
(TF), which is a key element in triggering the proco-
agulant response by thrombin formation (3).
Thrombin plays a central role because it activates
platelets via the protease-activated receptor (PAR-1)
and plasma coagulation factors V and VIIL In a sim-
ilar way, the reduction of ACE-2 activity induces a
decrease in Ang 1-7 production which physiologi-
cally inhibits platelet adhesion and aggregation by
stimulating nitric oxide release in platelets.

The second important mechanism is the re-
sponse to inflammation (4). Excessive production of
proinflammatory cytokines caused by SARS-CoV-2
infection triggers hyperactivation of the immune
response, a phenomenon known as the cytokine
storm. There is a direct link between inflammatory
status and altered coagulation, called immuno-
thrombosis. Proinflammatory cytokines stimulate
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the local procoagulant response by inducing TF ex-
pression in monocytes and ,up-regulating” its ex-
pression in endothelial cells. Associated platelet ac-
tivation by von Willebrand factor via specific GPlba
glycoprotein receptors occurs. Mobilization of co-
agulation factors and activated platelets in anatom-
ical sites invaded by SARS-CoV-2 appears to amplify
the proinflammatory cytokine production, throm-
bin synthesis, and in situ thrombus formation. An
essential role is also played by neutrophils, which
release extracellular particles of neutrophils, gener-
ating inflammation, additional thrombin produc-
tion, exaggerated immune response and thus
thrombosis and organ failure (2). All these aspects
are additional to a deficient synthesis, consumption
and excessive degradation of antithrombin III (2).

Vascular endothelium is another target of SARS-
CoV-2 infection. Impaired integrity of the vascular
endothelium generates platelet activation and
thrombus formation. It is well established the dia-
betes involment in endothelial dysfunction; hence,
dabetic patients are much more vulnerable to
thrombotic events (5).It is also stated that, in some
patients, the endothelium also represents an initial
site for intravascular disseminated coagulation (2).

Thrombocytopenia, reported as a common man-
ifestation in patients with severe infection, is caused
by extensive damage to bronchoalveolar tissue and
endothelial cells and is accompanied by massive
platelet recruitment and consumption following in-
tense activation (6). For the clinician, thrombocyto-
penia does not represent an indication for stopping
antithrombotic treatment, but only a closer follow-
up after choosing the right type of medication and
its adequate posology.

Alteration of the natural fibrinolytic response
completes the drama of coagulation in COVID-19, as
both processes excessively coexist. Hyperfibrinoly-
sis is considered a mark of severe evolution. Cui et
al. reports that in patients with severe pneumonia
and venous thromboembolism (VTE), D-dimers, as
fibrin degradation products, are intensely elevated
and are accurate biomarkers for thrombosis (7).

PATHOPHYSIOLOGICAL ARGUMENTS FOR
ANTITHROMBOTIC TREATMENT

The immunothrombosis process can be influ-
enced in both components of anticoagulant treat-
ment, by reducing the thrombotic load and the hy-
perreactivity of the coagulation process as well as
by the anti-inflammatory effect. Heparins block se-
lectin-P, an adhesion molecule with an essential
role in the leukocytes recruitment at the site of in-
flammation, selectin E and the intercellular adhe-
sion molecule (ICAM-1), with a role in promoting
inflammation and cell signaling. Heparins also
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block the interaction between platelets and neutro-
phils, inhibit the production of extracellular neutro-
philic particles and, most importantly, reduce the
release of IL-1B and IL-6 for which there is evidence
of hypercoagulation and thrombi, including in pa-
tients with severe COVID-19 (8). The beneficial ef-
fects continue through the heparins inhibition of
the proteolysis process (via cathepsins, factor Xa,
furin and trypsin). Proteolysis is essential for cell
infection and causes cleavage of S1-S2 subunits of
spike proteins. In particular, activated factor X fa-
cilitates the activation of SARS-CoV-2 penetration
into cells (9).

Unlike anticoagulant treatment for which there
is clinical and prognostic evidence regarding its fa-
vorable effect, for antiplatelet treatment the admin-
istration is based only on pathophysiological argu-
ments from experimental models of viral infection.
Inflammation and endothelial dysfunction may
represent a trigger for platelet adhesion and aggre-
gation, initiating the thromboinflammatory pro-
cess. It is well known that uncontrolled platelet acti-
vation causes extensive inflammation. Another
category of evidence came from experimental stud-
ies demonstrating the beneficial effects of specific
antiplatelet medication (aspirin, eptifibatide, clopi-
dogrel, protease-activated receptor 4 antagonists)
in viral infections, which protect the lungs from se-
vere injury, limit virus spread and immune activa-
tion. However, the degree of platelet activation in
COVID-19 is currently unknown and therefore the
prophylactic role of antiplatelets (either single or
dual medication) on the viral load and clinical
course of the disease is still to be elucidated (10).
The currently available clinical data emphasize on
the idea that the optimal medication is not neces-
sarily the antiviral one, but the pathogenic, host-re-
lated treatment, in order to modulate thromboin-
flammation. From this point of view, the use of
antiplatelet medication together with steroidal anti-
inflammatory and immunomodulatory drugs seems
to be arational therapeutic target. A practical exam-
ple of the benefit of antiplatelet medication is the
effect of hydroxychloroquine, initially used empiri-
cally, but for which antiplatelet properties have
been demonstrated, through the possible interac-
tion with the arachidonic acid pathway and the fi-
brinogen reduction (11).

ANTITHROMBOTIC MEDICATION AVAILABLE FOR
covip-19

There is currently no solid information on the
protective effect of anticoagulants and antiplatelet
agents, thereby their administration should take
into account the clinical status of the patient, the co-
morbidities and other previous indications for an-
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tithrombotic medication, because there are multi-
ple drug interactions with antivirals or other drugs
used in COVID-19. Heparins are the optimal choice,
compared to antivitamins K and direct oral antico-
agulants (DOACs), because they have the most pro-
tective effects and the least interactions with other
substances (Table 1).

RANDOMIZED TRIALS IN PATIENTS WITH COVID-19

The interest in antithrombotic treatment is justi-
fied by the increased incidence of thrombotic
events, in particular venous thrombembolism
(VTE). On the other hand, the septic status in COV-
ID-19 induces a hypercoagulability status and in situ
microthrombosis. The current international experi-
ence has led to the argument that there is no ,,one-
size-fits-all” solution, because there are many vari-
ables that condition the treatment regimen in the
patient with COVID-19. Randomized trials are the
most accurate way to evaluate the effectiveness of a
medication that is already widely used but requires
strict individualization and adaptation.

One year after the onset of the pandemic, there
are numerous ongoing randomized trials (RCTs)
evaluating various therapeutic regimens with anti-
platelet agents, various types of anticoagulants in-
cluding DOACs, fibrinolytics, or a combination
thereof. The intensity of therapeutic regimens is
variable, depending on the estimated risk of throm-
botic events, proportional to the severity of the in-
fection. The disadvantages of the trials are the open-
label design and the fact that they exclude patients
at high risk of bleeding, with severe renal dysfunc-
tion, pregnant women or obese people. More than
half of the trials evaluating regimens, other than
standard anticoagulation regimens, exclude pa-
tients with creatinine clearance < 15 ml/min. The
objectives pursued vary depending on the popula-
tion studied and include all-cause mortality, arterial
and venous thromboembolic risk, need for hospi-
talization/re-admission, hospitalizations for cardio-
vascular/pulmonary events, need for respiratory
support, or composite targets. The most common
safety goal is the risk of bleeding.

RECOMMENDATIONS FOR ANTITHROMBOTIC THERAPY

Although there are several available recommen-
dations and guidelines of national societies, this pa-
per will summarize the antithrombotic treatment
recommendations launched by the National Insti-
tutes of Health (NIH). The recommendations are in-
cluded in the treatment guideline for COVID-19,
available on the official NIH website, which is regu-
larly updated (12).
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TABLE 1. Antithrombotic medication used in COVID-19 — adapted after (8)

Antithrombotic agent Protective effect Clinical situation Interactions with other drugs
Antiplatelets
Aspirine Platelet activity reduction IHD -
Clopidogrel MMPs IHD No administration / dose reduction with
monocytes, neutrophils Stroke Lopinavir / Ritonavir (CYP3A4)
Ticagrelor NF-kB effect attenuation Stroke -
Prasugrel inflammatory response PAD No administration / dose reduction with
viral spread ACS Lopinavir / Ritonavir (CYP3A4)
Cilostazol ? ACS Caution with Lopinavir / Ritonavir (CYP3A4)
Maximum dose 50 mg with Lopinavir /
PAD Ritonavir (CYP3A4)
Anticoagulants
Heparins Structural changes: S1 binding AF
Virus attachment: competition with HSBG | VTE
Virus-cell fusion: S1-S2 cleavage ACS, Stroke
Anti-inflammatory mechanism: IL-6, Mechanical
NF-kB cardiac
VTE prophylaxis: microvascular prostheses
thrombosis
Antivitamin K VTE prophylaxis: microvascular AF, VTE, Dose increase: Lopinavir / Ritonavir,
thrombosis ACS, Stroke Ribavirin
Mechanical
cardiac Dose reduction: Interferon, Azithromycin,
prostheses Methylprednisolone
Apixaban VTE prophylaxis: microvascular 50% dose (avoidable if the initial dose is
thrombosis 2.5 mg x 2 / day) with Lopinavir / Ritonavir
(CYP3A4, P-gp)
Rivaroxaban AF, VTE, ACS No administration withLopinavir / Ritonavir
(CYP3A4, P-gp)
Dabigatran -
Edoxaban No administration with Lopinavir / Ritonavir
(CYP3A4, P-gp)
VTE: 30 mg/day with Azithromycin (P-gp)

IHD — ischemic heart disease; ACS — acute coronary syndrome; MMP — matrix-metallo proteinases; PAD — peripheral artery disease; AF — atrial fibrillation;
VTE — venous thromboembolism; HSPG — heparan sulfate proteoglycan; CYP3A4 — cytochrome P450 3A4; P-gp — 1P glycopreotein

According to the guideline, there are currently
insufficient data to support or combat the assess-
ment of coagulation parameters, such as D-dimers,
prothrombin time, platelets or fibrinogen in hospi-
talized patients receiving antithrombotic treatment.
The same parameters are not required to be as-
sessed in ambulatory. The guideline also does not
support routine screening for deep vein thrombosis
in patients who do not have a clinical aspect sugges-
tive of VTE. Instead, VTE should be evaluated in any
hospitalized patient with rapidly deteriorating pul-
monary, cardiovascular, or neurological function.

Patients on chronic anticoagulant or antiplatelet
therapy for other conditions will continue their pre-
scribed medication, here including special catego-
ries such as pregnant women or nursing mothers.
In these cases, UFH, LMWH and antivitamins K
(AVK) can be safely used, but not DOACs.

VTE SCREENING AND PROPHYLAXIS

Non-hospitalized patients should not be initiated
anticoagulant and antiplatelet therapy unless they

have other indication or participating in clinical tri-
als.

Hospitalized patients should receive prophylac-
tic doses of anticoagulation, but not for the preven-
tion of arterial thrombosis, unless they have a pre-
vious indication such as atrial fibrillation. There are
is no clear data on whether or not to support higher
doses of anticoagulants for VTE prophylaxis. How-
ever, if patients have a history of VTE or if there is a
high suspicion for a first episode and the imaging
confirmation is not possible, curative doses of anti-
coagulant will be initiated. Also, antithrombotic
treatment should be applied according to non-COV-
ID protocols in critical patients who require extra-
corporeal oxygenation, dialysis or have catheter
thrombosis. Prophylactic doses of anticoagulation
are recommended in pregnant women hospitalized
for severe forms of COVID-19.

Continuation of prophylaxis after discharge can
only be considered in those patients at high risk for
VTE and low bleeding risk, including pregnant or
breastfeeding/nursing mothers. The FDA has ap-
proved the use of rivaroxaban 10 mg for 31-39 days,
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TABLE 2. Prophylactic anticoagulation regimens according to WHO — adapted after (1)

Anticoagulant type Standard dose

Dose adjusted

Unfractionated heparin 5,000 Ul s.c. x 2/day

Enoxaparin 40 mg/day s.c., including post CrCl <30 ml/min - 20 mg/day s.c.
discharge for 45 days BMI 30-40 k /m? - 40-60 mg/day s.c.
BMI> 40 kg/m? - 40 mg x 2/day s.c.
BMI> 50 kg/m? - 60 mg x 2/day s.c.
Fondaparin 2.5 mg/day

Rivaroxaban

45 days

Post discharge 10 mg/day for up to

CrCl — creatinine clearance; BMI — body mass index

and the risk assessment requires the calculation of
IMPROVE and modified IMPROVE risk scores. In-
creased risk is defined as an IMPROVE score > 4 or
modified IMPROVE score > 2 with D-dimers twice
the upper normal limit (13-15). In parallel, it is nec-
essary to quantify the risk of bleeding and the pos-
sibility of patients follow-up.

Regarding therapeutic doses of anticoagulants
for VTE prevention, there are limited data from pro-
spective studies. There are also numerous guide-
lines developed by companies and experts that have
reached a consensus concerning the prophylactic
doses. There is no consensus on the use of interme-
diate doses in critical patients (16,17).

The type of antithrombotic medication must be
selected taking into acocunt the drug interactions
and the possibility of monitoring. In critically-ill,
hospitalized patients, UFH or LMWH are preferred
because they can be more easily manipulated and
have fewer interactions. Patients who have another
indication for chronic anticoagulation and are al-
ready under treatment with VKA may be candidates
for DOACs if there are no contraindications (me-
chanical valve prostheses, mitral stenosis, ventricu-
lar assist devices, phospholipid syndrome, preg-
nancy).

In pregnant women, it is not known whether
COVID-19 infection further increases the risk of
thromboembolism (18,19). The Society of Maternal
and Fetal Medicine recommends prophylactic doses
of heparin or preferably HGGM, in critically ill or
mechanically ventilated patients, unless there are
other contraindications. Similarly, the risk of bleed-
ing should be assessed very carefully (20). The use
of risk scores and D-dimers assessment is not very
accurate in estimating the probability of VTE (21,22).
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