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Abstract: Coronavirus disease 2019 (COVID-19) has been shown to be strongly associated with
increased risk for venous thromboembolism events (VTE) mainly in the inpatient but also in the
outpatient setting. Pharmacologic thromboprophylaxis has been shown to offer significant benefits
in terms of reducing not only VTE events but also mortality, especially in acutely ill patients with
COVID-19. Although the main source of evidence is derived from observational studies with
several limitations, thromboprophylaxis is currently recommended for all hospitalized patients with
acceptable bleeding risk by all national and international guidelines. Recently, high quality data from
randomized controlled trials (RCTs) further support the role of thromboprophylaxis and provide
insights into the optimal thromboprophylaxis strategy. The aim of this statement is to systematically
review all the available evidence derived from RCTs regarding thromboprophylaxis strategies in
patients with COVID-19 in different settings (either inpatient or outpatient) and provide evidence-
based guidance to practical questions in everyday clinical practice. Clinical questions accompanied
by practical recommendations are provided based on data derived from 20 RCTs that were identified
and included in the present study. Overall, the main conclusions are: (i) thromboprophylaxis
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should be administered in all hospitalized patients with COVID-19, (ii) an optimal dose of inpatient
thromboprophylaxis is dependent upon the severity of COVID-19, (iii) thromboprophylaxis should
be administered on an individualized basis in post-discharge patients with COVID-19 with high
thrombotic risk, and (iv) thromboprophylaxis should not be routinely administered in outpatients.
Changes regarding the dominant SARS-CoV-2 variants, the wide immunization status (increasing
rates of vaccination and reinfections), and the availability of antiviral therapies and monoclonal
antibodies might affect the characteristics of patients with COVID-19; thus, future studies will inform
us about the thrombotic risk and the optimal therapeutic strategies for these patients.

Keywords: anticoagulation; COVID-19; COVID-19 therapeutics; dosage; mortality; thromboprophy-
laxis; treatment

1. Introduction

The relationship between the Coronavirus disease 2019 (COVID-19) and venous
thromboembolism (VTE) was first reported as a case report in March 2020, close to the
onset of the pandemic [1]. Since then, an enormous amount of evidence has emerged and
nearly ten thousand articles on COVID-19 and VTE have been published within the last
two years [2]. COVID-19 is associated with an increased VTE risk [3] that can be attributed
to factors related to (i) the virus and the induced thromboinflammation observed in severe
infection per se; (ii) the hospitalization conditions (immobilization); and (iii) the individual
patient risk factors for VIE, most of which are also risk factors for severe COVID-19 [4].

While the pathophysiological mechanisms are not clearly defined, hospitalized pa-
tients with severe COVID-19 exhibit an increased inflammatory status both at the systemic
(cytokine storm) and local (endothelial injury with thromboinflammation) level [5-7].
COVID-19 associated coagulopathy mainly manifests with a prothrombotic tendency, as
platelet count is preserved, coagulation function tests are normal or minimally prolonged,
and bleeding events are uncommon [8]. These features can be distinguished from a diag-
nosis of disseminated intravascular coagulation (DIC), which can occur in patients with
critical infectious illness [8]. Interestingly, COVID-19 associated coagulopathy and the
related microthrombi formation mainly affects the lung vessels, as confirmed by autopsy
studies [5,9].

The prevalence of pulmonary embolism (PE) and deep vein thrombosis (DVT) in
hospitalized patients with COVID-19 varies widely and is likely due to across study
differences in patient characteristics and VTE diagnostic and screening protocols [4]. In
a meta-analysis of 47 studies (n = 6459 patients), where all patients were subjected to
imaging diagnostic evaluation for PE/DVT, the prevalence of PE and DVT in hospitalized
patients with COVID-19 was about 32% and 27%, respectively [10]. Importantly, a two-fold
increased risk for death was demonstrated in patients with VTE compared to those without
VTE [10].

Considering the increased VTE risk of COVID-19 and the association between VTE
and mortality, it is not surprising that pharmacologic thromboprophylaxis has been shown
to offer significant benefits in terms of reducing not only VTE events but also mortality,
especially in cases of severe COVID-19 [11-14]. Thus, thromboprophylaxis is currently
recommended by multiple national and international clinical practice guidelines for hospi-
talized patients with an acceptable bleeding risk [15-21]. Yet, the main source of evidence
has been derived from observational studies with important methodological limitations.
Recently, randomized trials have investigated the role of thromboprophylaxis and provide
insights into the optimal thromboprophylaxis strategy.

The aim of this statement is to systematically review all the available evidence derived
from randomized clinical trials (RCTs) regarding the role of thromboprophylaxis in adult
patients with COVID-19 (both in the inpatient and outpatient setting), to address specific
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key questions, and to transform this evidence into practical lessons to be implemented in
daily clinical practice.

2. Materials and Methods

A systematic PubMed search was conducted in line with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) recommendations independently
by two investigators (KGK and IGK) [22]. The literature search was conducted using the
algorithm (“coronavirus 2019” OR “2019-nCoV” OR “SARS-CoV-2"” OR “COVID-19” OR
COVID OR COVID19) AND (thrombotic OR thrombosis OR “deep vein” OR “pulmonary
embolism” OR thromboemboli* OR heparin) AND randomi* until August 10, 2022. Articles
were also identified from references of relevant articles using the snowball procedure.
Disagreements were resolved by consensus with senior authors. Eligible studies were RCTs
regarding different thromboprophylaxis strategies in patients with COVID-19 in different
settings (either inpatient or outpatient). Data concerning the population characteristics,
the interventions/comparators, and the main conclusions of each RCT were extracted
and tabulated.

3. Results—Key Questions and Practical Recommendations

Among the 352 articles initially retrieved, 20 fulfilled the inclusion criteria and were
included in the systematic review (Table 1). Clinical questions accompanied by practical
recommendations were formed according to available data derived from the included RCTs.

3.1. Hospitalized Patients
3.1.1. Does Thromboprophylaxis Offer a Benefit to All Hospitalized Patients
with COVID-19?

Medically ill patients with infectious diseases requiring hospitalization usually receive
thromboprophylaxis based upon their VTE and bleeding risk [23]. Given the increased risk
for VTE in hospitalized patients with COVID-19, thromboprophylaxis seems a reasonable
approach; yet no RCT comparing thromboprophylaxis versus placebo was identified.
Despite this lack, the evidence from large-scale observational studies is consistent and in
favor of thromboprophylaxis in hospitalized patients, and this has been translated into
recommended practice [16,19].

In fact, the earliest evidence is derived from an observational study that reported
decreased mortality in patients with COVID-19, who received thromboprophylaxis with
low-molecular-weight heparin (LMWH), compared with those who did not [14]. Addi-
tional studies reporting beneficial effects of anticoagulant prophylaxis in patients with
COVID-19 have subsequently been published [11-13]. A cohort study of 4297 hospitalized
patients with COVID-19 showed that the early (within 24 h of hospitalization) initiation of
thromboprophylaxis versus no anticoagulation resulted in a 27% decreased risk for 30-day
mortality for those receiving anticoagulation [12]. In this study, 70% of patients received
LMWH [12]. In another study, no anticoagulation was associated with increased risk for
the composite outcome of death, VTE, intensive care unit (ICU) admission compared with
LMWH use, irrespective of the dose intensity (prophylactic, intermediate, or therapeutic
dosages) [11]. In the latter study, thromboprophylaxis use was additionally associated
with a significant decrease in acute phase inflammatory indices such as ferritin, interferon
gamma, or interleukin-6 [11].

Conclusion—Recommendation: Thromboprophylaxis is associated with survival benefit (low dose
compared to no thromboprophylaxis) and is recommended for all hospitalized patients with COVID-19 with
an acceptable bleeding risk profile.

3.1.2. Which Is the Drug of Choice for Inpatient Thromboprophylaxis?

Among all the anticoagulants, LMWH is the most studied drug that has been used for
thromboprophylaxis in hospitalized patients with COVID-19 and is currently recommended
as the first option by most guidance reports [16]. Unfractionated heparin (UFH) and
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fondaparinux are considered when LMWH is contraindicated (e.g., UFH in severe renal
failure or fondaparinux in patients with history of heparin-induced thrombocytopenia,
respectively) [16]. The majority of RCTs examining thromboprophylaxis strategies (16 out of
20) reported in Table 1 included interventions mainly with LMWH, especially enoxaparin.
Head-to-head comparison of LMWH with direct oral anticoagulants (DOACs) has not
been done but indirect data can be extracted from the AntiCoagulaTIon cOroNa virus
(ACTION) trial [24]. In this randomized study, therapeutic versus prophylactic dosage
of thromboprophylaxis was compared among 615 hospitalized patients with COVID-
19 [24]. A total of 90% of the therapeutic arm received rivaroxaban, while 84% of the
prophylactic arm received LMWH. No statistically significant difference was observed in
the primary efficacy outcome (any VTE, myocardial infarction, stroke, systemic embolism,
and major adverse limb events) but bleeding events were more frequent in the therapeutic
rivaroxaban arm [24]. Conclusions regarding the comparison of LMWH and DOACs cannot
be drawn since different dosages were implemented and different durations of treatment
were planned (i.e., inpatient administration of prophylactic dose LMWH but up to 30-days
post-discharge for therapeutic dose rivaroxaban) [24].

LMWH is the established drug class of choice in hospitalized patients with COVID-
19 because of its anticoagulant effects coupled with putative pleiotropic anti-viral and anti-
inflammatory properties [25]. LMWH has an important role in suspending the entry of the
virus into the host cells and in modulating the inflammatory state and cytokine storm [11,25].
Moreover, it seems to present the least interactions with anti-viral or other drugs used in the
treatment of COVID-19 infection [26-28] compared to other anticoagulants. Importantly, for
hospitalized patients that are already treated with oral anticoagulants (vitamin K antagonists
[VKA] or DOACsS), a switch to LMWH can be considered (and is preferred in critical disease)
because of the fewer potential drug—-drug and drug—food interactions [26-28]. A recent meta-
analysis showed that the prevalence of new-onset atrial fibrillation in hospitalized patients with
COVID-19 was 7.4% [29]. LMWH can be suggested as the preferred anticoagulation regimen
for hospitalized patients with COVID-19 and new-onset atrial fibrillation with a high CHA,;DS,-
VASc score, especially those with critical disease, mainly due to the abovementioned fewer
interactions, whereas DOACs would be preferred for long-term anticoagulation afterwards [30].
A recent Good Practice Guidance Statement by the International Society on Thrombosis and
Haemostasis (ISTH) also recommends LMWH as the anticoagulant of choice for hospitalized
patients with COVID-19 [31].

Conclusion—Recommendation: LMWH has the largest body of evidence regarding the beneficial role of
thromboprophylaxis in hospitalized patients with COVID-19 and should be currently regarded as the drug
of choice.

3.1.3. What Is the Optimal Dosage for Inpatient Thromboprophylaxis? What Is the Role of
Timing of Thromboprophylaxis Initiation?

Anticoagulation options include prophylactic dose, intermediate dose (doses higher
than the prophylactic ones but lower than the therapeutic ones), and therapeutic dose
anticoagulant regimens. Initial guidance recommendations relating to COVID-19 favored
prophylactic dose regimens with higher doses being considered for selected patients, such
as those with severe disease [16].

Several RCTs have addressed the issue of the optimal anticoagulant dosage for hospi-
talized patients with COVID-19 (Table 2). The Intermediate vs. Standard-Dose Prophylactic
Anticoagulation in Critically ill Patients With COVID-19: An Open Label Randomized
Controlled Trial INSPIRATION) was the first RCT that addressed this issue comparing
intermediate versus prophylactic dosages in patients with COVID-19 admitted to the
ICU [32]. The findings of this trial did not show any benefit for the intermediate over
standard prophylactic dosage either in the primary analysis [32] or in the 90-day follow-up
sub-analysis [33]. In their conclusion, the authors recommended against the routine em-
pirical use of intermediate dosage anticoagulation in patients with COVID-19 admitted to
the ICU. However, it is important to mention that this was an open-label trial and patients
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were randomized 12 days (median) after the onset of symptoms with details regarding
their previous anticoagulation regimens missing. This fine point is of potential impor-
tance since recent data support the idea that timing of initiation of anticoagulation may be
equally important as optimal dosage and therefore the results should be interpreted with
caution [34].

In line with the above assumption, the multiplatform RCT combining Randomized,
Embedded, Multifactorial Adaptive Platform Trial for Community-Acquired Pneumonia
(REMAP-CAP), A Multicenter, Adaptive, Randomized Controlled Platform Trial of the
Safety and Efficacy of Antithrombotic Strategies in Hospitalized Adults with COVID-
19 (ACTIV-4a) and Antithrombotic Therapy to Ameliorate Complications of COVID-19
(ATTACC) (REMAP-CAP, AC-TIV-4a, and ATTACC), showed a benefit of the therapeutic
versus prophylactic dosage only when the former was administered to non-critically ill
patients [35]. The same study group failed to prove a similar benefit when the comparison
was made in the setting of critically ill patients [36]. The importance of the prompt initiation
of the increased dosages in high-risk patients has been implied, to gain benefit from this
intervention [35,36]. The HEP-COVID trial demonstrated a reduction in the composite
endpoint of major thromboembolic events and mortality in selected non-ICU patients with
highly elevated (>4 x ULN) D-dimer levels or a sepsis-induced coagulopathy (SIC) score
>4 receiving therapeutic versus lower dosages [37]. Once more, the beneficial effect of the
therapeutic dosage was not demonstrated in ICU patients. The Therapeutic Anticoagulation
versus Standard Care as a Rapid Response to the COVID-19 Pandemic (RAPID) trial
showed similar results in reduction of the secondary outcome of all-cause mortality at
28 days in moderately ill patients with increased D-dimer levels [38]. Moreover, the small
HESACOVID trial revealed a decreased need for mechanical ventilation and improved gas
exchange in patients with severe COVID-19 receiving therapeutic enoxaparin compared to
standard prophylactic anticoagulation [39]. In the same context, Oliynuk et al. conducted a
small, randomized trial comparing prophylactic enoxaparin versus therapeutic enoxaparin
or UFH [40]. Hospitalized ICU patients that were not intubated prior to study enrollment
were included. The authors concluded that there was an increased risk for intubation or
death in the prophylactic enoxaparin treatment arm compared to the therapeutic dosage
treatment groups. On the other hand, the results of the AntiCoagulaTlon cOroNavirus
(ACTION) trial do not support the use of therapeutic doses due to no improvement
in clinical outcomes and increased bleeding events with therapeutic over prophylactic
dosages [24]. It is noteworthy that in the ACTION trial, randomization was done up
to 14 days after the onset of symptoms with previous anticoagulation status remaining
unclear. Notably, the majority of patients in the therapeutic arm (90%) received rivaroxaban
while patients in the prophylactic arm received enoxaparin (85%) or UFH (15%). It is also
noteworthy that the therapeutic arm was treated for 30 days after hospital discharge while
prophylactic anticoagulation was administered only during the hospital stay. Additionally,
COVID-HEP included 159 patients with COVID-19 (28% in ICU setting) and compared
therapeutic versus prophylactic dose for acutely ill and intermediate versus prophylactic
dose for critically ill patients [41]. Both higher anticoagulation dosages failed to offer clinical
benefits; however, the study was prematurely discontinued due to low recruitment rate [41].
The BEMICOP study compared therapeutic versus prophylactic dosage of bemiparin in
65 moderately ill patients with increased D-dimer and failed to demonstrate a protective
role of therapeutic dosage [42]. Perepu et al. did not demonstrate a significant benefit of
the intermediate dose over prophylactic dose heparin in both ICU and non-ICU patients;
however, in 61% of the study sample, obesity and weight-adjusted doses were used (obese
patients in the standard dose arm received either 30 mg or 40 mg of enoxaparin twice
daily whereas in the intermediate dose arm, all obese patients received 0.5 mg/kg twice
daily) [43]. Finally, the small X-COVID trial showed a potential benefit of the intermediate
over prophylactic dose heparin but was underpowered and prematurely discontinued [44]
(Table 2).
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Apart from data derived from RCTs, some observational studies demonstrated a bene-
fit to patients receiving higher than prophylactic dose regimens [11,13,45,46]. Interestingly,
a recent meta-analysis reported a trend for fewer VTE events with increasing dosages of
anticoagulation [47]. However, observational studies are inevitably subjected to several
forms of bias—including indication bias and selection bias from lack of randomization.
Thus, patients with more severe disease usually tend to receive more intense therapeutic
interventions, the beneficial impact of which may be hard to determine. This indication bias
has been shown in a recent meta-analysis, where a trend for survival benefit was observed
for the therapeutic over prophylactic dose only in the adjusted (for several confounders)
analyses, while the opposite trend was revealed for the unadjusted analysis [46]. Inter-
estingly, in the same meta-analysis a survival benefit was shown for intermediate over
prophylactic dose heparin regimens [46].

Most guidelines initially recommended prophylactic dose anticoagulation for hos-
pitalized patients and the consideration of a higher dose regimen in those at increased
VTE risk [16]. The most recent formal guidelines using accepted methodology from the
ISTH [17] and guidance from American College of Chest Physicians (ACCP/CHEST) [21]
provide an updated approach based on recent findings from RCTs and meta-analyses [48].
The CHEST clinical guidance suggests that the severity of COVID-19 should be assessed
before a decision for thromboprophylaxis [21]. The ISTH Guidelines propose that for
hospitalized non-critically ill patients at increased risk for VTE [e.g., elevated D-dimer
levels (>2 x ULN) or with need for oxygen requirements or low baseline oxygenation]
with low bleeding risk, therapeutic dosage thromboprophylaxis is recommended. If a
therapeutic dosage cannot be administered, a prophylactic (and not intermediate) dosage
should be considered [17,21]. On the other hand, in critically ill patients (ICU) or those in
a step-down or ward setting receiving high-flow nasal cannula oxygenation, prophylac-
tic over intermediate or therapeutic dose heparin is recommended [20,21]. The National
Institute for Health (NIH) [20] and the American Society of Hematology (ASH) guidance
documents [15] are aligned with these recommendations. The NIH guidance and ISTH
guidelines documents further recommend decreasing the anticoagulation intensity in the
case of clinical deterioration when a patient changes from acutely to critically ill [17,20].

The CHEST guidance document discourages the use of intermediate dose anticoag-
ulation based on lack of supportive RCT evidence and the potential for dose regimen
confusion in clinical practice. It should be noted that intermediate dosages have been
traditionally used in both observational [47] and randomized studies (Table 2). Three
RCTs exclusively used intermediate dosages compared with prophylactic anticoagulation
dosages [32,43,44]. Two of them were conducted mainly in an ICU setting and did not
demonstrate any clinical benefit [32,43]; however, one of these trials was conducted in
general wards and showed a marginal benefit in favor of the intermediate dosage [44].
Other studies have used mixed dosage strategies and consequently possible positive effects
of intermediate dosages may have been blunted [35] (Table 2). In a recent meta-analysis
including both data from RCTs and observational studies, but with the latter providing
adjusted analyses for confounders, a beneficial effect of the intermediate over prophylactic
dosage was observed, especially in the non-ICU setting [46]. It should be highlighted that
the intermediate dosage is understudied in RCTs including acutely ill non-ICU or ward
patients. Thus, at present, current data from RCTs support the use of a therapeutic dosage
in acutely ill non-ICU or ward patients, discourage an escalation strategy with worsening
status, and suggest a prophylactic dosage in critically ill patients, especially in the ICU.



J. Clin. Med. 2022, 11, 5997

7 of 18

Conclusion-Recommendation:

o All hospitalized patients with COVID-19 should at least receive timely prophylactic anticoagulation.
In the case of high risk for bleeding/active bleeding, mechanical prophylaxis should be used.

e In high thrombotic risk, non-critically ill (non-ICU) patients, a therapeutic dose of heparin
(LMWH/UFH) is recommended, taking into consideration the individual patient’s bleeding risk. The
role of the intermediate dose heparin in such patients has not been adequately studied in RCTs.

e For critically ill (ICU) patients, higher dosages do not offer a benefit and increase the bleeding risk;
therefore, a prophylactic dosage should be administered, preferably with LMWH/UFH.

3.1.4. What Is the Role of the Antiplatelet Therapy in Hospitalized Patients with COVID-19
in the Context of Thromboprophylaxis? What about Patients Already on
Antiplatelet Treatment?

Antiplatelet drugs are not recommended for thromboprophylaxis in general. Four
RCTs evaluated the role of antiplatelet drugs in hospitalized COVID-19 patients [49-51]
and outpatients [52] without demonstrating any significant benefit (Table 1). It should be
noted that in these trials, hospitalized patients were already receiving anticoagulation for
thromboprophylaxis in various dosages.

Regarding patients already receiving antiplatelet drugs, the following should be taken
into consideration: (i) the indication of the antiplatelet treatment (secondary cardiovascular
prevention—strong evidence; primary cardiovascular prevention—weak evidence [53]);
(if) the thrombotic and bleeding risk; and (iii) the benefit/safety of the co-administration of
complex antiplatelet regimens and anticoagulants (e.g., dual antiplatelet treatment after a
recent acute coronary event or percutaneous coronary intervention—in this case additional
prophylactic thromboprophylaxis should be considered in addition to antiplatelet regimen,
on an individualized basis and with periodic assessment of the bleeding risk). According
to the recent Good Practice Guidance Statement by the ISTH, add-on antiplatelet therapy
should not be routinely initiated in hospitalized patients with COVID-19 [31]. The exception
could be in critically ill patients with COVID-19, with a low risk for bleeding, and treated
with prophylactic dose LMWH and gastric protection with a proton pump inhibitor. In
this subset, the addition of antiplatelet therapy (aspirin 81 mg or clopidogrel 75 mg daily)
might reduce mortality at 90 days after discharge, as shown in the REMAP-CAP trial [50].

Conclusion—Recommendation: Antiplatelet drugs should not be routinely initiated for
thromboprophylaxis and concomitant administration with anticoagulants should be considered on an
individualized basis, taking into consideration the indication for antiplatelet treatment and the
thrombotic/bleeding risk of each patient.

3.1.5. What Is the Bleeding Risk Associated with Thromboprophylaxis?

Thromboprophylaxis is widely regarded in most patients as having a net therapeutic
benefit when balancing efficacy (to prevent thrombosis) and safety (bleeding risk), whereas
mechanical methods of thromboprophylaxis are recommended only in a minority of pa-
tients with high bleeding risk [16]. Risk factors for bleeding are patient-specific and include
age, underlying disease severity (e.g., COVID-19- or sepsis-associated coagulopathy), co-
morbidities (e.g., impaired renal or hepatic function), as well as the type and intensity of
anticoagulant used.

An important part of the RCTs” objectives was not only to address the efficacy of
thromboprophylaxis interventions, but also to verify the safety of these strategies in terms
of clinically significant and important major bleeding events. The majority of the RCTs
demonstrated the low bleeding risk of the thromboprophylaxis strategies (Table 1). Two
trials in non-ICU patients demonstrated increased major bleeding events with therapeutic
dosages [24,35]. Another two trials using antiplatelet drugs in addition to thromboprophy-
laxis anticoagulation found that this intervention was associated with increased incidence
of bleeding events [49,50].
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Conclusion-Recommendation: Thromboprophylaxis should be regarded as a clinically beneficial and low
bleeding risk intervention for most hospitalized patients with COVID-19. Detailed individualized bleeding
risk assessment should be conducted, especially in cases where increased dosages are considered.

3.2. Outpatients and Post-Discharge Patients—Practical Considerations for Outpatients and
Post-Discharge Patients

The question of whether outpatients and post-discharge patients with COVID-19
should receive thromboprophylaxis was raised early. COVID-19 associated coagulopathy
was more thoroughly investigated and a proportion of COVID-19 mortality was largely
attributed to thrombotic events. Moreover, the main impetus for post-discharge prophy-
laxis was the premise that the at-risk period persists after hospitalization. Additionally,
using anticoagulants in ambulatory patients with COVID-19 could possibly attenuate the
pneumonitis and ventilation/perfusion (V/Q) mismatch related to inflammation and mi-
crothrombi. Nevertheless, inconclusive data were primarily available and only one third of
the available guidance reports referred to outpatients and post-discharge patients, mainly
recommending non-pharmacological thromboprophylaxis measures (e.g., increased mobi-
lization and hydration) [16]. During the pandemic, it was demonstrated that thrombotic
events tend to occur early in the clinical course of COVID-19 [54]. Moreover, in the outpa-
tient setting, the incidence of VTE is higher among outpatients with certain characteristics
(older age, male sex, obesity, inherited thrombophilia, no or partial vaccination) [55]. In
this context, early initiation of thromboprophylaxis in outpatients with adverse prognostic
factors for severe disease (candidates for hospitalization) and increased VTE risk could
be regarded as a reasonable approach. With the increased use of oral antivirals such as
Paxlovid (nirmatrelvir/ritonavir) for outpatients at high risk for COVID-19 progression,
the co-administration of anticoagulants can be problematic because many DOACs share
the same (CYP-450) metabolic pathway as ritonavir (which, in fact, is used to increase the
bioavailability of the active anti-coronavirus agent nirmatrelvir), with the potential for
DOAC bioaccumulation and an increased bleeding risk. Management options in anticoagu-
lated patients who require Paxlovid include reducing the dose of the DOAC, using a DOAC
with less drug-drug interaction potential (e.g., edoxaban), or switching to a LMWH [28].
Five RCTs have addressed the question of outpatient thromboprophylaxis [52,56-59].

The first randomized trial that assessed the efficacy and safety of an antithrombotic
agent in the outpatient setting was the study by Gonzalez-Ochoa et al. [57]. The inves-
tigators randomized 243 outpatients at high risk for severe clinical progression within
3 days of COVID-19 clinical onset to receive sulodexide 1000 lipase releasing units/day
or placebo for 21 days. Sulodexide is a natural glycosaminoglycan composed of 80% fast
moving heparin plus 20% dermatan sulfate [60]. Its in vitro antihemostatic effects have
been shown to be at least comparable with those of enoxaparin [61]. The authors concluded
that patients treated with sulodexide had a significantly lower risk for hospitalization and
supplemental oxygen need along with improved laboratory parameters without signifi-
cantly increased major bleeding risk. The ACTIV-4B COVID-19 Outpatient Thrombosis
Prevention Trial studied symptomatic but clinically stable outpatients receiving aspirin
or therapeutic or prophylactic dose of apixaban or no anticoagulation [52]. The trial was
terminated early due to low event rates and failed to conclude if there are improvements
in clinical outcomes in the aspirin or apixaban groups over no anticoagulation in outpa-
tients. The OVID study randomized 472 outpatients to receive prophylactic enoxaparin
dosage versus standard of care (no thromboprophylaxis) and showed a similar risk of
hospitalization and death between the two treatment arms. Similar to the ACTIV-4B study,
the OVID study was terminated early due to low event rates and failed to conclusively
assess the futility of thromboprophylaxis under the initial study design assumptions. The
same results and conclusions were reached from the investigators of the ETHIC study that
randomized 219 outpatients to a prophylactic dose of enoxaparin versus standard of care
(no thromboprophylaxis) [58]. The ETHIC study was also terminated early due to low
event rates.
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The Medically Ill Hospitalized Patients for COVID-19 Thrombosis Extended Prophy-
Laxis With Rivaroxaban Therapy (MICHELLE) trial randomized post-discharge patients at
increased risk for VTE (International Medical Prevention Registry on Venous Thromboem-
bolism [IMPROVE] VTE score of >4 or 2-3 with a D-dimer >500 ng/mL) to rivaroxaban
10 mg/day or no anticoagulation for 35 days [56]. Results demonstrated a reduction in
the composite endpoint of major thromboembolic events and cardiovascular mortality
in the prophylactic group and overall no major bleeding risk in either group. The au-
thors concluded in favor of the use of prophylactic dosages of rivaroxaban in high-risk
post-discharge patients.

Conclusion-Recommendation:
o Outpatients:

o Awvailable data indicate against routine pharmacologic thromboprophylaxis in outpatients with
COVID-19 in general.

e It is reasonable to suggest individualized thromboprophylaxis in outpatients at high risk for
disease worsening (with adverse prognostic factors for severe disease, potential candidates for
hospitalization or “hospital-at home programs”) and/or increased VTE risk after careful
assessment of the bleeding risk.

e Regular assessment and reevaluation for disease worsening and bleeding risk is
strongly recommended.

e Post-discharge: Post-hospital discharge prophylactic anticoagulation with rivaroxaban 10 mg once
daily for approximately 1 month is recommended in high VTE risk patients if no drug-drug
interactions are expected.
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Table 1. Randomized Controlled Trials regarding thromboprophylaxis strategies in patients with COVID-19.

Hospitalized
Study N Setting Comparator Intervention Findings
Efficacy Safety
Intermediate: | PE
. . No DVT in both groups
X-COVID-19 [44] 183 General Wards Prophylacfac Intermed1a.te (underpowered <+ Major bleedings
Enoxaparin Enoxaparin
study/premature
discontinuation)
D-dimer >4 ULN or SIC Prophylactic or Therapeutic Therapeutic:
HEP-COVID [37] 253 score > 4 Intermediate Enox p rin L VTE/ A?E /D. th < Major bleedings
ICU 33% LMWH/UFH oxapa a
General Wards Prophylactic Therapeutic
RAPID [38] 465 . (moderately }11 + LMWH/UFH LMWH/UFH Therapeutic: | Death < Major bleedings
increased D-dimer)
ICU and/or Prophylactic
Perepu et al. [43] 176 coagulopathy * phylac Intermediate Enoxaparin <> VTE/ATE/Death < Major bleedings
o Enoxaparin
ICU 62%
Hospitalized + Prophylactic Extelr;;ieci "l;(h(;raI}:;eutlc h<—> ]i)tulrie;tlgnr?f , Ther ic:
ACTION [24] 615 increased D-dimer Enoxaparin/UFH varoxaba ospitafization o erapettic:
ICU 6% (mainly Enoxaparin) Enoxaparin/UFH oxygen sup- 1 Bleeding events
(mainly Rivaroxaban) ply/VTE/ATE/Death
N Prophylactic Intermediate > . .
INSPIRATION [32] 562 ICU 100% Enoxaparin Enoxaparin VTE/ATE/ECMO, Death < Major bleeding
. . Therapeutic:
HESACOVID [39] 20 MV Prophylactic Therapeutic 1 Pa0,/FiO, & Major bleeding
ICU 100% Enoxaparin/UFH Enoxaparin
J need for IMV
Oliynyk et al. [40] 126 Severely ill Prophylactic Therapeutic 0 iheraﬁil;%CFH_ &5 Maior bleedin
ynyxetak ICU 100% Enoxaparin Enoxaparin/UFH enoxapa ) ajor bleecing

} intubation/death
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Table 1. Cont.

Hospitalized
Study N Setting Comparator Intervention Findings
Efficacy Safety
REMAP-CAF, ACTIV-4a Critically ill Prophylactic or Therapeutic - V;iéﬁi?fégergan
Ciiiglﬂﬁu%e)] 1098 ICU 100% Eﬁ%ﬁiﬁ?& LMWH/UFH days/Death (premature > Major bleedings
y discontinuation—futility)
Therapeutic:
g . . 1 Organ support—free
REMAP-CAL, ACTIV-da Non-critically ill Prophylact.lc o Therapeutic days | Death . .
and ATTACC 2219 ICU 0% Intermediate LMWH /UFH (prematur <+ Major bleeding
Non-critically ill [35] ° LMWH/UFH \premarue
discontinuation—
superiority)
Acutely ill + increased ~ Prophylactic (acutely) or Therapeutic %;;}E (/ArZIiQt:)uIr((:e/
COVID-HEP [41] 159 D-dimer or critically ill Intermediate (critically) P . L pret < Major bleeding
o . enoxaparin/UFH discontinuation—low
ICU 28% enoxaparin/UFH .
recruitment rate)
<+ VTE/ATE/development
General Wards Prophvlactic Therapeutic of ARDS/Need for
BEMICOP [42] 65 (moderately ill + Belr)niyarin Bemiparin mechanical ventilation <+ Major bleeding
increased D-dimer) P P support/ICU
admission/Death
Hospitalized * Standard of care + <+ Progressing to IMV or Aspirin: 1 Major
RECOVERY [49] 14892 ICU 5% Standard of Care Aspirin 150 mg Death bleeding
o . . <+ Organ support-free .
Critically il 8 . Aspirin or Antiplatelets:
REMAP-CAP [50] 1557 ICU 100% No antiplatelet therapy P2Y12 inhibitor days (premature 1 Major bleeding

discontinuation—futility)
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Table 1. Cont.

Hospitalized
Study N Setting Comparator Intervention Findings
Efficacy Safety
. Non critically ill Therapeutic Therapeutic Heparin + <+ VTE/ATE//Organ . .
ACTIV-4a [51] 562 ICU 0% Heparin P2Y12 inhibitor support-free days/Death ¢ Major bleeding
Non-Hospitalized
Study N Setting Comparator Intervention Findings
Efficacy Safety
Outpatients at high risk Sulodexide:
for severe clinical . J Hospitaliza-
Gonzalez[-’;)]choa etal, 243 progression within 3 Placebo Silll{c;jl?)él)(:}ifzrf 112020 tion/supplementary < Major bleeding
: days of COVID-19 y oxygen
clinical onset need/d-dimer/CRP
Prophylactic
Apixaban (2.5 mg
twice daily) < VIE/ATE/
Symptomatic but Therapeutic Hospitalization/Death
ACTIV-4B [52] 657 clinically stable Placebo Apixaban (5 mg (premature < Major bleeding
outpatients twice daily) discontinuation—low
Aspirin (81 mg event rate)
once daily)
i >
Oli/f}ij’?}flse;rtijofr?a};fcars Standard of Care (No Prophylactic ¢ Hospitalization/Death
ETHIC [58] 219 COVID-19 + one risk thromboprophylaxis) Enoxaparin (premature discontinuation— ¢+ Major bleeding

factor for severe disease

low event rate)




J. Clin. Med. 2022, 11, 5997

13 of 18

Table 1. Cont.

Non-Hospitalized

Study N Setting Comparator Intervention Findings
Efficacy Safety
Outpatients > 50 years <
be =0y . Hospitalization/Death
with respiratory Standard of Care (No Prophylactic . .
OVID [59] 472 : . (premature < Major bleeding
symptoms and body thromboprophylaxis) Enoxaparin . . .
o discontinuation—low
temperature > 37.5 °C
event rate)
. . Prophylactic .
Post-discharge with . . . Rivaroxaban: . .
MICHELLE [56] 320 increased VTE risk T Rivaroxaban (10 mg) for No anticoagulation | VTE/ATE/Death < Major bleeding

35 days

ARDS, acute respiratory distress syndrome; ATE, arterial thromboembolism; CRP, C-reactive protein; DIC, disseminated intravascular coagulopathy, DVT; Deep vein thrombosis;
ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; IMV, invasive mechanical ventilation; P2Y12 inhibitor, clopidogrel, ticagrelor or prasugrel; LMWH; Low
molecular weight heparin; LRU, lipase releasing units; PE; Pulmonary embolism; SIC, sepsis-induced coagulopathy; UFH, Unfractionated heparin; ULN, upper limit of normal; VTE,
venous thromboembolism; * Patients were already receiving anticoagulation thromboprophylaxis (33% high LMWH dosage, 60% prophylactic LMWH, 7% no anticoagulation); *
Coagulopathy defined as modified (International Society on Thrombosis and Haemostasis) ISTH Overt disseminated intravascular coagulation (DIC) score > 3; § Patients were already
receiving anticoagulation thromboprophylaxis (therapeutic 11%, intermediate 58%, prophylactic 18%, unknown 13%); 1 All patients received prophylactic LMWH/UFH /fondaparinux
during hospitalization. 1, Intervention increased the endpoint versus comparator; |, Intervention decreased the endpoint versus comparator; <, No difference in the endpoint between

intervention and comparator.
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Table 2. Randomized Clinical Trials evaluating the optimal dosage of thromboprophylaxis in hospi-
talized patients with COVID-19.

Study N ICU (%) Comparator Intervention Result-Conclusion
. . Underpowered
X-COVID-19 [44] 183 0 Prop hylacFlc Intermedla?te Fewer pulmonary embolism
Enoxaparin Enoxaparin - .
events with Intermediate
. . Improved clinical outcomes
HEP-COVID [37] 253 33 Prophylactic or Therapeutic with Therapeutic
Intermediate LMWH /UFH Enoxaparin . X
only in non-ICU patients
Prophylactic Therapeutic Fewer deaths with
RAPID [38] 465 0 LMWH/UFH LMWH/UFH Therapeutic
Perepu et al. [43] 176 62 I]’Erop hylac.tlc Intermedle.ite No difference
noxaparin Enoxaparin
Extended
Prophylactic Therapeutic
ACTION [24] 615 6 Enoxaparin/UFH Rivaroxaban No difference
(mainly Enoxaparin) /Enoxaparin/UFH
(mainly Rivaroxaban)
INSPIRATION [32] 562 100 Prophylactic Intermediate No difference
Enoxaparin Enoxaparin
Prophylactic Therapeutic Improved oxygenation
HESACOVID [39] 20 100 Enoxaparin/UFH Enoxaparin parameters with Therapeutic
. ) Prophylactic Therapeutic Improved clinical outcomes
Oliynyk et al. [40] 126 100 Enoxaparin Enoxaparin/UFH with Therapeutic
REMAP-CAF, Prophylactic or
ACTIV-4a and 1098 100 Intermediate Therapeutic No difference
ATTACC LMWH /UFH LMWH/UFH
Critically ill [36]
REMAP-CAF, Prophylactic or
ACTIV-4a and phytact Therapeutic Improved clinical outcomes
2219 0 Intermediate . .
ATTACC LMWH /UFH LMWH/UFH with Therapeutic
Non-critically ill [35]
Prophylactic (acutely) or
COVID-HEP [41] 159 28 Intermediate Therapeutic No difference
(critically) enoxaparin/UFH
enoxaparin/ UFH
BEMICOP [42] 65 0 Prophylactic Therapeutic No difference
Bemiparin Bemiparin

ICU, intensive care unit; LMWH; Low molecular weight heparin; UFH, Unfractionated heparin.

4. Conclusions

Thromboprophylaxis has been regarded as one of the most important therapeutic
interventions for patients with COVID-19 since the onset of the pandemic. Most guidance
recommendations have been primarily based on data derived from observational studies.
Recently, high quality RCTs have been published shedding light on the optimal strate-
gies that should be followed. Careful interpretation and implementation of their findings
should be the cornerstone of the physicians’ practices in addressing everyday clinical
problems and providing the best health services to these patients. LMWH represents the
most well-studied type of thromboprophylaxis in hospitalized patients. At present, current
randomized data support the use of therapeutic dosage in acutely ill non-ICU or ward pa-
tients with high thrombotic risk, discourage escalation strategy with worsening status, and
suggest prophylactic dosage in critically ill patients, especially in the ICU. Yet, the role of the
intermediate dosage in high thrombotic risk hospitalized patients without critical disease
(non-ICU) has not been extensively studied in the context of RCTs. Thromboprophylaxis
should not be routinely administered in outpatients; however thromboprophylaxis should
be administered on an individualized basis in post-discharge patients with COVID-19 with
high thrombotic risk. Moreover, the change in the dominant SARS-CoV-2 variants, the
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wide immunization status (increasing rates of vaccination and natural immunity), and the
availability of antiviral therapies and monoclonal antibodies in the outpatient setting might
affect the characteristics of the patients with COVID-19; thus, further studies are needed
for the optimal management of their thrombotic risk.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www.
mdpi.com/article/10.3390/jem11205997 /s1, Members of COVID-19 Thrombosis Collaborative Group.

Author Contributions: Conceptualization, K.G.K. and A.K,; methodology, KG.K. and A K,; software,
KGK. and LG K; validation, KG.K. and A K,; formal analysis, KG.K,, LG.K. and A K,; investigation, E.D.;
resources, KG.K,, LGK. and A K, data curation, KG.K,, ED., LGK,M.C., ACS,SS,]D., AE, AM.,
D-M.O, ] B, GG, KS., AK. and COVID-19 Thrombosis Collaborative Group; writing—original draft
preparation, KG K., LG K. and A K,; writing—review and editing, KGK., ED., LGK,M.C,ACS,SS,
JD, AFE, AM, D-M.O, ] B, GG, KS., AK. and COVID-19 Thrombosis Collaborative Group; KG.K,,
LGXK,, AK. and COVID-19 Thrombosis Collaborative Group; supervision, ED., M.C., A.CS, SS,, ].D., AE,
AM, D-MO,]B, GG, KS. and A K, project administration, KG.K,, ED., LG K. and A K. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: A.C.S. has served as a consultant for Janssen, Bristol Meyer Squibb, Sanofi,
Boehringer Ingelheim, and ATLAS Group, and has received research support by Janssen, Boehringer
Ingelheim; J.D. has received research support from CIHR and HSFC, royalties form Up-to-Date and
Merck Manual, consulting fees from Janssen, Servier and PhaseBio, and honoraria from Pfizer, Leo
Pharma and Sanofi. Conflicts of interest for authors of the COVID-19 Thrombosis Collaborative Group
are declared after the References section at the end of the manuscript; none for the other authors.

References

1.  Danzi, G.B.; Loffi, M.; Galeazzi, G.; Gherbesi, E. Acute pulmonary embolism and COVID-19 pneumonia: A random association?
Eur. Heart J. 2020, 41, 1858. [CrossRef]

2. PubMed. Available online: https://pubmed.ncbi.nlm.nih.gov/?term=%28%22coronavirus+2019%22+0R+%222019-nCoV %22+0O
R+%22SARS-CoV-2%22+0R+%22COVID-19%22%29+ AND+%28thrombotic+OR+thrombosis+OR+%22deep+vein%22+OR+
%22pulmonary+embolism%22+OR+thromboemboli*+OR+thrombo*+OR+embolism%29&sort=pubdate&size=200 (accessed
on 14 May 2022).

3. Kollias, A.; Kyriakoulis, K.G.; Dimakakos, E.; Poulakou, G.; Stergiou, G.S.; Syrigos, K. Thromboembolic risk and anticoagulant
therapy in COVID-19 patients: Emerging evidence and call for action. Br. ]. Haematol. 2020, 189, 846-847. [CrossRef]

4.  Kollias, A.; Kyriakoulis, K.G.; Stergiou, G.S.; Syrigos, K. Heterogeneity in reporting venous thromboembolic phenotypes in
COVID-19: Methodological issues and clinical implications. Br. ]. Haematol. 2020, 190, 529-532. [CrossRef] [PubMed]

5. Kyriakoulis, K.G.; Kokkinidis, D.G.; Kyprianou, I.A.; Papanastasiou, C.A.; Archontakis-Barakakis, P.; Doundoulakis, I.;
Bakoyiannis, C.; Giannakoulas, G.; Palaiodimos, L. Venous thromboembolism in the era of COVID-19. Phlebology 2021, 36,
91-99. [CrossRef]

6. Joly, B.S; Siguret, V.; Veyradier, A. Understanding pathophysiology of hemostasis disorders in critically ill patients with COVID-19.
Intensive Care Med. 2020, 46, 1603-1606. [CrossRef]

7. Poredos, P.; Poredos, P. Involvement of Inflammation in Venous Thromboembolic Disease: An Update in the Age of COVID-19.
Semin. Thromb. Hemost. 2022, 48, 93-99. [CrossRef]

8. Gerber, G.E; Chaturvedi, S. How to recognize and manage COVID-19-associated coagulopathy. Hematology 2021, 2021, 614-620.
[CrossRef]

9. Edler, C.; Schroder, A.S.; Aepfelbacher, M.; Fitzek, A.; Heinemann, A.; Heinrich, F; Klein, A.; Langenwalder, F.; Lutgehetmann, M.;
Meissner, K.; et al. Dying with SARS-CoV-2 infection-an autopsy study of the first consecutive 80 cases in Hamburg, Germany.
Int. J. Legal Med. 2020, 134, 1275-1284. [CrossRef]

10. Kollias, A.; Kyriakoulis, K.G.; Lagou, S.; Kontopantelis, E.; Stergiou, G.S.; Syrigos, K. Venous thromboembolism in COVID-19:
A systematic review and meta-analysis. Vasc. Med. 2021, 26, 415-425. [CrossRef]

11. Poulakou, G.; Dimakakos, E.; Kollias, A.; Kyriakoulis, K.G.; Rapti, V.; Trontzas, I.; Thanos, C.; Abdelrasoul, M.; Vantana, T;

Leontis, K.; et al. Beneficial Effects of Intermediate Dosage of Anticoagulation Treatment on the Prognosis of Hospitalized
COVID-19 Patients: The ETHRA Study. In Vivo 2021, 35, 653-661. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/jcm11205997/s1
https://www.mdpi.com/article/10.3390/jcm11205997/s1
http://doi.org/10.1093/eurheartj/ehaa254
https://pubmed.ncbi.nlm.nih.gov/?term=%28%22coronavirus+2019%22+OR+%222019-nCoV%22+OR+%22SARS-CoV-2%22+OR+%22COVID-19%22%29+AND+%28thrombotic+OR+thrombosis+OR+%22deep+vein%22+OR+%22pulmonary+embolism%22+OR+thromboemboli*+OR+thrombo*+OR+embolism%29&sort=pubdate&size=200
https://pubmed.ncbi.nlm.nih.gov/?term=%28%22coronavirus+2019%22+OR+%222019-nCoV%22+OR+%22SARS-CoV-2%22+OR+%22COVID-19%22%29+AND+%28thrombotic+OR+thrombosis+OR+%22deep+vein%22+OR+%22pulmonary+embolism%22+OR+thromboemboli*+OR+thrombo*+OR+embolism%29&sort=pubdate&size=200
https://pubmed.ncbi.nlm.nih.gov/?term=%28%22coronavirus+2019%22+OR+%222019-nCoV%22+OR+%22SARS-CoV-2%22+OR+%22COVID-19%22%29+AND+%28thrombotic+OR+thrombosis+OR+%22deep+vein%22+OR+%22pulmonary+embolism%22+OR+thromboemboli*+OR+thrombo*+OR+embolism%29&sort=pubdate&size=200
http://doi.org/10.1111/bjh.16727
http://doi.org/10.1111/bjh.16993
http://www.ncbi.nlm.nih.gov/pubmed/32621757
http://doi.org/10.1177/0268355520955083
http://doi.org/10.1007/s00134-020-06088-1
http://doi.org/10.1055/s-0041-1732372
http://doi.org/10.1182/hematology.2021000297
http://doi.org/10.1007/s00414-020-02317-w
http://doi.org/10.1177/1358863X21995566
http://doi.org/10.21873/invivo.12305
http://www.ncbi.nlm.nih.gov/pubmed/33402523

J. Clin. Med. 2022, 11, 5997 16 of 18

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Rentsch, C.T.; Beckman, J.A.; Tomlinson, L.; Gellad, W.E; Alcorn, C.; Kidwai-Khan, F.; Skanderson, M.; Brittain, E.; King, ]J.T., Jr.;
Ho, Y.L.; et al. Early initiation of prophylactic anticoagulation for prevention of coronavirus disease 2019 mortality in patients
admitted to hospital in the United States: Cohort study. BMJ 2021, 372, n311. [CrossRef]

Nadkarni, G.N.; Lala, A.; Bagiella, E.; Chang, H.L.; Moreno, PR.; Pujadas, E.; Arvind, V.; Bose, S.; Charney, A.W.; Chen, M.D.; et al.
Anticoagulation, Bleeding, Mortality, and Pathology in Hospitalized Patients With COVID-19. J. Am. Coll. Cardiol. 2020, 76, 1815-1826.
[CrossRef]

Tang, N.; Bai, H.; Chen, X,; Gong, J.; Li, D.; Sun, Z. Anticoagulant treatment is associated with decreased mortality in severe
coronavirus disease 2019 patients with coagulopathy. J. Thromb. Haemost. 2020, 18, 1094-1099. [CrossRef]

Cuker, A,; Tseng, EK,; Nieuwlaat, R.; Angchaisuksiri, P; Blair, C.; Dane, K.; Davila, J.; DeSancho, M.T.; Diuguid, D.; Griffin, D.O.; et al.
American Society of Hematology 2021 guidelines on the use of anticoagulation for thromboprophylaxis in patients with COVID-19.
Blood Adv. 2021, 5, 872-888. [CrossRef] [PubMed]

Kyriakoulis, K.G.; Kollias, A.; Kyriakoulis, I.G.; Kyprianou, I.A.; Papachrysostomou, C.; Makaronis, P.; Kotronias, R.A;
Terentes-Printzios, D.; Toskas, I.; Mikhailidis, D.P. Thromboprophylaxis in Patients with COVID-19: Systematic Review of
National and International Clinical Guidance Reports. Curr. Vasc. Pharmacol. 2022, 20, 96-110. [CrossRef]

Schulman, S.; Sholzberg, M.; Spyropoulos, A.C.; Zarychanski, R.; Resnick, H.E.; Bradbury, C.A.; Broxmeyer, L.; Connors, ].M.;
Falanga, A.; Iba, T.; et al. ISTH guidelines for antithrombotic treatment in COVID-19. |. Thromb. Haemost. 2022, 20, 2214-2225.
[CrossRef] [PubMed]

Gerotziafas, G.T.; Catalano, M.; Colgan, M.P;; Pecsvarady, Z.; Wautrecht, J.C.; Fazeli, B.; Olinic, D.M.; Farkas, K.; Elalamy, I;
Falanga, A.; et al. Guidance for the Management of Patients with Vascular Disease or Cardiovascular Risk Factors and COVID-19:
Position Paper from VAS-European Independent Foundation in Angiology/Vascular Medicine. Thromb. Haemost. 2020, 120,
1597-1628. [CrossRef]

Dimakakos, E.; Gomatou, G.; Catalano, M.; Olinic, D.M.; Spyropoulos, A.C.; Falanga, A.; Maraveyas, A.; Liew, A.; Schulman, S.;
Belch, J.; et al. Thromboembolic Disease in Patients with Cancer and COVID-19: Risk Factors, Prevention and Practical
Thromboprophylaxis Recommendations-State-of-the-Art. Anticancer Res. 2022, 42, 3261-3274. [CrossRef] [PubMed]

COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. National Institutes of
Health. Available online: https:/ /www.covid19treatmentguidelines.nih.gov/ (accessed on 20 July 2022).

Moores, LK,; Tritschler, T.; Brosnahan, S.; Carrier, M.; Collen, ].E; Doerschug, K.; Holley, A.B.; Iaccarino, J.; Jimenez, D.; LeGal, G.; et al.
Thromboprophylaxis in Patients With COVID-19: A Brief Update to the CHEST Guideline and Expert Panel Report. Chest 2022, 162,
213-225. [CrossRef]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A ;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM]J 2021, 372, n71.
[CrossRef]

Samama, M.M.; Cohen, A.T.; Darmon, J.Y.; Desjardins, L.; Eldor, A.; Janbon, C.; Leizorovicz, A.; Nguyen, H.; Olsson, C.G;
Turpie, A.G.; et al. A comparison of enoxaparin with placebo for the prevention of venous thromboembolism in acutely ill medical
patients. Prophylaxis in Medical Patients with Enoxaparin Study Group. N. Engl. ]. Med. 1999, 341, 793-800. [CrossRef]

Lopes, R.D.; de Barros, ESP.G.M.; Furtado, RH.M.; Macedo, A.VS.; Bronhara, B, Damiani, L.P; Barbosa, L.M,;
de Aveiro Morata, ].; Ramacciotti, E.; de Aquino Martins, P; et al. Therapeutic versus prophylactic anticoagulation for
patients admitted to hospital with COVID-19 and elevated D-dimer concentration (ACTION): An open-label, multicentre,
randomised, controlled trial. Lancet 2021, 397, 2253-2263. [CrossRef]

Drago, F; Gozzo, L.; Li, L.; Stella, A.; Cosmi, B. Use of Enoxaparin to Counteract COVID-19 Infection and Reduce Thromboembolic
Venous Complications: A Review of the Current Evidence. Front. Pharmacol. 2020, 11, 579886. [CrossRef]

The Task Force for the Management of COVID-19 of the European Society of Cardiology. ESC guidance for the diagnosis and
management of cardiovascular disease during the COVID-19 pandemic: Part 2-care pathways, treatment, and follow-up. Eur.
Heart J. 2022, 43, 1059-1103. [CrossRef] [PubMed]

Ortega-Paz, L.; Capodanno, D.; Montalescot, G.; Angiolillo, D.J. Coronavirus Disease 2019-Associated Thrombosis and Coagu-
lopathy: Review of the Pathophysiological Characteristics and Implications for Antithrombotic Management. J. Am. Heart Assoc.
2021, 10, e019650. [CrossRef]

COVID-19 Drug Interaction Checker. University of Liverpool. Available online: https://www.covid19-druginteractions.org/
(accessed on 20 July 2022).

Romiti, G.F; Corica, B.; Lip, G.Y.H.; Proietti, M. Prevalence and Impact of Atrial Fibrillation in Hospitalized Patients with
COVID-19: A Systematic Review and Meta-Analysis. J. Clin. Med. 2021, 10, 2490. [CrossRef]

Tomaszuk-Kazberuk, A.; Kozinski, M.; Domienik-Karlowicz, J.; Jaguszewski, M.; Darocha, S.; Wybraniec, M.; Dobrowolski, P.;
Kupczynska, K.; Michalski, B.; Wanha, W.; et al. Pharmacotherapy of atrial fibrillation in COVID-19 patients. Cardiol. ]. 2021, 28,
758-766. [CrossRef]

Spyropoulos, A.C.; Connors, ].M.; Douketis, ].D.; Goldin, M.; Hunt, B.J.; Kotila, T.R.; Lopes, R.D.; Schulman, S.; the International
Society on Thrombosis and Haemostasis. Good practice statements for antithrombotic therapy in the management of COVID-19:
Guidance from the SSC of the ISTH. J. Thromb. Haemost. 2022, 20, 2226-2236. [CrossRef] [PubMed]


http://doi.org/10.1136/bmj.n311
http://doi.org/10.1016/j.jacc.2020.08.041
http://doi.org/10.1111/jth.14817
http://doi.org/10.1182/bloodadvances.2020003763
http://www.ncbi.nlm.nih.gov/pubmed/33560401
http://doi.org/10.2174/1570161119666210824160332
http://doi.org/10.1111/jth.15808
http://www.ncbi.nlm.nih.gov/pubmed/35906716
http://doi.org/10.1055/s-0040-1715798
http://doi.org/10.21873/anticanres.15815
http://www.ncbi.nlm.nih.gov/pubmed/35790272
https://www.covid19treatmentguidelines.nih.gov/
http://doi.org/10.1016/j.chest.2022.02.006
http://doi.org/10.1136/bmj.n71
http://doi.org/10.1056/NEJM199909093411103
http://doi.org/10.1016/S0140-6736(21)01203-4
http://doi.org/10.3389/fphar.2020.579886
http://doi.org/10.1093/eurheartj/ehab697
http://www.ncbi.nlm.nih.gov/pubmed/34791154
http://doi.org/10.1161/JAHA.120.019650
https://www.covid19-druginteractions.org/
http://doi.org/10.3390/jcm10112490
http://doi.org/10.5603/CJ.a2021.0088
http://doi.org/10.1111/jth.15809
http://www.ncbi.nlm.nih.gov/pubmed/35906715

J. Clin. Med. 2022, 11, 5997 17 of 18

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Investigators, I.; Sadeghipour, P.; Talasaz, A.H.; Rashidi, F; Sharif-Kashani, B.; Beigmohammadi, M.T.; Farrokhpour, M.; Sezavar,
S.H.; Payandemehr, P; Dabbagh, A.; et al. Effect of Intermediate-Dose vs Standard-Dose Prophylactic Anticoagulation on
Thrombotic Events, Extracorporeal Membrane Oxygenation Treatment, or Mortality Among Patients With COVID-19 Admitted
to the Intensive Care Unit: The INSPIRATION Randomized Clinical Trial. JAMA 2021, 325, 1620-1630. [CrossRef]

Bikdeli, B.; Talasaz, A.H.; Rashidi, F.; Bakhshandeh, H.; Rafiee, F.; Rezaeifar, P.; Baghizadeh, E.; Matin, S.; Jamalkhani, S.;
Tahamtan, O.; et al. Intermediate-Dose versus Standard-Dose Prophylactic Anticoagulation in Patients with COVID-19 Admitted
to the Intensive Care Unit: 90-Day Results from the INSPIRATION Randomized Trial. Thromb. Haemost. 2022, 122, 131-141.
[CrossRef] [PubMed]

Kollias, A.; Poulakou, G.; Dimakakos, E.; Kyriakoulis, K.G.; Syrigos, K. Thromboprophylaxis in COVID-19: Early initiation might
be as important as optimal dosing. Thromb. Res. 2021, 204, 134-135. [CrossRef]

The ATTACC, ACTIV-4a, and REMAP-CAP Investigators. Therapeutic Anticoagulation with Heparin in Noncritically Ill Patients
with COVID-19. N. Engl. J. Med. 2021, 385, 790-802. [CrossRef]

The REMAP-CAP, ACTIV-4a, and ATTACC Investigators. Therapeutic Anticoagulation with Heparin in Critically Ill Patients
with COVID-19. N. Engl. ]. Med. 2021, 385, 777-789. [CrossRef]

Spyropoulos, A.C.; Goldin, M.; Giannis, D.; Diab, W.; Wang, J.; Khanijo, S.; Mignatti, A.; Gianos, E.; Cohen, M.; Sharifova, G.; et al.
Efficacy and Safety of Therapeutic-Dose Heparin vs Standard Prophylactic or Intermediate-Dose Heparins for Thromboprophy-
laxis in High-risk Hospitalized Patients With COVID-19: The HEP-COVID Randomized Clinical Trial. JAMA Intern. Med. 2021,
181, 1612-1620. [CrossRef]

Sholzberg, M.; Tang, G.H.; Rahhal, H.; AlHamzah, M.; Kreuziger, L.B.; Ainle, EN.; Alomran, F; Alayed, K.; Alsheef, M.;
AlSumait, E; et al. Effectiveness of therapeutic heparin versus prophylactic heparin on death, mechanical ventilation, or intensive
care unit admission in moderately ill patients with COVID-19 admitted to hospital: RAPID randomised clinical trial. BM]J 2021,
375, 1n2400. [CrossRef]

Lemos, A.C.B.; do Espirito Santo, D.A; Salvetti, M.C.; Gilio, R.N.; Agra, L.B.; Pazin-Filho, A.; Miranda, C.H. Therapeutic versus
prophylactic anticoagulation for severe COVID-19: A randomized phase II clinical trial (HESACOVID). Thromb. Res. 2020, 196,
359-366. [CrossRef]

Oliynyk, O.; Barg, W.; Slifirczyk, A.; Oliynyk, Y.; Dubrov, S.; Gurianov, V.; Rorat, M. Comparison of the Effect of Unfractionated
Heparin and Enoxaparin Sodium at Different Doses on the Course of COVID-19-Associated Coagulopathy. Life 2021, 11, 1032.
[CrossRef]

Blondon, M.; Cereghetti, S.; Pugin, J.; Marti, C.; Darbellay Farhoumand, P.; Reny, ].L.; Calmy, A.; Combescure, C.; Mazzolai, L.;
Pantet, O.; et al. Therapeutic anticoagulation to prevent thrombosis, coagulopathy, and mortality in severe COVID-19: The Swiss
COVID-HEP randomized clinical trial. Res. Pract. Thromb. Haemost. 2022, 6, €12712. [CrossRef]

Marcos-Jubilar, M.; Carmona-Torre, E; Vidal, R.; Ruiz-Artacho, P; Filella, D.; Carbonell, C.; Jimenez-Yuste, V.; Schwartz, J.;
Llamas, P.; Alegre, F; et al. Therapeutic versus Prophylactic Bemiparin in Hospitalized Patients with Nonsevere COVID-19
Pneumonia (BEMICOP Study): An Open-Label, Multicenter, Randomized, Controlled Trial. Thromb. Haemost. 2022, 122, 295-299.
[CrossRef]

Perepu, U.S.; Chambers, 1.; Wahab, A.; Ten Eyck, P; Wu, C.; Dayal, S.; Sutamtewagul, G.; Bailey, S.R.; Rosenstein, L.J.;
Lentz, S.R. Standard prophylactic versus intermediate dose enoxaparin in adults with severe COVID-19: A multi-center,
open-label, randomized controlled trial. J. Thromb. Haemost. 2021, 19, 2225-2234. [CrossRef]

Morici, N.; Podda, G.; Birocchi, S.; Bonacchini, L.; Merli, M.; Trezzi, M.; Massaini, G.; Agostinis, M.; Carioti, G,;
Saverio Serino, F; et al. Enoxaparin for thromboprophylaxis in hospitalized COVID-19 patients: The X-COVID-19 Ran-
domized Trial. Eur. ]. Clin. Investig. 2022, 52, €13735. [CrossRef]

Kollias, A.; Kyriakoulis, K.G.; Syrigos, N.K.; Stergiou, G.S. Anticoagulation therapy in COVID-19: Is there a dose-dependent
benefit? Thromb. Res. 2021, 199, 19-20. [CrossRef]

Kollias, A.; Kyriakoulis, K.G.; Trontzas, I.P.; Rapti, V.; Kyriakoulis, I.G.; Theochari, C.A.; Dimakakos, E.; Poulakou, G.; Syrigos, K.
High versus Standard Intensity of Thromboprophylaxis in Hospitalized Patients with COVID-19: A Systematic Review and
Meta-Analysis. J. Clin. Med. 2021, 10, 5549. [CrossRef]

Patell, R.; Chiasakul, T.; Bauer, E.; Zwicker, ].I. Pharmacologic Thromboprophylaxis and Thrombosis in Hospitalized Patients
with COVID-19: A Pooled Analysis. Thromb. Haemost. 2021, 121, 76-85. [CrossRef]

Pilia, E.; Belletti, A.; Fresilli, S.; Finco, G.; Landoni, G. Efficacy and safety of heparin full-dose anticoagulation in hospitalized
non-critically ill COVID-19 patients: A meta-analysis of multicenter randomized controlled trials. J. Thromb. Thrombolysis 2022, 54,
420-430. [CrossRef]

Group, R.C. Aspirin in patients admitted to hospital with COVID-19 (RECOVERY): A randomised, controlled, open-label,
platform trial. Lancet 2022, 399, 143-151. [CrossRef]

REMAP-CAP Writing Committee for the REMAP-CAP Investigators; Bradbury, C.A.; Lawler, PR.; Stanworth, S.J.; McVerry, B.J.;
McQuilten, Z.; Higgins, A.M.; Mouncey, P.R.; Al-Beidh, F.; Rowan, K.M.; et al. Effect of Antiplatelet Therapy on Survival and
Organ Support-Free Days in Critically Il Patients With COVID-19: A Randomized Clinical Trial. JAMA 2022, 327, 1247-1259.
[CrossRef]


http://doi.org/10.1001/jama.2021.4152
http://doi.org/10.1055/a-1485-2372
http://www.ncbi.nlm.nih.gov/pubmed/33865239
http://doi.org/10.1016/j.thromres.2021.06.004
http://doi.org/10.1056/NEJMoa2105911
http://doi.org/10.1056/NEJMoa2103417
http://doi.org/10.1001/jamainternmed.2021.6203
http://doi.org/10.1136/bmj.n2400
http://doi.org/10.1016/j.thromres.2020.09.026
http://doi.org/10.3390/life11101032
http://doi.org/10.1002/rth2.12712
http://doi.org/10.1055/a-1667-7534
http://doi.org/10.1111/jth.15450
http://doi.org/10.1111/eci.13735
http://doi.org/10.1016/j.thromres.2020.12.013
http://doi.org/10.3390/jcm10235549
http://doi.org/10.1055/s-0040-1721664
http://doi.org/10.1007/s11239-022-02681-x
http://doi.org/10.1016/S0140-6736(21)01825-0
http://doi.org/10.1001/jama.2022.2910

J. Clin. Med. 2022, 11, 5997 18 of 18

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Berger, ].S.; Kornblith, L.Z.; Gong, M.N.; Reynolds, H.R.; Cushman, M.; Cheng, Y.; McVerry, B.J.; Kim, K.S.; Lopes, R.D.;
Atassi, B.; et al. Effect of P2Y12 Inhibitors on Survival Free of Organ Support Among Non-Critically Ill Hospitalized Patients
With COVID-19: A Randomized Clinical Trial. JAMA 2022, 327, 227-236. [CrossRef]

Connors, ].M.; Brooks, M.M.; Sciurba, F.C.; Krishnan, J.A.; Bledsoe, J.R.; Kindzelski, A.; Baucom, A.L.; Kirwan, B.A.; Eng, H,;
Martin, D.; et al. Effect of Antithrombotic Therapy on Clinical Outcomes in Outpatients with Clinically Stable Symptomatic
COVID-19: The ACTIV-4B Randomized Clinical Trial. JAMA 2021, 326, 1703-1712. [CrossRef]

Visseren, F.L.J.; Mach, E; Smulders, Y.M.; Carballo, D.; Koskinas, K.C.; Back, M.; Benetos, A.; Biffi, A.; Boavida, J.M.;
Capodanno, D.; et al. 2021 ESC Guidelines on cardiovascular disease prevention in clinical practice. Eur. Heart ]. 2021,
42,3227-3337. [CrossRef]

Dimakakos, E.; Kollias, A.; Rapti, V.; Kyriakoulis, K.G.; Trontzas, I.P; Abdelrasoul, M.M.; Zarelli, S.; Leontis, K,
Argyraki, K.; Dimakou, K.; et al. Early Occurrence of Adverse Events in Hospitalized Patients With COVID-19 and
Beneficial Effect of Anticoagulation. In Vivo 2022, 36, 381-383. [CrossRef]

Xie, J.; Prats-Uribe, A.; Feng, Q.; Wang, Y.; Gill, D.; Paredes, R.; Prieto-Alhambra, D. Clinical and Genetic Risk Factors for Acute
Incident Venous Thromboembolism in Ambulatory Patients with COVID-19. JAMA Intern. Med. 2022, 182, 1063-1070. [CrossRef]
Ramacciotti, E.; Barile Agati, L.; Calderaro, D.; Aguiar, V.C.R.; Spyropoulos, A.C.; de Oliveira, C.C.C.; Lins Dos Santos, J.; Volpiani,
G.G.; Sobreira, M.L,; Joviliano, E.E.; et al. Rivaroxaban versus no anticoagulation for post-discharge thromboprophylaxis after
hospitalisation for COVID-19 (MICHELLE): An open-label, multicentre, randomised, controlled trial. Lancet 2022, 399, 50-59.
[CrossRef]

Gonzalez-Ochoa, A.].; Raffetto, ].D.; Hernandez, A.G.; Zavala, N.; Gutierrez, O.; Vargas, A.; Loustaunau, J. Sulodexide in the
Treatment of Patients with Early Stages of COVID-19: A Randomized Controlled Trial. Thromb. Haemost. 2021, 121, 944-954.
[CrossRef]

Cools, E; Virdone, S.; Sawhney, J.; Lopes, R.D.; Jacobson, B.; Arcelus, J.I.; Hobbs, ED.R.; Gibbs, H.; Himmelreich, J.C.L,;
MacCallum, P; et al. Thromboprophylactic low-molecular-weight heparin versus standard of care in unvaccinated, at-risk
outpatients with COVID-19 (ETHIC): An open-label, multicentre, randomised, controlled, phase 3b trial. Lancet Haematol. 2022, 9,
E594-E604. [CrossRef]

Barco, S.; Voci, D.; Held, U.; Sebastian, T.; Bingisser, R.; Colucci, G.; Duerschmied, D.; Frenk, A.; Gerber, B.; Gotschi, A.; et al.
Enoxaparin for primary thromboprophylaxis in symptomatic outpatients with COVID-19 (OVID): A randomised, open-label,
parallel-group, multicentre, phase 3 trial. Lancet Haematol. 2022, 9, E585-E593. [CrossRef]

Szolnoky, G. Sulodexide may be a real alternative to low molecular weight heparins in the prevention of COVID-19 induced
vascular complications. Dermatol. Ther. 2020, 33, e14437. [CrossRef]

Coccheri, S.; Mannello, F. Development and use of sulodexide in vascular diseases: Implications for treatment. Drug Des. Devel.
Ther. 2013, 8, 49-65. [CrossRef]


http://doi.org/10.1001/jama.2021.23605
http://doi.org/10.1001/jama.2021.17272
http://doi.org/10.1093/eurheartj/ehab484
http://doi.org/10.21873/invivo.12714
http://doi.org/10.1001/jamainternmed.2022.3858
http://doi.org/10.1016/S0140-6736(21)02392-8
http://doi.org/10.1055/a-1414-5216
http://doi.org/10.1016/S2352-3026(22)00173-9
http://doi.org/10.1016/S2352-3026(22)00175-2
http://doi.org/10.1111/dth.14437
http://doi.org/10.2147/DDDT.S6762

	Introduction 
	Materials and Methods 
	Results—Key Questions and Practical Recommendations 
	Hospitalized Patients 
	Does Thromboprophylaxis Offer a Benefit to All Hospitalized Patients with COVID-19? 
	Which Is the Drug of Choice for Inpatient Thromboprophylaxis? 
	What Is the Optimal Dosage for Inpatient Thromboprophylaxis? What Is the Role of Timing of Thromboprophylaxis Initiation? 
	What Is the Role of the Antiplatelet Therapy in Hospitalized Patients with COVID-19 in the Context of Thromboprophylaxis? What about Patients Already on Antiplatelet Treatment? 
	What Is the Bleeding Risk Associated with Thromboprophylaxis? 

	Outpatients and Post-Discharge Patients—Practical Considerations for Outpatients and Post-Discharge Patients 

	Conclusions 
	References

