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Thrombotic complications from COVID-19 are now well known and contribute to significant morbidity and mortality.
Different variants confer varying risks of thrombotic complications. Heparin has anti-inflammatory and antiviral
effects. Due to its non-anticoagulant effects, escalated-dose anticoagulation, especially therapeutic-dose heparin,

has been studied for thromboprophylaxis in hospitalized patients with COVID-19.
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| 1. Introduction

Coagulopathy and thrombosis are now well known complications of COVID-19, contributing to significant morbidity
and mortality 12, The pathogenesis of the coagulopathy associated with COVID-19 is complex (Figure 1). It
involves macrophage activation, cytokine storm, platelet activation, and endothelial cell activation, eventually
activating the intrinsic and extrinsic coagulation pathways . COVID-19 causes DIC, which differs from the typical
septic DIC, with less bleeding and elevated fibrinogen levels . Thromboprophylaxis is indispensable in
hospitalized patients with COVID-19. There has been significant interest in defining the role of therapeutic-dose
anticoagulation, especially with heparin, in patients acutely ill with COVID-19. Although well known for its

anticoagulant activity, heparin, either unfractionated heparin (UFH) or low-molecular-weight heparin (LMWH), has
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Figure 1. Pathophysiology of COVID-19-associated coagulopathy and the role of anticoagulants (heparin and low-

molecular-weight heparin).
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Heparin has been shown to exhibit anti-inflammatory and antiviral properties (at a dose of 500—1000 ug/mL heparin
in Vero E6 cells) ¥IE!. Soluble heparin interacts with the SARS-CoV-2 spike protein and impairs its entry into the
host cells . Heparin exerts its anti-inflammatory properties by binding to and inhibiting chemokines, cytokines,
and complement, growth, and angiogenic factors. It also prevents endothelial dysfunction and vascular injury by
binding to adhesion molecules during inflammation. Heparin reduces vascular leak injury by decreasing thrombin

formation 2!,

The above-mentioned anti-inflammatory effects (notably, the decreased levels of IL-6, IL-8, and inflammatory
biomarkers of COVID-19-CRP and procalcitonin) are also noted with prophylactic doses of LMWH at 40 mg daily
1. Heparin has been investigated as a therapeutic agent in various inflammatory conditions such as chronic

obstructive pulmonary disease (COPD), cystic fibrosis, and sepsis B4,

| 2. Therapeutic-Dose Thromboprophylaxis

Initial data on the use of anticoagulation in COVID-19 came from China in March 2020, involving 449 patients, out
of which 94 received anticoagulation. Still, none of these patients received full-dose anticoagulation [&. In July
2020, a retrospective analysis was conducted among patients with COVID-19 admitted to a particular health
system in New York. This analysis included about 2700 patients with COVID-19. While the exact reason for
anticoagulation was unclear among these patients, on multivariate analysis, the study demonstrated survival
benefits among the patients who received full-dose anticoagulation compared with those who did not. While it did
adjust for prior anticoagulation use before hospitalization for other causes, the study had several limitations. Still, it
raised an essential question regarding using full-dose anticoagulation 2. Researchers identified the clinical trials

examining the role of full-dose anticoagulation in patients with COVID-19 infection (Figure 2).
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Figure 2. Flowchart depicting trials examining the role of full-dose anticoagulation as prophylaxis in patients with
COVID-19 infection.

Seven major randomized controlled trials have examined the role of therapeutic-dose anticoagulation in patients
with COVID-19. These included patients with at least moderate COVID-19 infection, elevated D-dimer levels, and
low bleeding risk. Significant limitations of these trials were the lack of a standardized definition of disease severity
and varied anticoagulation regimens in terms of agents (DOACs and heparin); the duration of anticoagulation, time
to randomization, and duration of follow-up varied significantly as well. Furthermore, all had an open-label design,
introducing the risk of bias. Standard-of-care thromboprophylaxis practices in the control patients differed; some
received intermediate-dose thromboprophylaxis. Despite the limitations, these trials were conducted during the
difficult time of an ongoing pandemic and provided invaluable insight into the role of therapeutic-dose

anticoagulation, mainly heparin, in hospitalized COVID-19 patients.

In September 2020, a phase 2 trial compared empiric anticoagulation with standard-dose thromboprophylaxis
among patients with COVID-19 and ARDS who required mechanical ventilation. Although only ten patients were
included in each arm, they found a statistically significant improvement in the blood gas exchange in addition to a
decreased need for mechanical ventilation among the therapeutic anticoagulation group 19, Another propensity-
matched analysis of COVID-19 patients showed a mortality benefit among intubated patients but not in non-
critically-ill hospitalized patients 1. The earliest randomized controlled data came from an open-label trial in Brazil
that used the therapeutic-dose rivaroxaban or enoxaparin for anticoagulation in COVID-19 admitted patients. The
trial included hospitalized patients with elevated D-dimers, with at least a third of the patients in both groups having

severe disease. The study did not reveal a statistical difference in the primary composite outcome, including
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mortality, duration of hospitalization, or period of oxygen needed to day 30. Still, regarding safety outcomes, there
was a higher incidence of bleeding events in the therapeutic anticoagulation group 12, This trial included patients
who had symptoms up to 14 days before randomization with a median time of randomization of day 10. Although
>80% of patients had moderate disease at baseline, only a quarter had markedly elevated D-dimer (>3 x ULN). A
significant difference in this trial was DOAC, which may not have the same non-anticoagulant effects as heparin
does.

In August 2021, NEJM published a large multicenter international randomized controlled trial investigating
therapeutic-dose anticoagulation in COVID. The investigators stratified patients into moderate vs. severe disease
based on ICU requirements and published the results separately. In the moderate disease subgroup, they found
therapeutic anticoagulation, compared with prophylactic anticoagulation, was associated with more organ-support-
free days, which was statistically significant regardless of the patient's baseline D-dimer level. There was no
significant difference in the risk of major bleeding 3. The same study reported outcomes of the severe subgroup
separately, revealing that therapeutic anticoagulation did not result in a statistically significant difference in organ-
support-free survival days 24!, This difference in results was intriguing and there is a possibility that the benefit of
anticoagulation may be present only in the initial period of the disease, which would potentially explain the
difference in results. There might also be inherent differences among the population developing severe disease,
making therapeutic heparin less beneficial. These trials used the new innovative response-adaptative
randomization and complex Bayesian analysis. They included clinically meaningful outcomes of organ-support-free
days, mortality, and the need for intubation in addition to the incidence of VTE. Some of the limitations of these
trials include the risk of confirmation bias given the open-label design; more than 70% of patients were excluded
due to the stringent exclusion criteria, which varied among the three trial platforms, diminishing the generalizability
of the results.

Around 28% of patients in the control group received higher than standard doses of thromboprophylaxis, and 20%
of patients in the experimental group did not receive therapeutic doses of heparin. Only 36% of the patients
received remdesivir, 60% received glucocorticoids, and less than 1% received tocilizumab, deviating from the
current standard of care with high usage of glucocorticoids and remdesivir early in the disease course 1413l The
RAPID trial was another adaptive multicenter open-label randomized controlled trial of 465 patients with COVID-19
and elevated D-dimer who were hospitalized in a non-ICU level of care setting. Although the primary composite
outcomes of death, invasive or noninvasive mechanical ventilation, or ICU admission did not differ, the all-cause
mortality was significantly lower in the therapeutic anticoagulation group (1.8% vs. 7.6%, OR 0.22, 95% CI 0.07 to

0.65; p = 0.006). No increase in major bleeding was noted in the therapeutic anticoagulation group 18],

A recent meta-analysis that included over 5000 patients found that escalated-dose prophylactic anticoagulation
(intermediate or therapeutic dose) did not reduce all-cause mortality when compared with standard-dose
prophylactic anticoagulation (17.8% vs. 18.6%; risk ratio (RR) 0.96, 95% CI 0.78-1.18). Escalated-dose
prophylactic anticoagulation decreased the rates of VTE (2.5% vs. 4.7%; RR 0.55, 95% CI 0.41-0.74) with a
number needed to treat (NNT) of 46 but increased the risk of major bleeding (2.4% vs. 1.4%; RR 1.73, 95% CI
1.15-2.60) with a number needed to harm (NNH) of 102. Results did not differ for the subgroups of critically ill and
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non-critically ill patients. An interesting finding from the meta-analysis was that the median time to randomization
was ten days, which one can argue might be late to have benefited from the non-anticoagulation properties of
heparin 4. In contrast, another systematic review included 23 retrospective studies and over 25,000 patients.
Therapeutic anticoagulation reduced mortality (RR 0.30, 95% CI 0.15-0.60; 12 58%) but increased the risk of
bleeding (RR 2.53, 95% Cl 1.60—4.00; 12 58%). The results should be interpreted with caution. All the included
studies were observational, and the subgroup analysis had a high degree of heterogeneity 18],

The INSPIRATION trial examined the role of intermediate-dose thromboprophylaxis compared with a standard
dose in 562 critically ill patients with COVID-19. There was no difference in the composite outcome of venous or
arterial thrombosis, treatment with ECMO, or 30-day mortality. The intermediate-dosing group had statistically
significant thrombocytopenia but without increased risk of major bleeding (29, Following this, Perepu et al. analyzed
176 patients with COVID-19 who were critically ill and received either intermediate-dose or standard-dose
thromboprophylaxis. There were no differences in all-cause mortality, thrombotic complications, or major bleeding
events 29, |n a recent trial, rivaroxaban was superior to prophylactic enoxaparin in preventing thrombotic events
with less bleeding in patients with mild to moderate COVID-19 infection. This study included only 230 patients,
limiting the generalizability (211,

The role of anticoagulation has also been studied in outpatients, given the concern for thrombosis in this subgroup
of patients. The ACTIV 4B trial compared antithrombotics and anticoagulants in symptomatic COVID-19 patients in
the outpatient setting. The study included four groups: low-dose aspirin, 2.5 mg apixaban, 5 mg apixaban, and
placebo. All groups had similar primary outcomes: a composite of all-cause mortality, symptomatic venous or
arterial thromboembolism, and hospitalization from pulmonary and cardiovascular events, including myocardial
infarction and stroke. There were no major bleeding events 22, In another multicenter trial from Brazil, rivaroxaban
at discharge in patients at high risk for venous thromboembolism reduced the risk of venous or arterial
thromboembolic events and cardiovascular death on day 35 [22. The ETHIC trial, examining the role of LMWH in
unvaccinated outpatients with COVID-19, was stopped early due to slow enrollment and low event rates. It
suggested no benefit of using LMWH [24. Another prospective trial examining the role of post-discharge
thromboprophylaxis with apixaban 2.5 mg twice daily was inconclusive, as the study was stopped early due to a
low event rate 23],
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