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Abstract: Thrombotic complications from COVID-19 are now well known and contribute to signifi-
cant 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. Few randomized, controlled trials have examined the
role of therapeutic anticoagulation in moderately to severely ill patients with COVID-19. Most
of these patients had elevated D-dimers and low bleeding risks. Some trials used an innovative
adaptive multiplatform with Bayesian analysis to answer this critical question promptly. All the
trials were open-label and had several limitations. Most trials showed improvements in the mean-
ingful clinical outcomes of organ-support-free days and reductions in thrombotic events, mainly in
non-critically-ill COVID-19 patients. However, the mortality benefit needed to be more consistent.
A recent meta-analysis confirmed the results. Multiple centers initially adopted intermediate-dose
thromboprophylaxis, but the studies failed to show meaningful benefits. Given the new evidence,
significant societies have suggested therapeutic anticoagulation in carefully selected patients who are
moderately ill and do not require an intensive-care-unit level of care. There are multiple ongoing
trials globally to further our understanding of therapeutic-dose thromboprophylaxis in hospitalized
patients with COVID-19. In this review, we aim to summarize the current evidence regarding the use
of anticoagulation in patients with COVID-19 infection.
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1. Introduction

Coagulopathy and thrombosis are now well known complications of COVID-19, con-
tributing to significant morbidity and mortality [1,2]. The pathogenesis of the coagulopathy
associated with COVID-19 is complex (Figure 1). It involves macrophage activation, cy-
tokine storm, platelet activation, and endothelial cell activation, eventually activating the
intrinsic and extrinsic coagulation pathways [2]. COVID-19 causes DIC, which differs
from the typical septic DIC, with less bleeding and elevated fibrinogen levels [1]. Throm-
boprophylaxis 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 various other pleiotropic effects [3].
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Figure 1. Pathophysiology of COVID-19-associated coagulopathy and the role of anticoagulants
(heparin and low-molecular-weight heparin).

Heparin has been shown to exhibit anti-inflammatory and antiviral properties (at
a dose of 500-1000 pg/mL heparin in Vero E6 cells) [4,5]. Soluble heparin interacts with
the SARS-CoV-2 spike protein and impairs its entry into the host cells [6]. 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 [5].

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 [7]. Heparin has been investigated as
a therapeutic agent in various inflammatory conditions such as chronic obstructive pul-
monary disease (COPD), cystic fibrosis, and sepsis [3,4]. This review provides an overview
of the most current evidence and recommendations on using therapeutic-dose anticoagula-
tion in patients acutely ill with COVID-19. For this review, therapeutic-dose anticoagulation
means therapeutic-dose heparin (UFH or LMWH), unless otherwise specified.

2. How Does the Omicron Variant Compare to the Other COVID-19 Variants with
Hyper-Coagulopathy?

In November 2021, the South African Ministry of Health reported the emergence
of a new variant of SARS-CoV-2, called omicron. Soon, the WHO designated this novel
variant a SARS-CoV-2 variant of concern (the others being alpha, beta, gamma, and delta),
which denotes a variant with evidence of an increase in transmissibility, more severe disease
(increased hospitalizations or deaths), a significant reduction in neutralization by antibodies
generated during a previous infection or vaccination, reduced effectiveness of treatments
or vaccines, or diagnostic detection failures [8]. Currently, omicron (the B.1.1.529, BA.1,
BA.1.1, BA.2, BA.3, BA 4, and BA.5 lineages) remains the only variant of concern in the
USA as classified by the US government SARS-CoV-2 Interagency Group (SIG) [9].

Omicron and its subvariants have been known to have more than thirty mutations in
the spike protein, causing higher infectivity (by strengthening the binding with host ACE2
receptors) and reduced neutralization by antibodies. Omicron primarily infects the upper
respiratory tract compared with the other variants, which affect the lower respiratory tract
and cause a milder disease [10]. A study from South Africa published as a research letter
noted that most of the omicron-infected COVID-19 patients were unvaccinated (66.4%)
and were less likely to require oxygen therapy or mechanical ventilation, or to need ICU
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admission, therefore denoting relatively low disease severity [11]. They grouped the data
as wave 1 (14 June-6 July 2020), wave 2 (1-23 December 2020), and wave 3 (1-23 June
2021), and compared them with the fourth wave (15 November—7 December 2021). The
median length of stay and mortality rates were also low in the fourth wave despite a
rapid surge of COVID-19 cases [11]. The impact of SARS-CoV-2 genome mutations on
COVID-19-associated coagulopathy has not been well documented.

Interestingly, a study compared whole-blood thrombo-elastography (TEG®) blood clot-
ting parameters and the prevalence of micro-clots in healthy individuals and in COVID-19
patients that different SARS-CoV-2 variants had infected. This study noted that most of the
patients infected with the beta and delta variants were sicker compared to those infected
with the omicron variants. The study indicated lesser hypercoagulability with the omicron
variant compared with healthy individuals versus the beta/delta variant population when
compared with the same healthy individuals. A direct comparison between the omicron
and the beta/delta variant populations indicated a significantly higher maximum ampli-
tude with the latter. Similarly, the plasma micro-clot analysis noted a significant amount
of fibrin amyloid micro-clots with the beta/delta variants compared with the omicron
variant [12].

3. 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 [13]. 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 [14]. We identified the clinical
trials examining the role of full-dose anticoagulation in patients with COVID-19 infection
(Figure 2).

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 antico-
agulation, 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 me-
chanical 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 de-
creased need for mechanical ventilation among the therapeutic anticoagulation group [15].
Another propensity-matched analysis of COVID-19 patients showed a mortality benefit
among intubated patients but not in non-critically-ill hospitalized patients [16]. The ear-
liest 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 pa-
tients. 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 mortality, duration of hospital-
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ization, 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 [17]. 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.

PubMed search with following
keywords: ‘therapeutic anticoagulation’
‘anticoagulation’ ‘thromboprophylaxis’
‘prophylaxis” ‘COVID-19". Filter with
randomized controlled trials.

v
Total 65 studies extracted.

54 studies excluded.

p| 1 study examining anti-platelet therapy.

1 study was a trial design only.

52 studies not evaluation anticoagulation therapy.

v
11 studies included.

7 studies examining 4 studies examining
thromboprophylaxis » N thromboprophylaxis
in the inpatient in the outpatient
setting. setting.

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

In August 2021, NEJM published a large multicenter international randomized con-
trolled trial investigating therapeutic-dose anticoagulation in COVID. The investigators
stratified patients into moderate vs. severe disease based on ICU requirements and pub-
lished 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 bleed-
ing [18]. 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 [19]. 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 random-
ization 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
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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 [19,20].
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 [21].

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 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 [22]. 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; 1> 58%) but increased the risk of bleeding (RR 2.53, 95% CI 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 [23]. Table 1 outlines the major
randomized controlled trials examining the effects of therapeutic-dose anticoagulation.

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 [24]. 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 [25]. In 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 [26].

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 cardiovas-
cular events, including myocardial infarction and stroke. There were no major bleeding
events [27]. In another multicenter trial from Brazil, rivaroxaban at discharge in patients
at high risk for venous thromboembolism reduced the risk of venous or arterial throm-
boembolic events and cardiovascular death on day 35 [28]. 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 [29]. Another
prospective trial examining the role of post-discharge thromboprophylaxis with apixaban
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2.5 mg twice daily was inconclusive, as the study was stopped early due to a low event
rate [30].

Table 1. Major randomized controlled trials examining the effects of therapeutic-dose anticoagulation

vs. standard-dose anticoagulation in patients with COVID-19.

Xﬁ:hsot:gzar) Study Type Patients Study Drug 1 Comparator Efficacy Outcomes Safety Outcomes
.Statlstlca.lly 51gn1f1§ant No major or
increase in P/F ratio at ) .
minor bleeding
20 patients 7 days and 14 days. events. No
HESACOVID Phase II p p irin Ther tic-d Standard A higher proportion of differ n in
trial, Lemos etal. =~ randomized, equiring erapeutc-aose anticoagulant successful extubation erence
. mechanical enoxaparin . bleeding events
(2020) [15] controlled trial [ prophylaxis and more .. .
ventilation . . requiring medical
ventilator-free days in .
- attention between
the therapeutic
. . the groups.
anticoagulation group.
Median
organ-support-free . .
The REMAP-CAP, Open-label, 1098 critically days were 1 vs. 4 in the xfe]gl;\})el::?;g in
ACTIV-4a, adaptive, ill patients with Ther tic-d Standard of care standard care group. the interv n.ti ;
ATTACC trial, multiplatform  severe te. apett 1 Ct. ose thromboprophy- A similar proportion of e mte ; 2 3(3 '
Goligher et al. randomized, COVID-19 anticoaguiation laxis patients in both groups ]g;(;ﬁg sign da.r d(i
(2021) [19] controlled trial ~ pneumonia survived hospital
- of-care group.
discharge
(62.7% vs. 64.5%).
The probability of
increasing OSFD with
therapeutic-dose
anticoagulation was
i 2219 non- 98.6% compared with Major bleeding
l}éeT?\}ﬂ- ;EIQCC’ Scﬁenﬁljebel, critically-ill Therapeutic-dose Standard of care standard-of-care was not
REM AP—C’ AP muIIZi laé form (moderately ill, anticoz ulation thromboprophy- thromboprophylaxis statistically
trial. Lawler et al ran dolinize d not requiring (n = 119g0) laxis (Adjusted OR 1.27,95%  significant in the
(202’1) [18] ’ ntrolled tr/i 1 ICU level of B (n =1054) CI 1.03 to 1.58). The two groups
controtie a care) patients therapeutic AC arm (1.9% vs. 0.9%).
had a higher
probability of survival
until hospital
discharge.
The primary outcome
was a composite of
death, invasive and
noninvasive
mechanical ventilation,
or ICU admission up
to day 28, which . .
o 465 moderately Prophylactic dose  occurred in 16.2% of Major bleeding
. pen-label, . R . R rates were not
RAPID trial, . ill patients (not . (standard or patients in the -
adaptive, . Therapeutic-dose . . . statistically
Sholzberg et al. - in ICU) and . intermediate experimental arm and o .
randomized, . heparin (n = 228) . . o significant in the
(2021) [21] ntrolled trial increased dosing) heparin 21.9% in the control t B,
controfied al  p_dimer levels (n=237) arm (OR 0.69,95% CI ~,+ o 8TOUPS

0.43 to 1.10; p = 0.12).
Death occurred in 1.8%
vs. 7.6% in the control
group (OR 0.22, 95% CI
0.07 to 0.65; p = 0.006).
VTE rates were

not different.

(0.9‘70 VS. 1.70/0).
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Table 1. Cont.

Zﬁ:hsotru(d)?;;ar) Study Type Patients Study Drug 1 Comparator Efficacy Outcomes Safety Outcomes
The primary outcome
was a composite of
. Institutional VIE, ATE, or death. Major bleeding
253 patients tandard- or from any cause, which rred in 5%
. . hospitalized . standard- o occurred in 29% in the oo o ove
HEP-COVID trial, Multicenter, P Therapeutic-dose  intermediate- 2% in the
Spvr los et 1’ randomiz ci with COVID-19 oxapATin d therapeutic group vs. tandard of car
pyropouosetat. - randoruzec, and elevated enoxapa ose 42% in the standard of ~ S Carc O care
(2021) [31] controlled trial . (n=129) thromboprophy- group (RR 2.88;
D-dimer levels . care group (RR 0.68, o
laxis o . 95% C10.59 to
(>4 x ULN) (n = 124) 95% CI 0.49 to 0.96; 14.02; p = 0.17)
= p = 0.03). This benefit Hap =00
was not seen in the
ICU group of patients.
The primary outcome Higher major or
Therapeutic-dose . of the time of death, CRNMB was seen
. . Institutional . ) .
Open-label 615 patient rivaroxaban in rophylacti duration of in the therapeutic
ACTION trial, pen-ianes, o paden's stable patients or propayractc hospitalization, or group at 8% vs.
pragmatic, with COVID-19 . anticoagulation . o)
Lopes et al. (2021) randomized and elevated heparin (UFH or with heparin duration of 2% in the
[17] controlled tr/ial D-dimer LMWH) followed (UFH OII:)LMWH) supplemental oxygen standard group
by rivaroxaban to (1 = 304) to day 30 was not (RR 3.64, 95% CI
day 30 (n = 311) - different in the two 1.61 to 8.27;
groups. p = 0.0010).

Abbreviations: COVID-19, Coronavirus Disease 2019; UFH, unfractionated heparin; LMWH, low-molecular-
weight heparin; CRNMB, clinically relevant non-major bleeding events; ICU, intensive care unit; ULN, the upper
limit of normal; VTE, venous thromboembolism; ATE, arterial thromboembolism; OSFD, organ-support-free days;
P/F, the ratio of partial pressure of oxygen and fraction of inspired oxygen.

4. Management Recommendations

Given the evidence of macro- and micro-thrombosis in patients with COVID-19,
emphasis was placed on intermediate-dose thromboprophylaxis. Although not backed by
solid evidence, multiple institutions developed their policies on thromboprophylaxis using
D-dimer levels and weight-based dosing. One approach used a three-tier stratification
of COVID-19 patients according to the D-dimer, creatinine clearance, and BMI. These
were divided into standard-, intermediate-, and therapeutic-dose groups [32]. More recent
evidence suggests intermediate dosing might not be helpful [22,24].

Given the current evidence, most major society guidelines suggest using therapeutic-
dose anticoagulation, mainly with heparin (UFH or LMWH), in non-critically-ill patients
with COVID-19 who have elevated D-dimer levels and are at low bleeding risk. Table 2 lists
the recommendations from major society guidelines on using therapeutic-dose anticoagula-
tion in patients with COVID-19. It is important to note that most of these recommendations
are weak or conditional and based on low-quality evidence. The use of therapeutic-dose
anticoagulation should be evaluated carefully in each patient with COVID-19. Their demo-
graphics (age, sex, race), underlying co-morbidities, SARS-CoV-2 variant form, vaccination
status, cardiorespiratory reserve status, and bleeding risk should be considered. Clinicians
can use various scoring tools to calculate the bleeding risk [33]. A high index of suspicion
should be maintained for any thrombotic (VTE, stroke) and bleeding complications (gas-
trointestinal bleeding or closed-space bleeding such as retroperitoneal, intracerebral, and
intercostal artery bleeding) [34].
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Table 2. Current major society recommendations on therapeutic-dose anticoagulation for thrombo-

prophylaxis in patients with COVID-19.

Society (Year of
Publication)

Recommendations

Level of Recommendation
and Evidence

American Society of
Hematology (2022) [35]

Recommends using therapeutic-intensity over prophylactic-intensity
anticoagulation in patients with non-critically-ill COVID-19 infection
who do not have suspected or confirmed VTE or another indication
for anticoagulation.

Conditional
recommendation, very low
certainty in evidence

International Society on
Thrombosis and
Haemostasis (2022) [36]

In select non-critically-ill patients hospitalized for COVID-19,
therapeutic-dose LMWH or UFH is beneficial in preference to low-
(prophylactic) or intermediate-dose LMWH or UFH to reduce the risk
for thromboembolism and end-organ failure.

In critically ill patients hospitalized with COVID-19, therapeutic-dose
LMWH/UFH is not recommended over the usual care or
prophylactic-dose LMWH /UFHs.

Strong, high-quality
evidence

No benefit,
moderate-quality evidence

The Anticoagulation
Forum (2022) [37]

Suggests considering therapeutic intensity anticoagulation (LMWH or
UFH) in non-critically-ill patients at increased risk of disease
progression (hypoxic, elevated D-dimer) and not at increased risk

of bleeding.

Recommends using standard-dose thromboprophylaxis instead of
intermediate or therapeutic intensity thromboprophylaxis in critically
ill patients.

Less StI‘OIlg evidence

Strong evidence

National Institutes of
Health (2022) [38]

Recommends therapeutic-dose heparin for hospitalized patients with
COVID-19 pneumonia who require supplemental oxygen through
low-flow nasal cannula and are non-pregnant, with elevated D-dimer,
and not at increased bleeding risk.

Recommends prophylactic-dose heparin in critically ill patients with
COVID-19 pneumonia (those requiring supplemental oxygen through
a high-flow device or NIV, requiring MV).

Weak recommendation and
level Ila quality of evidence

Strong recommendation and
level I quality of evidence

American College of
Chest Physicians
(2022) [39]

Suggests therapeutic-dose heparin (LMWH or UFH) over
standard-dose anticoagulant thromboprophylaxis in acutely ill patients
with COVID-19 pneumonia and low risk of bleeding.

Suggests standard-dose anticoagulant thromboprophylaxis over
therapeutic- or intermediate-dose anticoagulation in critically ill
patients with COVID-19 pneumonia.

Conditional
recommendation, Ungraded
Consensus-Based Statement
Conditional
recommendation, Ungraded
Consensus-Based Statement

Abbreviations: COVID-19, Coronavirus Disease 2019; UFH, unfractionated heparin; LMWH, low-molecular-
weight heparin; VTE, venous thromboembolism; NIV, noninvasive ventilation; MV, mechanical ventilation.

5. Conclusions

COVID-19 remains a global public health issue, although the infection rate is declining
due to widespread vaccination. Despite breakthroughs in vaccinations and therapeutics, a
significant population worldwide remains at risk for morbidity and mortality. Thrombotic
complications are well known, and the role of thromboprophylaxis cannot be overstated.
Therapeutic-dose anticoagulation should be considered carefully in hospitalized patients
with COVID-19. There has been significant progress in recent trials, but clinicians should
consider their limitations curtailing generalizability and the varied manifestations of this
disease [20]. Therapeutic anticoagulation has not convincingly shown mortality benefits
but significantly reduces the rate of VTE during COVID. Even though the trials used
stringent inclusion criteria, some had higher rates of major bleeding [22,23]. The right time
for initiating anticoagulation during the disease course remains to be elucidated, but the
benefit appears early in the disease. Multiple ongoing trials worldwide evaluate the role
of escalated-dose anticoagulation in patients with COVID-19 (Table 3). Hopefully, these
studies will clarify some of the unanswered questions.



Hematol. Rep. 2023, 15

366

Table 3. Ongoing trials evaluating the role of escalated-dose (therapeutic or intermediate) anticoagu-
lation in patients with COVID-19.

Study Intervention Number of Patients Outcomes
Comparing therapeutic-dose 100 patients with severe
. - . COVID-19 pneumonia . .
anticoagulation with iy . Change in P/F ratio at 3 days and
NCT04445935 .. . . requiring mechanical .. .
bivalirudin with standard — . change in kidney function at 3 days
thromboprophvlaxis ventilation and with elevated
prophy D-dimer (1.2 mg/L)
Comparlng low-dose,.hlgh—dose 353 patients with severe All-cause mortality and number of
NCT04808882 prophylactic tinzaparin and . R
L - COVID-19 pneumonia days to clinical improvement
therapeutic tinzaparin
Comparing therapeutic-dose 300 patients with COVID-19 Composite efficacy end point of death,
NCT04377997 anticoagulation with the pneumonia and elevated cardiac arrest, VTE, MI, and shock in
standard of care D-dimer (>1.5 g/mL) 12 weeks
300 patients with COVID-19 . .
Comparing therapeutic with neumonia, moderate-severe Mortality and progression of
NCT04646655 panng P P ’ . respiratory failure at 30 days; major
prophylactic dosing enoxaparin ~ ARDS, and elevated D-dimer bleeding episodes
(>2000 ng/mL) &P
Comparing therapeutic-dose 500 patients with severe Mortality and occurrence of arterial
NCT04584580 LMWH with D-dimer-adjusted P . and/or venous thrombosis at 4 weeks
. COVID-19 pneumonia .
LMWH dosing or discharge
Comparing intermediate-dose 186 patients with moderate to  Mortality at 30 days, ICU length of stay,
NCT04406389 prophylaxis with severe COVID-19 pneumonia  number of arterial and/or venous
therapeutic-dose and elevated D-dimer thrombotic events, number of bleeding
anticoagulation (>700 mg/mL) events
The time to first event rate within
Comparing prophylactic-dose 3600 patients admitted with 30 days of randomization of the
NCT04512079 and full-dose enoxaparin with COVID-19 pneumonia and composite of all-cause mortality,
full-dose apixaban elevated D-dimer intubation requiring mechanical
ventilation, and VTE
le:)m}}zalr:cl;gicf—};essf cutic-and 3000 patients with moderate Organ-support-free days and
NCT04505774 propay‘achic to severe COVID-19 gan-support-ree aay
anticoagulation alone versus the neumonia all-cause mortality
addition of a P2Y12 inhibitor P
Time to first occurrence of a composite
. 4000 patients with acute endpoint of symptomatic VTE, MI,
Comparing full-dose symptomatic COVID-19 ischemic stroke, acute limb ischemia
NCT04508023 rivaroxaban with the ymp ' '

standard of care

infection not requiring
hospitalization

non-CNS systemic embolization,
all-cause hospitalization, and
all-cause mortality

Abbreviations: COVID-19, Coronavirus Disease 2019; LMWH, low-molecular-weight heparin; VTE, venous
thromboembolism; MI, myocardial infarction; CNS, central nervous system; ICU, intensive care unit.
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