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Abstract
Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory
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syndrome coronavirus 2 (SARS-CoV-2), can manifest itself in several ways, in-
cluding coagulopathy and thrombosis. These complications can be the first and
sometimes only manifestations of SARS-CoV-2 infection and can occur early or
late in the course of the disease. However, these symptoms are more prevalent in
hospitalized patients with venous thromboembolism, particularly those admitted
to intensive care units. Moreover, various forms of arterial and venous thrombo-
sis, or micro- or macro-vasculature embolisms, have been reported during the
current pandemic. They have led to harmful consequences, such as neurological
and cardiac events, nearly all resulting from the hypercoagulable state caused
by this viral infection. The severe hypercoagulability observed in patients with
COVID-19 accounts for most cases of the disease that become critical. Therefore,
anticoagulants seem to be one of the most vital therapeutics for treating this po-
tentially life-threatening condition. In the current paper, we present a thorough
review of the pathophysiology of COVID-19-induced hypercoagulable state and
the use of anticoagulants to treat SARS-CoV-2 infections in different patient
groups, as well as their pros and cons.
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INTRODUCTION

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) that causes coronavirus disease 2019
(COVID-19) can present itself in a variety of ways, in-
cluding coagulopathy and thrombosis.! These symptoms
might appear earlier or later in the course of the illness
and occasionally serve as the only flag of the SARS-
CoV-2 infection. Venous thromboembolism (VTE),
which causes these symptoms, is more common in hos-
pitalized patients, especially those who are hospitalized
in intensive care units (ICUs).>® Furthermore, there
have been reports of different kinds of micro- or macro-
vasculature emboli in the present pandemic, including
arterial and venous thrombosis. The hypercoagulable
state brought on by this viral infection has almost always
resulted in serious side effects, such as neurological and
cardiac problems.*®

Decreased platelet counts, minor prolongation of
prothrombin time, activated partial thromboplastin time
(aPTT), and elevated serum D-dimer and fibrinogen
characterize the COVID-19-associated coagulopathy.’
Moreover, complement cascade and antiphospholipid
antibodies are also involved in the process.*® Although
other non-COVID critical illnesses also predispose a
patient to this hypercoagulable state, similar to SARS-
CoV-2 infection,'® there may be differences between the
thrombotic condition in COVID-19 and other severe
cases of pneumonia, as the prothrombotic state may be
more severe in patients with COVID-19 than in patients
with other infections. In severe SARS-CoV-2 infections,
coagulopathy is usually accompanied by higher platelet
counts and D-dimer levels than would be found in se-
vere non-COVID-19 cases of pneumonia.'' Apart from
arterial and venous thromboembolic events, SARS-
CoV-2 infections can lead to diffuse microthrombi in the
lung vasculature. The procoagulant and proinflamma-
tory markers produced during severe illnesses, including
COVID-19, are responsible for hypercoagulability and
thrombotic events.

The severe hypercoagulability observed in patients
with COVID-19 has been estimated to account for most
cases of the disease that become critical. Therefore, an-
ticoagulants are essential therapeutics for treating this
potentially life-threatening condition.'* The specific
aim of the current paper was to thoroughly review the
pathophysiology of the COVID-19-induced hypercoagu-
lable state and the clinical use of anticoagulants, includ-
ing their pros and cons, in treating the infection with
SARS-CoV-2.

ASCPT

THE MECHANISM OF COVID-19-
INDUCED COAGULATIVE STATE

Different factors play a role in COVID-19-induced hypercoag-
ulation, which requires more investigation to determine the
underlying mechanism. However, in this section, we have
tried to classify the primary factors and pathways participat-
ing in this event. The main pathways include (1) inflamma-
tory state and elevated cytokines levels and (2) virus-specific
mechanisms, which have been discussed below. We have
also explained the role of C-type lectin domain family 4 mem-
ber M (CLEC4M, also known as L-SIGN or CD209L).
COVID-19-related cytokine storm syndrome (COVID-
CSS) is a life-menacing condition caused by SARS-CoV-
2-induced immune dysregulation. It is a tremendous
inflammatory state which is, in fact, due to the over-secretion
of proinflammatory and inflammatory cytokines."> Some
cytokines like interleukin (IL)-1p, IL-6, IL-10, and TNF-a in-
crease early in severely ill patients.'* Along with IL-8, GM-
CSF, and IFN-y, the abovementioned cytokines are the major
proinflammatory cytokines released excessively in patients
with severe conditions."> Although in vitro, many proinflam-
matory cytokines have been shown to play a role in the co-
agulation system activation, in vivo, elevated levels of IL-1,
IL-6, and TNF were associated with acute inflammatory con-
ditions (like sepsis) along with hypercoagulation, sometimes
developing into severe conditions, like disseminated intra-
vascular coagulation (DIC).' Previous studies suggest that
IL-6 is more likely to be the main mediator participating in
the stimulation of cytokine-induced coagulation compared
to TNF-o.'® For example, Ruan et al.'” proved that the non-
survivor cases of COVID-19 had remarkably higher levels
of IL-6 compared to the surviving patients. Moreover, Bester
and Pretorius’ study affirmed that IL-6 could cause more
hypercoagulable clots than IL-1f, probably due to notable
changes in fibrin.'® This cytokine exerts its impact in various
ways. It can upregulate the expression of tissue factor (TF),
which starts coagulation. IL-6 can also trigger megakaryopoi-
esis."’ Further, it has been reported that IL-6 could enhance
the expression of other coagulation factors, like factor VIII
and fibrinogen.*>*! Interestingly, some coagulation media-
tors (such as FIla, FVIIa, and FXa) can induce the expression
of proinflammatory cytokines through protease-activated re-
ceptors,22 which leads to a vicious cycle. On the other hand,
IL-1P can impair the coagulative state through the downreg-
ulation of thrombomodulin (exerts an anti-inflammatory
activity) and reducing the activation of protein C, which
plays an essential role in the anti-coagulation pathway.'®
After all, IL-1, IL-6, and TNF-a all can lead to overexpression
of TF and, in contrast, reduce the expression of important
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natural anticoagulants like protein C, antithrombin, and the
inhibitors.

Angiotensin-converting enzyme 2 (ACE2), an inter-
membrane receptor in various types of cells, such as the
kidneys, bowels, heart, and lungs, is the leading site of
engagement of S-protein. This receptor counter-regulates
ACE function and decreases angiotensin II availability.
Moreover, it has been demonstrated that viral engage-
ment of ACE2 reduces its expression and activates the
renin-angiotensin system (RAS), which is responsible for
promoting platelet adhesion and aggregation.**** Further,
the fibrinolytic system is also under the control of RAS.
It appears that patients with systemic hypertension are
highly prone to develop a condition of decreased fibri-
nolytic system activity and ischemic events. On the other
hand, reduced angiotensin II activity positively impacts
the frequency of cardiovascular events and fibrinolytic
balance.”

Initially, the SARS-CoV-2 virus enters the lungs and
quickly binds to the ACE receptor in the alveoli of pneu-
mocyte cells, triggering immune cells from the arteries
and producing cytokines and chemokines. Following that,
immune cells enter the alveoli from the blood and activate
macrophages and neutrophils in the alveolar space. FXa
converts prothrombin to thrombin. As a result, throm-
bin will convert fibrinogen to fibrin. Then, the accumu-
lation of fibrin and blood cells causes thrombosis. The
ATIII produced by the liver can inhibit the thrombosis
process. Finally, thrombosis causes multiple organ fail-
ure, thrombotic heart damage includes DIC, myocardial
infarction (MI), and VTE, and the lungs can develop acute
respiratory distress syndrome (ARDS), acute lung injury,
pulmonary embolism (PE), and pulmonary thromboend-
arterectomy (PTE), and kidney damage, including acute
kidney injury (AKI) and end-stage renal disease (ESRD).
Stroke is also a complication of thrombosis in the brain.
As shown in Figure 1, unfractionated heparin (UFH) with
anti-inflammatory properties can inhibit cytokines and
chemokines. Moreover, aspirin and antithrombin can also
prevent the aggregation of platelets and neutrophils by in-
hibiting IL-6.

Both in vivo and in vitro studies demonstrated that
the serum level and expression of plasminogen activa-
tor inhibitor-1, the main inhibitor of the fibrinolytic sys-
tem, rose after SARS-CoV infection, compared to other
pneumonia-inducing infections, which shows a prob-
able direct effect of infection on the expression of anti-
coagulant agents.**?’

In severe cases, COVID-19 could infect endothelial
cells and lead to cell death, which causes the initiation
of procoagulant interactions.”®* The endothelial cells'
damage could also activate a principal defense mech-
anism called neutrophil extracellular traps (NETSs) or

NETosis. NETs are extracellular fibers of DNA. They are
released due to chromatin decondensation and spread
right after that. They are familiar for producing a link
among inflammation, coagulation, and thrombosis on
both localized and systemic levels.*® Several pathways
have been suggested for NET-induced thrombosis. First,
the von Willebrand factor (VWF), released by platelets
and endothelium, interacts with NETs and results in the
adhesion of platelets and fibrin formation. Second, his-
tone proteins existing in NETS are recognized as power-
ful damage-associated molecular patterns and can cause
platelet aggregation by activating toll-like receptors on
platelets. Third, neutrophils release a serine protease,
elastase, which could prevent the fibrinolytic system by
degrading thrombomodulin and the tissue factor path-
way inhibitor.*"*?

C-type lectins, including CLEC4G/LESCtin, CD209/
DC-SIGN/CLECA4L, and CD209L/L-SIGN/CLEC4M, are a
group of receptors that work as pathogen receptors and ad-
hesion molecules.** COVID-19 can bind to various recep-
tors, such as ACE2 receptors, CD209L/L-SIGN/CLEC4M,
CD209, and CD147. It has been shown that CLEC4M is as-
sociated with low levels of VWE. It functions as a receptor
that binds and internalizes VWF and reduces the plasma
level of VWF. Interestingly, it has been demonstrated that
CLEC4M could also bind and internalize human FVIII in
both VWF-dependent and independent ways.**** It could
be possible that the engagement of SARS-CoV-2 with
CLEC4M, preventing the clearance of VWF and FVIII,
may form a pro-coagulation state. Nevertheless, it is just
a hypothesis and needs thorough investigations and more
studies.*

In patients with COVID-19, the increasing levels of D-
dimer, a soluble fibrin breakdown product produced when
the fibrinolytic system breaks down thrombi in an orga-
nized manner, can be related to several factors, such as
the life cycle of the virus.*”*® Another hypothesis in these
patients with COVID-19 is the inflammatory responses
to viral infection and the dysfunction of endothelial cells
with thromboembolic complications. We should also con-
sider that a direct consequence of acute lung injury as
seen in COVID-19 infection.*

It has been found that most patients with COVID-19
have a prolonged aPTT. This laboratory abnormality re-
flects a clotting factor deficiency or the presence of an
inhibitor," meaning that using aPTT as a marker for
initiating anticoagulation therapy seems unreasonable.
On the other hand, D-dimer would be a helpful indica-
tor for identifying high-risk patients in the early stages of
the disease, making it helpful in predicting the prognosis
of patients* and predicting the incidence of some of the
disease’s severe adverse events, such as ARDS and AKI.
Thus, D-dimer can be used to assess the risk of end-organ
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FIGURE 1 COVID-19, thrombosis and anticoagulants. The SARS-CoV-2 virus enters the lungs and attaches to the ACE receptor in the
alveoli of pneumocyte cells, triggering immune cells from the arteries and producing cytokines and chemokines. As a result, immune cells

enter the alveoli from the blood and activate macrophages and neutrophils in the alveolar space. UFH, with anti-inflammatory properties,

can inhibit cytokines and chemokines. As a result, immune cells are prevented from entering the alveoli. Aspirin can also prevent the

aggregation of platelets and neutrophils by inhibiting IL-6. FXa converts prothrombin to thrombin, and AT can block this path. Thrombin

can also convert fibrinogen to fibrin. Accumulation of fibrins and blood cells cause thrombosis ATIII can inhibit the thrombosis process.
Finally, thrombosis causes MOF. Thrombotic heart damage includes DIC, MI, and VTE. The lungs can develop ARDS, ALI, PE, and PTE.
Kidney damage includes AKI and ESRD. Stroke is a complication of thrombosis in the brain. ACE, angiotensin-converting enzyme; AKI,

acute kidney injury; ALIL, acute lung injury; ARDS, acute respiratory distress syndrome; AT, antithrombin; COVID-19, coronavirus disease
2019; DIC, disseminated intravascular coagulation; ESRD, end-stage renal disease; FXa, Factor Xa; MI, myocardial infarction; MOF,

multiple organ failure; PE, pulmonary embolism; PTE, pulmonary thromboendarterectomy; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; UFH, unfractionated heparin; VTE, venous thromboembolism.

damage, ICU admission, and mortality. Furthermore, as
recommended by the International Society on Thrombosis
and Hemostasis, D-dimer levels can serve as a prognostic
means for risk stratification*” so that the hospitalization
of those patients with COVID-19 with significantly in-
creased D-dimers (3-4 fold than the upper limit of nor-
mal [ULN]) is indicated, even without other indicators
of disease severity.7 Nonetheless, the decision should be
individualized. Moreover, although a rise in D-dimer level
indicates disease severity, administering anticoagulants
cannot be based solely on this biomarker, and a thorough
thromboembolic workup is warranted if clinical worsen-
ing is evident.*’

ANTICOAGULANTS USE IN THE
SETTING OF COVID-19

As far as we know, until now, there are no completed
randomized clinical trials (RCTs) investigating the best
anticoagulant choice and treatment timing, duration,
and dosage in patients with COVID-19. They are all in
progress.* Plus, various guidelines regarding the man-
agement of patients with COVID-19 have been proposed
by various international organizations, yet most of them
do not comment on anticoagulation strategies. These
guidelines are based merely on consensus statements
and expert views. They also have some limitations. For
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instance, they recognize SARs-COV2 as a cause of mi-
crothrombi, which worsens the prognosis of patients;
however, they cannot propose appropriate guidelines or
consensus statements to address this issue. Moreover,
they suggest therapeutic doses of heparin for diagnosed
or highly suspected macro-thrombotic events, like PE
and deep vein thrombosis (DVT), although they miss
the subject of undiagnosable micro-thrombotic events.
Finally, no distinct scoring system for measuring VTE
risk on admission is specific to SARs-CoV-2.*** For
hospitalized patients with COVID-19 with a more than
normal upper limit D-dimer level, in need of low-flow
oxygen, and with no elevated bleeding risk, heparin (in
therapeutic doses), especially low-molecular-weight
heparin (LMWH), has been recommended by the US
National Institutes of Health (NIH) and many other tri-
als**® (Table 1).

As part of Accelerating COVID-19 Therapeutic
Interventions and Vaccines (ACTIV-4b), anticoagulant
and antiplatelet therapy was used in 558 outpatients with
symptomatic but stable COVID-19 to prevent mortality
from all causes, stroke, MI, venous or arterial thrombo-
embolism, and hospitalization for cardiovascular or lung
diseases. The trial was randomized, double-blind, and
placebo-controlled.50 According to ACTIV-4b, the inci-
dence of VTE was very low in patients with COVID-19
treated as outpatients, suggesting no benefit from

anticoagulation or antiplatelet therapy. It is possible,
however, that earlier initiation of antithrombotic therapy
may be beneficial, especially for patients at high risk of
hospitalization, because patients in ACTIV-4b had a long
delay between diagnosis and study drug receipt; 3.3% of
ACTIV-4b patients were hospitalized between randomiza-
tion and treatment. In ongoing trials, it may be uncovered
that prophylactic anticoagulation may benefit a subset of
outpatients with COVID-19 at high cardiovascular event
risk.*°

In addition to ACTIV-4b, two other trials show that
therapeutic-dose anticoagulation does not benefit severely
ill patients with COVID-19 and may even harm them.
Despite the fact that they are at high risk of thrombotic
events, and higher doses of anticoagulation appear effec-
tive in preventing such events, they may already be too far
along in their disease process to benefit from more inten-
sive thromboprophylaxis. The benefits and risks of anti-
coagulation for severely ill patients with COVID-19 may
change as newly emerging coronavirus variants appear
and care pathways mature. However, compared to criti-
cally ill patients, non-critically ill hospitalized patients
may benefit from therapeutic anticoagulation.”®

Several RCTs have been completed on anticoagu-
lation regimens for patients with COVID-19 that sup-
port these recommendations. Incorporating evidence
from ongoing trials into evidence-based guidelines will

TABLE 1 Clinical recommendations for the use of anticoagulants in patients with COVID-19.

Patients ASH*Y*8

Non-hospitalized -

After discharge -

Critically ill Prophylactic-dose® anticoagulation over
intermediate-dose® or therapeutic-dose®
anticoagulation

Non-critically ill ~ Therapeutic-dose over prophylactic-dose
anticoagulation in acutely ill who do not
have suspected or confirmed VTE or any
other indication for anticoagulation

NIH? ISTH®

Did not recommend routine
prophylaxis

Did not recommend
routine prophylaxis

Did not recommend
prolonged prophylaxis

If there is a high risk of thrombosis
and low risk of hemorrhage,
apply LMWH or DOAC for
30days

Prophylactic-dose
anticoagulation

« Prophylactic-dose anticoagulation
with LMWH

« If the patient was high risk, apply
half-therapeutic-dose LMWH

Prophylactic-dose anticoagulation
with LMWH

Prophylactic-dose
anticoagulation

Abbreviations: ASH, American Society of Hematology; COVID-19, coronavirus disease 2019; DOAC, direct-acting oral anticoagulants; ISTH, International
Society of Thrombosis and Hemostasis; LMWH, low-molecular-weight heparin; NIH, National Institute of Health; UFH, unfractionated heparin.

“Enoxaparin (30-40 mg subcutaneous (s.c.) not exceeding <0.7 mg/kg/day or 30-40 mg s.c. not exceeding <0.4mg/kg/12h), UFH (50001U s.c. 3 times a day or
5000-75001U s.c. 3 times a day), or Fondaparinux (2.5 mg s.c. one time a day for 5-10days).

Enoxaparin (>0.4 but <0.7mg/kg/12h) or UFH (50001U s.c. 3 times a day or 5000-75001U s.c. 3 times a day).

“Enoxaparin (>0.7 mg/kg/12h, >0.7 mg/kg/day in patients with chronic kidney disease, or >1.4mg/kg/day), UFH (bolus intravenously followed by drip, with
activated partial thromboplastin time guided dose adjustments), or Bivalirudin (bolus intravenously followed by drip, with activated clotting time guided dose

adjustments).

dhttps://www.covid19treatmentguidelines.nih.gov/therapies/antithrombotic-therapy/.
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become necessary as the trials are completed and the
results become available. A careful epidemiologic study
will be essential to define thrombosis risk and deter-
mine whether new SARS-CoV-2 variants have a higher
or lower intrinsic risk of thrombosis as population
immunity waxes and wanes with infection and vacci-
nation. For hospitalized patients with COVID-19, con-
ducting new RCTs to assess antithrombotic regimens
will be crucial (Table 2).

WHAT ARE THE BENEFITS OF
ANTICOAGULANT THERAPY IN
SARS-COV-2 INFECTIONS?

Initially, anticoagulants were used to treat confirmed
or suspected DVT/PE in the course of COVID-19.%
Nevertheless, with the progression of the pandemic, much
information about the necessity of these medications has
been produced. It was initially believed that anticoagu-
lant therapy could only improve in-hospital survival for
intubated patients with COVID-19 and those with a high
sepsis-induced anticoagulant score or an elevated D-dimer
level.>>>* However, it was later found that anticoagulants
could help decrease the need for mechanical ventilation in
patients moderately ill with SARS-CoV-2. It is essential to
know that heparin derivatives also have anti-arrhythmic,
anti-inflammatory, immunomodulatory, antiviral, and
anti-complement activity effects in addition to anticoagu-
latory effects.’® These characteristics primarily occur in
UFH rather than with LMWHs.’”® By neutralizing the
chemokines and cytokines, the anti-inflammatory effects
of UFH/LMWH can prevent acute respiratory distress
syndrome (ARDS) and consequently reduce mortality
(Figure 1).

Moreover, these agents are believed to limit viral cell
entry.” Heparin derivatives can also prevent endothe-
lial leakage, the pathophysiologic mechanism of ARDS,
and AKL® Complement activation, which triggers sys-
temic thrombosis, can also be inhibited with these medi-
cations. These can diminish micro-thrombus formation,
resulting in a lower chance of end-organ damage.®
Anticoagulant therapy is also helpful in preventing
and managing DIC, followed by septic shock in criti-
cally ill patients with COVID-19.%% In general, anticoag-
ulants would improve the prognosis of these patients.
Nonetheless, whether the risk of ARDS and mortality
could be reduced in patients with severe forms of SARS-
CoV-2, who have already been on chronic oral antico-
agulants or antiplatelet therapy for other indications, is
not yet well understood, and conflicting findings have
been made.®*™®

ASCPT

WHEN SHOULD ANTICOAGULANT
THERAPY BE INITIATED IN THE
SARS-COV-2 INFECTION?

Due to the elevated risk of thrombosis in patients with
COVID-19, especially in severe cases, it is recommended
that all patients, including severe and critical ones, should
receive prophylactic doses of anticoagulants as soon as they
are hospitalized, unless contraindicated (active bleeding and
platelet counts <25 x 10°/L).*’ It is well-understood that hos-
pitalized patients with COVID-19 may also have multiple
risk factors for thromboembolic events apart from their in-
nate hypercoagulable state. Due to general weakness or dis-
abilities, respiratory distress, intubation, and sedation, their
immobility predisposes them to this complication. Moreover,
most SARS-CoV-2-infected patients have other comorbidi-
ties, including advanced age, pregnancy, cancer, cardiovas-
cular diseases, and obesity, all of which are substantial risk
factors for thromboembolism. COVID-19-related mortality
has also been found to be higher in critically ill patients with
high sepsis-induced coagulopathy (SIC) scores or elevated
D-dimers. Therefore, thromboprophylaxis should be con-
sidered in any patient with COVID-19 with significantly in-
creased D-dimers or a high SIC score.>*

WHAT IS THE BEST CHOICE OF
ANTICOAGULANT?

The ideal thrombophylactic regimen in patients with
COVID-19 is not yet understood. During the SARS-
CoV-2 infection, anticoagulation can be attained by in-
travenous (i.v.) or oral anticoagulants. Although some
antiviral agents used to treat SARS-CoV-2 infections in-
teract with oral anticoagulants, such as anti-factor Xa
(e.g., rivaroxaban and apixaban), heparin rarely demon-
strates such interactions.®®®” Moreover, these oral agents
are highly susceptible to metabolic changes in the body
during critical or acute phases of the disease because
their metabolism and serum levels are affected, lead-
ing to uncontrolled bleeding or thrombosis.®® Among
the different types of I.V. anticoagulants, UFH is the
only agent requiring frequent laboratory monitoring.
However, UFH is more affordable, has a shorter half-
life, and can be easily excreted from the body, even in
those with renal dysfunction, obesity, and other critical
conditions.® In addition, the anti-inflammatory effects
of UFH can be beneficial in alleviating the inflamma-
tory processes of COVID-19, such as the associated
COVID-19 CSS.” Interestingly, LMWH has less direct
antiviral activity due to the shorter duration of competi-
tive spike protein binding than UFH.>* Nevertheless,
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TABLE 2 (Continued)

Type of anticoagulation and

comparison

First author

(year)

Outcomes

Results

Design

Location

« Mortality

No difference was observed in mortality (30.3%

Systemic anticoagulation

Comparative,

China

Yin et al.

0.91). In subgroup analysis of

patients with D-dimer >3.0 pg/mL, there was
lower risk of mortality in the heparin group

vs 29.7%; p

with low-molecular-
weight heparin vs no
anticoagulation

retrospective, 449

(2020)!*

0.02).

Any thromboembolic event, PE

(32.8% vs. 52.4%; p

« Any thromboembolic event

Thromboprophylaxis

Single-arm, retrospective,

Netherland

Klok et al.

occurred in 31% of patients.
« PE occurred in 13.6% of

184 patients

(2020)%®°

patients

« Any thromboembolic event,

« VTE,

Thromboembolic events occurred in 16.7% of

Thromboprophylaxis

Single-arm, retrospective,

Italy

Lodigiani et al.

patients, VTE in 8.3%, PE in 4.2%, DVT in

2.1%, and stroke in 6.3%

61 patients

(2020)

PE
« DVT

o Stroke

Note: To convert D-dimer values to nmol/L, multiply by 5.476.

Abbreviations: COVID-19, coronavirus disease 2019; DVT, deep venous thrombosis; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; PE, pulmonary embolism; SI, conversion factors; VTE,

venous thromboembolism.
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LMWH might be preferred to UFH due to several re-
ports of heparin resistance in patients with COVID-19,”
the lower risk of bleeding and dose-dependent plasma
levels, and a longer half-life.”>”*

In patients with COVID-19 with a history of heparin-
induced thrombocytopenia (HIT), activated factor X (Xa)
inhibitors, like fondaparinux, could be administered as an
alternative. Due to the occurrence of coagulopathy in ARDS,
which might be limited to the lungs, it has been hypothesized
that nebulized anticoagulation might be the best approach.
However, previous reports have not shown the clinical ben-
efit of this route of administration, but there is a need for
further studies.”*”> Furthermore, although UFH is the drug
of choice in any trimester of pregnancy, LMWH is the best
option for postpartum patients.”® In conditions where anti-
coagulants are contraindicated or unavailable, mechanical
thromboprophylaxis, such as pneumatic compression de-
vices, should be considered. However, applying mechanical
and pharmacological thromboprophylaxis for critically ill
patients with COVID-19 might lead to better outcomes if not
contraindicated. Conversely, anticoagulation therapy is not
beneficial in outpatient settings, as it has not been associated
with an improved prognosis.”” Nonetheless, there are condi-
tions where anticoagulation therapy would appear necessary,
such as immediately following discharge from the hospital.

As shown in Figure 2, coagulation occurs due to tissue
damage, and several pathways happen, such as contact ac-
tivation (intrinsic), tissue factor (extrinsic), and common
pathways. Anticoagulants such as warfarin inhibit FII,
FIX, FX, protein-S, and protein-C. In addition to warfa-
rin, tissue factor pathway inhibitors can inhibit the con-
version pathway of FVII to FVIIa and generally prevent
blood coagulation. FIla inhibitors include DTIs, DFXal,
and LMWH. DTIs are inhibitors that inhibit the polymer-
ization and stabilization pathway of FIa.

It is important to note that due to long half-lives and
unpredictable and unstable metabolic effects in those with
acute diseases, direct oral anticoagulants (DOACs), such
as dabigatran, apixaban, rivaroxaban, and edoxaban, are
not appropriate in critically ill patients with COVID-19.
However, they may be ideal for patients with COVID-19
who require continued or prolonged anticoagulation after
hospital discharge.”®”® The advantage of these agents is
that they do not require regular international normalized
ratio monitoring, which makes them preferred over vita-
min K antagonists, such as warfarin.*® The best available
DOACS to administer are rivaroxaban (10 mg once a day),
betrixaban (160 mg on the first day, followed by 80 mg once
a day), and apixaban (2.5mg twice a day).* It is crucial
to consider the potential interference of dexamethasone
with DOACs. Dexamethasone can potentially decrease
the plasma levels of DOACs by inducing cytochrome P450
3A4 (CYP3A4) and P-glycoprotein. This is another reason
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FIGURE 2 A summary of coagulation pathways. Coagulation occurs through contact activation (intrinsic), tissue factor (extrinsic), and
common pathways when tissue damage occurs. The intrinsic pathway includes FVIII, FIX, FX, FX, FXI, and FXII. The extrinsic pathway
contains coagulation factors FII, FVII, and FX. The common pathway also includes coagulation factors FI, FV, and FXIII. Each of these

factors is activated by affecting the other factor. Anticoagulants are used to prevent blood clots in some diseases. Warfarin is one of these
anticoagulants that inhibits FII, FIX, FX, protein-S, and protein-C. It can also block the conversion path of FVII to FVIIa. DOACs inhibit FXa.
AT also blocks the conversion path of FII to FIla and FX to FXa simultaneously. FIla inhibitors include DTIs, DFXal, and LMWH. DTIs are
inhibitors that inhibit the polymerization and stabilization pathway of FIa. UFH works to boost AT function. Aspirin inhibits the accumulation
of active platelets next to each other. In addition to warfarin, TFPI can inhibit the conversion pathway of FVII to FVIIa. AT, antithrombin;
DFXal, direct factor Xa inhibitors; DOACs, direct oral anticoagulants; DTIs, direct thrombin inhibitors; LMWH, low-molecular-weight heparin;
RBC, red blood cells; TFPI, tissue factor pathway inhibitor; UFH, unfractionated heparin; WBC, white blood cells.
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to avoid using oral anticoagulants in hospitalized patients,
especially severe and critical patients, who are usually on
corticosteroids.** Finally, thrombolytic therapy is usu-
ally not recommended in patients with COVID-19 unless
there is another clinical indication, such as ST-elevation
MI or massive PE with hemodynamic instability.*’

WHAT IS THE APPROPRIATE DOSE
OF ANTICOAGULANTS?

Like any hospitalized patient, patients with COVID-19
are recommended to be started on prophylactic doses of

anticoagulants to prevent thromboembolic complications
associated with immobility.** Previously, it was agreed
that higher doses of anticoagulants should only be con-
sidered in those patients with indications for therapeutic
anticoagulation, such as having a mechanical valve, VTE,
or atrial fibrillation.*® However, it has been reported that
many patients with COVID-19, particularly those admit-
ted to the ICU, have developed thromboembolic events,
even without the mentioned comorbidities and despite
being on prophylactic anticoagulation doses, which have
mostly been LMWH.**¢ The reason for this might be the
COVID-19-associated changes in circulating prothrom-
botic factors, resulting in increased hypercoagulability,
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despite being on thromboprophylaxis.®” Therefore, it can
be inferred that some conditions might require higher or
therapeutic doses of anticoagulants. Intermediate doses of
therapeutic anticoagulants are estimated to decrease mor-
tality in critically ill patients.**** It is recommended that
all hospitalized patients with COVID-19 should be started
on prophylactic doses of UFH/LMWH unless contraindi-
cated. However, some conditions necessitate therapeutic
doses of anticoagulants, which include: (1) intubated pa-
tients with sudden clinical and laboratory findings sugges-
tive of PE; (2) patients with any signs of thrombosis, such
as acral ischemia and thrombophlebitis; and (3) patients
with respiratory failure, ARDS, and suspected micro-
thrombosis, especially those with elevated D-dimer and
fibrinogen levels.'?

In hospitalized patients with COVID-19, therapeutic
doses of anticoagulants may involve administering 0.5mg/
kg of enoxaparin subcutaneously (s.c.) twice daily, heparin
7500 units s.c. three times daily, or via continuous heparin
infusion. It is better to de-escalate the anticoagulant dose in
patients when they get better and are transferred out of the
ICU. In pregnancy, especially in the third trimester, inter-
mediate doses of anticoagulants are often recommended by
the American College of Obstetricians and Gynecologists.”
Finally, whether to use prophylactic or therapeutic doses of
anticoagulants should be made individually.

ANTICOAGULATION IN SPECIAL
POPULATIONS

Obesity

It is well-recognized that obesity (body mass index [BMI]
>30kg/m?) is a significant risk factor for mortality in
patients with COVID-19. Apart from the difference in
prophylactic and therapeutic doses of anticoagulants, it
should be noted that in obese individuals, weight-based
dosing is the best strategy.”’ In hospitalized cases with
obesity (BMI 30kg/m?) or morbid obesity (BMI 40kg/m?),
intermediate-dose or weight-adjusted LMWH as a throm-
boprophylaxis regimen should be taken into considera-
tion (Table 3).”” However, DOACs with weight-adjusted
dosing are good options in outpatient settings.98

Renal impairment

In hospitalized patients with COVID-19 with renal im-
pairment, a lower dose of LMWH (50IU/kg daily of
anti-Xa) can be administered to those with an estimated
glomerular filtration rate (eGFR) less than 30mL/min.
However, in patients undergoing continuous veno-venous

ASCPT

hemofiltration or extracorporeal membrane oxygenation,
UFH infusion is recommended. In brief, UFH is preferred
over LMWH in patients with AKI or an eGFR of 15-
30mL/min. However, danaparoid, argatroban, or bivalir-
udin can be the UFH alternatives, with dose adjustment.99
On the other hand, warfarin is preferred over DOACs in
renal failure for outpatients with ongoing anticoagulation.
Nonetheless, at an eGFR of 15-30 mL/min, apixaban may
be harmless due to being partially excretable via dialy-
sis, but it is better to avoid DOACSs at an eGFR less than
15mL/min or in patients with ESRD.

Pregnancy

Pregnancy per se is accompanied by an increased risk
of thromboembolic complications, such as VTE and PE.
Thus, SARS-CoV-2-infected pregnant women should be
started on anticoagulants unless the bleeding risk is high
and labor is expected to occur within 12h.*° The clinical
recommendations for the use of anticoagulants in this
special population and the other ones have been stated in
Table 3.

Pediatrics

Children and adolescents rarely develop severe forms of
COVID-19. Therefore, hospitalization and anticoagula-
tion therapy are seldom necessary for this population.
However, thromboprophylaxis seems reasonable in severe
cases, such as multisystem inflammatory syndrome, due
to the increased risk of thromboembolic complications.'®
In hospitalized children with significantly increased
D-dimers (>5 times ULN), standard dose thrombo-
prophylaxis with LMWH or UFH is recommended.”
Nevertheless, in critically ill patients with high D-dimers,
ferritin, and CRP, intermediate to therapeutic doses of an-
ticoagulants are favored, along with extending thrombo-
prophylaxis to 30 days post-discharge.'™*

DURATION OF THE
ANTICOAGULATION THERAPY

There has been a question of whether thromboprophy-
laxis should be continued after hospital discharge and, if
yes, for how long. Not all SARS-CoV-2-infected patients
necessarily need thromboprophylaxis beyond the time of
hospital discharge. However, continuing anticoagulation
may be reasonable in patients with ongoing thrombo-
embolic risk factors. In patients with moderate to severe
SARS-CoV-2 infections and ongoing thromboembolic
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TABLE 3 Clinical recommendations for the use of anticoagulants in special populations infected with COVID-19.

Special population Recommendations and dosage

Obesity (BMI >30kg/m?)
or morbid obesity
(BMI >40kg/m?)

Renal impairment

When hospitalized, intermediate-dose or weight-adjusted LMWH as a
thromboprophylaxis regimen should be considered.

When CrCl <30mL/min or acute kidney injury occurred, 5000 units of UFH

Study or guideline
(year)

Spyropoulos et al.
(2020)*

OBE et al. (2020)*

subcutaneously two or three times a day or low-dose LMWH should be

considered.

Pregnant women Antepartum evaluation
» Non-hospitalized

a. Hydration and activity.

RCOG (2022)*

b. Prophylactic LMWH should be continued for 7-14 days after recovery if the

VTE risk score is >3.
+ Hospitalized

a. When admitted, thromboprophylaxis must be initiated unless it is contrain-
dicated or a pregnancy is anticipated within 24 h.

b. When on high-flow oxygen, CPAP, non-invasive/invasive ventilation, a
thromboprophylaxis dose of LMWH should be initiated.

Postpartum evaluation

a. After birth, evaluate the risk of VTE.

b. For those who have a confirmed COVID-19 infection, LMWH prophylaxis for

10days is advised.

Antepartum evaluation

NIH (2022)%

a. If there are no contraindications, continuation of anticoagulant or antiplatelet

medication for underlying disorders should be considered.
b. When admitted with confirmed COVID-19, initiation of prophylactic-dose

anticoagulation should be considered.

c. Pregnant individuals are not often advised to get post-discharge
thromboprophylaxis; instead, specific recommendations are made based on

coexisting VTE risk factors.
Postpartum evaluation

a. Those who need VTE prevention or treatment should get anticoagulant

medication.

Pediatrics

When hospitalized with significantly increased D-dimer or superimposed
clinical risk factors for hospital-related VTE, initiation of low-dose LMWH

Goldenberg et al.
(2020)*°

subcutaneously twice a day should be considered.

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease 2019; CPAP, continuous positive airway pressure; CrCl, creatinine clearance; LMWH,
low-molecular-weight heparin; NIH, National Institute of Health; RCOG, Royal College of Obstetricians and Gynecologists; UFH, unfractionated heparin;

VTE, venous thromboembolism.

risk factors, prophylaxis is recommended for a limited
period (e.g., for at least 10days or upon complete recov-
ery). Conversely, for critically ill patients with COVID-19,
prolonged thromboprophylaxis with UFH or LMWH is
recommended until a full recovery has been made, or
at least until they are fully mobile.'”> The NIH recom-
mends using one of these criteria to recognize patients
with an ongoing need for post-discharge anticoagulation:
(1) modified International Medical Prevention Registry
on Venous Thromboembolism (IMPROVE) VTE (MIV)
score (Table 4) greater than or equal to 4; (2) MIV greater
than 2 with a D-dimer greater than two times the ULN; (3)
age greater than or equal to 75years old; (4) age greater
than 60years, with a D-dimer greater than two times the

ULN, and (5) age 40-60years with a D-dimer greater than
two times the ULN and a history of VTE or diagnosed
malignancy.**

In pregnant patients with COVID-19 with severe man-
ifestations but without thromboembolic complications,
anticoagulation is recommended for at least 10-42days
post-discharge.”® In patients who have developed sig-
nificant thromboembolic events, such as VTE or PTE,
it is recommended to continue anticoagulation for at
least 3months following the discharge.” In significant
thromboembolic events where extended anticoagulation
is needed, the preference should be oral anticoagulant
agents, such as rivaroxaban, or once-daily i.v. agents, such
as enoxaparin.”
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TABLE 4 Modified IMPROVE VTE (MIV) risk score.!%

VTE risk factor VTE risk score

Previous VTE

Known thrombophillia®

Current lower limb paralysis or paresisb
History of malignancy®

ICU/CCU admission

Complete immobilization >1 day

== =N NN W

Age > 60years

Abbreviations: CCU, cardiac care unit; ICU, intensive care unit; IMPROVE,
International Medical Prevention Registry on Venous Thromboembolism;
NIH, National Institutes of Health; VTE, venous thromboembolism.

A congenital or acquired condition that causes the risk of excessive
thrombosis (e.g., factor C/S deficiency, lupus anticoagulant, and Leiden
Factor V).

PFeet falls into bed 55 but has an effort against gravity (taken from the NTH
stroke scale).

“Malignancy (not including non-melanoma skin cancer) at any time in the
past 5years (malignancy must be in remission to meet eligibility criteria).
dImmobilization is limited to beds or chairs with or without bathroom
privileges.

IS THERE A PROBABILITY

OF THROMBOEMBOLIC
CONSEQUENCES, DESPITE
APPROPRIATELY DOSED THROM
BOPROPHYLAXIS?

In the current pandemic, it has become evident that even
intermediate-to-high doses of thromboprophylaxis may
not prevent thromboembolic events in some patients
with COVID-19, especially among critically ill patients.”
Furthermore, laboratory reports indicate that critically
ill patients with COVID-19 might have hypercoagulable
profiles, despite being on therapeutic doses of anticoagu-
lants.”® Many studies reported SARS-CoV-2-infected pa-
tients developing thromboembolic events, despite being
on adequate anticoagulant doses.'®'*® The reasons be-
hind this condition might be the activation of different
underlying prothrombotic and inflammatory pathways
that cannot be inhibited entirely, despite high doses of an-
ticoagulants.'®*'%” Moreover, ethnicity could be another
critical risk factor, as the African-American population is
more prone to thromboembolic events than other ethnici-
ties. Therefore, the usual doses of anticoagulants may not
suffice in these patients.'%"11

ADVERSE EVENTS FOLLOWING
ANTICOAGULATION THERAPY

Compared with prophylactic doses, therapeutic-dose of
anticoagulants may have more adverse events, such as

ASCPT

major bleeding.”® This adverse event is more prevalent in
older patients with a more severe infection, recent trauma
or surgery history, and being hospitalized longer.'"
Hemorrhagic complications occur more commonly with
DOACs because they have longer half-lives, and their
elimination takes longer."'? HIT is another complication
of heparin therapy, resulting from the production of anti-
platelet factor 4 (PF4) antibodies.'!?

LABORATORY MONITORING

The laboratory tests for anticoagulant monitoring in-
clude aPTT for UFH and anti-Xa levels for LMWH.
However, LMWH has an advantage over UFH among
heparin derivatives because frequent laboratory mon-
itoring is not required due to the low risk of bleeding
or thrombosis.''* Although it is clear that the dose of
UFH should be monitored in patients on long-term
anticoagulant therapy, this coagulation index may
not be reliable among patients with COVID-19 be-
cause these patients may have baseline aPTT abnor-
malities.'’> Nevertheless, despite the unreliability
in patients with COVID-19, aPTT is often used as a
monitoring tool because it is widely available. This
raises the question of whether follow-up strategies
are required in hospitalized patients with COVID-19
receiving UFH or LMWH. It is suggested that daily
monitoring of anti-Xa levels be performed in ICU-
admitted patients while monitoring one or two times a
week seems sufficient for patients not admitted to the
ICU.1°? Furthermore, in patients with documented
heparin resistance (e.g., the need for >35,000units
of heparin per 24h, according to their aPTT levels),
anti-Xa assay is preferred over aPTT for monitoring
the therapeutic doses of UFH.

CONCLUSION

The severe hypercoagulability observed in patients
with COVID-19 has been estimated to account for
most cases where the disease reaches a critical phase.
Therefore, anticoagulants seem to remain one of the es-
sential therapeutics for this potentially life-threatening
condition. Thus, choosing a suitable anticoagulant and
the appropriate dosage is vitally important. The main
pathways of COVID-19-induced hypercoagulation in-
clude (1) inflammatory state and elevated cytokines
levels and (2) virus-specific mechanisms. COVID-19-
related CSS plays a role in the coagulation system acti-
vation and hypercoagulation. Moreover, cytokines like
IL-1, IL-6, and TNF-« all can lead to overexpression of
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TF and, in contrast, reduce the expression of important
natural anticoagulants like protein C and antithrom-
bin. It has been demonstrated that viral engagement
of ACE2 reduces its expression and activates the RAS,
which is responsible for promoting platelet adhesion
and aggregation. PAI-1 rose after SARS-CoV-2 infec-
tion, which shows a probable direct effect of infection
on the expression of anticoagulant agents. Finally, the
endothelial cells’ damage could also activate NETosis,
which produces a link between inflammation, coagu-
lation and thrombosis on both localized and systemic
levels.
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