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ABSTRACT

Although primarily affecting the respiratory system,
COVID-19 causes multiple organ damage. One of its grave
consequences is a prothrombotic state that manifests

as thrombotic, microthrombotic and thromboembolic
events. Therefore, understanding the effect of antiplatelet
and anticoagulation therapy in the context of COVID-19
treatment is important. The aim of this rapid review was to
highlight the role of thrombosis in COVID-19 and to provide
new insights on the use of antithrombotic therapy in its
management. A rapid systematic review was performed
using preferred reporting items for systematic reviews.
Papers published in English on antithrombotic agent

use and COVID-19 complications were eligible. Results
showed that the use of anticoagulants increased survival
and reduced thromboembolic events in patients. However,
despite the use of anticoagulants, patients still suffered
thrombotic events likely due to heparin resistance. Data on
antiplatelet use in combination with anticoagulants in the
setting of COVID-19 are quite scarce. Current side effects
of anticoagulation therapy emphasise the need to update
treatment guidelines. In this rapid review, we address a
possible modulatory role of antiplatelet and anticoagulant
combination against COVID-19 pathogenesis. This
combination may be an effective form of adjuvant therapy
against COVID-19 infection. However, further studies are
needed to elucidate potential risks and benefits associated
with this combination.

INTRODUCTION
Coronaviruses are a major cause of public
health concern due to their highly infec-
tious nature and propensity to cause acute
outbreaks as portrayed historically by
severe acute respiratory syndrome (SARS)
and Middle East respiratory syndrome.' *
COVID-19 proves to be no exception. As of 3
December 2020, there have been more than
60million confirmed cases and more than
1.4million deaths worldwide related to
COVID-19 according to the latest report by
the WHO.?

Although primarily affecting the respi-
ratory system, COVID-19 causes multiple
organ damage. After transmission via droplet

%° Georges Ghanem'

inhalation, the virus (SARS-CoV-2) propa-
gates within the respiratory tract and attaches
to the lung epithelium via ACE2 expressed
on the cell’s surface.” ° Successful contain-
ment of the infection by the immune system
is essential for viral eradication and disease
resolution. However, some patients develop
a maladaptive immune response against the
virus marked by hypercytokinaemia (cyto-
kine storm), resulting in constant viral shed-
ding and progression to advanced disease.’
Extrapulmonary manifestations of severe
COVID-19 involve complications related
to the heart, kidney, bladder, oesophagus
and ileum due to elevated ACE2 expression
within these organs.”

COVID-19-associated ~ thrombosis  and
coagulopathy are a major cause of morbidity
and mortality in affected patients with the
underlying mechanisms incompletely under-
stood. The disease itself causes a hypercoagu-
lable state by altering the natural balance of
circulating prothrombotic factors in severe
infections.® ¥ Moreover, hyperviscosity was
demonstrated in a series of 15 critically ill
patients wherein plasma viscosity as assessed
by capillary viscometry was elevated.'’ Endo-
thelial dysfunction may be the common
pathophysiological ~ process  underlying
these complications, as SARS-CoV-2 exhibits
tropism towards the endothelial tissue and
previous coronaviruses have been implicated
in endothelial dysfunction as well.*" Endo-
thelial cells play a vital role in maintaining
homeostasis by secreting factors that regu-
late blood flow, vascular tone, coagulation
and vessel wall inflammation."" Disruption
of normal endothelial function results in an
imbalance which favours a proinflammatory
and procoagulant state.'? Infection of endo-
thelial cells by SARS-CoV-2 through ACE2
results in the internalisation and downreg-
ulation of this receptor, which prevents its
normal functioning. The end result of this
downregulation would be an increase in
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prothrombotic signalling due to the accumulation of
angiotensin IL"”" SARS-CoV-2 further leads to the acti-
vation of the complement system, primarily through
the lectin pathway, resulting in endothelial injury and
the production of more prothrombotic factors."* ™ It is
through these diverse and interconnected systems that
COVID-19 favours a prothrombotic environment which
clinically manifests as thromboembolic and microthrom-
botic phenomena.'”

Although further studies are required to fully under-
stand COVID-19 aetiology, coagulopathy appears to
be linked to its severe manifestations and complica-
tions."® 7 A model wherein endothelial dysfunction
provides adequate explanation for COVID-19’s diverse
clinical manifestations and guides future endeavours in
treatment and patient management is needed."® Conse-
quently, it is vital to address antiplatelet and anticoagula-
tion therapy in this context. The aims of this rapid review
were to highlight the role of thrombosis in COVID-19
and to provide new insight regarding the use of anti-
thrombotic therapy in its management.

METHODS

This review was performed using a rapid review method-
ology in which the steps of a systematic review are stream-
lined or accelerated to produce evidence in a shortened
time frame." A comprehensive systematic literature
search was conducted to examine the possible use of
anticoagulation and antiplatelet therapies in reducing
thrombotic events associated with COVID-19. Four
major databases were searched: Ovid MEDLINE, Web of
Science, PubMed and Google Scholar from March 2020
until January 2021. The following combination of key
terms were employed: combination 1: “COVID-19” OR
“SARS” AND “platelet aggregation inhibitors” AND “anti-
coagulants”; combination 2: “COVID-19”7 OR “SARS”
AND “anticoagulants” OR “platelet aggregation inhibi-
tors”. Moreover, bibliographies of relevant studies were
hand-searched.

Studies included were in English and had clearly
defined outcomes such as patient mortality, survival rates
and thrombotic status. Studies without a clearly defined
untreated control group and that did not clearly define
whether antithrombotic treatment was administered
before or after COVID-19 infection or if it was admin-
istered as a treatment for any other comorbidity were
excluded. Also, studies with a primary endpoint other
than mortality and/or the development of thrombotic
or thromboembolic events were excluded. Review arti-
cles, case reports, case series, commentaries and short
communications were not included. One author (RF)
performed title/abstract screening and data extraction.
Astringent examination of study methods was performed
before data extraction to ensure the quality of each study
and the applicability of all eligibility criteria. Discrepan-
cies regarding the inclusion or exclusion of articles were

1577 articles identified via
database and bibliography search
12 Ovid Medline
323 PubMed
417 Web of science
820 Google Scholar
5 from bibliographic research

Excluded: 1,486
articles after abstract and title
screening and deduplication

\ 4

Y

91 eligible articles for full text
screening

Excluded: 79 articles after full text
review for not meeting eligibility
criteria

\ 4

Y

12 relevant articles included in
review

Study flowchart.

Figure 1

resolved by discussion between authors (KM, RF and CC)
until consensus was reached.

A data extraction form was developed and piloted and
then used to extract study details, antithrombotic ther-
apies used, and complications and outcomes. Extracted
data for each source document were verified by a second
author (CC), and any discrepancies found in the verifica-
tion stage were adjudicated by a third author (KM).

RESULTS

Results from databases and bibliographical search yielded
1577 articles (figure 1). After title and abstract screening,
deduplication and full-text assessment, 12 articles met
the inclusion criteria. Study characteristics of the papers
included in this review can be found in online supple-
mental table 1.

Antithrombotic therapy and mortality

Nadkarni et al investigated the impact of prophylactic
and therapeutic dose heparin or direct oral anticoagu-
lants on the mortality of 2859 patients with COVID-19 as
compared with 1530 non-anticoagulant users in USA.*
Based on the analysis, it was evident that all patients
treated with an anticoagulant had a reduced mortality
when compared with those not treated. Both prophy-
lactic and therapeutic regimens (HR 0.53, 95% CI 0.45
to 0.62, p<0.001) significantly reduced patient mortality
compared with non- anticoagulant-treated patients, with
therapeutic dose anticoagulant (HR 0.50, 95% CI 0.45 to
0.57,p<0.001) being associated with a slightly reduced
hazard of mortality when compared with prophylactic
dose anticoagulant.”” Interestingly, when compared with
non-anticoagulant users, the incidence of intubation was
reduced in both prophylactic (HR 0.72, 95% CI 0.58 to
0.89, p=0.003) and therapeutic (HR 0.69, 95% CI 0.51
to 0.94, p=0.02) anticoagulants and subgroups.”’ These
findings were corroborated by Ayerbe et al, who found
that heparin administration in 1734 Spanish patients was
associated with a statistically significant decreased risk
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of mortality among patients with COVID- 19 (age and
gender adjusted OR 0.55, 95% CI 0.37 to 0.82,p=0.003).
This association remained significant even after adjust-
ment for patient fever (>37°C) and oxygen saturation
(levels<90%) (OR 0.54, 95% CI 0.36 to 0.82,p=0.003).
The protective association between heparin and mortality
was also independent of antiviral and adjunct treatment
regimens (OR 0.42, 95%CI 0.26 to 0.66,p<0.001).*"
However, no data were provided whether heparin was
therapeutic or prophylactic.*’ To add, by retrospectively
comparing the mortality of 611 patients in Spanish hospi-
tals treated with different doses of low-molecular-weight
heparin (LMWH) with those not receiving any anticoag-
ulant treatment, Gonzalez-Porras el al reported a major
advantage of high-dose prophylactic LMWH in reducing
mortality when compared with low-dose prophylactic
LMWH treatment and to the complete absence of treat-
ment.”? Absence of anticoagulant treatment led to a
sixfold increase in patient mortality when compared with
high-dose LMWH (OR 6.2, 95% CI 2.6 to 14.6), and treat-
ment with low-dose LMWH was associated with a twofold
increase in patient mortality when compared with high-
dose LMWH (OR 2.0, 95% CI 1.1 to 3.6).** Bousquet et
al reported a 4.2-fold increase in mortality in patients
not treated with anticoagulant (HR 4.20, 95% CI 1.36
to 12.9), by reference to those on therapeutic doses and
prophylactic treatment increases patient mortality 1.2-
fold when compared with therapeutic doses (HR 1.20,
95% C1 0.43 to 3.31).%

On the other hand, Tang et al reported that heparin
did not reduce mortality in 99 patients receiving ther-
apeutic anticoagulant treatment compared with the
non-anticoagulant group (n=350; 30.3% vs 29.7%, respec-
tively; p=0.910) at a Chinese hospital. This observation
was seen regardless of underlying comorbidities such as
diabetes, hypertension or heart disease.** Investigations
were also done to assess the change in risk of mortality on
treatment with heparin among patients suffering from
severe sepsis-induced coagulopathy (SIC) and patients
at high risk of developing thrombotic events given their
elevated D-dimer levels (>3.0 pg/mL). Patients receiving
therapeutic dose heparin exhibited a decrease in
mortality when compared with their matched controls.
Patients on anticoagulants having an SIC score of 24
experienced a 40.0% mortality compared with 64.2%
mortality in non-anticoagulant controls (p=0.029), while
patients suffering from D-dimer elevation experienced
a 32.8% mortality compared with 52.4% mortality in
non-AC controls (p=0.017).** Similarly, Russo e al inves-
tigated the effect of antiplatelets (acetylsalicylic acid
and P2yl2 inhibitor) and anticoagulants (non-vitamin K
anticoagulant and vitamin K anticoagulant) on mortality
of patients and on development of acute respiratory
distress syndrome (ARDS) secondary to COVID-19 infec-
tion in 192 patients with COVID-19 admitted to Italian
hospitals.” They reported that regardless of antithrom-
botic therapy type, mortality remain unchanged. Simi-
larly, there was no change in ARDS outcome in treated

patients with COVID-19.” Patients in this study were
not put on antiplatelet and anticoagulant combination
therapy; therefore, the synergistic effect of these thera-
pies could not be analysed.”

Antithrombotic therapy and thrombotic events
Thromboembolic events, namely, deep vein thrombosis
(DVT) and pulmonary embolisms (PEs), are involved in
COVID-19 pathology. Available data indicate the pres-
ence of an association between thromboembolic events
and higher patient mortality.”® Li et al investigated the
possible therapeutic value of anticoagulants (heparin,
novel oral anticoagulant and warfarin) administered
orally or parenterally’” among 1125 patients admitted to a
Chinese hospital. Results showed that the administration
of oral or parenteral anticoagulant successfully reduced
the risk of venous thrombosis in 249 treated patients when
compared with those not treated (p<0.01). Moreover, only
heparin significantly reduced the risk of thromboembo-
lism, bleeding and mortality as a composite outcome (HR
0.70, 95%CI 0.51 to 0.95, p=0.02). However, heparin
use was not associated with mortality but was associated
with a borderline reduction in thromboembolism and
bleeding (HR 0.36, 95% CI 0.13 to 1.01, p=0.053). These
observed effects were independent of COVID-19 infec-
tion severity, presence of comorbidities, surgery, antiviral
drugs, immunomodulators, Chinese herb use and anti-
platelet medication (aspirin and clopidogrel) 27 Fauvel et
al described the benefit of administering prophylactic or
therapeutic doses of heparin in reducing the incidence of
PE by assessing 1240 patients with COVID-19 admitted to
multiple French hospitals. Therapeutic dose heparin was
associated with a decreased risk of PE (OR 0.87, 95% CI
0.82 to 0.92, p<0.001), and prophylactic dose was also
associated with a decreased risk of PE (OR 0.83, 95% CI
0.79 to 0.85, p<0.001).* It was evident that the incidence
of PE in patients with COVID-19 was also associated with
higher levels of C reactive protein (OR 1.03, 95% CI 1.01
to 1.04, p=0.001).*®

Helms et al investigated the possible benefit of thera-
peutic and prophylactic dose heparin in 150 patients with
COVID-19 in two French hospitals and suffering from
ARDS and presenting with elevated fibrinogen levels and
systemic inflammation.” These patients were matched to
patients without COVID-19 ARDS to compare the occur-
rence of thromboembolic complications and PE in the
two groups. Contrary to previous findings, it was evident
that despite prophylactic or therapeutic anticoagulation
with heparin, patients suffering from COVID-19 ARDS
were more likely to develop thromboembolic complica-
tions (OR 2.6, 95% CI 1.1 to 6.1, p=0.04) and PEs (OR
6.2, 95% CI 1.6 to 23.4, p=0.01) when compared with
controls without nCOVID-19 ARDS.? Moreover, D-dimer
levels were higher in patients with COVID-19 ARDS by
a mean 4.5-fold increase than in patients with without
COVID-19 (p<0.001).*
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Antiplatelet use

The use of antiplatelets has also shown benefit among
patients with COVID-19, especially in alleviating respira-
tory symptoms.” In a case—control study conducted in
Italy, five patients presenting with more than a threefold
increase in D-dimer levels were placed on fondaparinux
and an antiplatelet therapy regimen (aspirin and/or
clopidogrel and a continuous infusion of tirofiban),
while controls received standard prophylactic heparin
infusions only. Treatment with antiplatelets progressively
decreased alveolar-arterial O, gradient by 138 (49) mm
Hg (p=0.005) and progressively increased PAO,/FIO,
by 108 (57) mm Hg (p=0.037) during the 7-day obser-
vation period. To add, C reactive protein levels were
reduced from 62mg/dL at baseline to 28mg/dL in
response to treatment after 7days (p=0.044), thus indi-
cating a possible role of combined antiplatelet therapy
in reducing endothelial inflammation.* However, the
small sample size of this study does not allow drawing
of valid inferences, and more studies with higher power
are warranted. Moreover, a retrospective cohort study
conducted by Chow et al’' revealed that patients who had
received aspirin within 24 hours of hospital admission had
decreased rates of mechanical ventilation (adjusted HR
0.56, 95% CI 0.37 to 0.85, p=0.007), intensive care unit
(ICU) admission (adjusted HR 0.57, 95% CI 0.38 to 0.85,
p=0.005) and in-hospital mortality (adjusted HR 0.53,
95% CI 0.31 to 0.90, p=0.02). No significant difference
was observed between patients who received aspirin and
those who did not, in terms of major bleeding (p=0.69)
or overt thrombosis (p:O.82).3l In addition, a retrospec-
tive study among 42 patients admitted to the ICU with
COVID-19 and who received full dose or prophylactic
dose of anticoagulation along with aspirin reported no
increase in major bleeds.*

DISCUSSION

Amid the COVID-19 pandemic, treatment guidelines
for physicians remain inconsistent. An important aspect
of COVID-19 progression is the development of coag-
ulopathy, which necessitates the adoption of proper
antithrombosis treatment plans that could be adminis-
tered to patients suffering from mild and moderate to
severe diseases. With current guidelines emphasising the
importance of thromboprophylaxis in both high-risk and
low-risk patients with COVID-19, it has become impera-
tive to assess the efficacy and proper prescription of such
treatments.”>™ Overall, the use of anticoagulants has
shown an increased survival and reduction in thrombo-
embolic events in patients undergoing treatment when
compared with untreated controls. Heparin, whether
unfractionated heparin (UFH) or LMWH, was the most
common choice of anticoagulant for the management
of COVID-19-associated thrombotic events. On the
whole, combined antiplatelet and anticoagulant therapy
increased patient survival and alleviated respiratory symp-
toms secondary to PE, which indicates an advantage for

combination therapy over antiplatelet or anticoagulant
therapy alone.”

Prophylactic versus therapeutic anticoagulants

Clinically, when prescribing anticoagulant regimens,
physicians attempt to achieve a balance between healthy
blood coagulation and bleeding risk. This balance is
contested in COVID-19 as multiple patients develop a
hypercoagulable state despite anticoagulation use. The
available data indicate that anticoagulation presents
patients with a clear advantage over absence of antico-
agulation, regardless of minor bleeding risk that accom-
panies the treatment.”*?* %" # Thus far, early results of
randomised controlled clinical trials on ideal anticoag-
ulant regimen across disease severity in COVID-19 19
have been generated. According to press releases and
preprint publications by the multiplatform collaborative
clinical trial (ACTIV-4a (NCT04505774), REMAP-CAP
(NCT02735707), ATTACC (NCT04372589)), the prelim-
inary results seem to be conflicting across diseases
severity.”® ¥ In moderately ill patients, therapeutic
anticoagulation seems to be the preferred regimen.™.
Although there was no difference in hospital survival,
standard prophylactic dosing is preferred due to more
organ support-free days defined as a composite of death,
the number of days free of respiratory organ support
and cardiovascular organ support, as well as less major
bleeding.*” Similar findings in critically ill patients have
also been published in the INSPIRATION trial that
showed no benefit of intermediate doses of anticoagula-
tion compared with prophylactic doses in terms of the
composite endpoint of venous or arterial thrombosis,
treatment with extracorporeal membrane oxygenation
or mortality within 30 days. Less major bleeding was also
noted in the prophylactic dose arm.”® Moreover, thera-
peutic dose anticoagulation seems to reduce endothelial
cell lesion (p=0.02), which could also reduce the throm-
boembolic risk of COVID-19, suggesting another thera-
peutic target for anticoagulants.gg

Bleeding events

Current evidence on the risk of increased bleeding
events in patients with COVID-19 receiving therapeutic
or prophylactic anticoagulant treatment remains incon-
clusive. In this context, some data suggest that bleeding
events increase in patients placed on antithrombotic
therapy especially when comparing high-dose therapies
to lower doses (p<0.003).20 240 However, other studies
indicated lower bleeding incidents in patients treated
with therapeutic or prophylactic dose anticoagulant
when compared with non-users.”* # This necessitates
further assessment to ascertain whether bleeding risk due
to anticoagulant use outweighs the benefits.

G reactive protein

Knowing that C reactive proteins play an important role
in activating the blood complement system and that
the latter in turn can mediate coagulation increased C
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reactive protein levels reported in patients with COVID-19
might reflect increased levels of systemic coagulopathy,
along with increased inflammatory responses that could
be attributed to endothelial dysfunction.” *** ** Comple-
ment activation has been well reported in patients with
COVID-19, but its root causes remain to be properly
delineated.*™*

Heparin resistance

A possible explanation for the failure of heparin to
properly inhibit or reduce coagulation in patients with
COVID-19 could be the development of heparin resist-
ance in a select group of patients suffering from aggra-
vated disease status. Patients prone to heparin resistance
commonly present with a deficiency in antithrombin III,
increased fibrinogen and D-dimer level.* *” Both fibrin-
ogen levels and D-dimer levels have been shown to be
elevated in patients with COVID-19, especially in severe
cases that develop thromboembolic complications and
only respond to higher doses of antithrombotic treat-
ment.” 272 2930849 Aqditionally, heparin resistance has
been reported in patients with COVID-19."°! and could
therefore explain the failure of antithrombotic therapies
in some patients in reducing coagulopathy. The admin-
istration of antithrombin III proved useful in abolishing
heparin resistance in patients who underwent cardiac
surgery and could therefore possibly benefit patients with
COVID-19.*” The impact of heparin resistance should be
assessed in patients with COVID-19 to identify whether it
only affects a few isolated cases or it is actually a key player
in the COVID-19-induced coagulopathy.

D-dimers

When a blood clot is dissolved, D-dimers are dissemi-
nated in the blood as a biproduct of coagulated platelet
breakdown.” Given that coagulopathy is not uncommon
in patients with COVID-19, it is expected that D-dimer
levels might play an important role in diagnosis or moni-
toring of patients. Current studies observed elevated
D-dimer levels in patients with COVID-19, ranging from a
2.5-fold to a 6.0-fold increase, with these increased levels
predicting mortality and the development of throm-
boembolic events in patients.”*** * % * Yet, there is no
consensus on a specific cut-off level which can accu-
rately predict disease course, mortality or response to
antithrombotic therapy. Mouhat et al suggested the use
of 2590ng/mL as threshold level which corresponds to
a =5-fold increase in normal D-dimer level.”> This 5-fold
increase was associated with a 17-fold increase in the
incidence of PE among patients (OR 16.9, 95% CI 6.3
to 45.0, p<0.001).”* Similarly, Ventura-Diaz et al reported
that a 5.5-fold increase in D-dimer level could predict the
occurrence of PE with 81% sensitivity and 59% specificity
(p<0.001),”* while Ooi et al examined a larger sample
of 974 patients and reported that a 4.5-fold increase in
D-dimer level would predict the occurrence of PE with a
72% sensitivity and a 74% specificity.* Moreover, patients
presenting with increased D-dimer levels equivalent to

more than fourfolds the normal level exhibit a higher
mortality risk when compared with their counterparts,
who present with lower levels (OR 10.17, 95% CI 1.10 to
94.38, p=0.041).” These findings were corroborated by
Zhang et al, who had similar findings and showed that
D-dimer levels 24 times the normal level could predict
mortality with 92.3% sensitivity and 83.3%. specificity (HR
51.5, 95% CI 12.9 to 206.7, p<0.001).”° Further research
on possible explanations for anticoagulant treatment
failure in some patient subgroups is warranted.** Collec-
tively, these preliminary findings indicate the possible use
of D-dimers to guide treatment regimens and to establish
different patient subgroups that should receive person-
alised treatment. However, the use of D-dimer in clinical
settings as a stand-alone marker for COVID-19 throm-
bosis does not seem practical, as a clear cut-off value
cannot be easily established since sensitivity of the test is
compromised with age.””*®

Arterial thrombotic events

Apart from the venous thrombotic and thromboem-
bolic events, there are also reports of arterial throm-
bosis including stroke, myocardial infarction, acute limb
ischemia, aortic thrombosis and splenic infarcts.”™
Microvascular thrombosis also is present in COVID-19
disease. Autopsies done on patients who died from
COVID-19 infection demonstrated microvascular throm-
bosis in the lungs. The mechanism of development of this
entity is unclear and is thought to be multifactorial.®**

Guideline recommendations

Guidance on the treatment of COVID-19-associated
hypercoagulability has been provided by several interna-
tional organisations.” *~% For outpatients with COVID-19
infection, it is not recommended to initiate anticoagulant
and antiplatelet therapy for prevention of venous throm-
boembolism or arterial thrombosis unless other indica-
tions are present.70 However, there is general agreement
that thromboprophylaxis should be administered to all
patients hospitalised with COVID-19 infection with the
prophylactic dose anticoagulation being the backbone
of the antithrombotic therapy.** "° Nevertheless, there
exist some variations concerning the recommended
dosages, duration of treatment and optimal agent. Some
societies recommend intermediate dose anticoagula-
tion (eg, enoxaparin 0.5mg/kg two times per day or
40mg two times per day or intravenous UFH to achieve
antifactor Xa level of 0.3-0.7 units/mL) in a specific
subgroup of patients considered at high risk of throm-
botic events, whereas others recommend against it.** %!
In addition, extended thromboprophylaxis even after
patient discharge can be considered in patients at high
thrombotic and low bleeding risk.** ™ The optimal anti-
coagulant agent is yet to be determined. Currently, most
societies recommend the use of LMWH and UFH as first-
line agents for inpatient management of these patients,
whereas others recommend the use fondaparinux in addi-
tion to the previously mentioned agents.** "' However, the
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use of antiplatelet alone for thromboprophylaxis is not
recommended.* When pharmacological anticoagulation
is contraindicated, it is recommended to use mechanical
thromboprophylaxis.**

Commentary

Coagulation is a highly well-organised procedure that
involves the interaction of endothelial cells, platelets and
coagulation factors.”” Under physiological conditions,
platelets circulate without adhering to intact and inactive
endothelia. COVID-19 infection was shown to be highly
associated with endothelial dysfunction.”” Thus, when
endothelial activation and dysfunction occur, disruption
of vascular integrity and endothelial cell apoptosis results
in exposure of the thrombogenic basement membrane
and activation of the clotting cascade by displaying von
Willebrand factor, P-selectin and fibrinogen, onto which
activated platelets bind and play their primary role in
thrombosis.” 7" Those activated platelets also produce
VEGF, which induces endothelial cells to express the tissue
factor, the main activator of the coagulation cascade. The
coagulation pathway is also activated when the blood
vessels are injured. The transfer of microthrombi into
the systemic circulation increases the risk of development
of DVT.” Even though the underlying mechanisms of
thrombosis in COVID-19 are incompletely understood,
the major contributors of damage are caused by endothe-
lial injury and hypercoagulability.””*’ So far, anticoagula-
tion was associated with better outcomes in patients with
COVID-19 with many societies recommending its use
as part of the treatment in most patients with COVID-
19.2** However, these results were not consistent among
all studies, with some reporting no added value** * and
others reporting the occurrence of thrombotic events on
anticoagulation.”” °' Recently, increased interest in the
use antiplatelets has surfaced for treating and preventing
thrombotic events wherein there has been some benefit
associated with aspirin use.”’ The dual effect of anti-
platelet and anticoagulant therapy on COVID-19-induced
platelet thrombosis and hypercoagulability, respectively,
may result in a synergistic and superior outcome than the
use of either medication alone; especially considering
that thrombotic manifestations of COVID-19 are heter-
ogenous since they arise from several pathological mech-
anisms occurring simultaneously. Using a drug combina-
tion is not unheard of as it has already been studied in
patients with acute coronary syndrome.®!

High-quality data to guide the optimal strategy for
antithrombotic therapy in patients with COVID-19 are
unavailable; enrolment in randomised controlled trials
(RCTs) is encouraged and needed to refine guidelines
and optimise patient care.* * Studies are needed to
define the best anticoagulation agent for patients with
COVID-19 as so far there is no direct high-certainty
evidence which compares different anticoagulants. In
addition, examining the role of antiplatelets alone or
the combination of anticoagulant and antiplatelet ther-
apies in these patients is highly needed, especially since

COVID-19 hypercoagulability is a result of endothelial
dysfunction in addition to the activation of the coagu-
lation cascade.” "™ To add, the optimal duration for
anticoagulation should be determined, especially since
COVID-19 has been associated with thrombotic events
even after recovery.® * Furthermore, the ideal anti-
coagulation dosage is a matter of huge debate and is
yet to be determined by well-conducted studies . Also,
studies focusing on antithrombotic strategies in special
populations like elderly, pregnant women, children and
different ethnicities are also needed.

Limitations

Due to paucity of research on the use of antiplatelet
and antithrombotic therapeutics in the treatment of
patients with COVID-19, the recommendations made
in this review are not conclusive. Moreover, the lack of
comparable studies in terms of study population, clin-
ical intervention and disease severity further restricts
drawing generalisable conclusions regarding therapeutic
efficacy and safety. RCTs remain the gold standard in
clinical research in establishing causation; however, the
current lack of such studies reduces this review’s ability
in drawing conclusions regarding safety, tolerability
and efficacy of the proposed treatments in patients with
COVID-19. Evidence synthesised from retrospective and
prospective cohorts should therefore be analysed with
caution as validity and interpretation of such studies are
less clear, lack temporality and are prone to some degree
of bias. In addition to observational studies being subject
to information bias and reverse causation, one major
bias encountered was selection bias, since patients who
were treated with antithrombotic agents most likely had
a higher mortality risk, due to critical disease status, as
compared with those who were left untreated. Addition-
ally, another major issue could be confounding bias, since
available studies lacked multivariate techniques such as
restriction, matching and stratification, which could have
potentially exposed the presence of confounders such as
the effect of other administered treatments or COVID-19
variants. Furthermore, this rapid review could be subject
to study selection bias as search terms were not tailored
to target specific types of antiplatelet or antithrombotic
therapies. It is worthwhile to mention that rapid reviews
are perishable quickly as new evidence will emerge
continuously and its synthesis will require updating.

CONCLUSION

Current guidelines recommend administration of anti-
coagulants with varying doses based on case severity
in patients with COVID-19.” ™ However, evidence in
support of these guidelines is limited due to the paucity of
high-quality clinical trials performed to date. Despite the
fact that patients with COVID-19 treated with anticoagu-
lants had an overall lower risk of thrombotic events and
mortality, the use of anticoagulants or antiplatelets alone
was still associated with the occurrence of thrombotic
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and microthrombotic events in a substantial number of
patients. Given the aforementioned shortcomings of anti-
coagulation when used alone and results from this rapid
review showing that combined anticoagulant and anti-
platelet therapy in the treatment of COVID-19, despite
being poorly studied, implied a better clinical outcome
when compared with the use of anticoagulation alone
without the occurrence of major bleeding. So, we recom-
mend further clinical trials to evaluate the safety and effi-
cacy of combining antiplatelet and anticoagulants agents
in the management of patients with COVID-19.
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Tablel: Study characteristics of papers included in this review
Author Study design Sample Primary Medication Results
characteristics outcome given
(size, mean age,
location)
Ayerbe et al.[1] Retrospective N=2,075 Mortality Heparin Heparin reduced mortality
cohort Age =67.57+£15.52 | (yes/no) rates in patients
Spain
Helms et al.[2] Prospective cohort | N =150 Thrombotic | Heparin Patients with ARDS
Age=68+7 event (LMWH or secondary to COVID-19
France (yes/no) UFH) developed thrombotic
complications regardless of
anticoagulation.
Nadkarni et al.[3] Retrospective N =4,389 Mortality DOAC Therapeutic and Prophylactic
cohort Age =65 %12 Intubation | Heparin AC reduced mortality and risk
USA Bleeding (LMWH or of intubation compared to no
(yes/no) UFH) AC.
Bousquet et al.[4] Prospective cohort | N=108 Mortality Therapeutic Therapeutic AC reduced one-
Age=784+738 (yes/no) AC (type not month mortality compared to
France specified) no AC
Fauvel et al.[5] Retrospective N =1,240 Pulmonary | Heparin Therapeutic AC and
cohort Age=64+17 embolism | (LMWH or prophylactic AC were
France (yes/no) UFH) associated with reduced PE
Tang et al.[6] Retrospective N =449 Mortality Heparin Therapeutic AC decreases 28-
cohort Age=65.1 = 12.0 | (yes/no) (LMWH or day mortality in severe cases
China UFH)
Author Study design Sample Endpoint | Intervention Results
characteristics
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(size, controls,
location)
Gonzalez-Porras et Retrospective N =690 Mortality Heparin High dose prophylactic
al.[7] cohort Age =72-48 £13-83 | (yes/no) (LMWH) LMWH reduced patient
Spain mortality by 2 folds compared
to low dose and 6.2 folds
compared to non-users
Liet al.[8] Retrospective N=1,125 Thrombo- | Heparin ( Anticoagulants reduced
cohort Age =58 =15 embolism | LMWH or mortality and thromboembolic
China Bleeding UFH) events
(yes/no) NOAC
Warfarin
Russo et al.[9] Retrospective N=192 Mortality Antiplatelet Antiplatelet and
cohort Age=67.2+15.2 (yes/no) s(Aspirin or antithrombotic therapies don’t
Italy P2y12 have a protective effect in
inhibitor) and | severe COVID-19 patients
anticoagulant | suffering from ARDS.
(NOAC or
VKA)
Viecca et al.[10] Case control N=5 Hypoxemia | Antiplatelets Enhanced gaseous exchange
(proof of concept) Age=061.8+154 and (Aspirin, and reduced blood
Italy hypoxemia | tirofiban, coagulation
related clopidogrel)
outcomes Prophylactic
(lower/high | Anticoagulant
er) (Fondaparinux,
heparin)
Chow et al. [11] Retrospective N=412 Mechanical | Aspirin use Aspirin use was associated
cohort Age=57 ventilation, | defined within | with a decreased risk of
United States intensive 24 hrs of mechanical ventilation, ICU
care unit admission to admission, and in-hospital
(ICU) hospital mortality.
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admission,
and in-
hospital
mortality
Pavoni et al.[12] Retrospective N=42 Venous Heparin Therapeutic dose heparin did
cohort 64.3 £12.1 Thromboe | (LMWH) not reduce VTE, but there was
Italy mbolism, Antiplatelet no major bleed
Bleeding (Aspirin)
(yes/no)

Abbreviations: LMWH : Low molecular weight heparin; UFH: Unfractionated Heparin; DOAC: Direct oral anticoagulant, NOAC: Novel
oral anticoagulant; VKA: Vitamin K antagonists; AC: anticoagulant; ARDS: acute respiratory distress syndrome.

1 Avyerbe L, Risco C, Ayis S. The association between treatment with heparin and survival in patients with Covid-19. J Thromb
Thrombolysis 2020;:1-4.

2 HelmsJ, Tacquard C, Severac F, et al. High risk of thrombosis in patients with severe SARS-CoV-2 infection: a multicenter
prospective cohort study. Intensive Care Med 2020;:1-10.

3 Nadkarni GN, Lala A, Bagiella E, et al. Anticoagulation, bleeding, mortality, and pathology in hospitalized patients with COVID-19.
J Am Coll Cardiol 2020;76:1815-26.

4 Bousquet G, Falgarone G, Deutsch D, et al. ADL-dependency, D-Dimers, LDH and absence of anticoagulation are independently
associated with one-month mortality in older inpatients with Covid-19. Aging 2020;12:11306.

5 Fauvel C, Weizman O, Trimaille A, et al. Pulmonary embolism in COVID-19 patients: a French multicentre cohort study. Eur Heart
J2020;41:3058-68.

6 Tang N, Bai H, Chen X, et al. Anticoagulant treatment is associated with decreased mortality in severe coronavirus disease 2019
patients with coagulopathy. J Thromb Haemost JTH 2020;18:1094-9. d0i:10.1111/jth.14817

7 Gonzalez-Porras JR, Belhassen-Garcia M, Lopez-Bernus A, et al. Low Molecular Weight Heparin in Adults Inpatient COVID-19.
2020.
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9 Russo V, Di Maio M, Attena E, et al. Clinical impact of pre-admission antithrombotic therapy in hospitalized patients with COVID-
19: a multicenter observational study. Pharmacol Res 2020;:104965.

10 Viecca M, Radovanovic D, Forleo GB, et al. Enhanced platelet inhibition treatment improves hypoxemia in patients with severe
Covid-19 and hypercoagulability. A case control, proof of concept study. Pharmacol Res 2020;:104950.

11 Chow JH, Khanna AK, Kethireddy S, et al. Aspirin Use is Associated with Decreased Mechanical Ventilation, ICU Admission, and
In-Hospital Mortality in Hospitalized Patients with COVID-19. Anesth Analg Published Online First: 21 October 2020.
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