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BACKGROUND: COVID-19 is an infectious illness, featured by an increased risk of thromboembolism. However, no standard
antithrombotic therapy is currently recommended for patients hospitalized with COVID-19. The aim of this study was to evalu-
ate safety and efficacy of additional therapy with aspirin over prophylactic anticoagulation (PAC) in patients hospitalized with
COVID-19 and its impact on survival.

METHODS AND RESULTS: A total of 8168 patients hospitalized for COVID-19 were enrolled in a multicenter-international pro-
spective registry (HOPE COVID-19). Clinical data and in-hospital complications, including mortality, were recorded. Study
population included patients treated with PAC or with PAC and aspirin. A comparison of clinical outcomes between patients
treated with PAC versus PAC and aspirin was performed using an adjusted analysis with propensity score matching. Of
7824 patients with complete data, 360 (4.6%) received PAC and aspirin and 2949 (37.6%) PAC. Propensity-score match-
ing yielded 298 patients from each group. In the propensity score-matched population, cumulative incidence of in-hospital
mortality was lower in patients treated with PAC and aspirin versus PAC (15% versus 21%, Log Rank P=0.01). At multi-
variable analysis in propensity matched population of patients with COVID-19, including age, sex, hypertension, diabetes,
kidney failure, and invasive ventilation, aspirin treatment was associated with lower risk of in-hospital mortality (hazard ratio
[HR], 0.62; [95% CI 0.42-0.92], P=0.018).

CONCLUSIONS: Combination PAC and aspirin was associated with lower mortality risk among patients hospitalized with
COVID-19 in a propensity score matched population compared to PAC alone.
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CLINICAL PERSPECTIVE

What Is New?

¢ |napropensity score-matched population among
patients hospitalized with COVID-19, a combina-
tion of prophylactic anticoagulation and aspirin
was associated with lower mortality risk com-
pared with prophylactic anticoagulation alone.

e Aspirin treatment was associated with lower risk
of in-hospital mortality at multivariable analy-
sis including age, sex, hypertension, diabetes,
renal failure, and invasive ventilation.

What Are the Clinical Implications?

e Patients hospitalized with COVID-19 may bene-
fit from aspirin and prophylactic anticoagulation
treatment in terms of reduction of mortality risk.

e Randomized multicenter clinical trials are
needed to confirm these preliminary findings.

Nonstandard Abbreviations and Acronyms

COVID-19 Coronavirus disease-19
PAC prophylactic anticoagulation

risk of thromboembolism. The overall rate of ve-

nous thromboembolism and arterial thromboem-
bolism among patients with COVID-19 is 21% and 2%,
respectively.?

Therefore, this complication represents an import-
ant therapeutic target that could be prevented by anti-
thrombotic therapy. Data on anticoagulation therapy in
patients with COVID-19 are still debatable. Randomized
trials showed no benefit for therapeutic anticoagulation
in critically ill patients,* while in non-critically ill patients
there are contrasting data on optimal anticoagulation
strategy.®® On the other side, antiplatelet therapy in
patients with COVID-19 could provide some benefit in
terms of mortality reduction” and a large randomized
trial (RECOVERY [Randomized evaluation of COVID-19
Therapy]) showed that aspirin therapy is associated
with a 1.2% absolute increase in survival.

The aim of this study was therefore to evaluate
the impact on survival of prophylactic anticoagulation
(PAC) with aspirin over PAC alone in patients hospi-
talized with COVID-19 in an observational multicenter
study after propensity score matching.

COVID—19 is an infectious illness,! with an increased

METHODS

The data that support the findings of this study are
available upon reasonable request.
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Study Design and Population

A total of 8168 patients were included in the HOPE
COVID-19 registry. After excluding patients with insuffi-
cient or not reliable data for the purposes of this analysis
(n=344), 7824 patients were assessed and followed up
in the multicenter international registry (HOPE COVID-19,
https://hopeprojectmd.com, NCT04334291).

The protocol was established by a scientific board
from Italy, Spain, Ecuador, and Germany. Patients were
enrolled from 7 countries (Spain, Italy, Ecuador, Cuba,
Germany, China, Canada).®

Detailed information about participating hospitals,
investigators, collaborators, and the protocol are avail-
able on the website of the project (https:/hopeprojec
tmd.com). All patients were diagnosed with COVID-19
according to World Health Organization interim guid-
ance, through polymerase chain reaction testing. All
patients discharged (deceased or alive) from any hos-
pital center were included in the Registry. For this re-
port, patients discharged between January 16, 2020
and May 30, 2020 were considered for the analysis.

All patients gave a written informed consent for the
participation in the registry. The local ethics committee ap-
proved this study and was consistent with the guidelines
of Helsinki. All local principal investigators reviewed the
draft and checked for the accuracy and veracity of data.

Data Extraction

Epidemiological, clinical, and outcome data were man-
ually extracted from electronic medical records and
evaluated by medical researchers.

Each definition of clinical outcomes was recorded
and checked by at least 2 medical doctors in each
hospital. Patient’s data were anonymized, and the elec-
tronic data were stored and/or filled in an encrypted,
password-protected computer/website.

Throat swab samples were obtained from all pa-
tients at admission and tested using real-time reverse
transcriptase—polymerase chain reaction assays ac-
cording to the World Health Organization recommen-
dation. Additionally, patient’s clinical and laboratory
data and imaging test were extracted. All drugs at ad-
mission and previous to hospitalization were recorded.
Additional information on data records have been pro-
vided in a previous article from this research group.°

Anticoagulation therapy: patients were included if
treated during hospitalization with therapeutic or pro-
phylactic dose including oral, subcutaneous, or IV
forms. Therapeutic dose included oral anticoagulants,
unfractionated or low molecular weight heparin (1 mg/
kg daily); Prophylactic dose included patients receiving
low molecular weight heparin 40 mg daily.

Aspirin therapy: patients were included if treated
during all the hospitalization, since admission, with aspi-
rin 100 mg (either oral or IV). Patients who started aspirin
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after 24 hours since admission were excluded from the
analysis. Additional data on other antiplatelets drugs as
clopidogrel, ticlopidine, prasugrel, ticagrelor were also
recorded. Patients receiving other antiplatelets drugs
than aspirin were excluded from this analysis.

Major bleeding was defined as (1) bleeding asso-
ciated with hemoglobin <7 g/dL or any red blood cell
transfusion, or (2) bleeding associated with at least 2
units of red blood cell transfusion within 48 hours."

Outcome and End Point

We considered as primary end point all-cause mortal-
ity during hospitalization. Other events were recorded,
such as invasive mechanical ventilation, non-invasive
mechanical ventilation, respiratory insufficiency, heart
failure, renal failure, bleeding, sepsis, and embolic
events. Events were allocated following Guidelines on
the Management of Ciritically IIl Adults with Coronavirus
Disease 2019 (COVID-19)."?

Statistical Analysis

Group statistics are presented as means=SD for con-
tinuous variables and as frequency (%) for categori-
cal variables. For group comparisons, Student t test
or the Mann-Whitney U-test were used for continuous
variables with normal and non-normal distributions, re-
spectively; Pearson chi-squared-test or Fisher’s exact
test were used for categorical variables.

A propensity score for receiving aspirin and PAC was
calculated from the overall sample based on variables
deemed as clinically relevant for the outcome that were
available from the registry: age, sex, hypertension, diabe-
tes, renal failure, and invasive ventilation. A 1:1 propensity
matched sample was selected of patients who had pro-
phylactic anticoagulation only with patients who had pro-
phylactic anticoagulation and aspirin therapy. A 0.025%
score discordance was considered as acceptable for
propensity matching and coupling; the nearest neighbor
matching method was used for propensity matching.

Survival was plotted on Kaplan-Meier curves and as-
sessed with Log-rank test. Relative risk with 95% Cl was
calculated. Factors included in propensity matching (sta-
tistically significant at univariable analysis or clinically rele-
vant) were also entered into Cox’ multivariable regression
analysis model to define the risk of in-hospital mortality.

Statistical analysis was performed with SPSS sta-
tistics 26.0. A P<0.05 was considered as statistically
significant, all tests were 2-sided.

RESULTS

Baseline

Between January 16, 2020 until May 30, 2020, 8168
patients were included in the HOPE COVID-19 registry.
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After excluding patients with insufficient or not reliable
data for the purposes of this analysis (n=344), 7824
patients were assessed for the present manuscript.

Mean (and SD) age of patients was 64+16 years,
58% (n=4578) were male. Mean (and SD) hospital stay
was 119 days and follow-up duration was 19+17 days.
Several comorbidities were prevalent as hypertension
(48%), diabetes (19%), and obesity with a body mass
index >30 (19%). Moreover, 22% of patients had history
of heart disease and 18% of lung disease. History of
cancer had a prevalence of 13% (Table 1).

Antithrombotic Therapy During
Hospitalization

A total of 4503 (57.5%) patients received anticoagula-
tion therapy, 3327 (73.8%) prophylactic anticoagula-
tion, 1016 (22.5%) therapeutic anticoagulation, and 149
(3.3%) oral anticoagulation (98 warfarin, 51 novel oral
anticoagulants).

A total of 730 (9.3%) patients received antiplatelet
therapy during hospitalization, and 680 patients (93%)
received single antiplatelet drug (645 pts aspirin, 33
pts clopidogrel and one ticlopidine and ticagrelor re-
spectively). Fifty patients (7%) received dual antiplatelet
drug (85 pts aspirin and clopidogrel, 10 pts aspirin and
ticagrelor, 5 pts aspirin and prasugrel).

Aspirin and Prophylactic Anticoagulation
Versus Prophylactic Anticoagulation

After the exclusion of patients who did not receive any
anticoagulation and/or aspirin, and those patients who
received therapeutic anticoagulation, 3309 patients
were left. Three hundred and sixty (4.6%) patients re-
ceived PAC and aspirin and 2949 (37.6%) patients PAC.

Patients treated with PAC and aspirin were older
(73+11 versus 64+16 years, P=0.01), had higher prev-
alence of male sex (69% versus 58%, P=0.01), of co-
morbidities as diabetes (38% versus 19%, P=0.01),
hypertension (81% versus 45% P=0.01), and history
of cardiovascular disease (66% versus 13% P=0.01)
(Table 1).

Through propensity score matching, the analysis
was restricted to 596 patients, 298 (out of 360, 83%)
treated with PAC and aspirin and 298 (out of 2949, 10%)
with PAC. Mean age was 73+11 years, 66% to 67% were
male, prevalence of hypertension and diabetes was
79% and 33% to 35%, respectively, and 7% underwent
invasive ventilation (Tables S1 through S3). Cumulative
mortality incidence was lower at hospital discharge in
the PAC and aspirin group compared to PAC alone (15%
versus 21%, Log Rank P=0.012, Figure).

At multivariable Cox’ regression analysis in propen-
sity matched population of patients with COVID-19
including age, sex, aspirin treatment, hypertension,
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Table 1. Baseline Clinical Features of Patients Hopitalized With COVID-19, Overall Population, Patients Receiving

Prophylactic Anticoagulation With or Without Aspirin

Prophylactic Prophylactic anticoagulation and
General population anticoagulation aspirin P value
No. patients 7824 2949 360
Age, y (means+SD) 64+16 64+16 73+11 <0.01*
Male 58% 58% 69% <0.01*
Baseline clinical profile
Hypertension 48% 45% 81% <0.01*
Diabetes 19% 19% 38% <0.01*
Obesity (BMI >30) 19% 20% 23% 0.18
Chronic kidney disease 6%"* 5% 13% <0.01*
(CI-Cr <30 mL/min)
History of lung disease 18% 17% 26% <0.01*
History of heart disease 22% 13% 66% <0.01*
History of cancer 13% 12% 17% <0.01*
In-hospital complications
Thromboembolic events 2.6% 2% 3% 0.52
Bleeding 2.3% 2% 2% 0.57
Invasive ventilation 8.4% 10% 9% 0.85
Death 18% 17% 18% 0.86

BMI indicates body mass index; CI-Cr, clearance of creatinine; and PAC, prophylactic anticoagulation.

*Indicates statistically significant.

diabetes, renal failure, and invasive ventilation, aspirin
treatment was associated with lower risk of in-hospital
mortality (hazard ratio [HR], 0.62; [95% CI 0.42-0.95],
P=0.018, Table 2).

DISCUSSION

We report data about aspirin and anticoagulation ther-
apy from a large multi-center international registry of
patients hospitalized with COVID-19. We found that:

1. Approximately 4.6% patients received prophy-
lactic anticoagulation and aspirin.

2. In a propensity score matched population of
patients hospitalized with COVID-19, additional
therapy with aspirin over only PAC treatment was
associated with lower cumulative incidence in-
hospital mortality rates.

3. At multivariable analysis including age, sex, and
cardiovascular risk factors aspirin treatment
was associated with lower risk of in-hospital
mortality.

COVID-19 is a multi-system disorder featured by
respiratory insufficiency, endothelial cell dysfunction
and hypercoagulability.'”®> Coronavirus enters human
cells mainly by binding the angiotensin-converting
enzyme 2, which is expressed in lung alveolar cells,
vascular endothelial cells, cardiac myocytes, and
other cells.'
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Autopsy studies found thromboembolic lesions
in several organs with platelet-fibrin rich thrombi in
the pulmonary, renal, hepatic, and cardiac micro-
vasculature.’® Thrombi were mainly located in pul-
monary arteries and arterioles and in micro-vessels.
Moreover, in heart autopsy examination, myo-
cyte necrosis was mainly due to microthrombi with
higher prevalence of fibrin and c5b-9 complement.'®
Therefore, COVID-19 has been also defined an endo-
thelial disease."”

In this context, anticoagulation therapy with heparin/
low molecular weight heparin, additionally to potential
benefit for thrombosis prevention, could have some
potential benefits. First reducing viral entry, interacting
with SARS-CoV-2 spike glycoprotein; second inhibit-
ing heparanase activity, which is associated with dis-
ease severity; Third neutralizing the biological effect of
chemokines, and cytokines. Through this action it may
impact on leukocyte recruitment and trafficking to sites
of inflammation, either via neutralization of chemokine,
and cytokines or through direct interaction with leuko-
cyte cell surface ligands.'®

Due to this finding several trials have been per-
formed to evaluate the efficacy of anticoagulation
therapy in different setting of patients with COVID-19.
Regarding severe illness, therapeutic doses of an-
ticoagulation did not show benefit in term of mortal-
ity reduction in randomized trials.3* However, among
moderately ill patient with COVID-19, the role of antico-
agulation is still debatable.%®
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Figure. Survival curves according to prophylactic anticoagulation only vs prophylactic
anticoagulation and aspirin (HR, 0.62; [95% CI 0.42-0.95], log rank test, P=0.01).

HR indicates hazard ratio.

Lopes et al enrolled 615 patients hospitalized with
COVID-19 with elevated D-dimer concentration that
were randomly assigned (1:1) to either therapeutic or
prophylactic anticoagulation. Therapeutic anticoagula-
tion was in-hospital oral rivaroxaban (20 or 15 mg daily)
for stable patients, or unfractionated or low molecular
weight heparin for clinically unstable patients, followed
by rivaroxaban to day 30. In-hospital therapeutic anti-
coagulation did not improve clinical outcomes and was
associated with increased risk of bleeding compared
to prophylactic anticoagulation.®

Lawer et al enrolled 2219 patients hospitalized
with COVID-19 with moderate disease (defined as

Table 2. Predictors of All-Cause Death at Multivariable
Cox Regression Analysis in Propensity-Matched Population
of Patients With COVID-19 Receiving Prophylactic
Anticoagulation With or Without Aspirin

Hazard ratio 95% ClI P value
Aspirin treatment 0.62 0.42-0.92 0.02
Age 1.07 1.05-1.10 <0.01
Male 2.65 1.65-4.23 <0.01
Hypertension 1.18 0.70-1.98 0.53
Diabetes 0.70 0.45-1.08 0.1
Renal failure 1.43 0.76-2.67 0.26
Invasive ventilation 3.65 2.07-6.44 <0.01

J Am Heart Assoc. 2022;11:e024530. DOI: 10.1161/JAHA.121.024530

increased levels of D-dimers, 2 times higher than nor-
mal values, and no need for intensive care unit-level
care) and randomized to therapeutic (unfractionated or
low molecular weight heparin) or prophylactic antico-
agulation. About 12% of both groups were taking con-
comitant antiplatelet therapy. Authors found that an
initial strategy of therapeutic-dose anticoagulation with
heparin was associated with reduced use of cardio-
vascular or respiratory organ support when compared
to usual-care thromboprophylaxis. However, major
bleeding occurred in 1.9% of the patients treated with
therapeutic-dose anticoagulation and in 0.9% with
those receiving thromboprophylaxis.

On the other side antiplatelet therapy could be an
additional therapeutic target to prevent or treat micro-
thrombi in patients with COVID-19. Additionally, aspi-
rin irreversibly inhibits cyclooxygenase, has anti-viral
properties and attenuates the pro-inflammatory effects
of the nuclear transcription factor kappa B, which has
been implicated as having a critical role in the cytokine
storm that occurs with COVID-19.° It may also have
pleiotropic effects on the endothelium which could tar-
get potential development of endotheliitis, a potential
complication for severe COVID-19.%°

Antiviral properties of antiplatelet therapy are mainly
related with their potential activity of suppressing plate-
let activation. Indeed, in several models of tissue injury
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during virus infection (influenza A virus, Dengue, HIV-1,
SARS), severe inflammation is driven by unsuppressed
platelet activation.?!

A randomized trial (RECOVERY) evaluated the ef-
ficacy of aspirin in COVID-19, enrolling 7351 patients.
Authors found that aspirin therapy was associated with
a 1.2% increase in survival, with a 0.6% reduction in
thrombotic events and an increase in major bleeding
events of 0.6%.8 Our research group in an observa-
tional registry of 7824 patients, found that antiplatelet
treatment was associated with lower mortality risk and
shorter duration of mechanical ventilation.” Additionally
in the same study when excluding anticoagulated pa-
tients, there was a significant benefit of antiplatelet
therapy for mortality reduction.”

Clinical data on prophylactic heparin and aspirin ther-
apy among patients with COVID-19 have been published
only among critically ill patients. Pavoni et al evaluated
42 patients with COVID-19 admitted to intensive care
unit that were treated with aspirin and PAC if D-dimer
were <3000 ng/mL or aspirin and therapeutic heparin
if D-dimer serum levels were higher than 3000 ng/mL.
Authors didn't find any difference in term of survival be-
tween these therapeutic approaches.??

In the present study we evaluate a subset of frail
patients, with mean age of 73 years, higher prevalence
of male sex (67%) and cardiovascular risk factors as
hypertension (79%) and diabetes (33%).

Actually, in the study analysis population all patients
were taking prophylactic anticoagulation and at multi-
variable analysis aspirin therapy was associated with a
38% risk reduction of mortality.

Combination of PAC and aspirin, with aspirin early
started during admission, when compared to PAC
alone, showed benefit in term of mortality reduction
during hospitalization. Therefore, PAC and aspirin may
represent a possible therapeutic approach for patients
hospitalized with COVID-19. A careful evaluation of
thromboembolic and bleeding risk is needed. Due to
the high rate of mayor cardiovascular adverse events
following COVID-19 infection,?® randomized, double
blinded, adequately powered trials, are surely needed
to finally address the question.

CONCLUSIONS

Aspirin combined with prophylactic anticoagulation
when compared to prophylactic anticoagulation was
associated with lower mortality risk. Randomized trials
are needed to confirm these preliminary data.

Limitations

The present study is a multi-center international prospec-
tive registry and patients were included during the first
months of pandemic; thus, the type of SARS-Coronavirus
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and the therapeutic protocols are probably different form
current variants and standard therapies.

No patient was randomized to different alternative
therapies. Combination of Aspirin and PAC were left
to operator choice; Therefore, evaluation of potential
benefit was performed with a retrospective analysis.

Most of the patients have 28-days follow-up and no
conclusion can be done for long-term benefit.

Cause of death was not specified and analyzed, so
cardiovascular deaths cannot be split from any cause
deaths.
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SUPPLEMENTAL MATERIAL



Table S1. Baseline clinical features of COVID-19 patients according to propensity score match; patients treated with

Prophylactic anticoagulation only and prophylactic anticoagulation and aspirin. Legend: CI-Cr= clearance of creatinine;

Prophylactic Prophylactic anticoagulation

anticoagulation and Aspirin P value

n. patients 298 298

Age,y 73+11 73+11 0.98
Male sex 67% 66% 0.73
Baseline clinical profile

Hypertension 79% 79% 0.98
Diabetes 33% 35% 0.67
Chronic kidney disease (CI-Cr <30 ml/min) 7% 7% 1.00
Invasive ventilation 7% 8% 0.53
Death 21% 15% 0.06

Table S2. Baseline clinical features of COVID-19 patients treated with Prophylactic anticoagulation (PAC) among

general population and according to propensity score match; Legend: CI-Cr= clearance of creatinine; S.D.= standard

deviation.
PAC PAC
General population Propensity population P value

n. patients 2949 298
Age, years 64+16 73+11 <0.01
Male sex 58% 67% <0.01
Baseline clinical profile
Hypertension 45% 79% <0.01
Diabetes 19% 33% <0.01
Chronic kidney disease (CI-Cr <30 ml/min) 5% 7% 0.13
Invasive ventilation 10% 7% 0.12

Death 17% 21% 0.07




Table S3. Baseline clinical features of COVID-19 patients treated with Prophylactic anticoagulation and aspirin among
general population and according to propensity score match; Legend: CI-Cr= clearance of creatinine; S.D.= standard

deviation.

PAC+ASA PAC+ASA
General population  Propensity population P value

Age, years 7311 7311 0.98

Baseline clinical profile

Diabetes 38% 35% 0.38

Invasive ventilation 9% 8% 0.83
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