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(57.4vs.51.6%), and more commonly had higher rates of medical comorbidities. In multivariable analyses,
patients receiving pre-hospital ASA had lower mortality (HR: 0.89,95% C1 0.82-0.97, p=0.01) and reduced
hazard for progression to severe disease or death (HR: 0.91, 95% CI 0.84-0.99, p=0.02) and more hospital
free days (1.00 days, 95% CI 0.66-1.35, p=0.01) compared to those without pre-hospital ASA use. The
overall direction and significance of the results remained the same in sensitivity analysis, after adjusting
the multivariable model for time since pandemic.

Conclusions: In this large international cohort, pre-hospital use of ASA was associated with a lower hazard
fordeathin hospitalized patients with COVID-19. Randomized controlled trials may be warranted to assess
the utility of pre-hospital use of ASA.

© 2022 SEPAR. Published by Elsevier Espafia, S.L.U. All rights reserved.

Background

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)
has infected over 258 million people causing more than 5.1 mil-
lion deaths worldwide.! The severity of coronavirus disease 2019
(COVID-19) ranges from asymptomatic infection to mild illness,
critical illness, or death.2> Although isolated respiratory manifesta-
tion of acute illness, COVID-19 may have multisystem involvement
with short-and long-term sequela.*° In an attempt to better under-
stand outcomes of COVID-19, the Society of Critical Care Medicine
Discovery Viral Infection and Respiratory Illness Universal Study
(VIRUS) COVID-19 Registry was established and has been engaged
in exploring the use of repurposed medication and identification
of the practice patterns that could be related to improved patient
centric outcomes for hospitalized patients with COVID-19 across
the globe.b

It is now well established that microvascular thromboses, arte-
rial thrombotic events (cardiac and cerebrovascular), and major
venous thromboembolic events (VTEs) contribute to morbidity and
mortality in COVID-19 disease, with dysregulated inflammation
thought to be a major driver of these events.”® Aspirin or acetyl-
salicylic acid (ASA) and other anti-platelet agents may counteract
inflammation-related neutrophil recruitment and platelet aggre-
gation, thereby reducing intravascular thrombin activity.? Similar
findings have been shown in vitro for SARS-CoV-2 as well, how-
ever it is unclear if ASA use may translate to clinical benefit in
patients with COVID-19. Several small observational studies have
observed lower mortality associated with pre-hospital use of ASA,
whereas a recent randomized trial from the RECOVERY collabo-
rative group found no mortality benefit with newly initiated ASA
therapy in hospitalized patients, despite finding modestly shorter
hospital stays.!0-12

In this investigation, we use data from the international VIRUS:
COVID-19 registry to assess the associations between prehospi-
tal ASA use and clinical outcomes in hospitalized patients with
laboratory confirmed COVID-19, with a primary outcome of over-
all hospital mortality. We hypothesized that pre-hospital ASA use
would be associated with reduced risk mortality and improvement
in other secondary outcomes such as lower hazard or progression
to severe disease and shorter hospitalizations.

Materials and methods
Study population and setting

This is an observational cohort study of data collected prospec-
tively through the VIRUS: COVID-19 registry. VIRUS: COVID-19
registry was established through the Society of Critical Care
Medicine (SCCM) Discovery Network and has provided a cen-
tralized platform for international clinical research related to
COVID-19. Details of the registry, inception and design are
described elsewhere.!314

The registry includes hospitalized patients of all ages, however,
for the purpose of this study only adult patients with laboratory-
confirmed COVID-19 are included (>18 years of age). Patients were
enrolled at 185 international sites, including academic, community
and private hospitals between February 15, 2020 through Septem-
ber 30, 2021. Patients were followed until hospital discharge or
death, whichever came first. The VIRUS registry received exempt
status for human subject research by the Institutional Review Board
(IRB) at the Mayo Clinic (20-002610). Individual study sites submit-
ted a separate proposal to the local IRBs for approval and signed a
datause agreement prior to being granted permission to extractand
enter de-identified data into the registry case report forms (CRFs).
Patients without research authorization were excluded.

Data collection

Prior COVID-19 registry work from the World Health Organiza-
tion was used as an initial template in VIRUS design.? Building upon
that, clinically relevant data elements were added including patient
demographics, medical comorbidities, details on pre-hospital use
of medications, acute illness characteristics, various level of oxygen
and organ support therapies, medical interventions in the hospital,
critical care utilization, and outcomes. We ensured data quality by
maintaining bidirectional open communication with all the domes-
tic and international sites and the central registry organization
by weekly remote training meetings. Regular quality checks were
performed to ensure adherence to the study protocol and accu-
racy of the data collection procedure. In addition, the registry also
performed multistep data cleaning, including active surveillance
for entries out of range or of improper data type and contacted
sites for correction of data aberrancy. Study data were recorded
and managed using the Research Electronic Data Capture system.'>
The study was determined to be exempt from Institutional Review
Board. The study is registered on Clinicaltrials.gov: NCT04323787.

Exposure of interest and outcome measures

Pre-hospital ASA use was the exposure of interest for this
study, which was defined by documented use of ASA or any
ASA-containing medication at any dose prior to the index hospital-
ization. This was further confirmed by the prescription information
in the electronic medical records and endorsement by the patients.
Duration of pre-hospital medication use or most recent adminis-
tration prior to hospitalization was not documented through the
VIRUS registry.

The primary outcome of interest was overall hospital mortality.
Secondary outcomes were need for intensive care unit (ICU) admis-
sion, progression to severe disease (requiring invasive mechanical
ventilation) or death (WHO score 6 or higher),'6 hospital and
invasive mechanical ventilation (IMV) free days. Other exploratory
outcomes included need for any blood product transfusion, new
in-hospital complications such as cerebrovascular accident (CVA),
cardiac arrest, gastrointestinal hemorrhage, and myocardial
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Fig. 1. Consort diagram explaining patient inclusion scheme from the VIRUS registry.

infarction. Patient outcomes were censored at the time of hospital
discharge.

Statistical analysis

Patients were stratified based on whether they received pre-
hospital use of ASA or not. Continuous variables were summarized
as median (interquartile range [IQR]) and compared between the
two groups with Mann-Whitney or Kruskal-Wallis tests, as appro-
priate. Categorical variables were presented as n (%) and were
compared between groups using the Pearson’s x? test or Fisher’s
exact test as appropriate. P values less than 0.05 were considered
statistically significant.

Unadjusted analyses of outcomes were assessed between
groups using Chi-squared tests for categorical variables and t test
for continuous variables.

Cox-proportional hazard models were subsequently employed
to assess exposure-outcome relationships adjusting the model for
potential confounding variables selected a priori, including age,
gender, race, ethnicity, comorbidities including coronary artery dis-
ease (CAD), hypertension (HTN), congestive heart failure (CHF),
chronic kidney disease (CKD), previous history of stroke, chronic
pulmonary diseases (including COPD, asthma, and pulmonary
circulatory diseases), history of VTE, DM, and obesity. We also per-
formed a sensitivity analysis by removing “race” from the models
due to missing data on 2963 patients.

All statistical analyses were performed using JMP statistical soft-
ware base version 14.0 (SAS Institute Inc., Cary, NC).

Results

Twenty-one thousand five hundred and seventy-nine patients
met eligibility criteria (described under methods section) and were
included in the final analysis (Fig. 1). Of these, 4691 (21.7%) received
pre-hospital ASA. Compared to those not receiving ASA, patients in
the pre-hospital ASA group were older (median [IQR] 70 [61, 79] vs.
59 [46, 71] years, p<0.01), had higher proportion of males (58.7%
vs. 56.0%, p<0.01 for sex) and were more likely to be of White
race (57.4% vs. 51.6%, p<0.01 for race; Table 1). Patients receiv-
ing ASA prior to hospitalization also had a higher prevalence of
CAD (32.2% vs. 7.1%, p<0.01), HTN (78.2% vs. 48.7%, p<0.01), CHF
(19.2% vs. 6.8%, p<0.01), CKD (26.2% vs. 10.5%, p<0.01), DM (51.9%
vs. 30.8%, p<0.01), history of stroke (15.9% vs. 6.0%, p<0.01), obe-
sity (21.5% vs. 17.5%, p <0.01), history of VTE (5.5% vs. 3.5%, p<0.01)
and chronic pulmonary disorders (22.7% vs. 15.2%, p<0.01).

In univariate analyses (Table 2), patients receiving pre-hospital
ASA had higher hospital mortality (24.3% vs. 17.8%, p<0.01), ICU
mortality (44% vs. 32%, p<0.01), longer hospital LOS (7.8 [4.1, 14.3]
vs. 7.0 [4, 14] days, p=0.10) and higher rates of progression to
severe disease or death [WHO 6 or higher] (36% vs. 31%, p<0.01).
Patients in ASA group had significantly lower rates of ICU admission
(41%vs.44%,p<0.01) (Table 2). In unadjusted proportional hazards
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Table 1
Demographics and baseline characteristics.
Demographics by aspirin use p value

Total No (N=16,388) Yes (N=4691) Total (N=21,579)
Age (years) <0.01

Missing 41

N 16,853 4685 21,538

Mean (SD) 58.3(17.6) 69.3 (13.3) 60.7 (17.3)

Median (Q1, Q3) 59.0 (46, 71) 70.0 (61, 79) 62.0 (49, 73)
Sex

Missing 3 <0.01

Male 9461 (56.0%) 2756 (58.7%) 12,217 (56.6%)

Female 7417 (43.9%) 1934 (41.2%) 9351 (43.3%)

Intersex 5(0.03%) 1(0.02%) 6(0.03%)

Transgender 2 (0.01%) 0(0.0%) 2 (0.01%)
Race <0.01

Missing 2963

White 7480 (51.6%) 2361 (57.4%) 9841 (52.9%)

African American 3366 (23.2%) 1223 (29.7%) 4589 (24.6%)

Other 3656 (25.2%) 530 (12.9%) 4186 (22.5%)
Ethnic group <0.01

Missing 177

Unknown 1156 (6.9%) 240 (5.2%) 1396 (6.5%)

Hispanic 3449 (20.6%) 736 (15.9%) 4185 (19.5%)

Non-Hispanic 10,619 (63.4%) 3442 (74.2%) 14,061 (65.7%)

Not applicable 1537 (9.2%) 223 (4.8%) 1760 (8.2%)
Time since start of COVID <0.01

Missing 7116

Group 1: Jan-Mar 2020 596 (5.2%) 115 (3.7%) 711 (5.3%)

Group 2: Apr-Jun 2020 3085 (27.0%) 791 (26.0%) 3876 (26.8%)

Group 3: Jul-Sep 2020 3673 (32.2%) 868 (28.5%) 4541 (31.4%)

Group 4: Oct-Dec 2020 2864 (25.1%) 920 (30.2%) 3784 (26.2%)

Group 5: Jan 2021 onwards 1200 (10.5%) 351 (11.5%) 1551 (10.7%)

Comorbidities by aspirin use® p value
No (N=16,888) Yes (N=4,691) Total (N=21,579)

Coronary artery disease, %y 1194 (7.1%) 1513 (32.2%) 2707 (12.5%) <0.01
Hypertension, %y 8231 (48.7%) 3667 (78.2%) 11,898 (55.1%) <0.01
Congestive heart failure, %y 1148 (6.8%) 901 (19.2%) 2049 (9.5%) <0.01
CKD, %y 1779 (10.5%) 1230 (26.2%) 3009 (13.9%) <0.01
Diabetes mellitus, %y 5198 (30.8%) 2435 (51.9%) 7633 (35.4%) <0.01
Stroke, %y 1007 (6.0%) 746 (15.9%) 1753 (8.1%) <0.01
Obesity, %y 2959 (17.5%) 1010 (21.5%) 3969 (18.4%) <0.01
Venous thromboembolism - DVT/PE 598 (3.5%) 257 (5.5%) 855 (4.0%) <0.01
Chronic pulmonary disorder (COPD +asthma +PCD) 2567 (15.2%) 1067 (22.7%) 3634 (16.8%) <0.01

2 Categories not mutually exclusive.

modeling (Table 3), patients in the ASA group had higher risk of
overall hospital mortality (HR 1.48, 95% Cl: 1.37-1.60, p<0.01)
and higher hazard of severe disease progression or death (HR 1.28,
95% CI 1.20-1.37, p<0.01). The ASA group had lower hazard for
receiving ICU levels of care (HR 0.85, 95% CI: 0.80-0.91, p<0.01).
With regards to hospital complications, the ASA group had higher
hazard for CVA (HR 1.40, 95% CI: 1.06-1.86, p<0.02), gastroin-
testinal (GI) hemorrhage (HR 1.65, 95% CI: 1.25-2.18, p<0.01),
cardiac arrest (HR 1.58, 95% Cl: 1.39-1.81, p<0.01) and myocardial
infarction (HR 1.95, 95% CI; 1.70-2.25). Patients in the ASA group
were also found to have higher risk of needing packed red blood
cell (pRBC) transfusion (HR 1.29, 95% CI: 1.03-1.61, p=0.03).

In adjusted analyses (Table 3, Fig. 2), the ASA group had sig-
nificantly lower hazard of overall hospital mortality (HR 0.89, 95%
CI: 0.82-0.97, p=0.01), progression to severe disease or death (HR
0.91, 95% CI: 0.84-0.99, p=0.02), and receiving ICU levels of care
(HR0.78,95%Cl: 0.73-0.84,p <0.01). Differences in incident CVA, GI
hemorrhage, cardiac arrest, or need for pRBC transfusion were not
significant. Patients receiving ASA had higher in-hospital myocar-
dial infarction (HR 1.21, 95% CI: 1.04-1.42, p=0.02). Pre-hospital
ASA use was associated with 1.0 more hospital free days (95% CI:
0.66-1.35, p <0.01) but there was no difference in IMV free days

(—0.27,95% CI: —0.96 to 0.40, p value=0.42) or ICU free days (0.33,
95% CI: —0.27 to 0.93, p value =0.41) (Table 3).

We also performed a sensitivity analysis after adjusting for
the time since pandemic (divided as the quarters of 2020 and
2021) variable added to our original model to assess if there was
a difference in the outcomes since there were preventative mea-
sures (vaccination) and some therapeutics (steroids, monoclonal
antibodies) introduced as the pandemic evolved (Supplementary
table*). The overall direction and significance of the results
remained the same. In this sensitivity analysis, the pre-hospital
ASA group had lower risk of hospital mortality (HR 0.89, 95% CI:
0.81-0.97, p value <0.01), progression to severe disease or death
(HR 0.92, 95% CI: 0.85-0.99, p=0.04) and lower risk for needing
ICU level of care (HR 0.76, 95% CI: 0.71-0.82, p<0.01). Pre-hospital
ASA group continued to demonstrate a higher risk of developing
in hospital MI (HR 1.23, 95% CI: 1.05-1.44, p <0.01).

Discussion
In this observational international study of more than 21,000

hospitalized adults with COVID-19 enrolled in the VIRUS: COVID-
19 registry, pre-hospital ASA use was associated with reduced
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LOS and mortality outcomes, by aspirin use and overall No (N=16,888) Yes (N=4691) Total (N=21,579) p value
Disease severity, N (%)
Hospitalized but did not receive any oxygen support (WHO 3) 3734 (22.1%) 781 (16.7%) 4515 (20.9%) <0.01
Oxygen by face mask or nasal prongs (WHO 4) 5557 (32.9%) 1523 (32.5%) 7080 (32.8%)
Non-invasive ventilation or high-flow oxygen (WHO 5) 2338 (13.8%) 603 (12.8%) 2941 (13.6%)
Intubation and mechanical ventilation (WHO 6) 969 (5.7%) 272 (5.8%) 1241 (5.7%)
Ventilation and additional organ support (pressors, RRT, or ECMO) (WHO 7) 1235 (7.3%) 292 (6.2%) 1527 (7.1%)
Death (WHO 8) 3002 (17.8%) 1140 (24.3%) 4142 (19.2%) <0.01
Progression to severe disease (IMV) or death
N (%) 5206 (30.8%) 1704 (36.3%) 6910 (32%) <0.01
IMV free days
Median [IQR] 18.0[9, 24] 18.7[10.7, 24.0] 0.38
Mean (SD) 16.1(9.3) 16.6 (8.8)
Need for ICU admission
N (%) 7289 (44.5%) 1862 (40.6%) 9151 (43.6) <0.01
ICU-free days (out of 28 days)
Median [IQR] 15.0[0.0, 23] 0.0 [0.0, 23.0] <0.01
Mean (SD) 12.3(11.1) 10.1(11.4)
Hospital-free days (out of 28)
Median [IQR] 19.2 [3,234] 18.3 [0, 23.1] <0.01
Mean (SD) 15.3(9.9) 14.1 (10.3)
Hospital length of stay (LOS)
Median [IQR] 7.0 [4,14] 7.8[4.1,14.3] 0.10
Mean (SD) 11.6 (13.5) 11.5(13.1)
ICU mortality
Died 2455 (32.3%) 882 (44.0%) 3337 (34.7%) <0.01
Hospital mortality
Died 3002 (17.8%) 1140 (24.3%) 4142 (18.3%) <0.01
Table 3
Adjust outcomes between ASA and no ASA groups.
Unadjusted Adjusted
Outcome variables HR (95% CI) p HR (95% CI) p
Disease severity progression
Severe disease (IMV) or death? 1.28 (1.20-1.37) <0.01 0.91 (0.84-0.99) 0.02
Outcome
ICU admission 0.85(0.80-0.91) <0.01 0.78 (0.73-0.84) <0.01
Hospital mortality 1.48 (1.37-1.60) <0.01 0.89 (0.82-0.97) 0.01
Complications
CVA 1.40(1.06-1.86) 0.02 1.07 (0.79-1.47) 0.65
GI hemorrhage 1.65(1.25-2.18) <0.01 1.14 (0.84-1.55) 0.40
Myocardial infarction” 1.95(1.70-2.25) <0.01 1.21 (1.04-1.42) 0.02
Elevation in troponin 1.93(1.67-2.24) <0.01 1.27 (1.09-1.50) 0.03
ST elevation in EKG 2.56 (1.59-4.12) <0.01 2.03(1.18-3.47) <0.01
Need for transfusion®
Any blood product transfusion (first 24 h) 1.21(0.98-1.51) 0.07 1.03 (0.82-1.30) 0.79
PRBC transfusion 1.29(1.03-1.61) 0.03 1.07 (0.84-1.36) 0.59
Length of stay measures (not HR but days [95% CI])
Hospital-free days —1.14(-1.46 to —0.81) <0.01 1.00 (0.66-1.35) <0.01
ICU-free days -2.19(-2.76 to —1.63) <0.01 0.33(-0.27 t0 0.93) 0.29
IMV-free days 0.50(-0.13 to 1.13) 0.12 —0.27 (—0.96 to 0.40) 0.42

Adjusted models were adjusted for age, sex, ethnicity, race, and comorbidities of CAD, HTN, CHF, stroke, chronic pulmonary diseases (COPD, asthma, pulmonary circulatory

diseases), history of VTE, diabetes mellitus, chronic kidney disease and obesity.
2 WHO 6 or above.
b ST elevation in EKG or elevation in troponin.
¢ N=11,654.

hospital mortality and progression to severe diseases or death
(level 6 or above on WHO ordinal disease severity scale). These
results suggest that pre-hospital use of ASA may have beneficial
downstream effects during hospitalization. However, these associ-
ations should be interpreted as hypothesis-generating rather than
causal in nature. Indeed, many factors may influence outcomes in
patients with COVID-19 disease,!” and adverse events including

death may be related to disease progression, complications of hos-
pitalization, pre-existing patient frailty, and underlying medical
comorbidities (with COVID-19 disease as an epiphenomenon).
Nevertheless, aspirin therapy prior to hospital admission in this
large and diverse patient cohort was associated with improvement
in hospital outcomes. Differentiation between these pathways is
important to interpret the results from observational data and

750



A.Lal,].P.D. Garces, V. Bansal etal.

Archivos de Bronconeumologia 58 (2022) 746-753

Severe Disease (IMV) or death (HR 0.91; 95% CI 0.84 to 0.99) -

ICU Admission (HR 0.78; 95% CI 0.73 to 0.84)
Hospital Mortality (HR 0.89; 95% CI 0.82 to 0.97)
CVA (HR 1.07; 95% C1 0.79 to 1.47)

Gl hemorrhage (HR 1.14; 95% CI1 0.84 to 1.55)
Cardiac Arrest (HR 1.04; 95% CI 0.89 to 1.20)
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Fig. 2. Forest plot of adjusted HRs with ASA use. 95% Cls for adjusted ORs are plotted. HR, hazard ratio; ICU, intensive care unit; CVA, cerebrovascular accident; IMV, invasive

mechanical ventilation; GI, gastrointestinal; pRBC, packed red blood cells.

devising strategies for improved outcome. In our study, we have
attempted to control for multiple medical comorbidities that are
independently linked to increased mortality and worse outcomes
in COVID-19.13.18-27

COVID-19 associated ARDS has been associated with
hypercoagulability and increased incidence of pulmonary
microthrombosis,?82? with platelets likely playing a key role.30-32
Preclinical data has suggested that antiplatelet agents could be a
modulating factor for ARDS development,3?3> however random-
ized control trials have not shown protective effects of ASA therapy
for prevention of non-COVID-19-related ARDS?*#-36, Similarly, a
recent randomized control trial by the RECOVERY collaborative
group did not show any benefit with regards to mortality or
progression to severe disease (i.e. risk of progressing to IMV or
death) in patients with COVID-19 randomized to ASA during
hospitalization, although those receiving ASA had shorter hospital
durations by approximately 1 day.!” It is important to note that
patients in this trial were exposed to aspirin (150 mg daily) only
after being hospitalized, while patients in our study were receiving
ASA therapy prior to admission, likely prior SARS-CoV-2 infection,
and were therefore likely to have greater cumulative exposure.
Additionally, patients in the RECOVERY study were approximately
10 years younger (RECOVERY 59 yrs. vs. VIRUS 69 yrs.) and with
less comorbid illness burden (any comorbidities RECOVERY 43%
vs. any comorbidity VIRUS 86%) when compared to those receiving
ASA in our study, which may affect generalizability of study
findings.

Importantly, the findings from our study are consistent with
other observational studies assessing the relationships between
pre-hospitalization ASA therapy and COVID-19 outcomes.'!12.37.38
These findings were also confirmed through recent meta-analyses
on the use of ASA in COVID-19 patients.>>*° We hypothesize
that pre-hospital ASA therapy could potentially be associated with
improved hospital outcomes secondary to systemic antithrombotic
effects which could potentially reduce pulmonary microthrom-
boses, inflammation, and larger thromboembolic events. It is
possible that ASA initiation during hospitalization, after the inflam-
matory state of COVID-19 has already been established, may not
provide sufficient time to influence clinical outcomes. Future ran-
domized trials evaluating the safety and efficacy of pre-hospital
ASA therapy are clearly warranted in those at high-risk for COVID-
19 pneumonia.

This study is notable as one of the largest studies from an inter-
national registry of hospitalized patients with COVID-19. However,

there are limitations. First, data missingness, particularly with
regards to pre-hospital medications, resulted in the exclusion of
a significant number of patients. Second, we were unable to cap-
ture the dose of pre-hospital ASA therapy, and we cannot draw any
conclusions with regards to potential dose-outcome relationships.
Additionally, we cannot comment on the duration or indication
of ASA therapy prior to hospitalization. Third, we were unable to
assess the continuation of ASA use during hospitalization, as this
was not documented through the registry. In conjunction this, the
interaction of other medication such as use of statins, immunosup-
pression in cancer patients was not captured as part of this study.
Prehospital use of antibiotics in patients with comorbidities such
as chronic pulmonary diseases was not captured. However, our
final model was adjusted for chronic pulmonary diseases to avoid
any bias on the final outcomes. Fourthly, as a part of the design of
the registry, we did not include the non-hospitalized patients. This
could give rise of “healthy user bias”, which is a legitimate concern
in observational studies. Therefore, these findings warrant a con-
firmation in a prospective experimental design. Finally, we were
unable to adjust for variation in outcomes based on the availability
of other therapeutic interventions (e.g., use of steroids, tocilizumab,
etc.) and preventative measures (availability of vaccines during the
second half of the study period).

Conclusion

Pre-hospital ASA use was associated with improved overall hos-
pital mortality, lower risk of severe disease (disease progression to
needing IMV or death), reduced need for ICU level of cares, and more
hospital free days in hospitalized patients with COVID-19 pneumo-
nia. Although these associations should be interpreted cautiously,
well-designed clinical trials of pre-hospital ASA utilization may be
warranted.
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