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Abstract

Anticoagulant therapy is a cornerstone treatment for coronavirus disease 2019 (COVID-19) due to the high rates of throm-
boembolic complications associated with this disease. We hypothesized that chronic antithrombotic therapy could play a
protective role in patients hospitalized for COVID-19. Retrospective, observational study of all patients admitted to our
hospital for >24 h from March 1 to May 31, 2020 with SARS-CoV-2. The objective was to evaluate clinical outcomes and
mortality in COVID-19 patients receiving chronic anticoagulation (AC) or antiplatelet therapy (AP) prior to hospital admis-
sion. A total of 1612 patients were evaluated. The mean (standard deviation; SD) age was 66.5 (17.1) years. Patients were
divided into three groups according to the use of antithrombotic therapy prior to admission (AP, AC, or no-antithrombotic
treatment). At admission, 9.6% of the patients were taking anticoagulants and 19.1% antiplatelet therapy. The overall mortality
rate was 19.3%. On the multivariate analysis there were no significant differences in mortality between the antithrombotic
groups (AC or AP) and the no-antithrombotic group (control group). Patients on AC had lower ICU admission rates than the
control group (OR: 0.41, 95% CI, 0.18-0.93). Anticoagulation therapy prior to hospitalization for COVID-19 was associated
with lower ICU admission rates. However, there were no significant differences in mortality between the patients receiv-
ing chronic antithrombotic therapy and patients not taking antithrombotic medications. These findings suggest that chronic
anticoagulation therapy at the time of COVID-19 infection may reduce disease severity and thus the need for ICU admission.
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hospitalized COVID-19 patients is estimated to range from
14 to 31% based on data from meta-analyses [1-8]. In most
cases, the patients developed VTE despite prophylactic treat-
ment with low-molecular-weight heparin (LMWH). VTE
rates are even higher in critically ill patients [9]. Acute res-
piratory distress syndrome (ARDS) is the leading cause of
death in COVID-19 patients. However, autopsy data from a
small series suggest that thrombotic events—mainly pulmo-
nary embolism (PE)—are directly responsible for up to 30%
of deaths [10]. Moreover, numerous studies have found that
the mortality rate in COVID-19 patients who develop VTE
is higher than in patients without VTE [8, 11-18].

Given the high incidence of thromboembolic complica-
tions, anticoagulation therapy administered at higher than
usual doses has been proposed for prophylaxis in hospital-
ized patients [19, 20]. However, some authors have pos-
tulated that prophylactic anticoagulation therapy initiated
after hospital admission may not be effective because the
thrombotic process likely begins shortly after viral infec-
tion (i.e., prior to hospitalization) through the formation
of micro-thrombi secondary to viral spread involving the
neutrophil extracellular trap system [21]. This hypothesis,
if true, suggests that patients receiving chronic anticoagula-
tion (AC) or antiplatelet therapy (AP) may be at least par-
tially protected from COVID-19-related thromboembolic
complications and should theoretically be expected to have
better clinical outcomes than patients not on antithrombotic
therapy prior to admission. However, the available evidence
from observational studies is contradictory, and thus the role
of antithrombotic therapy in these patients remains unclear
[22-34].

In this context, the objective of the present retrospective
study was to evaluate the effects of chronic antithrombotic
therapy on clinical outcomes and mortality in patients hos-
pitalized for COVID-19.

Material and methods

This was a retrospective, single-centre observational
trial (clinicaltrials.gov NCT04518735). Adult patients
(=18 years old) diagnosed with COVID-19 and admitted
to our hospital (Barcelona, Spain) for >24 h from March
1, 2020, to May 31, 2020 were included in the analysis.
COVID-19 diagnosis was confirmed by reverse-transcriptase
polymerase chain reaction (RT-PCR) testing of nasopharyn-
geal swab specimens. The primary outcome was all-cause
mortality and need for ICU admission. The study was
approved by the hospital ethics committee.

We collected and analyzed clinical data from the day of
admission through day 28 after admission. The following
data were obtained from electronic health records: age;
sex; co-morbidities; previous anticoagulant or antiplatelet

therapy (and type of drug used); laboratory results; treat-
ment received during admission (antivirals, hydroxychlo-
roquine, antithrombotic therapy, etc.); thromboembolic
events; hemorrhagic complications; intensive care unit
(ICU) admission; type of respiratory support received and
vital status (alive or deceased) at the end of the follow-
up. The Charlson co-morbidity index (CCI) was calcu-
lated and patients were classified into three categories by
CCI score according to co-morbidity severity, as follows:
none or mild (CCI, 0-2); moderate (CCI, 3-4), and severe
(CCL >5) [35].

For study purposes, patients were divided into three
groups according to the treatment received prior to admis-
sion for COVID-19. Group 1 was comprised of patients
receiving chronic anticoagulation with vitamin K antago-
nists (VKA ; warfarin or acenocoumarol), direct oral anti-
coagulants (DOACsS; dabigatran, rivaroxaban, apixaban or
edoxaban), or heparins for any indication. Group 2 con-
sisted of patients receiving antiplatelet therapy (aspirin,
clopidogrel, prasugrel, ticagrelor, cangrelor, or dipyrid-
amole) for any indication. Group 3 (the control group)
included patients who did not receive either chronic anti-
coagulation or antiplatelet therapy.

Statistical analysis

Descriptive analyses were performed. Categorical vari-
ables were described as frequencies and percentages
while continuous variables were summarized as means
with standard deviation (SD) or medians and 25" and 75
percentiles, depending of the distribution of the variable.

We performed a univariate analysis of the baseline
variables to assess the mortality and ICU admission
outcomes. For the categorical variables, the Chi-square
test or Fisher’s exact test was used, as appropriate. The
Mann—Whitney U test was performed to assess differences
in continuous variables. All variables with a p value <0.1
on the univariate analysis were initially entered into a mul-
tivariate binary logistic regression model. Non-significant
variables (p value >0.1) were then manually removed in
a stepwise procedure until the final model was obtained.
Both models (mortality and ICU admission) were adjusted
by sex, age, CCI and antithrombotic therapy. Odds ratios
(OR) with 95% confidence intervals (CI) were calculated
for the final variables. The Hosmer-Lemeshow test was
used to assess the calibration of the model. To evaluate the
discriminative power of the model, the area under the ROC
curve (AUC) was calculated. P values < 0.05 were consid-
ered statistically significant for all analyses. All statistical
analyses were performed with the IBM-SPSS statistical
package, v. 26.0 (IBM Corp).
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Results

Of 1680 patients with confirmed COVID-19 admitted in
our centre in the given dates, 68 were excluded because
they were hospitalized for less than 24 h. The final study
sample was of 1612 patients. At admission, 14 patients
were on both anticoagulant and antiplatelet therapy and
were therefore excluded from the multivariate model
analyses for mortality and ICU admission. There were
no missing values in any of the variables included in the
analyses.

Study population

The mean (SD) age was 66.5 (17.1) years. Slightly more than
half (n=857; 53.2%) of the patients were men. The median
[P,5—P;s] score on the CCI was 3 [1-5] points.

Antithrombotic therapy prior to admission

Most patients (n= 1135, 70.4%) were not receiving any type
of antithrombotic (AC or AP) therapy prior to admission. Of
the remaining patients, 155 (9.6%) were taking anticoagu-
lants, 308 (19.1%) antiplatelet therapy, and 14 (0.9%) both.

In the AC group, the most common medication was
VKA (n=94, 60.6%), primarily acenocoumarol (91/94;
96.8%). Fifty-one patients (32.9%) were on some type of
DOAC, as follows: apixaban (n=24, 47.1%), dabigatran
(n=11; 21.6%), edoxaban (n=9; 17.6%), and rivaroxaban
(n=7; 13.7%). Ten (6.5%) patients were anticoagulated
with LMWH. After admission, 80% of the patients on prior

AC received therapeutic anticoagulation during their hos-
pital stay (70% with therapeutic dose LMWH, 15.5% with
DOAC:S and 14.5% with VKA).

Mortality

The overall mortality rate was 19.3% (n=311). In the
patients receiving antithrombotic therapy (AC or AP), the
mortality rates were 35.5% (n=55) and 35.7% (n=110),
respectively. The univariate analysis according to vital status
at day 28 post-admission is shown in Table 1.

CCI Charlson comorbidity index, MI myocardial infarc-
tion, CVA cerebrovascular accident, PVD peripheral vascular
disease, CRD chronic respiratory disease, AC Anticoagula-
tion therapy, AP antiplatelet therapy, /CU intensive care unit.

*All values given as number (%) except where indicated.

**14 patients received both oral anticoagulants and anti-
platelet therapy and were excluded from the analysis.

The only variables independently associated with mortal-
ity on the multivariate analysis (Table 2) were age and CCI
score. Compared to the younger age groups, patients > age
80 had a significantly higher mortality risk (OR, 11.20; 95%
CI: 2.84-44.25). Similarly, patients with severe comorbidity
(CCI>5) also had a higher mortality risk (OR: 7.70; 95%
CI: 3.41-17.39) than those with less severe comorbidities.
When adjusted by sex, age, and CCI score, pre-admission
treatment with AC or AP did not significant influence mor-
tality rates.

Table 1 Characteristics of

T . Variable, n (%)* Alive (n=1294)** Deceased (n=304)** P value

hospitalized COVID-19 patients

by vital status Age, mean (SD) 62.9 (16.5) 81.5 (10.5) <0.001
Sex (male) 682 (52.7) 163 (53.6) 0.774
CCI, median [P,5 — P;s] 2 [1-4] 6 [4-7] <0.001
Any previous comorbidity 879 (67.9) 275 (90.5) <0.001
Diabetes 232 (17.9) 87 (28.6) <0.001
Hypertension 585 (45.2) 226 (74.3) <0.001
Vascular disease (MI, CVA, PVD) 195 (15.1) 103 (33.9) <0.001
Active cancer 60 (4.6) 35(11.5) <0.001
CRD 185 (14.3) 50 (16.4) 0.341
ICU 133 (10.3) 55 (18.1) <0.001
Days ICU, median [P,5 — P;s] 10 [5-27] 14 [9-20] 0.419
Days hospitalization, median [P,5 — Py5] 6 [3-10] 412-9] <0.001
Thromboembolic events 66 (5.1) 19 (6.3) 0.422
Hemorrhagic events 28 (2.2) 10 (3.3) 0.246
No previous AC or AP 996 (77.0) 139 (45.7) <0.001
AC 100 (7.7) 55 (18.1)
AP 198 (15.3) 110 (36.2)
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Table 2 Multivariate analysis for mortality

Variable OR (95% CI) P value
Sex (male) 1.24 (0.93-1.67) 0.150
Age (<50) Ref -

Age (50-59) 1.21 (0.28-5.23) 0.802
Age (60-69) 4.55 (1.23-16.89) 0.023
Age (70-79) 5.22 (1.32-20.58) 0.018
Age (>80) 11.20 (2.84-44.25) 0.001
CCI: 0-2 Ref -

CCI: 34 3.47 (1.60-7.51) 0.002
CCI: >5 7.70 (3.41-17.39) <0.001
No previous AC or AP Ref -

AC 1.07 (0.70-1.62) 0.757
AP 1.18 (0.84-1.66) 0.339

CCI Charlson comorbidity index, AC anticoagulation therapy, AP
antiplatelet therapy

Discrimination power of the model, AUC (95% CI): 0.831 (0.809 —
0.853)

Calibration of model, Hosmer-Lemeshow Test: p=0.516

ICU admission

The ICU admission rate was 11.7% (n=188). Among the
patients receiving AC or AP prior to hospitalization, the

ICU admission rate was 4.5% (n=7) and 11.7% (n=36),
respectively.

Table 3 compares the clinical and demographic character-
istics of patients who required ICU admission versus those
who did not (univariate analysis).

On the multivariate analysis, the following variables were
independently associated with ICU admission: sex, age, CCI
score, and pre-admission AC. By age group, the highest ICU
admission rates were observed in the 60—69 year age group
(OR: 3.49, 95% CI, 1.91—6.40). Similarly, by CCI score,
the highest ICU admission rate was observed in those with
moderate co-morbidity (CCI, 3—4 points) (OR, 1.78; 95%
CI: 1.11 — 2.88). When the model was adjusted for sex, age,
and CCI score, patients on AC had lower ICU admission
rates than the control group. The results of the multivariate
analysis are shown in Table 4.

In the group of patients on anticoagulant therapy prior to
hospitalization (n=155), we found no statistically significant
differences in mortality between the group of patients that
continued therapeutic anticoagulation during hospital admis-
sion and those who received lower doses of LMWH (inter-
mediate or prophylactic) or no antithrombotic treatment
(mortality of 32.3% vs. 48.4% respectively, p value=0.093).
Likewise, we found no statistically significant differences in
need for ICU admission between these groups (4.8% vs 3.2%
respectively, p value=1).

Table 3 Characteristics of

o . Variable, n (%)*
hospitalized COVID-19 patients

Patients not admitted to Patients admitted to ICU P value

! P ICU (n=1410)** (n=188)**

according to ICU admission

status Age, mean (SD) 66.8 (17.7) 63.5(11.7) 0.002
Sex (male) 723 (51.3) 122 (64.9) <0.001
CCI, median [P,5—Ps] 3[1-5] 3[2-4] 0.108
Any previous comorbidity 1008 (71.5) 146 (77.7) 0.076
Diabetes 272 (19.3) 47 (25.0) 0.066
Hypertension 707 (50.1) 104 (55.3) 0.182
Vascular disease (MI, CVA, PVD) 267 (18.9) 31 (16.5) 0.418
Active cancer 87 (6.2) 8 (4.3) 0.297
CRD 207 (14.7) 28 (14.9) 0.938
Days ICU, - 12 [7-22] -
median [P,5 — P;s]
Days hospitalized, 5[3-8] 20 [13-35] <0.001
median [P,5 — P;s]
Thromboembolic events 44 (3.1) 41 (21.8) <0.001
Hemorrhagic events 25 (1.8) 13 (6.9) <0.001
No previous AC or AP 990 (70.2) 145 (77.1) 0.011
AC 148 (10.5) 73.7)
AP 272 (19.3) 36 (19.1)

CCI Charlson comorbidity index, MI myocardial infarction, CVA Cerebrovascular accident, PVD Periph-
eral vascular disease, CRD chronic respiratory disease, AC Anticoagulation, AP antiplatelet therapy, ICU

intensive care unit

*All values given as number (%) except where indicated

**14 patients received both oral anticoagulants and antiplatelet therapy and were excluded from the analy-

sis
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Table 4 Multivariate analysis for ICU admission

Variable OR (95% CI) P value
Sex (male) 1.70 (1.22-2.38) 0.002
Age (<50) Ref -
Age (50-59) 2.05 (1.13-3.73) 0.019
Age (60-69) 3.49 (1.91-6.40) <0.001
Age (70-79) 2.38 (1.15-4.94) 0.02
Age (>80) 0.23 (0.08-0.66) 0.006
CCIL: 0-2 Ref -
CCI: 34 1.78 (1.11-2.88) 0.018
CCIL: =5 1.23 (0.64-2.35) 0.538
No previous AC or AP Ref -
AC 0.41 (0.18-0.93) 0.034
AP 0.96 (0.60-1.53) 0.863

CCI Charlson comorbidity index, AC anticoagulation therapy, AP
antiplatelet therapy, OR odds ratio

Discrimination power of the model, AUC (95% CI): 0.743 (0.710 —
0.776)

Calibration of model, Hosmer-Lemeshow Test: p=0.967

Thrombotic and hemorrhagic complications

Overall, the incidence of thrombotic events was 5.4%
(n=287). In the patients receiving AC or AP, the incidence
rates for thrombotic events were 4.5% (n=7) and 3.9%
(n=12), respectively, with no statistically significant dif-
ferences with the no-antithrombotic therapy group (n= 66,
5.8%). Two patients receiving both AC and AP prior to
admission presented thrombotic complications.

The following thrombotic events were observed: PE
(n=41,2.5%); deep vein thrombosis (DVT) (n= 14, 0.9%);
both PE and DVT (n=4, 0.2%); cerebrovascular accident
(CVA) (n=18, 0.9%); acute myocardial infarction (MI)
(n=7, 4.3%); peripheral arterial embolism (n=4, 0.2%);
intraventricular thrombosis (n=1, 0.06%); and superficial
thrombophlebitis (n=1, 0.06%);.

Hemorrhagic complications were reported in 39 patients
(2.4%). No deaths were attributed to anticoagulant-induced
hemorrhage. Bleeding was significantly more common in
the AC group than in the AP group (11 [7.1%] vs. 8 cases
[2.6%]) and compared to the controls (19 cases, 1.7%)
(p=0.001). One patient receiving both AC and AP prior to
admission developed a hemorrhagic event.

Discussion

The present study was performed to determine the impact
of chronic antithrombotic therapy on clinical outcomes
in patients hospitalized for COVID-19. On the univariate
analysis, patients receiving antithrombotic therapy prior
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to admission had a higher mortality rate than patients not
receiving this therapy. However, on the multivariate analysis
(adjusted for sex, age and CCI score), there were no sig-
nificant differences between the antithrombotic and control
groups. Interestingly, among the 14 patients receiving both
AC and AP at admission, the mortality rate was 50%, proba-
bly due to their advanced age (mean age, 72.5 years) and the
presence of multiple comorbidities (median CCI score, 6).
Finally, elderly (>age 80) and severely comorbid (CCI >5)
patients had a significantly higher risk of hospital mortality
(OR: 11.20 and 7.70, respectively) than younger patients
with fewer underlying comorbidities.

In this cohort of hospitalized patients, patients on antico-
agulant therapy prior to hospitalization had lower rates of
ICU admission than the other groups. However, neither AC
nor AP had a significant influence on mortality rates after
adjusting for sex, age and comorbidities. In the group of pre-
viously anticoagulated patients, we also analysed mortality
and need of ICU outcomes according to the antithrombotic
treatment received during hospital admission and found no
statistically significant differences between the groups. As
a result, the impact of chronic antithrombotic therapy in
patients with COVID-19 remains unclear. To our knowledge,
the largest study to date to examine the role of pre-admission
oral anticoagulation therapy was the nationwide registry-
based cohort study by Flam et al. [22], who evaluated more
than 100,000 DOAC users versus comparator groups. A total
of 360 patients were hospitalized for COVID-19; of these,
160 patients presented the composite outcome (ICU admis-
sion and death due to COVID-19), but this did not differ
significantly with the comparator group.

Other studies have also evaluated patients diagnosed with
COVID-19 to determine complication and mortality rates
in patients with previous antithrombotic therapy [23, 26,
30, 33, 34]. Those studies included from 110 to 731 antico-
agulated patients and from 98 to 912 patients on antiplatelet
therapy, with highly heterogenous findings. For example, in
a nationwide registry-based study, Frohlich et al. found that
hospitalized patients who received DOACs or VKA had bet-
ter composite (all-cause mortality or need for non-invasive
or invasive ventilation or extracorporeal membrane oxygena-
tion) outcomes compared to those on antiplatelet therapy
[33]. Chocron and colleagues found that AC therapy prior to
hospitalization was associated with better clinical outcomes
(ICU admission and/or in-hospital mortality) [34]. By con-
trast, Tremblay et al. observed no improvement in all-cause
mortality, time-to-mechanical ventilation, or need for hospi-
talization in either group (AC or AP) [26]. Rivera-Caravaca
et al. found that patients on AC therapy at the time of hospital
admission had lower survival rates and a greater mortality risk
[23]. Finally, Chow and colleagues evaluated the role of previ-
ous antiplatelet therapy, finding that these patients had a lower
risk of mechanical ventilation, ICU admission, and in-hospital
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mortality [30], results that contrast with the findings of the
other studies [26, 33].

In short, the studies carried out to date have reported highly
variable outcomes, which can be explained by several factors.
First, the analyses performed in these studies were variable.
For example, Flam et al. [22] evaluated anticoagulated patients
to determine the incidence of severe COVID-19 infection; by
contrast, the other studies, in line with the present study—eval-
uated patients hospitalized for COVID-19 to assess whether
pre-admission AC or AP influenced hospital outcomes. Sec-
ond, although most of these studies evaluated severe disease
and mortality, outcomes were measured differently. While
some studies assessed combined outcomes (i.e., mortality plus
the need for invasive measures), others evaluated these meas-
ures separately. Third, the study designs were heterogenous,
ranging from single-center studies like ours to nationwide reg-
istry studies and multicentric studies. Clearly, differences in
study design could influence data collection and outcomes.

In our study, the overall in-hospital thromboembolism rate
was 5.4%, with no impact in mortality. The mean incidence
of thromboembolism in our series was lower than in the other
studies [1-8, 36], which leads us to think that we may have
underdiagnosed this complication, probably because we did
not have any screening protocol in place to systematically
assess VTE in COVID-19 patients. Nevertheless, the incidence
of thromboembolism in our cohort was consistent with other
groups that have also reported lower rates of VTE [37].

Study strengths and limitations

The main limitation of this study is the observational, retro-
spective study design, which may have caused us to overlook
or not collect relevant data. However, we made every effort
to ensure the data was complete by checking all possible
sources. A second potential limitation is that some poten-
tial confounding variables may not have been included in
the multivariate analysis, the absence of which could have
influenced the study outcomes, especially mortality. In this
regard, patients on chronic AC are more likely to be older
and have various comorbidities that could influence the
reported outcomes. By contrast, an important strength of
our study is that this study is, to our knowledge, the largest
single-centre cohort of patients on antithrombotic therapy,
and thus all patients included in this sample were diagnosed
and treated according to the same institutional protocol, thus
increasing the reliability of the data.

Conclusions

The association between antithrombotic therapy and out-
comes in patients hospitalized for COVID-19 remains
unclear. However, our findings show that ICU admission

rates in patients receiving anticoagulation therapy prior to
admission are lower than in patients on chronic antiplate-
let therapy and patients not treated with antithrombotic
therapy prior to hospitalization. Nonetheless, our data also
show that chronic antithrombotic therapy does not appear to
affect mortality rates in patients hospitalized for COVID-19.
More studies—ideally prospective—are necessary to better
elucidate whether chronic anticoagulant and/or antiplatelet
therapy prior to COVID-19 infection influences outcomes
in hospitalized patients.
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