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The Association of Preinfection Daily Oral
Anticoagulation Use and All-Cause in Hospital
Mortality From Novel Coronavirus 2019 at 21
Days: A Retrospective Cohort Study

OBIJECTIVES: Practices regarding anticoagulation use in coronavirus di-
sease 2019 focus primarily on its efficacy in the critically ill without a clear
understanding of when to begin anticoagulation. We sought to understand
the association of preinfection daily oral anticoagulation use and the short-
term mortality of patients hospitalized with coronavirus disease 2019.

DESIGN: Retrospective chart review.

SETTING: Large health system with high coronavirus disease 2019
prevalence.

PATIENTS: Patients 60 years or older admitted to the hospital with posi-
tive coronavirus disease 2019 polymerase chain reaction test.

INTERVENTIONS: We compared both those on warfarin and those on a
direct oral anticoagulant prior to admission and throughout disease course
with those who were never exposed to an oral anticoagulant.

RESULTS: Our primary outcome was inhospital mortality at 21 days from
the first coronavirus disease 2019 test ordered. Patients in the direct
oral anticoagulant group (n = 104) were found to have significantly lower
21-day all-cause in hospital mortality than patients in the control group
(n = 894) both prior to adjustment (14.4% vs 23.8%; odds ratio, 0.57
[0.29-0.92]; p = 0.03) and after controlling for age, gender, and comorbidi-
ties (odds ratio, 0.44 [0.20-0.90]; p = 0.033). Patients on warfarin (n = 28)
were found to have an elevated unadjusted mortality rate of 32% versus
283.8% in the control group (odds ratio, 1.51 [0.64-3.31]; p = 0.31). After
adjustment, a reduction in mortality was observed but not found to be sta-
tistically significant (odds ratio, 0.29 [0.02-1.62]; p = 0.24). There was no
statistical difference noted in the number of bleeding events in each group.

CONCLUSIONS: In this retrospective cohort study evaluating oral antico-
agulant use among patients with coronavirus disease 2019, we found that
patients who are on daily oral anticoagulation at the time of infection and
throughout their disease course had significantly lower risk of all-cause mor-
tality at 21 days. Validation of these findings should be performed on popu-
lation-based levels. While research regarding anticoagulation algorithms is
ongoing, we believe these results support future randomized control trials to
understand the efficacy and risk of the use of early oral anticoagulation.
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urrent evidence suggests that the pathophys-
‘ iology of the novel coronavirus of 2019 (se-

vere acute respiratory syndrome coronavirus 2
[SARS-CoV-2]) resides in the inflammatory state that
the virus provokes. There is subsequent development
of microthrombi, leading to capillary occlusion and
the destruction of organ systems—most notably in the
lungs with a unique type of Acute Respiratory Distress
Syndrome characteristic of coronavirus disease 2019
(COVID-19) (1-6). Microthrombi appear to predis-
pose patients to an increased risk of typical throm-
boembolic pathologies (i.e., deep venous thromboses,
pulmonary emboli, strokes, myocardial infarction,
etc.) as disease progression leads to hypercoagulation
and clot development (4). Virchow’s triad names three
elements that predispose to thrombosis: a hypercoagu-
lable state, stasis, and endothelial injury. SARS-CoV-2
has been shown to contribute to both a hypercoagu-
lable state (7) and endothelial injury (1, 2, 8).

Early studies have demonstrated that SARS-CoV-2
is associated with an increased risk of venous throm-
boembolism (VTE) in critically ill patients (9, 10). A
more recent study noted a 16% prevalence of throm-
boembolic events in all hospitalized patients infected
with SARS-CoV-2, and notably, the all-cause mortality
was 24.5% higher in those with thrombotic events (11).

To date, studies have primarily focused on the use of
therapeutic anticoagulation and its potential benefit in
patients who are critically ill—with no data to support
therapeutic anticoagulant doses for patients who are early
in the course of disease (4). Although anticoagulation
treatment algorithms are highly variable, it has become
increasingly accepted to therapeutically anticoagulate
critically ill COVID-19 patients in order to prevent VTE
(3, 12, 13). These anticoagulation practices lack robust
prospective data (14) and, as of yet, are not standard of
care according to National Institutes of Health treatment
guidelines (15). Nonetheless, there is increasing evidence
to suggest that critically ill COVID-19 patients benefit
from therapeutic anticoagulation. Notably, those on
daily preinfection anticoagulation were excluded from
the analysis (16). Current data are therefore insufficient
to recommend therapeutic doses of anticoagulation for
COVID-19 patients who are not critically ill or who lack
another indication for therapeutic doses of anticoagula-
tion, such as atrial fibrillation or VTE (4, 15).

If SARS-CoV-2 infection creates an environment
that promotes microthrombi and capillary occlusion,
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patients who are receiving treatment to protect against
clot formation with daily anticoagulation at the time
of their SARS-CoV-2 infection should be protected
from this mechanism of injury compared with other
patients. While there is some suggestion that there is a
physiologic mechanism that direct anticoagulants will
protect against the infectivity of SARS-CoV-2 (17),
early therapeutic anticoagulation may protect against
the morbidity and mortality caused by prothrombotic
state. We are not aware of any study that seeks to un-
derstand the value of premorbid therapeutic antico-
agulation and how it may affect progression of disease.
In our large, 500-bed community teaching hospital
(that surged to 700 beds to meet pandemic needs),
situated in a state that experienced high COVID-19
prevalence, it was anecdotally noted that patients who
were on oral anticoagulation medication at the time of
COVID-19 infection seemed to become less ill than
their counterparts or were simply absent from the typ-
ical flow seen in the emergency department and inpa-
tient units. These clinical observations, coupled with
the increasing evidence of thrombotic complications
during disease progression, prompted us to hypoth-
esize that daily anticoagulation therapy before and
during the course of COVID-19 infection may confer
protection from the disease’s morbidity and mortality.

MATERIALS AND METHODS

To understand the relationship between daily preinfec-
tion anticoagulation and mortality from COVID-19, we
reviewed the charts of all SARS-CoV-2 RNA polymerase
chain reaction (PCR)-positive COVID-19 patients age
60 or older from March 1, 2020, to May 13, 2020, in a
large health system in a state with high COVID-19 prev-
alence. Initially, we noted a trend in our large commu-
nity teaching hospital and therefore expanded to include
data from the entire health system. The health system
includes five different hospitals. Of the three that have
cared for the majority of COVID-19 patients, one is a
large academic medical center, one is a large community
teaching hospital, and the third is a smaller community
hospital. All are located within commuting distance to
New York City. This retrospective study received expe-
dited Institutional Review Board (IRB) approval at Yale
New Haven Health-Bridgeport Hospital (IRB Number
052001).
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Study Design and Participant Inclusion

We conducted a retrospective chart review of all PCR-
positive COVID-19 patients age 60 or older who
were admitted to a hospital within the health system.
We chose to focus on patients 60 and older as they
are at increased risk for severe COVID-19 and in an
effort to reduce the variability between control and
study groups. In order to assess 21-day mortality,
all patients in the study had a SARS-CoV-2 RNA
PCR performed before April 22, 2020 (n = 1,132).
Mortality was assessed from the date of the first RNA
PCR test undertaken during hospitalization, even if
that first test was negative. If a later RNA PCR test
demonstrated disease, we assumed the first test to
be falsely negative (18) and a better marker of illness
onset compared with the date of eventual positive
RNA-PCR result. Those who had history of oral anti-
coagulation therapy with either a direct oral anticoag-
ulant (DOAC) (apixaban, rivaroxaban, dabigatran) or
warfarin were separated from the control group. Data
retrieval could not differentiate between patients on
oral anticoagulation prior to infection compared with
those prescribed oral anticoagulation during hospi-
talization for COVID-19. Therefore, a chart review of
all patients with exposure to oral anticoagulation was
performed (n = 238) (Fig. 1).

There were exclusions from chart review (n = 106):
patients who were hospitalized for noninfectious con-
ditions just prior to COVID-19 infection were excluded
(n =2, 0 deaths). Patients who were briefly started on
oral anticoagulation during their hospital course but
then had the anticoagulation discontinued due to
a complication were also excluded (n = 7, 0 deaths).
Patients who were not chronically on oral anticoagula-
tion with a DOAC or warfarin but were discharged or
expired while taking an oral anticoagulant during the
course of hospital admission for COVID-19 were also
excluded from the analysis (n = 93; eight deaths). Four
patients not otherwise mentioned above were also
excluded because they did not meet inclusion criteria
for either the study groups or the control group: one
patient that was on fondaparinux at the time of admis-
sion (alive); another patient that was not initially on
anticoagulation but discharged on enoxaparin (alive);
a patient previously prescribed warfarin but clearly
identified as nonadherent with medication and with
subtherapeutic international normalized ratio (INR)

Critical Care Explorations

upon diagnosis of COVID-19 (deceased); and one
patient whose chart review had conflicting documen-
tation of whether they were on apixaban or warfarin
(deceased). Of note, if the chart did not explicitly men-
tion lack of compliance even if blood testing revealed
a subtherapeutic anticoagulant effect at the time of ad-
mission, the patient was included in the appropriate
group.

Ultimately, the final analysis included three com-
parison groups. The study groups include patients that
were on a DOAC (n = 104) and patients on warfarin
(n =28). The control group included people with no ex-
posure to oral anticoagulation prior to or during their
hospital course (1 = 894). Because the focus of this anal-
ysis is oral anticoagulation, we did not exclude patients
on varying doses of heparin in the control group.
During the study period, our health system’s practice for
the treatment of all COVID-19 patients incorporated a
protocol for varying doses of heparin/low-molecular-
weight heparin based on level of p-dimer and clinical
evidence of thromboembolism. (Specifically, if b-dimer
< 5mg/L prophylactic doses were given, if b-dimer >
5mg/L intermediate doses were given and if confirmed
thromboembolic process, therapeutic doses were
given.) We assumed that other than the continuation
of their baseline oral anticoagulant, patients in all three
groups received similar care based on system-wide pro-
tocols for COVID-19 treatment, which remained un-
changed with regards to anticoagulant use during the
study period (those with oxygen < 94% were treated
with hydroxychloroquine and tocilizumab; the criti-
cally ill were additionally treated with methylpredniso-
lone and some with convalescent plasma).

We searched the electronic medical record for the
primary outcome of all-cause mortality for the two
study groups and the control group. Outcome was
assessed at 21 days from the date of the first order for
a COVID-19 RNA-PCR test. As a secondary outcome,
bleeding events were reviewed and accounted for using
International Classification of Diseases, 10th Revision
(ICD-10) codes that include major bleeding events.

Analysis

Demographics of the two study groups (DOAC only
and warfarin only) were collected and then compared
with the control group (Table 1). Historical comorbid
diseases were found through ICD-10 search within

www.ccejournal.org 3



Harrison et al

3740 COVID-19 Patients with at least one ED visit
n =3740

h 4

1945 patients age less than 60 excluded
n=1795

Y

479 patients with a positive COVID-19 test order after but notincluding April 22™
were excluded

n=1316

v

183 patients that were discharged from the ED were excluded due to concerns over
information loss regarding mortality
n=1133

h 4

1 patient was excduded for unknown date of death

n=1132

h 4

Exposure to oral anticoagulant Control Group

n=238 n=894

:

Exclusion from chart review
n =106

h 4 v

Not on Daily Oral Anticoagulants prior or

Treatment Groups S . = T
during hospital admission

n=132
n=289%4
\ 4
A combined group of both warfarin, rivaroxaban,
dabigatran, or apixaban prior to hospital admission
n=132

Patients who were on daily rivaroxaban, dabigatran, or
apixaban prior to hospital admission
n =104

Patients who were already on warfarin prior to admission
n=28

Figure 1. Patient inclusion & exclusion flow chart. COVID-19 = coronavirus disease 2019,
ED = emergency department.

were identified using con-
sideration for both adjusted
associations and unad-
justed associations, with
an aim toward identifica-
tion of associations likely
to modify mortality and
anticoagulation utilization.
Associations between an-
ticoagulant use and mor-
tality were assessed using
a multivariable logistic re-
gression model weighted
by inverse propensity score
(Appendix 1, http://links.
lww.com/CCX/A485).
Propensity scores were
found by using multivari-
able gradient boosting ma-
chine models to estimate
the probability of a patient
having been placed on the
medication under evalua-
tion, and each covariate was
evaluated individually for
balance across treatment
groups. Final logistic re-
gression models containing
the same covariates were
then weighted by inverse
probability of treatment by
using this propensity score
in order to achieve double
robustness and mitigate
potential confounding by
indication (19).

RESULTS

Characteristics of the
Study Subjects

Baseline ~ demographics

patient encounter problem lists. Diagnoses reviewed and medical conditions that have been identified as
included diseases that would raise risk concerns for a risk for severe COVID-19 or severe bleeding com-
both COVID-19 and major bleeding events: coronary  plications were reviewed and compared between the
artery disease, congestive heart failure, atrial fibrilla-  study groups and the control group. All p values were
tion, hypertension, diabetes, chronic kidney disease, adjusted for multiple comparisons. Patients in the
cancer, gastric bleeding, and liver disease. Confounders DOAC group (n = 104) were found to be older (mean
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TABLE 1.

Study Population Characteristics (n = 1,027)

Study Population:

Warfarin

Direct Oral
Anticoagulant

Control

Number of patients (%)
Age
Mean (p)

Median (interquartile range)

Gender, n (%; p)
Male
Female
Body mass index
Mean (p)
Median
Race/ethnicity, n (%; p)
White
Hispanic
Black
Other/unknown
Asian
Native American
Comorbid diagnosis, n (%; p)
Coronary artery disease
Congestive heart failure
Atrial fibrillation
Hypertension
Diabetes
Chronic kidney disease
Cancer
Gastric bleed

Liver disease

28 (2.7)

81.6 (0.01)
85 (69.5-100.5)

13 (46.4; 1)
15 (53.6; 1)

28.7 (0.64)
271

18 (64.3; 0.44)
4(14.3;1)

6 (21.4;1)

0 (0.0; 1)

0 (0.0; 1)

0 (0.0; 1)

12 (42.9; 0.007)
14 (50;<0.001)
24 (85.7;<0.001)
25 (89.3; 0.08)
15 (53.6; 0.12)

6 (21.4;1)

7 (25; 0.81)

4 (14.3; 0.55)

5(17.9;0.17)

104 (10.1)

78.3 (0.02)
79 (71.5-86.5)

67 (64.4;<0.001)
37 (85.6;<0.001)

29.3 (0.03)
28.6

72 (69.2; 0.01)
6 (5.8; 0.003)
21 (20.2; 0.80)
4(3.9;1)
1(1.0;1)

(

0 (0.0; 1)

47 (45.2;<0.001)
56 (53.9; < 0.001)
76 (73.1;<0.001)
88 (84.6; 0.009)
47 (45.2; 0.14)

35 (33.7; 0.009)
30 (28.9; 0.108)
19 (18.3; 0.04)

8 (7.7; 0.85)

894 (87.1)

76.1 (NA)
75 (67-85)

407 (45.5; NA)
487 (54.5; NA)

28 (NA)
270

500 (55.9; NA)
145 (16.2; NA)
196 (21.9; NA)
32 (3.6; NA)
17 (1.9; NA)
1 (0.1; NA)

172 (19.2; NA)
178 (19.9; NA)
116 (13.0; NA)
649 (72.6; NA)
335 (37.5; NA)
194 (21.7; NA)
195 (21.8; NA)
99 (11.1; NA)
79 (8.8; NA)

NA = not available.

age 78.3 vs 76.1; p = 0.02), more likely to be male
(64.4% vs 45.5%; p < 0.001), had a higher body mass
index (mean: 29.3 vs 28.0; p = 0.03), and more likely

Critical Care Explorations

to have a diagnosis of coronary artery disease (45.2%
vs 19.2%; p < 0.001), congestive heart failure (53.9% vs
19.9%; p < 0.001), atrial fibrillation (73.1% vs 13.0%;
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p < 0.001), hypertension (84.6% vs 72.6%; p < 0.01),
diabetes (45.2% vs 37.5%; p = 0.14), chronic kidney
disease (33.7% vs 21.7%; p < 0.01), cancer (28.9%
vs 21.8%; p = 0.11), and gastric bleeding (18.3% vs
11.1%; p = 0.04), as compared with the control group
(n = 894), although not all of these differences were
statistically significant. Patients in the warfarin group
(n = 28) were found to be older (mean age 81.6 vs
76.1; p = 0.01), similarly male (46.4% vs 45.5%; p = 1),
had similar body mass index (mean: 28.7 vs 28.0;
p = 0.64), but were more likely to have a diagnosis cor-
onary artery disease (42.9% vs 19.2%; p < 0.01), con-
gestive heart failure (50% vs 19.9%; p < 0.001), atrial
fibrillation (85.7% vs 13.0%; p < 0.001), hypertension
(89.3% vs 72.6%; p = 0.08), diabetes (53.6% vs 37.5%;
p =0.12), and liver disease (17.9% vs 8.8%; p = 0.17) as
compared with the control, although not all differences
reach significance (Table 1).

Main Results

In this high-risk population over 60 years old with
multiple comorbidities, a total of 236 of 1,026 patients
died, an overall mortality rate of 23.0% assessed at 21
days from when a clinician first ordered a COVID-19
RNA PCR test. The control group, those without expo-
sure to an oral anticoagulant prior to or during their
hospitalization for COVID-19, had a gross all-cause
mortality outcome of 213 of 894 deaths with an overall
mortality rate of 23.8% at 21 days from first ordered
test. Those that were on daily oral anticoagulation at
the time of COVID-19 infection with a DOAC had 15
of 104 deaths with an overall mortality rate of 14.4% at
21 days with a crude odds ratio (OR) of 0.54 (95% CI,
0.29-0.92; p = 0.03) prior to adjustment. Those on daily
warfarin at the time of COVID-19 infection had nine
of 28 deaths with an overall mortality rate of 32.1% at
21 days with a crude OR of 1.51 (95% CI, 0.64-3.31;
p =0.31). When comparing DOAC only and the con-
trol, there is an absolute reduction of 9.4% at 21 days
without adjusting for confounding variables such as
age, gender, and comorbidities.

After statistical analysis with propensity score
weighted multivariable logistic regression controlling
for age, gender, and confounding variables, patients
on a DOAC were found to be significantly less likely
to die (OR, 0.44; 95% CI, 0.20-0.90; p = 0.033) rela-
tive to those in the control group (Table 2). Patients on

6 www.ccejournal.org

warfarin (n = 28) had a trend toward reduced mortality
after adjustment, however, those findings were not
statistically significant (OR, 0.29; 95% CI, 0.02-1.62;
p = 0.24) (Table 3). Of note, patients on warfarin were
not optimally therapeutic upon admission to the hos-
pital. Chart review revealed that 21 of 28 were not
therapeutic with 10 subtherapeutic (three expired) and
11 supratherapeutic (four expired).

No statistical difference was noted for the prev-
alence of bleeding events as captured by ICD-10 en-
counter diagnosis search. Overall, the control group
experienced 46 bleeding events (5.1%). The warfarin
group had two (7.1%; p = 0.65) and the DOAC group
had six (5.8%; p = 0.67) (Table 4).

DISCUSSION

This retrospective chart review found that use of a
DOAC for a chronic medical condition at the time of
infection with the novel coronavirus 2019 to be asso-
ciated with lower mortality compared with matched
patients. This finding suggests the potential benefit of
early anticoagulation to reduce morbidity and mor-
tality in COVID-19.

Patients on daily oral anticoagulation tend to be older
and to have more comorbidities, an association that
was seen in both of our study groups when compared
with the control. Both of our study groups were thus
presumed higher risk for severe COVID-19 (7, 20, 21).
However, our study found the opposite, suggesting that
preinfection anticoagulation should be considered when
estimating the prognosis of older, at-risk adults infected
with COVID-19 and discussing their goals of care.

Although these results are highly encouraging, we
note several important limitations to our study. We in-
cluded only those patients that required hospitalization
and those who had a positive SARS-CoV-2 RNA-PCR, a
test limited by high false-negative rates (18). Additionally,
in an effort to capture a clear understanding of mortality
with a sufficient sample size, we elected to use ages 60
years old and greater and a 21-day in hospital mortality.
We believe this captures the at risk age group and is a
sufficient time period to establish clear trends, but it pro-
vides a limited perspective on mortality.

Interpretation of our study results could be limited
due to the large number of exclusions, in particular,
those started on anticoagulation during their admis-
sion for COVID-19. We made this choice because
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TABLE 2.

Outcomes of Multivariable Logistic
Regression Comparing Direct Oral
Anticoagulant Versus Control Group for
All-Cause 21-Day Mortality After Inverse
Propensity Weighting

Variable OR (2.5-97.5%) p

Direct oral anticoagulant  0.44 (0.20-0.90) 0.033

vs control
1.88 (1.68-2.09) < 0.001
2.77 (1.31-5.93)

Age (per 10 yr)
0.008

log(body mass index) (
1.87 (1.88-2.64) < 0.001
(

Gender: male

Race: Black 0.78 (0.50-1.21) 0.280
Race: unknown/other 0.67 (0.32-1.35) 0.267
Ethnicity: Hispanic/Latinx ~ 0.92 (0.43-1.92) 0.821
Ethnicity: unknown/other  0.82 (0.16-2.98) 0.780
Coronary artery disease  0.97 (0.63-1.47) 0.875
Congestive heart failure  1.49 (0.98-2.27) 0.062
Atrial fibrillation 1.49 (0.99-2.24) 0.057
Hypertension 0.98 (0.64-1.50) 0.910
Chronic kidney disease ~ 1.21 (0.82-1.80) 0.336

OR = odds ratio.

we sought to understand the association between
preinfection oral anticoagulant use and its continua-
tion throughout course of illness and the prognosis of
COVID-19. Overall, this group of cases—those whose
use of a DOAC or warfarin coincided with their ad-
mission for COVID-19—had a much lower overall
mortality than that of our control group. Analysis of
this group and its mortality rate is misleading, how-
ever, because of selection bias: these patients had to
be well enough to take an oral medication, and many
were given this therapy in the setting of a thrombotic
complication or a new diagnosis of atrial fibrillation.
Of note, we did not find statistical benefit to being
on warfarin, although after logistic regression, we
noted a nonsignificant trend toward protection. The
overall study group size was small and given the labile
nature of warfarin dosing and management, it is pos-
sible that the noted variations in INR also contributed
to the lack of significant protection. Additionally, given

Critical Care Explorations

TABLE 3.

Outcomes of Multivariable Logistic
Regression Comparing Warfarin Versus
Control Group for All-Cause 21-Day
Mortality After Inverse Propensity Weighting

Variable OR (2.5-97.5%) P

Warfarin vs control 0.29 (0.02-1.62)  0.237
Age (per 10 yr) 1.87 (1.67-2.09) < 0.001
log(body mass index) 2.55 (1.20-5.48) 0.016
Gender: male 1.96 (1.38-2.81)  0.000
Race: Black 0.84 (0.563-1.31)  0.448
Race: unknown/other 0.65 (0.31-1.32) 0.245
Ethnicity: Hispanic/Latinx 1.01 (0.47-2.14) 0.980
Ethnicity: unknown/other 0.88 (0.18-3.17) 0.863

Coronary artery disease 0.97 (0.62—-1.51
1.65 (1.06-2.55

)  0.905

)
1.54 (0.98-2.39)  0.056

)

)

Congestive heart failure 0.026
Atrial fibrillation
0.94 (0.62-1.45

0.96 (0.63-1.46

0.779
0.852

Hypertension

Chronic kidney disease

OR = odds ratio.

the more readily reversible nature of warfarin, patients
who are taking it (as opposed to a DOAC) may have
risk factors that contribute to more severe overall ill-
ness and therefore may bias them to more severe di-
sease from COVID-19.

We did not find a statistical difference in bleeding
events between the groups. This may have been limited
by the documentation of ICD-10 codes in the large
sample size. Minor bleeding events may not have been
added to the problem list if it did not alter the course of
treatment. We believe this would have similarly been
observed across groups.

An important factor to note is that the control group
is not naive to anticoagulation. The control group did
receive varying doses of heparin based on our health
system’s COVID-19 treatment algorithm. Although
not able to fully control for otherwise similar treatment
for the three groups, the sensitivity analyses utilizing
E-value calculations for the DOAC group (22) indicate
that potential unmeasured confounders would need to
collectively have a risk ratio in the opposite direction

www.ccejournal.org 7



Harrison et al

TABLE 4.
Bleeding Events

Any Bleeding No Bleeding o)
Event, n (%) Event,n (vs Control)
Warfarin 2(71) 26 0.65
Direct oral an- 6 (5.8) 98 0.67
ticoagulant
Control 46 (5.1) 848 Not available

of the observed effect of at least 2.08 in order to explain
away the observed improvement in mortality of the
DOAC group. This may suggest one of two things: the
mortality benefit we observed is secondary to some-
thing intrinsic to a DOAC (17) or that a steady state
therapeutic anticoagulation from the onset of, or early
in, the disease is what confers improved prognosis.

Use of anticoagulation to prevent VTE during the
later stages of COVID-19 has become an increas-
ingly accepted practice, but there are, to our know-
ledge, no current evidence-based recommendations
for the use of therapeutic anticoagulation in the early
stages of illness (3, 4). There are an increasing number
of registered clinical trials evaluating various dosing
of anticoagulation, mostly evaluating heparin or low
molecular weight heparin with fewer that specifically
plan to assess the value of a DOAC as a treatment for
COVID-19 (23). There has been ongoing discussion
on the potential utility, value, and risk of anticoagulat-
ing patients early on in the infection (3, 4, 24, 25).

CONCLUSIONS

This study advances the hypothesis that morbidity and
mortality in COVID-19 may be related to an early micro-
thrombotic state and suggests that steady state antico-
agulation prior to and throughout disease course may
improve prognosis. Retrospective, population-based
studies of extended care facilities and hospitals with
high burdens of COVID-19 cases should be performed
to validate our findings. Given that elevated p-dimer
at the time of admission is associated with increased
mortality and rising levels precede multiple organ dys-
function (often noted around day 4 of hospitalization)
(4, 26), we believe that the above results provide suffi-
cient evidence to warrant randomized control trials
evaluating the use of oral anticoagulants at the time of
suspected diagnosis and/or upon hospitalization. Such

8 www.ccejournal.org

trials are essential if we are to understand the true ef-
ficacy and risk of oral anticoagulants in the treatment
of COVID-19. Although this study did not note a sig-
nificant difference in bleeding events, increased use of
oral anticoagulation will require monitoring of bleed-
ing complications. A large cohort study from New York
City also showed no significant difference in bleeding
events for patients with COVID-19 who were on ther-
apeutic anticoagulation compared with those who were
not (16). In general, major bleeding manifestations with
COVID-19 have remained low despite the coagulopathy
(4, 25). Despite the abundance of safety data for antico-
agulation, new studies in the context of COVID-19 are
vital. Data are evolving regarding the pathologic mecha-
nisms of SARS-CoV-2 and the known interactions be-
tween anticoagulants and anti-viral medications that are
currently under investigation (3, 8, 14, 27).

Even in the presence of effective vaccination, the
mitigation of COVID-19’s morbidity and mortality
is vital for our patients and our public health. Despite
its limitations, our observations suggest that high-risk
patients on a DOAC prior to SARS-CoV-2 infection
and throughout the course of disease experience an
improved prognosis. Further study will be required to
understand if this improved prognosis would also be
observed in patients, high-risk or otherwise, that are
started on therapeutic oral anticoagulation after virus
exposure or upon symptom onset.
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