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Abstract

The hypercoagulable state observed in COVID-19 could be responsible for morbidity and mortality. In this retrospective study
we investigated whether therapeutic anticoagulation prior to infection has a beneficial effect in hospitalized COVID-19 patients.
1154 COVID-19 patients admitted to 6 hospitals in the Netherlands between March and May 2020 were included. We applied
1:3 propensity score matching to evaluate the association between prior therapeutic anticoagulation use and clinical outcome,
with in hospital mortality as primary endpoint. 190 (16%) patients used therapeutic anticoagulation prior to admission. In the
propensity score matched analyses, we observed no associations between prior use of therapeutic anticoagulation and overall
mortality (RR 1.02 (95% CI; 0.80-1.30) or length of hospital stay (7.0 [4-12] vs 7.0 {4-12] days, p=0.69), although we observed a
lower risk of pulmonary embolism (RR 0.19 (95% CI; 0.05-0.80). This study shows that prior use of therapeutic anticoagulation
is not associated with improved clinical outcome in hospitalized COVID-19 patients.
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Abstract

The hypercoagulable state observed in COVID-19 could be responsible for morbidity and mortality. In this
retrospective study we investigated whether therapeutic anticoagulation prior to infection has a beneficial
effect in hospitalized COVID-19 patients. 1154 COVID-19 patients admitted to 6 hospitals in the Netherlands
between March and May 2020 were included. We applied 1:3 propensity score matching to evaluate the
association between prior therapeutic anticoagulation use and clinical outcome, with in hospital mortality as
primary endpoint. 190 (16%) patients used therapeutic anticoagulation prior to admission. In the propensity
score matched analyses, we observed no associations between prior use of therapeutic anticoagulation and
overall mortality (RR 1.02 (95% CI; 0.80-1.30) or length of hospital stay (7.0 [4-12] vs 7.0 {4-12] days,
p=0.69), although we observed a lower risk of pulmonary embolism (RR 0.19 (95% CI; 0.05-0.80). This
study shows that prior use of therapeutic anticoagulation is not associated with improved clinical outcome
in hospitalized COVID-19 patients.

What is already known about this subject

We searched PubMed for articles published from the start of the pandemic up to October 30", 2020, using
the keywords “coronavirus”, “COVID-19”, “SARS-CoV-2”, “therapeutic anticoagulation”, and “thrombo-
sis” or “embolism”. The existing evidence shows that patients with COVID-19 have a hypercoagulable state
with increased risk of thrombotic events. Three studies investigated the association between therapeutic an-
ticoagulation prior to hospitalization and mortality with ambivalent results, probably due to methodological
limitations.

What this study adds

A rigorous statistical analysis with thorough adjustment for confounding to properly investigate the treat-
ment effect of prior therapeutic anticoagulation on different clinically relevant outcomes in a large cohort of
hospitalized COVID-19 patients. Moreover, we are the first to show that prior use of therapeutic antico-
agulation is not associated with better outcome parameters in hospitalized COVID-19 patients in terms of
all-cause mortality, ICU admittance, need for mechanical ventilation, and length of hospital stay.

Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by the severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2). Besides respiratory failure, COVID-19 also has high rates of throm-
boembolic complications as seen in multiple retrospective studies.' In accordance, autopsy studies showed
high incidences of macro- and microemboli in patients who were infected by SARS-CoV-2.%® These throm-
botic complications could be responsible for a significant part of the morbidity and mortality seen in COVID-
19 patients.? The exact underlying pathophysiology of COVID-19 related thrombotic complications remains
unknown, but excessive inflammation, hypoxia, immobilization, thrombotic microangiopathy, diffuse in-
travascular coagulation, and complement activation most likely play a role.® Moreover, low-molecular-weight
heparin (LMWH) thromboprophylaxis seems to decrease mortality in patients with COVID-19.1%

Based on these data, guidelines recommend administration of prophylactic LMWH for all hospitalized pa-
tients with COVID-19.1%:1"However, recent reports show that despite the use of apparently adequate throm-
bosis prophylaxis, the incidence of venous thromboembolism (VTE) in COVID-19 patients who were admit-
ted to a hospital ward appears to be much higher compared to patients with other infectious diseases.218:19
Therefore, it was suggested that in COVID-19 patients increased intensity thromboprophylaxis or thera-
peutic anticoagulation should be considered.'®21:22 However, studies that address the effect of therapeutic
anticoagulation on clinical outcomes show conflicting results, and often compare very heterogeneous cohorts
that lack statistical power to draw firm conclusions.?3 27 The aim of this study is to investigate the benefi-
cial effect of therapeutic anticoagulation used prior to hospitalization on morbidity and mortality in a large
cohort of hospitalized COVID-19 patients.

Methods



Patients

We included all patients [?]18 years old with confirmed COVID-19 admitted to one of the six participating
hospitals in the Netherlands (1 academic hospital (Radboudumec, Nijmegen), 5 general hospitals (Bernhoven
hospital, Uden; Sint Maartenskliniek, Nijmegen; Canisius Wilhelmina hospital, Nijmegen; Rijnstate hospital,
Arnhem; Jeroen Bosch hospital, ‘s-Hertogenbosch)) between March 1 and May 31, 2020. The diagnosis
COVID-19 was made with a real-time reverse transcriptase polymerase chain reaction (RT-PCR) positive
for SARS-CoV-2 on a deep naso-oropharyngeal swab. In addition, patients with negative PCR but with
clinical symptoms consistent with COVID-19 and a CT-scan of the chest showing a very high suspicion of
typical pulmonary involvement of COVID-19 (COVID-19 reporting and data system score of 5 defined by
the Dutch Radiology Society) were included.? Patients were excluded when COVID-19 was not RT-PCR
or radiographically confirmed, or when patients had insufficient clinical documentation because they were
transferred to or from another hospital due to capacity constraints.

The index date was the day of hospital admission. Patients were followed until hospital discharge or death.
Data on the occurrence of thrombotic events, length of hospital stay, ICU admission, type of oxygen venti-
lation, and mortality were obtained from the patients’ records (EPIC, EPIC Systems Corporation, Verona,
Wisconsin, USA; HiX, ChipSoft, Amsterdam, The Netherlands; xCare EPD, NEXUS, Nieuwegein, The
Netherlands) and recorded in our database using a standardized case report form in the good clinical prac-
tice (GCP)-compliant data management system Castor (Castor Electronic Data Collection, Amsterdam, the
Netherlands). CT pulmonary angiograms (CTPAs) and Doppler ultrasonography were performed at the
discretion of the treating clinician. Common indications for CTPA included high D-dimer levels and/or
progressive hypoxemia. The study was carried out in the Netherlands in accordance with the applicable
rules concerning the review of research ethics committees and informed consent. The Institutional Review
Boards of the participating hospitals waived the need for informed consent due to the observational nature
of this study.

Outcomes

The primary outcome was all-cause in hospital mortality. Secondary outcomes included admission to the
ICU, need for invasive mechanical ventilation, critical respiratory status (defined as a composite endpoint
of the need for invasive mechanical ventilation and/or need of venturi mask and/or non-rebreathing mask),
imaging proved pulmonary embolism (PE), and length of hospital stay.

Potential confounders

Potential confounders were identified literature review. Directed acyclic graphs (DAG) were subsequently
drawn to visualize causal assumptions to identify confounders (Figure S1 in the online supplement). Age, sex,
body mass index (BMI), medical history of chronic pulmonary disease, diabetes mellitus, active malignancy,
hypertension, obstructive coronary heart disease, myocardial infarction, nonischaemic cardiomyopathy, heart
failure, previous heart surgery, electronic heart device, cerebrovascular accidents, and/or peripheral artery
disease, use of immunosuppressive medication, and no-ICU policy were identified as confounders that were
available in our database.

Statistical analysis

Descriptive statistics were used to compare the patients with and without prior therapeutic anticoagulation
and to estimate the prevalence of the outcomes. Categorical parameters were presented as counts with
percentages, continuous parameters with medians and interquartile ranges, based on their non-normal dis-
tribution tested with the Shapiro-Wilk test. Comparisons were performed using Mann-Whitney U test or
Chi-Squared test as appropriate. In order to compare the outcomes while adjusted for potential confounding
resulting from the non-randomized design of our observational study, we applied propensity score-matching
methods. In our database, 174 (15%) patients had missing information for BMI. Therefore, we first im-
puted BMI values with single imputation using predicted values from multivariable models including age,
sex, hypertension, diabetes mellitus, and the outcome mortality. Propensity scores were generated using



a multivariable logistic regression model with prior therapeutic anticoagulation use as outcome and the 17
variables previously stated as predictors. The patients with therapeutic anticoagulation were subsequently
matched in a 1:3 ratio with patients without therapeutic anticoagulation prior to admission on these propen-
sity scores with Nearest Neighbor Matching techniques without replacement and a caliper width of 0-1 of
the standard deviation of the logit of the propensity score. To evaluate the balance of measured confounders
between exposed and unexposed groups, we calculated the standardized mean difference (SMD). An SMD
<0.25 indicated balance of matched cohorts.?°

Associations between prior therapeutic use of anticoagulants and the outcomes overall in hospital mortality,
admission to ICU, occurrence of PE, critical respiratory state, and the need for invasive mechanical ventilation
were estimated as risk ratios (RR) with 95% confidence intervals (CI). Estimating the differences in length
of hospital stay between the two groups was performed using Mann-Whitney U test stratified by mortality.

In our secondary analysis, we compared VKA versus no therapeutic anticoagulation, DOAC versus no thera-
peutic anticoagulation and VKA versus DOAC on the before mentioned outcome parameters. Matching was
performed using R-software/studio Version 1.3.1093 and statistical analysis were performed using STATA /SE
16.0 (Stata Corp, TX, USA).

Results

Of the 1316 patients who were hospitalized with proven COVID-19 between 1th of March and 315¢ of May
2020, 239 patients were excluded because of reasons depicted in Figure 1. Of the 1154 patients included in
this study, 92 (8%) used VKA and 98 (8%) used DOAC, and 964 (84%) patients did not use therapeutic
anticoagulation prior to COVID-19 diagnosis. All patients in the exposed group were continued on therapeutic
anticoagulation during hospitalization. Among patients who did not use therapeutic anticoagulation prior
to admission, 856 (89%) received prophylactic LMWH during hospitalization. COVID-19 was confirmed by
a positive PCR test in 1124 (97%) patients or considered confirmed by clinical features in combination with
a CT scan with a very high level of suspicion (CO-RADS 5) in 30 (3%) patients.

Baseline patient characteristics are shown in table 1. Patients who used therapeutic anticoagulation prior to
hospitalization were older, more likely of male sex, and more likely to have cardiovascular comorbidities or a
no-ICU policy compared to patients who did not use prior therapeutic anticoagulation. Subsequent propensity
score matching retained 164 (86%) patients who used prior therapeutic anticoagulation and 410 unexposed
patients. The main covariates were balanced between the groups after the propensity score matching (table
1).

The results from the total cohort and the propensity score-matched analysis on the associations between
therapeutic anticoagulation use and the dichotomous outcomes are presented in table 2A. In the crude
total cohort analysis, therapeutic anticoagulation use was associated with an increased risk of mortality and
decreased risks of ICU admission, mechanical ventilation, and PE. In the propensity score-matched analyses,
however, no associations between therapeutic anticoagulation use and the outcomes were observed, except
for a decreased risk of PE among patient with therapeutic anticoagulation (RR 0[?]19 (95% CI 0[?]05-0[?]80))
(Table 2, supplementary Figure S2). In addition, therapeutic anticoagulation use was not associated with
length of hospital stay (table 2B).

Similar to the primary analysis, no associations were found between VKA or DOAC use prior to admission
and COVID-19 related clinical outcome parameters after propensity score matching (see tables S1-S6, in the
online supplement).

Discussion

The main findings of this study are that therapeutic anticoagulation used prior to SARS-CoV-2 infection
lowers the risk of pulmonary embolism but does not have an effect on other COVID-19 related outcomes in
hospitalized COVID-19 patients, including in-hospital mortality. In addition, we did not observe differences
in outcomes between DOAC or VKA-treated subgroups.



The acute inflammatory phenomenon in COVID-19 amplifies hypercoagulability and increases the risk of
thrombosis even under prophylaxis of LMWH.?! It has been hypothesized that therapeutic anticoagulation
used prior to infection could improve the prognosis of COVID-19 by hampering coagulation activation.
Indeed, previous studies showed that the use of therapeutic anticoagulation at hospital admission resulted
in a lower incidence of VTE compared to thromboprophylaxis alone.???4 Other studies, however, showed
ambivalent results on COVID-19 severity and mortality due to comparison of dissimilar cohorts and lack
of proper statistical adjustments for imbalances in baseline characteristics including comorbidities.26-27:31
Tremblay et al. also used a propensity score-matched comparison and found no statistically significant
difference in mortality, time to mechanical ventilation, or hospitalization when comparing patients with
and without therapeutic oral anticoagulation prior to SARS-CoV-2 infection.2” However, they included both
ambulatory and hospitalized patients, and only adjusted for age, sex, race, Charlson Comorbidity Index and
obesity in their propensity-score analysis while we illustrated that adjustment for more potential confounders
is relevant. Moreover, they did not include thrombotic complications as an outcome parameter whereas our
study showed a benefit on PE incidence, but not on other clinical endpoints.

This is also the first study that investigated the effects of therapeutic anticoagulation subgroups, i.e. vitamin
K antagonists (VKAs) and direct oral anticoagulants (DOACs), in hospitalized COVID-19 patients. There
are different hypotheses why VKAs could have unfavorable effects, and DOACs on the other hand could be
of benefit in COVID-19. Dofferhoff et al detected reduced extrahepatic vitamin K status in patients with
COVID-19 and showed that low vitamin K status was related to poor prognosis in these patients.?® VKA’s
are evident causes of reduced vitamin K status, but the relationship between VKA versus other therapeutic
anticoagulation on the prognosis of COVID-19 patients has never been studied before.

Our study has several limitations that need to be addressed. Most importantly, its observational and
retrospective nature limit causal inference, although the propensity score matching increases the credibility
of our observations. Noteworthy, propensity score matching is often criticized because of its dependence
on the included covariates. Confounders not included in the propensity score could lead to significant bias.
However, in our study the prior visualization of relevant covariates in the DAG and the subsequent high and
relevant number of included covariates in the propensity score matching, make this a valid approach. Other
limitations are that there was no routine screening for pulmonary embolism, which may have resulted in
underdiagnosis of this outcome especially in patients already treated with therapeutic anticoagulation.

Strengths of our study include the rigorous statistical analysis with thorough adjustment for confounding to
properly investigate the treatment effect of prior therapeutic anticoagulation on different clinically relevant
outcomes in a large cohort of hospitalized COVID-19 patients. Furthermore, we are the first to investigate
the effect of therapeutic anticoagulation subgroups, i.e. vitamin K antagonists and DOACs.

In summary, although prior therapeutic anticoagulation use is associated with reduced PE occurrence, it
is not associated with better outcome parameters in hospitalized COVID-19 patients in terms of all-cause
mortality, ICU admittance, need for mechanical ventilation, and length of hospital stay. Secondary analysis
between subgroups also showed no differences in clinical outcomes between VKA or DOAC treated patients.
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