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Intensity of anticoagulation and survival in patients hospitalized with COVID-19 pneumonia

ARTICLE INFO ABSTRACT

Keywords: Background: SARS-CoV-2 infection has noted derangements in coagulation markers along with significant
SARS-CoV-2 thrombotic complications. Post-mortem examinations show severe endothelial injury and widespread throm-
COVID-19 botic microangiopathy in the pulmonary vasculature. Early reports describing the use of prophylactic antic-
COVID-19 coagulopathy oagulation demonstrated improved survival, leading to the adoption of prophylactic and therapeutic antic-
D-dimer . . . . . . .

. . oagulation guided by D-dimer levels. The clinical usefulness of D-dimer values, trends, and more intensive
Anticoagulation

anticoagulation remains an area of clinical interest.

Objectives: Assess the outcomes and laboratory trends in COVID-19 patients stratified by intensity of antic-
oagulation at time of admission.

Patients and methods: Retrospectively review the differences in clinical outcomes and laboratory trends in pa-
tients hospitalized with COVID-19 in the Lifespan Health System.

Results: Between 27 February and 24 April 2020, 468 patients were hospitalized. Initial use of high-intensity
thromboprophylaxis was associated with improved 30-day mortality (adjusted RR 0.26; 95% confidence interval
[CI], 0.07-0.97; p = 0.045) without a significant increased rate of bleeding (p = 0.11).

In severe COVID-19, D-dimer significantly increased during hospitalization with standard thromboprophy-
laxis (p < 0.001) but remained stable or decreased with high-intensity prophylaxis or therapeutic antic-
oagulation.

Conclusion: Patients who received high-intensity prophylactic anticoagulation had a downtrend in D-dimer le-
vels and improved 30-day mortality. This suggests a role in anticoagulation in mitigating adverse outcomes

associated with COVID-19; however, further randomized, prospective studies are needed.

Early publications reported higher rates of coagulopathies in the
form of prolonged prothrombin time and elevated D-dimer levels in
severe cases of COVID-19 [1]. These findings led to a prospective study
by Tang et al. of 183 patients in Wuhan, China that showed derange-
ments in conventional coagulation parameters during COVID-19 were
significantly associated with poorer prognosis [2]. Furthermore, pa-
tients with COVID-19 coagulopathy who met the International Society
of Thrombosis and Haemostasis (ISTH) diagnostic criteria for dis-
seminated intravascular coagulopathy (DIC) had decreased survival;
71% of non-survivors had DIC compared to 0.6% of survivors [2]. Post-
mortem examinations show severe endothelial injury with intracellular
virus and widespread thrombotic microangiopathy in the pulmonary
vasculature [3]. Hence, altered coagulation parameters in COVID-19
are a suspected indicator of thrombotic complications rather than
bleeding risk.

One study reported improved 28-day mortality in severe COVID-19
patients with markedly elevated D-dimers who received low-molecular-
weight heparin (LMWH) at 40-60 mg daily [4]. This has led to adoption
of prophylactic and therapeutic anticoagulation guided by D-dimer le-
vels, although the clinical usefulness of D-dimer values, trends, and
more intensive anticoagulation remains an area of research. In this
study, we describe patient outcomes and laboratory trends of patients
hospitalized with COVID-19 based on receipt of standard venous
thromboembolism (VTE) prophylaxis, high-intensity VTE prophylaxis,
or full dose/therapeutic anticoagulation.

We retrospectively examined adult patients with PCR-confirmed,

https://doi.org/10.1016/j.thromres.2020.09.030

COVID-19 in the Lifespan Health System from 27 February to 24 April
2020. Standard VTE prophylaxis was defined as LMWH 40 mg once
daily, unfractionated heparin subcutaneous (HSQ) 5000 units three
times daily, or apixaban 2.5 mg twice daily while high-intensity pro-
phylaxis was defined as LMWH 40 mg twice daily or HSQ 7500 units
three times daily. The use of high-intensity prophylaxis was based upon
an institutional algorithm. However, choice of VTE prophylaxis was at
the discretion of the admitting provider. As more data was being pub-
lished on COVID-19, these guidelines were implemented on April 18,
2020 and were based upon D-dimer levels greater than 1000 ng/mL on
admission or doubling of D-dimer levels within 48 h. Therapeutic an-
ticoagulation was defined as intravenous heparin, LMWH 1 mg/kg
twice daily, dose-adjusted warfarin with a target international nor-
malized ratio (INR) of 2.0 to 3.0, apixaban 5 mg twice daily, or rivar-
oxaban 20 mg daily. Patients were categorized as having non-severe or
severe COVID-19 pneumonia based upon the Infectious Disease Society
of America (IDSA)/American Thoracic Society (ATS) criteria [5]. The
IDSA/ATS criteria for defining severe pneumonia includes 1 major
criterion or at least 3 minor criteria. Major criteria include shock re-
quiring vasopressor; respiratory failure requiring mechanical ventila-
tion. Minor criteria include respiratory rate greater than 30 breaths per
minute; PaO,/FIO, ratio less than 250; multifocal infiltration, altered
mental status, uremia, cytopenia secondary to infection, hypothermia,
hypotension requiring aggressive fluid resuscitation.

Primary endpoints were 30-day mortality, rates of symptomatic and
asymptomatic VTE (defined as any thrombus in the venous system
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including deep venous thrombosis [DVT] and pulmonary embolism
[PE]) and cerebrovascular accident (CVA) at 30-days after diagnosis.
Secondary endpoints were rates of bleeding while on anticoagulation
and changes in D-dimer levels from admission throughout hospitaliza-
tion. Categorical variables were compared with x? or Fisher's exact tests
and continuous variables using Mann-Whitney test as appropriate. We
examined the association between binary outcomes (30-day mortality,
occurrence of thrombosis) and exposure in a multivariable generalized
linear model (GLM, with Poisson distribution and robust standard
error) adjusting for age, sex, indicators of COVID-19 severity, baseline
comorbidities, and baseline anticoagulant use. Changes in the D-dimer
levels were examined in a hierarchical GLM with a random intercept for
each individual patient.

Severe COVID-19 pneumonia was associated with increased risk of
VTE (9% vs 4%, p = 0.026), CVA (5% vs 1%, respectively, p = 0.004),
and higher 30-day mortality (45% vs 5%, p < 0.001). Patient in the
non-severe cohort developed VTE localized to the lower extremities. In
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the severe cohorts, the majority of VTE were localized to the lower
extremities with 1 in the brachial vein, 1 in the axillary vein, and 1 in
the internal jugular vein thrombus that was catheter-related. Of the
lower extremity VTEs, 1 was in the bilateral peroneal veins and the
remainder were proximally located. Patients were only evaluated for
VTEs if there was clinical suspicion. There was no statistical difference
in rate of PE (2% vs 1%, p = 0.279) or DVT (6% vs 2%, p = 0.054) in
severe versus non-severe COVID-19. Furthermore, when compared to
patients with non-severe COVID-19 pneumonia, those with severe
COVID-19 had significantly increased risk of developing acute kidney
injury (AKI) (68% vs 9%, p < 0.001) and AKI requiring the use of
hemodialysis (16% vs 0%, p < 0.001). Patients with severe COVID-19
pneumonia were also more likely to receive high-intensity thrombo-
prophylaxis or therapeutic anticoagulation than patients with non-se-
vere COVID-19 pneumonia, without a significant difference in overall
rates of bleeding (p 0.11), including World Health Organization
grade 3 (p = 0.41) or grade 4 bleeding rates (p = 0.65). A D-

A Standard prophylaxis, p<.001 | High-dose prophylaxis, p=0.883 | | Full-dose anticoagulation, p=0.004 |
25000 8 &
10000 o o .
2 5000 2 ° K = e
S 2500 . % o = &,
% o
S 1000 OgR oo °g & 8
S 500 g % ° Sie = LR ® o ®
o o ° o
250 @ o % o
00 o o
100 o .
Daly 0 Da]y 4 Da|y 8 Da]y 0 Da]y 4 Daly 8 Da]y 0 Da'y 4 Daly 8
B Standard prophylaxis, p<.001 | [ High-dose prophylaxis, p=0.065 | | Full-dose anticoagulation, p=0.007 |
o
25000 - o
10000 ®
= 5000 o
E 3
c\é) 2004 OW%
. o
i i o
_qé 1000 . ©® 9 o %Qé $
S 500 10 _ o L P ~
S 250 o8 o —e
® o
100
Daly 0 Daly 4 Daly 8 Daly 0 Da‘y 4 Daly 8 Daly 0 Daly 4 Daly 8
C Standard prophylaxis, p=0.006 | [ High-dose prophylaxis, p=0.541 | [ Full-dose anticoagulation, p=0.018 |
o
25000
1000041 o - o
E 5000 o0 8
S 25001 o =~ o o o
S 1000 ° o
IS
S 5001 ° a < o © °
S 2501 T 2 ° -
o
100 ° i .
Da'y 0 Daly 4 Da]y 8 Daly 0 Daly 4 Daly 8 Daly 0 Daly 4 Daly 8

Fig. 1. (A) D-dimer values on admission (day 0), day 4, and day 8 of hospital admission among patients with COVID-19 infection, stratified by type of anticoagulation
received; p-values for trends were obtained from univariate log-gamma models accounting for within-patient correlation; lines show linearized trends fit on a
logarithmic scale; (B) trends in the subgroup with severe COVID-19; (C) trends in the subgroup with non-severe COVID-19.
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dimer > 1000 ng/mL on admission was associated with a higher risk of
VTE (23% vs 3%, p < 0.001) and 30-day mortality (39% vs 12%,
p < 0.001).

In a multivariable model (Table 1 in Supplementary Appendix), 30-
day mortality was significantly lower among all patients who received
high-intensity thromboprophylaxis (adjusted relative risk [RR] versus
standard-intensity, 0.26; 95% confidence interval [CI], 0.07-0.97,
p = 0.045) and a non-significant association was observed among pa-
tients with severe COVID-19 (adjusted RR = 0.32; 95% CI, 0.07-1.56,
p = 0.15). Of note, patients who received therapeutic anticoagulation
had statistically higher 30-day mortality when compared to the stan-
dard and high-intensity prophylaxis cohorts (40% vs 15% vs 6%, re-
spectively, p < 0.001). Of note, patients who received therapeutic
anticoagulation had statistically higher rates of acute respiratory dis-
tress syndrome (27% vs 16% v 13%, respectively, p = 0.011) and AKI
(54% vs 33% vs 31%, respectively, p = 0.024), suggesting that the
higher 30-day mortality is likely due to the selection of a more critically
ill population. Patients who received therapeutic anticoagulation had
non-statistically higher rates of VTE when compared to the standard
prophylaxis cohort (10% vs 5%, p = 0.19); however, 80% of the VTEs
in this cohort was found on admission, leading to therapeutic antic-
oagulation as the initial strategy. Additional patient characteristics and
outcomes stratified by intensity of anticoagulation are reported in
Table 1. In severe COVID-19, D-dimer significantly increased during
hospitalization with standard thromboprophylaxis (p < 0.001).
However, D-dimer levels remained stable with high-intensity prophy-
laxis and decreased with therapeutic anticoagulation (Fig. 1).

It has been widely recognized that patients with COVID-19 have
dramatically altered coagulation parameters and are prone to develop
thrombotic complications in more severe cases with markedly elevated
D-dimer levels associated with higher mortality [5]. Thus far the
adoption of prophylactic LMWH in the management of patients hospi-
talized with COVID-19 is based upon prospective data.

The question remains on whether standard VTE prophylaxis is
adequate for VTE prevention. In our retrospective study, we found that
patients who initially received high-intensity prophylaxis or therapeutic
anticoagulation had improved 30-day mortality without increased rates
of bleeding. Of note is that patients in our study with severe COVID-19
showed only a non-significant improvement in 30-day mortality with
initial high-intensity prophylaxis. Further examination of the risks and
benefits of high-intensity prophylaxis in COVID-19 is therefore war-
ranted.
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The early initiation of therapeutic anticoagulation with un-
fractionated heparin to prevent clinical deterioration in patients with
severe forms of COVID-19 is based upon the observation that higher
fibrinogen levels in COVID-19 patients can lead to heparin resistance
thereby reducing the efficacy of standard thromboembolic prophylaxis
[6]. Higher levels of fibrinogen are also associated with increased risk
of thrombosis [7]. As result, it has proposed that patients with COVID-
19 may require more aggressive anticoagulation regimens, such as
high-intensity prophylactic or therapeutic anticoagulation, to prevent
clinical deterioration and multi-organ failure from thrombotic micro-
angiopathy.

It has been recognized that elevations in D-dimer levels in COVID-
19 patients is indicative of a hypercoagulable state and has been
prognostic of in-hospital mortality [2]. In our study population, ele-
vated D-dimer levels was associated with higher rates of VTE along with
30-day mortality. The hypercoagulable state has been thought to be
attributed to dysfunction of endothelial cells through direct injury
leading to excess thrombin generation leading to the thrombotic mi-
croangiopathy found on post-mortem examinations [3]. In addition,
COVID-19 infection has been associated with an aggressive pro-in-
flammatory response which further contributes to hypercoagulability as
described by Virchow's triad. Prior publications have detailed the anti-
inflammatory properties of heparin and heparin-related products
through the binding of inflammatory cytokines, inhibition of neutrophil
chemotaxis and leukocyte migration, and the sequestration of acute
phase reactants and complement [8]. Other properties unrelated to
direct anticoagulation effects that have been described include the in-
teraction with the S1 spike protein of COVID-19, preventing viral ad-
hesion, attachment, and cellular entry leading to direct endothelial
injury, thrombin generation, and downstream thrombotic microangio-
pathy [9,10]. In our study, the decrease in D-dimer levels during hos-
pitalization in patients who received high-intensity prophylactic or
therapeutic anticoagulation underscores both its potential efficacy in
primary prevention of thrombosis and its anti-inflammatory effects in
mitigating further thrombosis. This effect on D-dimer trends was not
seen with standard prophylaxis in severe or non-severe COVID-19
which suggests that more intensive anticoagulation regimens are re-
quired for effective prevention of thrombosis in COVID-19.

Our study is limited by its single-institution, retrospective case-
control design with a small sample sizes of patients initially treated
with high-intensity thromboprophylaxis. Nonetheless, in hospitalized
patients with mild or moderate forms of COVID-19, the use of high-

Table 1

Patient characteristics stratified by no prophylaxis, standard prophylaxis, high-intensity prophylaxis, or therapeutic anticoagulation.
Factor None Standard prophylaxis High-intensity prophylaxis Therapeutic anticoagulation p-Value
N 27 377 16 48
Median age at presentation, years [IQR] 70 [45-82] 60 [49-73] 61.5 [53-67.5] 69 [61-79.5] 0.005
Male, n (%) 15 (55.6%) 210 (55.7%) 7 (43.8%) 25 (52.1%) 0.79
Charlson Comorbidity Index, median [IQR] 4 [0-6] 3 [1-5] 3 [2-4.5] 5 [3-7] < 0.001
CAD, n (%) 5 (18.5%) 46 (12.2%) 2 (12.5%) 18 (37.5%) < 0.001
Diabetes, n (%) 4 (14.8%) 131 (34.7%) 7 (43.8%) 26 (54.2%) 0.004
COPD, n (%) 3 (11.1%) 35 (9.3%) 4 (25.0%) 7 (14.6%) 0.14
Severe COVID-19 pneumonia, n (%) 5 (18.5%) 113 (30.0%) 7 (43.8%) 26 (54.2%) 0.002
ICU Admission, n (%) 1 (3.7%) 103 (27.3%) 8 (50%) 22 (45.8%) < 0.001
ARDS, n (%) 0 59 (15.6%) 2 (12.5%) 13 (27.1%) 0.011
AKI, n (%) 7 (25.9%) 123 (32.6%) 5 (31.3%) 26 (54.2%) 0.024
Disseminated intravascular coagulation, n (%) 0 2 (0.5%) 0 1 (2.1%) 0.201
VTE, n (%) 0 18 (4.8%) 1 (6.3%) 5 (10.4%) 0.19
DVT, n (%) 0 14 (3.7%) 1 (6.3%) 1 (2.1%) 0.701
Pulmonary embolism, n (%) 0 4 (1.1%) 0 (0%) 4 (8.3%) 0.021
Cerebrovascular accidents, n (%) 2 (7.4%) 8 (2.1%) 0 1 (2.1%) 0.24
WHO any grade bleeding events, n (%) 0 10 (13%) 0 7 (15%) 0.88
WHO grade 3 bleeding events, n (%) 0 5 (6%) 0 1 (2%) 0.62
WHO grade 4 bleeding events, n (%) 0 3 (4%) 0 2 (4%) 1.0
30-day mortality, n (%) 8 (29.6%) 56 (14.9%) 1 (6.3%) 19 (39.6%) < 0.001
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intensity prophylactic anticoagulation may be an acceptable strategy
for more aggressive anticoagulation, while in severe forms of COVID-19
high-intensity prophylactic or even therapeutic anticoagulation in the
absence of thrombosis may be acceptable regimens. Although ulti-
mately the utility of high-intensity prophylactic anticoagulation re-
quires confirmation in an adequately powered clinical study, our re-
sults, when coupled with the wide availability and clinical familiarity of
VTE prophylaxis, warrants consideration of high-intensity prophylaxis
in the current standard of care treatment of COVID-19 patients.
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.thromres.2020.09.030.
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