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Abstract Introduction Despite the use of unfractionated heparin (UFH) or low molecular
weight heparin (LMWH), rates of thromboembolic disease, and subsequent morbidity
and mortality remain unacceptably high in patients with severe novel coronavirus
disease 2019 (COVID-19) disease. Direct oral anticoagulants (DOACs), such as apix-
aban, have numerous purported benefits although the safety and efficacy of their use in
intensive care unit (ICU) patients with severe COVID-19 has yet to be evaluated.
Materials and Methods Single-center, retrospective cohort study of 21 ICU patients
with severe COVID-19 respiratory disease treated with apixaban for atrial fibrillation
(AFib), venous thromboembolism (VTE), catheter-induced thrombosis, and/or COVID-
19-induced coagulopathy. The primary objective was to evaluate the incidence of
bleeding events and secondary objectives included thromboembolic events, coagula-
tion parameters, and mortality.
Results Ninety percent of patients were non-White, 43% were obese, 90% had acute
respiratory distress syndrome, and 76% required mechanical ventilation. Nearly half of
(47.6%) also experienced renal dysfunction and required renal replacement therapy.
Eighty-six percent of patients received prophylaxis or treatment with UFH or LMWH
within the 24-hour period prior to apixaban initiation. Patients were initiated on
apixaban for the treatment of suspected or confirmed VTE (67%) or AFib (33%). All
coagulation parameters remained abnormal but stable throughout the 10-day moni-
toring period. No patients experienced any major bleeding events or thrombosis
throughout the study period. There were four deaths during the follow-up period, all
deemed unrelated to coagulopathy or bleeding.
Conclusion Apixaban appeared safe and efficacious in ICU patients with severe
COVID-19 disease. These data encourage future trials seeking to optimize anticoagu-
lation strategies in patients with severe COVID-19.
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Introduction

The novel severe acute respiratory syndrome-coronavirus-2
(SARS-CoV-2) and its associated disease novel coronavirus
disease 2019 (COVID-19) have now decimated the U.S.
healthcare system for more than 8 months causing over
240,000 deaths1 while swiftly and unforgivably unveiling
the devastating consequences of systemic viral infection on
an unprecedented scale. Since the first reports emerging
from Wuhan, China, the inexorable link between COVID-19
infection, hyperinflammation, and mortality were quickly
established.2

Infection with COVID-19 has been associated with an
increased risk of venous and arterial thromboembolic dis-
ease due primarily to virus-induced hyperinflammation
and subsequent widespread immunothrombosis. SARS-
CoV-2 utilizes the angiotensin converting enzyme 2
(ACE2) receptor to infect its host, which is expressed
throughout numerous bodily organs and by endothelial
cells. Direct viral infection of the endothelium and diffuse
endothelial inflammation result in thrombotic microangio-
pathies and the recruitment of host immune cells and
proinflammatory cytokines, leading to pervasive endothe-
lial dysfunction and apoptosis.3 This dysfunction then pro-
motes microvascular derangements and a shift in the
vascular equilibrium toward a vasoconstrictive, inflamma-
tory, and hypercoagulable state. Although this process is not
unique to the SARS-CoV-2 virus, the systemic coagulopa-
thies observed in patients with severe COVID-19 infection
are noticeably distinct. Among these, an increased D-dimer
concentration has been observed in almost 50% of patients
with COVID-19-induced coagulopathy and has been consis-
tently associated with an increased risk of death.4,5 Con-
versely, only mild prolongations in prothrombin time and
decreases in platelet counts have been observed and neither
are important predictors of disease severity or outcomes.6

Although this triad of increased D-dimer, prolonged throm-
bin time, and thrombocytopenia could be indicative of
disseminated intravascular coagulation (DIC), most patients
with COVID-19 do not meet the criteria for DIC according to
the International Society on Thrombosis and Hemostasis
(ISTH).7 Despite this low-grade DIC, the rampant inflam-
matory endothelial cell injury and thrombotic microangio-
pathies result in activation of the fibrinolytic system and
the massive release of endogenous tissue plasminogen
activators leading to the high concentrations of D-dimer
and mortality rates in patients with severe COVID-19
infection.5

The incidence of thromboembolic complications among
critically ill intensive care unit (ICU) patients with COVID-19
has been reported as high as 69%.8–10 While several studies
demonstrate improved outcomes including reduced mortal-
ity among patients with COVID-19-induced coagulopathy
administered prophylactic anticoagulation therapy with
unfractionated heparin (UFH) or low molecular weight hep-
arin (LMWH), others report high rates of thrombotic com-
plications despite the use of pharmacologic prophylaxis.11,12

As such, therapeutic anticoagulation strategies have been

employed and associated with decreased rates of venous
thromboembolism (VTE) and improved outcomes.13 Impor-
tantly, the rate of bleeding events appears similar between
patientswho received therapeutic anticoagulation and those
who did not (3 vs. 1.9%, p¼ 0.20).13

Given the now undeniable link between COVID-19, coa-
gulopathy, and death, it is critical that data to guide optimal
anticoagulation strategies be established. In comparison to
traditional anticoagulants like UFH, direct oral anticoagu-
lants (DOACs), like apixaban, have the benefit of decreased
bleeding complications, lack of required laboratory moni-
toring, fewer potential drug interactions, less pharmacoki-
netic (PK) and pharmacodynamic (PD) variability, and
superior efficacy.14–18 Secondary to the more reliable
dose–response relationship of anticoagulation with apixa-
ban, use among hospitalized patients has increased in the
years since approval.19 In addition to the general hospital-
ized setting, apixaban is also being utilized for both initia-
tion and continuation of therapy for critically ill patients
admitted to the ICU,20,21 including those with COVID-19.
Apixaban is particularly appealing in the setting of COVID-
19 as the twice daily dosing and less frequent monitoring
decreases room traffic, medical workers’ exposure, and
conserves personal protective equipment. Further, apixa-
ban is known to exert anti-inflammatory effects analogous
to those of UFH and LMWH14 by inhibiting plasma-evoked
superoxide generation.15

Despite these numerous purported benefits, to our
knowledge, there are no published reports describing the
clinical outcomes of apixaban use in critically ill ICU
patients with severe COVID-19.16,17 As such, the purpose
of this study was to describe the safety and efficacy out-
comes of a cohort of ICU patients with severe COVID-19
respiratory disease treated with therapeutic dose apixaban
for COVID-19 at our institution.

Materials and Methods

Study Design
This was a retrospective observational cohort study con-
ducted at the University of Illinois Hospital and Health
Sciences System (UI Health), a 495-bed tertiary care academ-
ic medical center in Chicago, Illinois, United States. The study
was approved by the Office for the Protection of Research
Subjects Institutional Review Boardwith awaiver of consent
granted. Adult (�18 years of age) inpatients admitted to the
medical ICU with a confirmed diagnosis of COVID-19 be-
tween March and June 2020 who received at least two doses
of therapeutic apixaban were eligible for inclusion. The
diagnosis of COVID-19was confirmed via compatible clinical
signs and symptoms, radiographic imaging, and a positive
nasopharyngeal swab for SARS-CoV-2 (M2000 REALTIME
SYSTEM, Abbott Laboratories, Abbott Park, Illinois, United
States). Apixaban was deemed therapeutic if administrated
for atrial fibrillation (AFib), treatment of VTE, heparin-in-
duced thrombocytopenia (HIT), line associated-thrombosis,
or COVID-19-induced coagulopathy according to our institu-
tional guideline (►Fig. 1).
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Data, Outcomes, and Definitions
Data were obtained from the electronic medical record. Base-
line was defined as the time of apixaban initiation and data
collection continued daily through day 10 of apixaban admin-
istration or ICU discharge, whichever was sooner. Variables
collected included demographics and baseline characteristics,
onset and timing of COVID-19 symptoms and diagnosis,
severity of illness, risk of VTE, coagulation parameters, alter-
native pharmacologic thromboprophylaxis, and organ func-
tion. The primary focus of this work was to describe the safety
of apixaban for therapeutic anticoagulation in ICU patients
with severe COVID-19 disease. Overall safety was defined by
the incidence of clinically relevant nonmajor bleeding and
major bleeding as defined by the International Society on
Thrombosis and Hemostasis (ISTH) in nonsurgical patients.18

Safetywas evaluated from the time of apixaban initiation until
the completion of day 10 of therapy or ICU discharge, which-
ever was sooner. Ten days was chosen to ensure that outcome
datawere readily available for all patients while allowing for a
reasonable assessment of bleeding among ICU patients with
COVID-19, given previous data in this population demonstrat-
ing a VTE rate of 27% after a median of just 7 days of
observation.9 Secondary outcomes included the incidence of
thromboembolic events (VTE or PE), change in coagulation
parameters, hospital and ICU length of stay, and mortality.

Additional definitions for disease severity included the
DIC score based on the system developed by the ISTH,19 in
which a score �5 is considered compatible with overt DIC.
The Sepsis-Induced Coagulopathy (SIC) score was based on
standard definitions20 in which a score �4 is suggestive of

SIC. The sepsis-related organ failure assessment (SOFA) score
was defined by the Working Group in Sepsis-Related Prob-
lems of the European Society of Intensive Care Medicine.21

Additionally, the definition of acute respiratory distress
syndrome (ARDS) followed the Berlin Definition22 estab-
lished by the European Society of Intensive Care Medicine,
the American Thoracic Society, and the Society of Critical
Care Medicine. Finally, acute kidney injury (AKI) was staged
according to the Kidney Diseases: Improving Global Out-
comes (KDIGO) criteria.23

Statistical Analysis
No formal sample size calculationswere performedgiven the
descriptive nature of this investigation. As this was a single-
arm study, summary statistics are reported as the number of
observations and percentage (n [%]), mean and standard
deviation (mean� standard deviation [SD]) for parametric
data, or median and interquartile range (median [IQR]) for
nonparametric data.

Results

During the study period, 21 patients met eligibility criteria.
Demographics and baseline characteristics are described in
►Table 1. The vastmajority of patients (90%)weremade up of
racial and ethnic minority males (67%) aged 60.9� 14.5 years.
The rate of relevant concomitant comorbidities was low
overall, with the exception of obesity as almost half (42.9%)
of the 21 patients had a body mass index (BMI) �30 kg/m2.
►Table 2 details the disease characteristics of COVID-19 upon

Fig. 1 Adapted institutional anticoagulation guideline for the management of COVID-19-induced coagulopathy in ICU patients. AKI, acute kidney injury;
aPTT, activated partial thromboplastin time; COVID-19, novel coronavirus disease 2019; DIC, disseminated intravascular coagulation; DOAC, direct oral
anticoagulant; SIC, SIC, sepsis-induced coagulopathy; UFH, unfractionated heparin; VTE, venous thromboembolism.
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patient’s admission to the ICU and/or initiation of apixaban.
Themean (�SD) time from symptomonset to admission to the
hospital or ICU, respectively, was 7.9� 4.5 and 6.1� 14.6 days
while on average patients were admitted to the ICU within
approximately 2 days of testing positive for COVID-19. Overall,
the majority of patients included had severe COVID-19 respi-
ratory disease as evidenced by the incidence of ARDS (90.5%)
and the need for (76.2%) and longmedian durationofmechan-
ical ventilation (18.5 days). Although, in aggregate, the
patients’ DIC and SIC scores were not indicative of overt DIC,
an SIC score of 3 has been associatedwith an approximate 19%
risk of 30-day mortality while a SOFA score of 8 to 9 is
associated with a 26.3 to 33.3% risk of mortality. Further,
nearly half (47.6%) of patients qualified for stage-3 AKI and
required some form of renal replacement therapy. Finally,
mean creatinine clearance also decreased markedly by more
than 20mL/min on average from the time of admission to the
ICU to the time of apixaban initiation.

Pertinent coagulation parameters along with thrombo-
prophylaxis and therapeutic anticoagulation agents use pri-
or to apixaban are displayed in ►Table 3. All but three

patients received either prophylactic or therapeutic anti-
coagulation within 24 hours prior to initiation of apixaban.
One-third (33%) received pharmacologic thromboprophy-
laxis, most commonly with UFH of 5,000 units subcutane-
ously every 8 hours (57.1%) or enoxaparin of 40mg
subcutaneously every 24 hours (42.9%). The other 11
(52.4%) patients received therapeutic anticoagulation in
the 24 hours preceding apixaban initiation; primarily with
either UFH (five patients) or enoxaparin (three patients). All
21 patients were transitioned to therapeutic dose apixaban
(primarily 5-mg twice a day [BID] in 85.7% of patients) for the
treatment of confirmed of suspected VTE (66.7%) or AFib

Table 1 Demographics and baseline characteristics of 21 ICU
patients with severe COVID-19 disease treated with apixaban

Demographic n (%)/mean� SD/median
[interquartile range]

Age (y) 60.9� 14.4

Gender (male) 14 (67)

Race

Black 10 (47.6)

Hispanic/Latino 8 (38.1)

White 2 (9.5)

Asian 1 (4.8)

Weight (kg) 91.1� 26

Height (cm) 171.8� 12

BMI (kg/m2) 28.8 [25.4–33.8]

Past medical history

CHF 7 (33.3)

CVA 3 (14.3)

Chronic lung disease 2 (9.5)

DVT/PE 1 (4.8)

Current malignancy 1 (4.8)

Family history of
thrombosis

1 (4.8)

Recent history of estrogen
therapy or pregnancy

0 (0)

Bedrest or immobilization
�72 hours from apixaban
initiation

2 (9.5)

Abbreviations: BMI, body mass index; CHF, congestive heart failure;
COVID-19, novel coronavirus disease 2019; CVA, cerebrovascular accident;
DVT, deep vein thrombosis; ICU, intensive care unit; PE, pulmonary
embolism.

Table 2 Baseline COVID-19 disease characteristics of 21 ICU
patients with severe COVID-19 disease treated with apixaban

Demographic n (%)/mean� SD/median
[interquartile range]

Time from COVID-19 symptom
onset to hospital admission (d)

7.9� 4.5

Time from COVID-19 symptom
onset to ICU admission (d)

6.4� 14.6

Time from COVID-19þ test to
ICU admission, days

2.1� 14.7

Treatment for concurrent
non-COVID-19 infectiona

20 (95.2)

Mean arterial pressure
(mm Hg)b

87.7� 13.5

Intravenous vasopressorsb 7 (33.3)

Norepinephrine equivalents
(µg/kg/min)b

0.02� 0.06

ARDSb 19 (90.5)

Mechanical ventilationb 16 (76.2)

Duration of mechanical
ventilation (d)b

18.5 [10.3–32.3]

DIC scorea 3 [0–2]

SIC scorea 3[2-2]

SOFA scorea 8.4� 3.3

Serum creatinine (mg/dL)b 1.9� 1.7

CrCl (mL/min)a 77.4� 56.1

CrCl (mL/min)b 57.3� 39.4

AKI stage 1 5 (23.8)

AKI stage 2 1 (4.8)

AKI stage 3 10 (47.6)

Renal replacement therapyb 10 (47.6)

iHD 4 (40)

CRRT 6 (60)

Abbreviations: AKI, acute kidney injury; ARDS, acute respiratory distress
syndrome; CrCl, creatinine clearance; CRRT, continuous renal replace-
ment therapy; COVID-19, novel coronavirus disease 2019; DIC, dis-
seminated intravascular coagulation; ICU, intensive care unit; iHD,
intermittent hemodialysis; SIC, sepsis-induced coagulopathy; SOFA,
sepsis-related organ failure assessment.
aCalculated/recorded upon ICU admission.
bCalculated/recorded at the time of apixaban initiation.
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(33.3%). Notably, 11 of the patients who received apixaban
for a suspected or confirmed VTE or AFib had been on
treatment dose UFH or enoxaparin within 24 hours prior
to switching to apixaban. Patients were transitioned to
apixaban within a median of 9 days from the time of their
COVID-19 diagnosis and therapy was continued for amedian
of 14 days. At the time of apixaban initiation, all measured
coagulation parameters (PT, INR, aPTT, and D-dimer) were
elevated above normal with the exception of platelet count
(►Table 3). These four parameters remained abnormal but
stable throughout the 10-day study monitoring period
(►Fig. 2).

Importantly, despite the severity of illness and the level of
renal dysfunction observed among this cohort, none of the
patients experienced a thrombosis, major bleed, or bleed
requiring discontinuation of apixaban throughout the study
period. All but two patients were discharged from the ICU
and the hospital, respectively, after a median of 22 [9.5–35]
and 25 [20–35] days. Throughout the 10-day study period,

four patients succumbed to their COVID-19 disease but were
still taking apixaban at the time of their death and did not
experience a bleed or thrombosis and therefore their deaths
were deemed unrelated to the use of apixaban.

Discussion

In this cohort of 21 critically ill ICU patients with severe
COVID-19 respiratory disease, apixaban was utilized as a
modality for therapeutic anticoagulation in patients with a
confirmed or suspected VTE or AFib. Notably, 18 (85.7%) of
these 21 patients had been receiving anticoagulation with
UFH or enoxaparin within at least the 24 hours of preceding
the switch to apixaban, including 11 patients who were
receiving full-dose therapeutic anticoagulation.24 Although
apixaban was not used solely for COVID-19-induced coagu-
lopathies in this study cohort, the transition to apixaban
from UFH or enoxaparin due to confirmed or suspected lack
of efficacy is consistent with previous literature demonstrat-
ing high rates of thromboembolic complications despite the
use of typical pharmacologic thromboprophylaxis agents
such as UFH and LMWH. Furthermore, despite the lack of
support for DOACs in the most recent CHEST25 guidelines for
the prevention and treatment of COVID-19-induced coagul-
opathy,wedid not observe anyadverse eventswith the use of
apixaban including clinically relevant nonmajor or major
bleeding events. This is particularly encouraging given the
high incidence of renal dysfunction and severe respiratory
illness leading to ARDS present in our patient cohort. Finally,
over the course of 10 days of apixaban use, there were no
suspected or confirmedVTEs, PEs, or strokes due to AFib. This
is in contrast to previous data demonstrating a high rate of
VTEs (27%) after a median observation time of just 7 days in
ICU patients receiving standard thromboprophylaxis.9 Taken
together, these data suggest that apixaban may be a safe and
efficacious alternative to UFH or LMWH in hospitalized
patientswith COVID-19, including thosewith severe disease.
Although larger, randomized trials are needed to confirm
these findings, the decreased bleeding complications, lack of
required laboratory monitoring, fewer potential drug inter-
actions, less PK and PD variability, and superior efficacy14–18

comparedwith traditional agents, such as UFH, will continue
to drive the use of therapeutic anticoagulationwith apixaban
in these high-risk, vulnerable populations in our institution
particularly in individuals with an elevated D-dimer >3,
clotting of dialysis catheters, unexplained organ failure, or
for usual indications of anticoagulation such as established
VTE and AFib.

Despite the well-established association between COVID-
19, coagulopathy, and mortality, limited data are available
regarding optimal prevention and/or treatment modalities
andno reliable data exist to guide dosing in this population. A
recent analysis of 2,773 COVID-19 patients revealed that the
use of therapeutic anticoagulation may be associated with
decreased mortality, especially for mechanically ventilated
patients. Importantly, the rate of bleeding events was similar
between patients who received anticoagulation and those
who did not (3 vs. 1.9%, p¼ 0.20).13 Recent statements by the

Table 3 Coagulation parameters, thromboprophylaxis, and
therapeutic anticoagulation of 21 ICU patients with severe
COVID-19 disease treated with apixaban

Demographic n (%)/mean� SD/median
[interquartile range]

Pharmacologic thrombopro-
phylaxis within 24 hours prior
to apixaban

7 (33.3)

Unfractionated heparin
5,000 units SQ Q8h

4 (57.1)

Enoxaparin 40mg SQ q24 h 3 (42.9)

Therapeutic anticoagulation
within 24 hours prior to
apixaban

11 (52.4)

Time from COVID-19þ test to
apixaban initiation (d)

9 [0–41]

Indication for apixaban

Confirmed or suspected VTE 14 (66.7)

Atrial fibrillation 7 (33.3)

Apixaban dose

5-mg BID 18 (85.7)

10 mg, then 5-mg BID 3 (14.3)

Duration of apixaban therapy
(d)

14 [8.5–22.5]

PT 15.6 [15.2–18.6]

INR 1.3 [1.2–1.6]

aPTT 43.8� 10.5

D-Dimer 2.4 [1.6–4.1]

Platelet count 217 [138–330]

Abbreviations: aPTT, activated partial thromboplastin time; BID, twice a
day; COVID-19, novel coronavirus disease 2019; ICU, intensive care unit;
INR, international normalized ratio; PT, prothrombin time; q24hr, every
24 hours; Q8h, every eight hours; SQ, subcutaneous; VTE, venous
thromboembolism.
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ISTH and the American Society of Hematology suggest that
all hospitalized COVID-19 patients should receive thrombo-
prophylaxis or full-dose anticoagulation if indicated,7,24

although they make no specific recommendations for which
agent to use at what dose. Interestingly, the recent CHEST
guideline and expert panel report on the prevention, diag-
nosis, and treatment of VTE in patients with coronavirus
disease 201925 recommends against the use of DOACs as
pharmacologic thromboprophylaxis in critically ill patients
with COVID-19 citing hemodynamic instability, likelihood of
drug-drug interactions, and the high incidence of AKI in ICU
patients; all of which could contraindicate DOACs. They also
state that there is a high risk of rapid clinical deterioration,
gastrointestinal dysfunction, and that concomitant thera-
pies, such as antivirals, could significantly affect the PDs of
DOACs and thus increase the risk of bleeding. Despite these
strong recommendations, no studies comparing different
anticoagulants for thromboprophylaxis in acutely ill hospi-
talized patients with COVID-19 were identified. The only
study cited enrolled 12 consecutive patients on DOACs who
were hospitalizedwith severe COVID-19 pneumonia and had
DOAC trough levels monitored before and after hospital
admission.26 In this study, the only antivirals administered
were lopinavir, ritonavir, or darunavir which are no longer
used for SARS-CoV-2 due to their proven lack of efficacy, and
all patients also received levofloxacin, azithromycin, and
hydroxychloroquine. Only 5 of the 12 patients were on
apixaban and the average percentage change in their trough
concentrations were 4.5-fold less than that of all the other

DOACs (dabigatran, edoxaban, and rivaroxaban) combined.
Additionally, no clinical outcomes including major or minor
bleeding were reported. Although both efficacy and toxicity
have been associated with increased systemic DOAC concen-
trations, the majority of these data have been observed with
DOACs other than apixaban. Only approximately 15% of an
apixaban dose is metabolized by CYP3A427 and renal clear-
ance accounts for onlyapproximately 27% of elimination.28 In
fact, studies show that even severe renal impairment (CrCl of
15mL/min) only increased the apixaban AUC by 44% and that
dose adjustments of apixaban are not required based on
renal function alone.29 Although apixaban concentrations
have been shown to be affected by strong CYP3A4 inhibitors
and inducers like ketoconazole and rifampin, respectively,
they are largely unaffected by other agents which signifi-
cantly impact other DOACs.30 There are no data to suggest
concomitant administration of apixaban should be avoided
with almost any drug administered for COVID-19 including
remdesivir, hydroxychloroquine, levofloxacin, azithromycin,
dexamethasone, darunavir, lopinavir, or ritonavir.

Limitations and Conclusion

Our work adds to the existing data evaluating optimal
strategies for anticoagulation in patients with COVID-19-
induced coagulopathy and expands on these data by evalu-
ating apixaban in this high-risk ICU population for the first
time. This study includes numerous inherent limitations
such as the small sample size, retrospective, single-arm

Fig. 2 Select coagulation parameters measured over 10 days from the initiation of apixaban in ICU patients with COVID-19. Mean values are
displayed with error bars representing standard deviations. aPTT, activated partial thromboplastin time; COVID-19, novel coronavirus disease
2019; ICU, intensive care unit; INR, international normalized ratio; PT, prothrombin time.
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nature, and relatively short follow-up period. Despite these
limitations, to our knowledge, this is the first set of clinical
data evaluating the use of DOACs, specifically apixaban, in
ICU patients with severe COVID-19-related disease. Apixa-
ban appeared safe and efficacious in this high-risk patient
population and these data encourage future trials attempting
to optimize anticoagulation strategies in patients with se-
vere COVID-19.

Authors’ Contributions
E.W. and S.B. conceptualized and designed the study,
maintained study oversight, assisted with data analysis,
and provided manuscript writing, revising of intellectual
content, and final approval of the version to be published.
M.H.E. and M.Y. collected, analyzed, and ensured the
integrity of the data and drafted the initial versions of
themanuscripts. All authors contributed significantly and
read and approved the final version of the manuscript.

Conflict of Interest
None declared.

References
1 CDC COVID-19 Data Tracker. U.S. COVID-19 Cases and Deaths by

States Available at https://www.cdc.gov/coronavirus/2019-ncov/
cases-updates/cases-in-us.html. Accessed 4 August 2020

2 TangN, Li D,Wang X, Sun Z. Abnormal coagulation parameters are
associatedwith poor prognosis in patientswith novel coronavirus
pneumonia. J Thromb Haemost 2020;18(04):844–847

3 Varga Z, Flammer AJ, Steiger P, et al. Endothelial cell infection and
endotheliitis in COVID-19. Lancet 2020;395(10234):1417–1418

4 Zhou F, Yu T, Du R, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet 2020;395(10229):1054–1062

5 Levi M, Thachil J, Iba T, Levy JH. Coagulation abnormalities and
thrombosis in patients with COVID-19. Lancet Haematol 2020;7
(06):e438–e440

6 Liao D, Zhou F, Luo L, et al. Haematological characteristics and risk
factors in the classification and prognosis evaluation of COVID-
19: a retrospective cohort study. Lancet Haematol 2020;7(09):
e671–e678

7 Thachil J, Tang N, Gando S, et al. ISTH interim guidance on
recognition and management of coagulopathy in COVID-19.
J Thromb Haemost 2020;18(05):1023–1026

8 Klok FA, Kruip MJHA, van der Meer NJM, et al. Incidence of
thrombotic complications in critically ill ICU patients with
COVID-19. Thromb Res 2020;191:145–147

9 Klok FA, KruipMJHA, et al. Incidence of thrombotic complications
in critically ill ICU patients with COVID-19. Thromb Res 2020;
191:145–147

10 Llitjos JF, Leclerc M, Chochois C, et al. High incidence of venous
thromboembolic events in anticoagulated severe COVID-19
patients. J Thromb Haemost 2020;18(07):1743–1746

11 Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment
is associated with decreased mortality in severe coronavirus
disease 2019 patients with coagulopathy. J Thromb Haemost
2020;18(05):1094–1099

12 Fogarty H, Townsend L, Ni Cheallaigh C, et al. COVID19 coagul-
opathy in Caucasian patients. Br J Haematol 2020;189(06):
1044–1049

13 Paranjpe I, Fuster V, Lala A, et al. Association of treatment dose
anticoagulation with in-hospital survival among hospitalized
patients with COVID-19. J Am Coll Cardiol 2020;76(01):122–124

14 Young E. The anti-inflammatory effects of heparin and related
compounds. Thromb Res 2008;122(06):743–752

15 Ishibashi Y, Matsui T, Yamagishi S. Apixaban exerts anti-inflamma-
tory effects in mesangial cells by blocking thrombin/protease-
activated receptor-1 system. ThrombRes2014;134(06):1365–1367

16 Gavioli EM, Sikorska G, Man A, Rana J, Vider E. Current perspec-
tives of anticoagulation in patients with COVID-19. J Cardiovasc
Pharmacol 2020;76(02):146–150

17 Smith K, Krajewski KC, Krajewski MP. Practical considerations in
prevention and treatment of venous thromboembolism in hospi-
talized patients with COVID-19. Am J Health Syst Pharm 2020 (e-
pub ahead of print). Doi: 10.1093/ajhp/zxaa245

18 Schulman S, Kearon CSubcommittee on Control of Anticoagula-
tion of the Scientific and Standardization Committee of the
International Society on Thrombosis and Haemostasis. Definition
of major bleeding in clinical investigations of antihemostatic
medicinal products in non-surgical patients. J Thromb Haemost
2005;3(04):692–694

19 Toh CH, HootsWKSSC on Disseminated Intravascular Coagulation
of the ISTH. The scoring system of the Scientific and Standardisa-
tion Committee on Disseminated Intravascular Coagulation of the
International Society on Thrombosis and Haemostasis: a 5-year
overview. J Thromb Haemost 2007;5(03):604–606

20 Iba T, Nisio MD, Levy JH, Kitamura N, Thachil J. New criteria for
sepsis-induced coagulopathy (SIC) following the revised sepsis
definition: a retrospective analysis of a nationwide survey. BMJ
Open 2017;7(09):e017046

21 Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related
Organ Failure Assessment) score to describe organ dysfunction/
failure. On behalf of the Working Group on Sepsis-Related Prob-
lems of the European Society of Intensive Care Medicine. Inten-
sive Care Med 1996;22(07):707–710

22 Ranieri VM, Rubenfeld GD, Thompson BT, et al; ARDS Definition
Task Force. Acute respiratory distress syndrome: the Berlin
Definition. JAMA 2012;307(23):2526–2533

23 Khwaja A. KDIGO clinical practice guidelines for acute kidney
injury. Nephron Clin Pract 2012;120(04):c179–c184

24 American Society of Hematology. COVID-19 and VTE/anticoagu-
lation: frequently asked questions. Available at https://www.
hematology.org/covid-19/covid-19-and-vte-anticoagulation.
Accessed 01 May 2020

25 Moores LK, Tritschler T, Brosnahan S, et al. Prevention, diagnosis,
and treatment of VTE in patients with coronavirus disease 2019:
CHEST guideline and expert panel report. Chest 2020;158(03):
1143–1163

26 Testa S, Prandoni P, Paoletti O, et al. Direct oral anticoagulant
plasma levels’ striking increase in severe COVID-19 respiratory
syndrome patients treated with antiviral agents: the Cremona
experience. J Thromb Haemost 2020;18(06):1320–1323

27 Raghavan N, Frost CE, Yu Z, et al. Apixaban metabolism and
pharmacokinetics after oral administration to humans. Drug
Metab Dispos 2009;37(01):74–81

28 Vakkalagadda B, Frost C, Byon W, et al. Effect of rifampin on the
pharmacokinetics of apixaban, an oral direct inhibitor of Factor
Xa. Am J Cardiovasc Drugs 2016;16(02):119–127

29 Chang M, Yu Z, Shenker A, et al. Effect of renal impairment on the
pharmacokinetics, pharmacodynamics, and safety of apixaban.
J Clin Pharmacol 2016;56(05):637–645

30 Foerster KI, Hermann S, Mikus G, Haefeli WE. Drug-drug inter-
actionswith direct oral anticoagulants. Clin Pharmacokinet 2020;
59(08):967–980

TH Open Vol. 4 No. 4/2020

Apixaban in COVID-19 Wenzler et al.e382

https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html
https://www.hematology.org/covid-19/covid-19-and-vte-anticoagulation
https://www.hematology.org/covid-19/covid-19-and-vte-anticoagulation

