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Abstract
A higher risk of thrombosis has been described as a prominent feature of coronavirus disease 2019
(COVID-19). This systematic review synthesizes current data on thrombosis risk, prognostic implications, and anticoagulation effects in COVID-19. We included 37 studies from 4070 unique citations.
Meta-analysis was performed when feasible. Coagulopathy and thrombotic events were frequent
among patients with COVID-19 and further increased in those with more severe forms of the disease.
We also present guidance on the prevention and management of thrombosis from a multidisciplinary
panel of specialists from Mayo Clinic. The current certainty of evidence is generally very low and
continues to evolve.
ª 2020 Mayo Foundation for Medical Education and Research
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evere acute respiratory syndrome
coronavirus (SARS-CoV) 2 causing
coronavirus disease 2019 (COVID19) has infected more than 5.5 million individuals worldwide and caused more than
350,000 deaths.1 In the United States, there
have been nearly 1.7 million conﬁrmed cases
and nearly 100,000 deaths.1,2 A prominently
described feature of this disease has been its
hematologic manifestations and high risk of
thrombosis. The COVID-19 laboratory
signature includes lymphopenia, neutrophilia, and thrombocytopenia with elevated
ﬁbrinogen and ﬁbrin degradation products
(D-dimer). This signature is similar to that
of previous coronavirus outbreaks including
SARS-CoV-1 in China in 2002 and the
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Middle East respiratory syndrome coronavirus in 2012.3-7 The International Society on
Thrombosis and Haemostasis diagnostic
criteria for overt disseminated intravascular
coagulation (DIC)8 included a category of
coagulopathy associated with sepsis termed
sepsis-induced coagulopathy.9 Coagulopathy
in SARS-CoV-2 has distinctive features
including elevated ﬁbrinogen levels with
only modest thrombocytopenia despite
marked elevations in ﬁbrin D-dimer values,
prompting some investigators to prefer the
term COVID-19eassociated coagulopathy.
Thrombotic outcomes include an apparent
increase in the incidence of venous thromboembolism (VTE). However, many questions
remain regarding a true difference and
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contributing factors when compared with
critically ill patients without COVID-19. In
the intensive care unit (ICU) setting, VTE
has often been described as occurring
despite heparin prophylaxis and, in some
cases, in the presence of therapeutic
anticoagulation.
Although our understanding of the hematologic manifestations of COVID-19 remains
in its early stages, this systematic review
aims to provide a summary of current estimates of VTE risk, review anticipated laboratory values and their association with poor
outcomes, discuss beneﬁts and harms of anticoagulation, and provide suggestions for the
prevention and management of this infection
in patients who require hospitalization.

COVID-19. The analytic framework is
described in Figure 1. The review was conducted by the Mayo Clinic Evidence-based
Practice Center.
Based on the evidence summarized in the
systematic review, experts in thrombosis,
pulmonary and critical care medicine, hematology, and cardiovascular medicine developed guidance for clinical practice. The
guidance was achieved via consensus of
this multidisciplinary group following critical review of the literature, available clinical
experience, and serial discussions. This guidance is intended to help clinicians managing
patients with COVID-19 in a large multistate health system.
Eligibility
We included primary studiesdprospective
and
retrospectivedin
patients
with
COVID-19 that reported on at least one of
the following: (1) frequency of coagulation
abnormalities, (2) laboratory values of coagulation parameters, and (3) efﬁcacy of pharmacological anticoagulation. We excluded

METHODS
The present review follows the recommendations by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) statement10 and was designed to
provide a description of coagulopathy and
the role of anticoagulants in patients with

Anticoagulation

Patients with
COVID-19

Question 1. What coagulation
abnormalities occur with
COVID-19?
• What laboratory abnormalities
occur in patients with
COVID-19?
• What is the frequency of these
abnormalities?
• Are these abnormalities
predictive of poor outcomes?

Final outcomes
(morbidity, mortality,
quality of life)

Intermediate
outcomes

Coagulopathy

Question 2. What is the role
of anticoagulation in patients
with COVID-19?
• Are there any differences in
outcomes in patients receiving
thromboprophylaxis compared
to not receiving it?
• Are there any differences in
outcomes in patients receiving
therapeutic anticoagulation
compared to not receiving it?

Question 3. What can we
learn from patients already
receiving long-term
anticoagulation?
• Are there any differences in
outcomes in patients receiving
long-term anticoagulation?
• What do their laboratory
profiles look like compared to
patients not receiving
anticoagulation?

FIGURE 1. Analytic framework for the study. COVID-19 ¼ coronavirus disease 2019.

2468

Mayo Clin Proc.

n

November 2020;95(11):2467-2486

n

https://doi.org/10.1016/j.mayocp.2020.08.030
www.mayoclinicproceedings.org

Reference, year
13

Setting

Observational retrospective,
Netherlands

ICU

Cao et al,21 2020

Observational retrospective, China

Chen et al,22 2020

No. of
patients

Target population

Population characteristics

Overall mortality

75

Patients with COVID-19

100% Admitted to the ICU

Hospitalized

102

Patients with COVID-19

Patients aged 5422.20 y, 48% female,
17.6% admitted to the ICU

16.7%

Observational retrospective, China

Hospitalized

1590

Patients with COVID-19

Patients aged 48.715.80 y, 42%
female, 6.22% admitted to the ICU

3.1%

Chen et al,23 2020

Observational retrospective, China

Hospitalized

203

Severely or critically ill patients with
COVID-19

Patients aged 5452.6 y, 46.8%
female, 36% serious, 16.7% critical

12.8%

Gong et al,24 2020

Observational retrospective, China

Hospitalized

189

Patients with severe and nonsevere
COVID-19

Patients aged 4820.7 y, 53% female,
14.8% severe

He et al,25 2020

Observational retrospective, China

Hospitalized

204

Patients with severe and nonsevere
COVID-19

Patients aged 4920.7 y, 61% female,
33.8% severe

Klok et al,14 2020

Observational retrospective,
Netherlands

ICU

184

Patients with COVID-19 who received
thromboprophylaxis

Patients aged 6412 y, 24% female,
9.2% in therapeutic anticoagulation
at admission

13%

Léonard-Lorant et al,26 2020

Observational retrospective, France

Hospitalized

106

Patients who underwent CT including
the chest for either suspicion or
follow-up of COVID-19

Patients aged 63.317.31 y, 34%
female, 30% admitted to the ICU,
39.6% on thromboprophylaxis at
admission, 6.6% in therapeutic
anticoagulation at admission

Not reported

Li et al,27 2020

Observational retrospective, China

Hospitalized

548

Patients with severe and nonsevere
COVID-19

Patients aged 6015.55 y, 49% female,
49.1% severe, 2.9% in therapeutic
anticoagulation at admission

16.5%

Liu et al,28 2020

Observational retrospective, China

Hospitalized

383

Patients with COVID-19 with or
without thrombocytopenia

Patients aged 464.5 y, 58% female

12.8%

Llitjos et al,15 2020

Observational retrospective, France

ICU

26

Patients with severe COVID-19
treated with prophylactic and
therapeutic anticoagulation

Patients aged 6817 y, 23% female,
31% on prophylactic
anticoagulation, 69% on therapeutic
anticoagulation

12%

Lodigiani et al,29 2020

Observational retrospective, Italy

Hospitalized

388

Patients with COVID-19

Patients aged 6614.81 y, 32% female,
16% admitted to the ICU

26%

Fogarty et al,16 2020

Observational retrospective, Northern
Ireland

ICU

83

Patients with COVID-19

Patients aged 6216.3 y, 34% female,
27.7% admitted to the ICU, 5% in
therapeutic anticoagulation at
admission

Beun et al,

2020

Study design, country

Not reported

Not reported

n
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12.7%

15.7%
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TABLE 1. Continued
Reference, year
17

Setting

Observational retrospective, Italy

ICU

Paranjpe et al,30 2020

Observational retrospective
comparative (anticoagulation vs no
anticoagu-lation), United States

Hospitalized

Poissy et al,18 2020

Observational retrospective, France

Sun et al,31 2020

Observational retrospective, China

Tang et al,32 2020

No. of
patients

Target population

Population characteristics

Overall mortality

24

Patients with COVID-19

Patients aged 568 y

2773

Patients with COVID-19

Not reported

ICU

107

Patients with COVID-19

Not reported

Hospitalized

150

Patients with COVID-19

Patients aged 4516 y, 55% female

2%

Observational retrospective, China

Hospitalized

183

Patients with COVID-19

Patients aged 54.116.2 y, 46% female

11.5%

2020

Observational retrospective, China

ICU

73

Patients with COVID-19

Patients aged 6711.1 y, 38% female,
100% severe

28.8%

Tang et al,33 2020

Observational retrospective, China

Hospitalized

449

Patients with severe COVID-19

Patients aged 65.112 y, 40% female,
100% severe, 22% received
anticoagulation

29.8%

Wan et al,34 2020

Observational retrospective, China

Hospitalized

230

Patients with COVID-19 with enteric
involvement

Patients aged 47.513.83 y, 44%
female, 26.5% severe, 15% admitted
to the ICU

2.6%

Wan et al,35 2020

Observational retrospective, China

Hospitalized

123

Patients with COVID-19

Patients aged 46.1615.15 y, 46%
female, 17.07% severe

3.3%

Wan et al,36 2020

Observational retrospective, China

Hospitalized

135

Patients with severe and nonsevere
COVID-19

Patients aged 473.1 y, 47% female,
29.6% severe

0.1%

Wang et al,37 2020

Observational retrospective, China

Hospitalized

125

Patients with critical and noncritical
COVID-19

Patients aged 41.515.09 y, 43%
female, 20% critical, 15.2% admitted
to ICU

0%

Wang et al,38 2020

Observational prospective, China

Hospitalized

548

Patients with COVID-19

Patients aged 59.34.63 y, 49%
female, 23.2% critical

14.2%

Wang et al,20 2020

Observational retrospective, China

ICU

344

Severely or critically ill patients with
COVID-19

Patients aged 643.3 y, 48% female

36.7%

Wu et al,39 2020

Observational retrospective, China

Hospitalized

280

Patients with nonsevere, severe, and
critical COVID-19

Patients aged 43.1219.02 y, 46%
female, 26.8% severe, 2.9% critical,
2.7% admitted to ICU

0%

Xu et al,40 2020

Observational retrospective, China

Hospitalized

187

Patients with nonsevere, severe, and
critical COVID-19

Patients aged 6216.67 y, 45% female,
24.1% severe, 33.2% critical, 33.2%
admitted to ICU

14.9%

Yan et al,41 2020

Observational retrospective, China

Hospitalized

193

Patients with severe COVID-19 and
diabetes

Patients aged 6417.77 y, 41% female,
47.7% admitted to ICU

Panigada et al,

19

Tang et al,

2020

Study design, country

Not reported
22.7%

Not reported
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Setting

No. of
patients

Observational retrospective, China

Hospitalized

1476

Patients with COVID-19

Patients aged 573.3 y, 47% female

16.1%

Observational retrospective, China

Hospitalized

149

Patients with COVID-19

Patients aged 45.113.35 y, 46%
female,

0%

Yao et al,44 2020

Observational retrospective, China

Hospitalized

109

Patients with severe and nonsevere
COVID-19

Patients aged 523.5 y, 60% female,
23.1% severe, 15.74% admitted to
ICU

11.1%

Yin et al,45 2020

Observational retrospective, China

Hospitalized

449

Patients with severe COVID-19

Patients aged 65.112 y, 40% female

29.8%

Observational retrospective, China

Hospitalized

112

Patients with COVID-19 and
cardiovascular disease

Patients aged 628.88 y, 53% female,
14.3% admitted to ICU

15.2%

Zhang et al,47 2020

Observational retrospective, China

Hospitalized

221

Patients with severe and nonsevere
COVID-19

Patients aged 554.5 y, 51% female,
24.9% severe, 19.9 % admitted to
ICU

5.4%

Zhang et al,48 2020

Observational retrospective, China

Hospitalized

343

Patients with COVID-19

Patients aged 6215.5 y, 51% female,
1.2% had atrial ﬁbrillation

3.8%

Zhou et al,49 2020

Observational retrospective, China

Hospitalized

191

Patients with COVID-19

Patients aged 5615.6 y, 38% female,
26.2% admitted to the ICU

16.2%

Reference, year
Yang et al,42 2020
43

Yang et al,

46

Peng et al,

2020

2020

Study design, country

COVID-19 ¼ coronavirus disease 2019; CT ¼ computed tomography; ICU ¼ intensive care unit.
Continuous variables (eg, age) were summarized as mean  SD.

a

b

Target population

Population characteristics

Overall mortality
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studies with less than 100 participants that
only reported the prevalence of coagulopathy without an intervention. Outcomes of
interest were mortality, VTE, DIC, and major
bleeding.
Literature Search and Data Extraction
The framework for conducting reviews
about the COVID-19 pandemic has been
published elsewhere.11 A medical librarian
and the methodology team designed a systematic search of Ovid MEDLINE InProcess & Other Non-Indexed Citations,
Ovid MEDLINE, and Ovid EMBASE from
the ﬁrst outbreak in November, 2019,
through May 1, 2020, without any language
restrictions (Supplemental Table 1, available
online at http://www.mayoclinicproceedings.
org). We complemented the search by crossreferencing relevant systematic and rapid
reviews identiﬁed by our search. Eight
reviewers assessed each study for eligibility
(V.D.T.R., T.N., M.U.S., S.S., R.B., M.F.,
T.J., M.A.), ﬁrst by examining the abstracts
and subsequently the full text of articles
deemed potentially eligible. Both screening
and data extraction were performed in a
single-reviewer fashion.
We extracted study characteristics (eg,
study design, setting) and population description (eg, target population, age range, number
hospitalized vs ICU). Laboratory data were
extracted as either binary (eg, presence of
thrombocytopenia) or continuous using
means and SDs. If not available, SDs were
imputed from interquartile ranges. The number of reported VTE and DIC events was also
extracted. Severity of disease was categorized
as mild, moderate, severe, or critical according
to the description provided in each publication. Mild disease includes low-grade fever
(<38 C) with few symptoms and no imaging
ﬁndings of pneumonia. Moderate disease includes fever, respiratory symptoms, and imaging features of pneumonia. Severe disease
includes evidence of respiratory distress (respiratory rate 30 breaths/min, oxygen saturation <93% at rest, PaO2/fraction of inspired
oxygen 300 mm Hg); critical disease severity
includes respiratory failure with the need
for mechanical assistance, shock, and/or
2472
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extrapulmonary organ failure requiring ICU
management.12 The system of disease severity,
however, may not have been consistent across
publications.
Information regarding reporting related to
risk of bias at study level was extracted separately for comparative and single-arm studies
(Supplemental Tables 2 and 3, available online at http://www.mayoclinicproceedings.
org). Domains evaluated include representativeness of the cohorts, ascertainment of
exposure and outcomes, comparability, causality, reporting, and loss of follow-up.
Data Synthesis
When feasible, we conducted meta-analysis
using the DerSimonian-Laird random effects
model to calculate an overall proportion or a
summary estimate of means. Heterogeneity
was assessed using the I2 value, deﬁning
low heterogeneity as I2 lower than 50%,
moderate heterogeneity as I2 between 50%
and 75%, and high heterogeneity as I2 higher
than 75%. We used the open-source R Project software for all statistical computing. We
opted to divide patients with mild and moderate disease from those with severe and critical disease. Similarly, we compared the data
of survivors to nonsurvivors. We then calculated odds ratios (ORs) and 95% CIs to
evaluate the association of severity and survivorship with coagulopathy using binary
data. When meta-analysis was not possible,
data were synthesized narratively.
RESULTS
Study Characteristics
Of the 4070 unique citations identiﬁed, we
included 37 studies (Table 1). Of these
studies, 36 were retrospective studies; 8
were
conducted
in
the
ICU
setting,13,14,15,16,17,18,19,20 29 in nonspeciﬁc
inpatient
settings,21e25,26e28,29,30,31,32,33e38,39-49 and
none in an outpatient setting. The studies
were from 6 countries with the majority (28
of 37) from China, followed by France (3),
Italy (2), the Netherlands (2), Ireland (1),
and the United States (1). Cohorts ranged
from 24 to 2773 patients with conﬁrmed

November 2020;95(11):2467-2486
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TABLE 2. Laboratory Findingsa,b,c
Overall

Frequency

Patients with mild
and/or moderate disease

Patients with severe
and/or critical disease

Survivors

Nonsurvivors

PT (s)
Reference
value: 10-12 s

Prolonged PT in 7%
(95% CI, 1%-14%)
5 Studies,17,31,37,43,49 639
patients, high heterogeneity

Mean: 12.97 (95% CI,
12.41-13.54)
16 Studies,25,16,19,31,32,36,37,20,39
e41,43,45-48
high heterogeneity

Mean: 12.51 (95% CI, 11.79-13.24)
6 Studies,25,32,36,39,46,47 high
heterogeneity

Mean: 13.27 (95% CI,
12.57-13.97)
8 Studies,25,19,36,20,39,41,46,47 high
heterogeneity

Mean: 13.22 (95% CI, 12.6413.80)
4 Studies,16,32,20,40 high
heterogeneity

Mean: 14.32 (95% CI,
13.02-15.61)
4 Studies,16,32,20,40 high
heterogeneity

aPTT (s)
Reference
value: 22-36 s

Prolonged aPTT in 11% (95%
CI, 0%
to 34%)
3 Studies,17,37,43 298 patients,

Mean: 34.43 (95% CI, 32.06-36.8)
13 Studies,24,16,32,19,34,36,37,39,
41,43,46-48
high heterogeneity

Mean: 35.69 (95% CI, 32.74-38.64)
6 Studies,24,32,36,39,46,47 high
heterogeneity

Mean: 36.94 (95% CI,
34.70-39.19)
7 Studies,24,19,36,39,41,46,47,
high heterogeneity

Mean: 36.26 (95% CI, 26.5645.96)
2 Studies,16,32 high heterogeneity

Mean: 37.60 (95% CI,
26.56-45.96)
2 Studies,16,32 high
heterogeneity

Fibrinogen (g/L)
Reference
value: 2-4 g/L

Not reported

Mean: 5.29 (95% CI, 4.76-5.81)
9 Studies,13,26,28,15,16,17,32
,41,48
high heterogeneity

Mean: 4.55 (95% CI, 4.51-4.59)
1 Study32

Mean 6.29 (95% CI,
4.58-7.99)
4 Studies,13,15,17,41 high
heterogeneity

Mean: 4.51 (95% CI, 4.47-4.55)
2 Studies,16,32 low heterogeneity

Mean: 5.30 (95% CI,
4.90-5.71)
2 Studies,16,32 low
heterogeneity

D-dimer (mg/mL)
Reference
value: <0.5 mg/
mL

Elevated D-dimer in 42% (95%
CI, 28%-55%)

Mean: 0.56 (95% CI, 0.49-0.63)
26 Studies,13,21,23e25,26,15

Mean: 0.48 (95% CI, 0.24-0.72)
7 Studies,24,25,32,36,39,44,47 high

Mean: 1.29 (95% CI, 0.72-1.86)
13 Studies,13,23e25,15,17,19
,36,20,39,41,44,47
high
heterogeneity

Mean: 0.70 (95% CI, 0.53-0.88)
7 Studies,23,29,16,32,20,40,44 high

Mean: 1.10 (95% CI,
0.50-1.69) 8
Studies,21,23,29,16,32,20
,40,44
high
heterogeneity

Antithrombin
activity (%)
Reference
value: 80%140%

Not reported

Mean: 91 (95% CI, 90.7-91.3)
1 Study32

Not reported

Not reported

Mean: 91 (95% CI, 90.7-91.3)
1 Study32

Mean: 84 (95% CI,
82.-85.3)
1 Study32

Platelets
(109/L)
Reference value:
150-400  109/
L

Thrombocytopenia in 20%
(95% CI, 9%-33%)
10 Studies,22,23,27,17,35,
37,38,42-44
4894 patients,
high heterogeneity

Mean: 186.20 (95% CI, 161.22211.18)
19 Studies,13,23

Mean: 184.70 (95% CI, 172.84-196.56)
6 Studies,24,25,36,37,39,47 moderate
heterogeneity

Mean: 177.30 (95% CI, 141.93212.67)
13 Studies,13,23

Mean: 205.82 (95% CI, 190.37221.27)
5 Studies,23,16,20,42,49 low
heterogeneity

Mean: 146.71 (95%
CI, 113.07-180.35)
5 Studies,23,16,20,42,49
high heterogeneity

Lymphocytes
(109/L)
Reference value:
1.1-3.2 109/L

Not reported

Mean: 0.92 (95% CI, 0.81-1.04)
5 Studies,23,20,40,44,49 high

Mean: 0.62 (95% CI,
0.55-0.70)
6 Studies,21,23,20,40,44,49
moderate
heterogeneity

high heterogeneity

n
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21e23,26,27,31,

13 Studies,

36e38,43,44,48,49

3454
patients, high heterogeneity

e17,28,29,19,31,32,34,36,37,20,39e41,
43-45,47,48

heterogeneity

high heterogeneity

e25,28,15,16,17,19,36,37,20,39

e25,15,17,19,36,37,20,39,41,47

,41-43,45,47,49

high heterogeneity

high heterogeneity

Mean: 1.14 (95% CI, 1.04-1.25)
19 Studies,21,23e25,28,31,19,34,36,37,
20,39e41,43,44,46,47,49
high
heterogeneity

Mean: 1.21 (95% CI, 1.07-1.34)
8 Studies,24,25,36,37,39,44,46,47 high
heterogeneity

Mean: 0.79 (95% CI, 0.69-0.89)
11 Studies,23
e25,19,36,37,20,39,41,44,46,47

high heterogeneity

heterogeneity

heterogeneity

Continued on next page
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Laboratory
ﬁndings
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aPTT ¼ activated partial thromboplastin time; PT ¼ prothrombin time.
Heterogeneity was assessed using the I2 value, deﬁning low heterogeneity as I2 <50%, moderate heterogeneity as I2 50%-75%, and high heterogeneity as I2 >75%. We used the open-source R Project software for all statistical
computing.
c
SI conversion factors: To convert D-dimer values to nmol/L, multiply by 5.476.

high heterogeneity

COVID-19. Overall mortality was as high as
56%. We found no studies reporting data
on patients who were receiving long-term
anticoagulation.
Laboratory Findings
Eight laboratory parameters were described
by at least one study with sufﬁcient detail
to calculate means and 95% CIs (Table 2).
The reported frequency of abnormal coagulation parameters was as follows: elevated
D-dimer, 42%; coagulopathy (prolongation
of either prothrombin time [PT] or activated
thromboplastin time [aPTT]), 28%; thrombocytopenia, 20%; prolonged aPTT, 11%;
and prolonged PT, 7%.
The coagulopathy in COVID-19 differed
from DIC in that ﬁbrinogen levels are
elevated (in classic DIC, they should be
low and are often <1 g/L), thrombocytopenia is mild (platelet counts in DIC are
usually <50  109/L)50 and the PT is only
slightly prolonged (1 to 2 seconds vs 3 to
>6 seconds in DIC due to consumption of
procoagulant factors).
Prognosis
During hospitalization, patients with severe
and critical forms of COVID-19 were more
likely to have elevation of D-dimer levels of
greater than 1 mg/mL (to convert to nmol/
L, multiply by 5.476) (OR, 3.14; 95% CI,
2.26 to 4.38; 2 studies, I2¼0%) and thrombocytopenia (OR, 1.78; 95% CI, 1.18 to
2.69; 3 studies, I2¼9%) compared with patients with mild or moderate disease. Nonsurvivors were more likely to have
elevation of D-dimer values (OR, 4.78; 95%
CI, 2.47 to 9.25; 4 studies, I2¼66%), thrombocytopenia (OR, 4.56; 95% CI, 1.09 to
19.09; 4 studies, I2¼96%), and DIC (OR,
71.88; 95% CI, 3.42 to 1508.54; 2 studies,
I2¼86%).
Incidence of Thrombotic Events and
Comparison With Non-COVID Patients
Published series were largely drawn from patients with COVID-19 who were admitted to
the ICU. Venous thromboembolism rates
ranged from 2% to 69% based on 3 published studies at the time of this analysis.

b

a

Mean: 6.11 (95% CI,
5.68-6.55)
4 Studies,23,20,40,44 low
heterogeneity
Mean: 4.19 (95% CI,
3.3-5.09)
11 Studies,23e25,19,36,37,20
,39,41,44,46,47
high heterogeneity
Neutrophils
(109/L)
Reference value:
3.8-9.5  109/L

Survivors

Mean: 3.95 (95% CI, 3.76-4.14)
4 Studies,23,20,40,44 low
heterogeneity

Mean: 3.59 (95% CI, 2.91-4.27) Mean: 3.16 (95% CI, 2.87-3.45)
8 Studies,24,25,36,37,39,44,46,47 high
17 Studies,23e25,28,31,19,34,36,37,20,39
heterogeneity
e41,43,44,46,47

Patients with severe
and/or critical disease
Patients with mild
and/or moderate disease

Overall
Frequency

Laboratory
ﬁndings

TABLE 2. Continued
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This wide range reﬂects differing detection
strategies, potentially limited by personal
protective equipment conservation tactics.
In studies in which ultrasonography was
prompted by clinical suspicion alone,
reported VTE rates were low at 2% to
4%.14,29 In the only study in which surveillance ultrasonography was mandated, the
VTE rate was 69%.15 The latter study pursued mandatory ultrasonography on admission and repeated on day 7 and reported a
deep venous thrombosis (DVT) rate of
50%, most of which were bilateral lower extremity DVTs; however, the rates of proximal and distal thromboses were not
reported.15 In a retrospective case series by
Cui et al51 in which 81 patients with
COVID-19 were admitted to the ICU, the
VTE rate was 25%. This series did not meet
the eligibility criteria for inclusion in this review because of its sample size; however, it
reports a high VTE incidence. This study
included ultrasonography and computed tomography that may not have been mandatory and may not have been repeated as
described in the article’s Methods section.
The incidence of VTE in these 2 studies
was considerably higher than anticipated
for ICU patients. By comparison, VTE rates
in the PROTECT (Prophylaxis for Thromboembolism in Critical Care Trial) study
(preeCOVID-19) were substantially lower:
the overall VTE rate was 9.1%, the DVT
rate was 5.5%, and the pulmonary embolism
(PE) rate was 1.8%.52 The PROTECT study
randomized 3764 ICU patients to receive
either prophylactic low-molecular-weight
heparin (LMWH), dalteparin, or unfractionated heparin to be continued throughout
the ICU stay. Patients underwent mandatory
ultrasonographic evaluation of the lower extremities twice weekly for DVT. Nearly half
of the recruited patients (45%) were
admitted for a respiratory condition. Proximal leg DVT was identiﬁed in 5.1% and
5.8% of patients, while PE rates were 1.3%
and 2.3% for patients receiving dalteparin
and unfractionated heparin, respectively.
One study reported rates of VTE in patients with COVID-19 hospitalized in a
nonecritical
care
setting.29
Overall,
Mayo Clin Proc. n November 2020;95(11):2467-2486
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thrombosis rates were 6.6% for 327 nonICU patients.29 This rate includes VTE rates
of 3.8%, stroke rates of 1.9%, and acute coronary syndrome rates of 1.0%. Of the 3.8%
of patients with VTE, PE occurred in 2.5%
and DVT in 1.3%. It is important to note
that DVT detection methods were driven
by clinical indications, not systematic ultrasonographic surveillance requirements.
When looking at differences by disease
severity, one study found higher rates of
thrombosis among patients with severe
COVID-19 than in those with nonsevere disease (6.6% vs 3.7%) but found no difference
in DVT or PE rates.29 Moreover, PE rates in
studies in which more than 50% of patients
had severe or critical disease13,14,15,18 ranged
from 13.6% to 26.7% compared with 1.4% to
30.2% in studies in which less than 50% of
patients had severe or critical disease26,29
(Table 3).
In 2 studies in which more than 50% of
patients received prophylaxis, rates of VTE
ranged from 1.6% to 4.1%14,29 and PE rates
ranged from 1.4% to 20.6%,14,29,18 whereas
in studies with less prophylaxis, the VTE
rate was 69%15 and PE rates ranged from
23.1% to 30.2%.26,15 Meta-analyses of the
frequency of thrombotic events are summarized in Table 3, ranging from 1% (myocardial infarction) to 17% (PE). Each pooled
analysis included 2 to 6 studies with sample
sizes of 598 to 1362 patients. Overall heterogeneity was moderate to high. An overall
VTE rate was not pooled across studies
because of high heterogeneity.
Effect of Anticoagulation
Six
retrospective
studies
(4
comparative15,30,33,45
and
2
uncontrolled14,29) reported patient-important outcomes
in
those
who
received
anticoagulation (Table 4). Two of the
comparative studies reported data from the
same cohort.33,45 Mortality was assessed by
2 comparative studies,30,33,45 meta-analysis
of which did not reveal a statistically significant difference when using anticoagulation
(OR, 0.99; 95% CI, 0.82 to 1.19; I2¼0%).
In one cohort study,45 patients with D-dimer
levels greater than 3.0 mg/mL treated with
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TABLE 3. Incidence of Thrombotic Eventsa,b
Reference, year
14

Use of
anticoagulants

Severity

VTE

DVT

PE

Stroke

MI

DIC

Mayo Clin Proc.
n

November 2020;95(11):2467-2486

100% Received
prophylaxis

All participants:
1.6%

All participants:
0%

All participants:
13.6%

All participants:
1.6%

NR

NR

Llitjos et al,15 2020
(N¼26)

100% Critical
or severe

31% Received
prophylaxis at
admission
69% Received
therapeutic
anticoagulation

All participants:
69%

All participants:
50%

All participants:
23.1%

NR

NR

NR

Lodigiani et al,29
2020 (N¼388)

15.7% Critical
or severe

79.1% Received
prophylaxis
19.6% Received
therapeutic
anticoagulation

All participants:
4.1%
Mild or
moderate:
3.7%
Critical or
severe: 6.6%

All participants:
1.4%
Mild or
moderate:
1.2%
Critical or
severe: 1.6%

All participants:
1.4%
Mild or
moderate:
1.2%
Critical or
severe: 1.6%

All participants:
2.3%
Mild or
moderate:
1.8%
Critical or
severe: 4.9%

All participants:
1.0%
Mild or
moderate:
0.9%
Critical or
severe: 1.6%

NR

Poissy et al,18 2020
(N¼107)

100% Critical
or severe

90.9% of patients with
PE were receiving
prophylaxis

NR

All participants:
4.7%

All participants:
20.6%

NR

NR

NR

Beun et al,13 2020
(N¼75)

100% Critical
or severe

NR

NR

All participants:
4%

All participants:
26.7%

All participants:
2.7%

NR

NR

Léonard-Lorant
et al,26 2020
(N¼106)

30% Critical or
severe

39.6% Received
prophylaxis at
admission
6.6% Received
therapeutic
anticoagulation at
admission

NR

NR

All participants:
30.2%

NR

NR

NR

Sun et al,31 2020
(N¼150)

26% Critical or
severe

NR

NR

NR

NR

1.3%

NR

NR

Chen et al,23 2020
(N¼203)

52.7% Critical
or severe

NR

NR

NR

NR

NR

All participants:
1.5%

NR

Tang et al,32 2020
(N¼183)

NR

NR

NR

NR

NR

NR

NR

All participants:
8.7%
Survivors: 0.6%
Nonsurvivors:
71.4%
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100% Critical
or severe

n

Klok et al, 2020
(N¼184)

Reference, year

Use of
anticoagulants

Severity

VTE

DVT

PE

Stroke

MI

DIC

23.2% Critical

NR

NR

NR

NR

NR

NR

All participants:
7.7%
Survivors: 3.0%
Nonsurvivors:
35.9%

Fogarty et al,16
2020 (N¼83)

40% Critical or
severe

100% Received
prophylaxis
4.8% Received
anticoagulation
therapy

NR

NR

NR

NR

NR

All participants:
0.0%

Li et al,27 2020
(N¼548)

50.9% Critical
or severe

2.9% Received
therapeutic
anticoagulation

NR

NR

NR

NR

NR

All participants:
7.7%
Mild or
moderate:
1.8%
Critical or
severe:
13.8%

Pooled analysis

NA

NA

N¼598
2%-69%
3 Studies, high
hetero
geneity

N¼754
2% (95% CI,
0%-5%)
4 Studies,
moderate
hetero
geneity

N¼886
17% (95% CI,
6%-33%)
6 Studies, high
hetero
geneity

N¼797
2% (95% CI,
1%-3%)
4 Studies, low
hetero
geneity

N¼591
1% (95% CI,
0%-2%)
2 Studies, low
hetero
geneity

N¼1362
6% (95% CI,
3%-9%)
4 Studies, high
hetero
geneity

n

Wang et al,38 2020
(N¼548)

https://doi.org/10.1016/j.mayocp.2020.08.030

DIC ¼ disseminated intravascular disease; DVT¼ deep venous thrombosis; MI ¼ myocardial infarction; NA ¼ not applicable; NR ¼ not reported; PE ¼ pulmonary embolism; VTE¼ venous thromboembolism.
Heterogeneity was assessed using the I2 value, deﬁning low heterogeneity as I2 <50%, moderate heterogeneity as I2 50%-75%, and high heterogeneity as I2 >75%. We used the open-source R Project software for all statistical
computing. We opted not to pool the overall rate of VTE because of the high heterogeneity due to screening practices.

a

b
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unfractionated heparin had lower mortality
than those not receiving unfractionated heparin (32.8% vs 52.4%; P¼.02). Higher risk of
VTE was also associated with the need for
mechanical
ventilation30
in
patients
receiving anticoagulants. In one study,15
VTE rates were signiﬁcantly higher for patients receiving prophylaxis-dosed anticoagulants compared with therapeutic-dosed
anticoagulation (100% vs 56%; P¼.03). The
small sample size of this study, however,
limits the interpretation of these ﬁndings.
Indeed, the certainty of evidence in all outcomes of anticoagulation is rated as very
low, considering the observational nature
of the studies and their small size leading
to important imprecision.53 Risk of bias is
described in Supplemental Tables 2 and 3.
EXPERT CONSENSUS: SUGGESTED
APPROACH
Prevention of Thrombosis
The following approach to patients requiring
hospitalization for COVID-19erelated complications is suggested (Figure 2). First, it
should be determined whether the patient
is already receiving therapeutic anticoagulation for a well-deﬁned indication. For such
patients, transitioning to parenteral anticoagulation, such as unfractionated heparin or
LMWH, should be considered particularly
if an invasive procedure is anticipated. This
transition will facilitate prompt and efﬁcient
scheduling with timely pursuit of these
procedures in an otherwise ill patient.
Second, for patients not receiving therapeutic anticoagulants, it is then important to
determine which form of VTE prophylaxis is
most appropriate. This determination will
require an assessment of bleeding risk. For patients with active bleeding, severe thrombocytopenia (platelet count <25  109/L), or an
underlying congenital bleeding disorder, nonpharmacological prophylaxis with sequential
compression devices should be initiated.
Once bleeding resolves with certainty, platelet
counts recover, or the appropriate management of the underlying congenital bleeding
disorder is addressed, pharmacological prophylaxis can again be reconsidered. Guideline
2478
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recommendations state a preference for enoxaparin (an LMWH) prophylaxis at a dose of 40
mg subcutaneously (SC) daily for all hospitalized patients provided there are no contraindications.54,55 For patients with a body mass
index (calculated as weight in kilograms
divided by height in meters squared)
exceeding 40 kg/m2 or actual body weight
greater than 120 kg, the enoxaparin dose of
40 mg SC twice daily should be considered.
For patients with renal impairment (creatinine
clearance <30 mL/min), unfractionated heparin at doses of 5000 U SC twice daily or 3 times
daily is reasonable. For patients with a history
of heparin-induced thrombocytopenia and
acceptable renal function (creatinine clearance
30 mL/min), fondaparinux at 2.5 mg SC
once daily can be used. Careful daily clinical
assessment for signs or symptoms of VTE
should be employed, with a low threshold for
imaging in the presence of clinical ﬁndings.
Given the 8.3% incidence of VTE for patients
on hospital wards reported by Lodigiani
et al,29 these recommendations strike a reasonable balance between VTE prevention and
bleeding. It is noteworthy that reports of excessive bleeding in COVID-19einfected patients
residing in the hospital have not been
published. Two groups with patients receiving
anticoagulants reported bleeding rates of 0%
to 3%.29,30
Third, baseline laboratory assessment
should include a complete blood cell count
with differential, PT/aPTT, ﬁbrinogen, and
D-dimer assessment. Because trends in
platelet counts and ﬁbrin D-dimer values
have prognostic implications, repeating these
measures periodically, particularly for the
ICU patient, can be informative.22,23,38,42,49
These trends must be interpreted in the
context of the overall clinical picture
including other important prognostic variables. For patients with prolonged PT or
aPTT, more detailed coagulation testing
should be pursued to exclude lupus anticoagulant or factor deﬁciency.
Fourth, a distinction between patients
requiring medical care in hospital wards from
those requiring ICU care should be considered. For the patient requiring admission
to the ICU, baseline screening leg

November 2020;95(11):2467-2486

n

https://doi.org/10.1016/j.mayocp.2020.08.030
www.mayoclinicproceedings.org

ANTICOAGULATION IN COVID-19

TABLE 4. Studies Reporting on Anticoagulationa,b
Reference, year
33

Outcomes
reported

Results

Comparative, retrospective,
449 patients

Systemic anticoagulation with
low-molecular-weight
heparin vs no
anticoagulation

Mortality

No difference was observed in
mortality (30.3% vs 29.7%;
P¼.91)

Paranjpe et al,30 2020

Comparative, retrospective,
2772 patients

Systemic anticoagulation vs
no anticoagulation

Mortality, major
bleeding, mechanical
ventilation
requirement

No difference in mortality
(22.5% vs 22.8%) or
bleeding (1.9% vs 3%; P¼.2).
Patients on anticoagulation
required more mechanical
ventilation (29.8% vs 8.1%;
P<.001)

Llitjos et al,15 2020

Comparative, retrospective,
26 patients

Thromboprophylaxis vs
therapeutic
anticoagulation

VTE

Patients treated with
thromboprophylaxis were at
higher risk of VTE (100% vs
56%; P¼.03)

Yin et al,45 2020

Comparative, retrospective,
449

Systemic anticoagulation with
low-molecular-weight
heparin vs no
anticoagulation

Mortality

No difference was observed in
mortality (30.3% vs 29.7%;
P¼.91). In subgroup analysis
of patients with D-dimer
>3.0 mg/mL, there was
lower risk of mortality in the
heparin group (32.8% vs
52.4%; P¼.02)

Klok et al,14 2020

Single-arm, retrospective,
184 patients

Thromboprophylaxis

Any thromboembolic
event, PE

Any thromboembolic event
occurred in 31% of patients.
PE occurred in 13.6% of
patients

Lodigiani et al,29 2020

Single-arm, retrospective, 61
patients

Thromboprophylaxis

Any thromboembolic
event, VTE, PE,
DVT, stroke

Thromboembolic events
occurred in 16.7% of
patients, VTE in 8.3%, PE in
4.2%, DVT in 2.1%, and
stroke in 6.3%

Tang et al,

2020

Type of anticoagulation and
comparison

Design

DVT ¼ deep venous thrombosis; PE ¼ pulmonary embolism; VTE ¼ venous thromboembolism.
SI conversion factors: To convert D-dimer values to nmol/L, multiply by 5.476.

a

b

ultrasonography on admission to exclude incident DVT should be considered. Given the
differing DVT rates of ICU patients in published studies, this recommendation does not
appear to be excessive and will identify subclinical DVT in a sizable percentage of patients
(Table 3). For individuals with identiﬁed DVT,
therapeutic anticoagulation management will
be initiated. If ultrasonographic ﬁndings are
normal, ICU patients should be further
assessed for VTE risk using ﬁbrin D-dimer
levels. Tang et al33 found that ﬁbrin D-dimer
levels exceeding 6 times the upper limit of
normal identiﬁed a high-risk population who
Mayo Clin Proc. n November 2020;95(11):2467-2486
www.mayoclinicproceedings.org
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beneﬁted from aggressive VTE prophylaxis
with a survival beneﬁt. Low-risk ICU patients
should receive enoxaparin, 40 mg SC daily or
twice daily depending on body weight. For
those with renal impairment (creatinine clearance <30 mL/min), unfractionated heparin
adjusted for body weight should be prescribed.
A daily clinical assessment for VTE signs and
symptoms and a low threshold for imaging
conﬁrmation is advisable. Upper extremity ultrasonography should be considered particularly for patients with arm swelling and a
central venous catheter. Based on the work
by Llitjos et al,15 weekly ultrasonographic

https://doi.org/10.1016/j.mayocp.2020.08.030
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COVID-19: VTE prophylaxis in the hospitalized patient

Is the patient on a treatment dose of
warfarin or a DOAC?

Yes

If invasive procedure anticipated, review
continuation of oral anticoagulants vs.
transition to therapeutic heparin
(consider if contraindications to continued
anticoagulation are present.)

Yes

• Apply sequential compression devices
• Obtain hematology consult
• Reconsider VTE prophylaxis after
contraindications are corrected.

Yes

Is the patient’s creatinine
clearance >30 mL/min?

No

Is there a contraindication to
pharmacologic VTE prophylaxis?a
No
Does the patient have active or prior
history of heparin-induced
thrombocytopenia? (HIT)

No

Yes

No
Perform or review laboratory tests and
consider imagingb

Prescribe fondaparinux
2.5 mg SC daily

Where is the patient residing?

Intensive care unit

Clinical ward

Perform or review
baseline leg vein US

Prophylaxis dosing (weight-based)
LMWH: Enoxaparin (preferred)
40 mg QD (up to 120 kg)
40 mg BID (>120 kg or BMI
>40)
Unfractionated heparin (if CrCl <30)
5,000 units TID (preferred
dose)
5,000 units BID (<50 kg)
7,500 units TID (>120 kg or
BMI >40)

Is DVT confirmed?
No

Yes
e

Assess VTE risk with D-dimer level

D-dimer <3,0 µg/mL
Prophylaxis dosing (weight-based)
LMWH: Enoxaparin (preferred)
40 mg QD (up to 120 kg)
40 mg BID (>120 kg or BMI
>40)
Unfractionated heparin (if CrCl <30)
5,000 units TID (preferred dose)
5,000 units BID (<50 kg)
7,500 units TID (>120 kg or
BMI >40)
Repeat studies on day 7f

D-dimer >3,0 µg/mL

• Initiate therapeutic
anticoagulationc
• Transition to oral
therapy prior to
discharged

Prophylaxis dosing (weight-based)
LMWH: Enoxaparin
30 mg BID (up to 120 kg)
40 mg BID (>120 kg or BMI
>40)
Unfractionated heparin (if CrCl <30)
5,000 units TID (preferred dose)
5,000 units BID (<50 kg)
7,500 units TID (>120 kg or
BMI >40)

Monitor LMWH with heparin anti-Xa
Obtain 4 hours after third dose
Target: 0.2 to 0.4 IU/mL
Consider drug interactions and conditions
that may interfere with test results

Post dismissal surveillance and follow-up
Consider extended anticoagulation for patients at higher risk for VTE.
Assess risk using the IMPROVEDD VTE risk scoreg calculator
if score is >3, consider extended VTE prophylaxis up to 45 days

FIGURE 2. Suggested approach to patients requiring hospitalization for coronavirus disease 2019
(COVID-19)erelated complications. aActive bleeding, platelet count <30  109/L, or congenital bleeding
disorder including von Willebrand disease or hemophilia. bLaboratory tests: complete blood cell count
and differential, prothrombin time (PT), activated partial thromboplastin time (aPTT), ﬁbrinogen, D-dimer.
If PT and/or aPTT are prolonged, consider a special coagulation proﬁle, which includes a lupus anticoagulant screen. Imaging: for patients presenting with a prolonged illness or those who have had a long
hospital stay, consider obtaining bilateral lower extremity venous ultrasonography. cInitiate therapeutic
anticoagulation therapy as follows: unfractionated heparin infusion is preferred; in a patient with a history
of heparin-induced thrombocytopenia, use argatroban or bivalirudin (see direct thrombin inhibitors order
set). dContinue oral anticoagulation for a minimum of 3 months with clinical reassessment thereafter. A
direct oral anticoagulant (DOAC) is preferred unless the patient has another indication for the use of a
vitamin K antagonist or low-molecular-weight heparin (LMWH). eAssess venous thromboembolism (VTE)
risk using the D-dimer level as follows: low risk, <3.0 mg/mL; high risk, 3.0 mg/mL. This recommendation
reﬂects a 6-fold increase above the upper limit of normal. Precise cutoff requires external validation. fOn
day 7 of therapy (or earlier if clinical deterioration occurs), repeat the following studies: bilateral lower
extremity venous ultrasonography; laboratory tests (complete blood cell count with differential, D-dimer,
and ﬁbrinogen). Consider alternating ultrasonography and laboratory tests every 3 to 4 days.
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surveillance for leg DVT in the ICU may identify patients with subclinical thrombotic
events that will impact management. For
high-risk patients with D-dimer values
exceeding 3.0 mg/mL, a more aggressive
approach to VTE prophylaxis should be
considered with enoxaparin, 30 mg twice daily
for those with body weight of 120 kg of less
(body mass index 40) and 40 mg twice daily
for heavier patients. For these high-risk patients, prophylaxis should be monitored with
a heparin anti-Xa level obtained 4 hours after
the third dose targeting levels of 0.2 to 0.4
IU/mL.33 In addition, daily clinical assessment
for VTE signs and symptoms, a low threshold
for imaging any new clinical ﬁndings, and
weekly ultrasonographic surveillance for leg
DVT while in the ICU is recommended. For
patients with severe renal impairment (creatinine clearance <30 mL/min), unfractionated
heparin at doses of 5000 U SC 3 times daily
is a reasonable alternative. Consider including
weekly ultrasonographic surveillance of upper
extremities if intravenous catheter is in place
to evaluate for catheter-associated thrombosis.
Following hospital dismissal, there has
been interest in extending VTE prophylaxis
to the outpatient setting.54 These recommendations are largely driven by recent direct
oral anticoagulant (DOAC) trials with apixaban, betrixaban, and rivaroxaban in noneCOVID-19 populations.56-58 Extending
prophylaxis to 35 to 45 days after hospital
discharge may reduce venous thrombotic
events while slightly increasing bleeding
events. Decision making requires a careful
balance between these 2 outcomes to maximize net clinical beneﬁt for these patients.
Although there are no current data on
extended prophylaxis for COVID-19, this
approach may be beneﬁcial for patients
recovering from pulmonary manifestations
of this infection,59 especially those who are
less mobile. There are several risk assessment tools that can be utilized to help identify high-risk patients who may beneﬁt from
extended prophylaxis.60,61
Treatment of Thrombosis
If VTE is identiﬁed, we suggest initiating
therapy with parenteral anticoagulants.
Mayo Clin Proc. n November 2020;95(11):2467-2486
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These patients should be managed with the
same principles and practices used to
manage patients without COVID-19.62
Once stabilized, patients can be transitioned
to oral anticoagulant therapy, which could
include either a DOAC or vitamin K antagonist depending on patient-speciﬁc variables.
Duration of anticoagulant therapy will vary
with
patient-speciﬁc
circumstances
including perceived ongoing risk factors
and potential indications for long-term anticoagulation (eg, atrial ﬁbrillation). In general, a minimum treatment duration of 3
months of therapeutic anticoagulation
should be considered. Although thrombophilia testing would not be indicated for
most patients with conﬁrmed VTE, lupus
anticoagulant testing may be considered for
those individuals with prolonged clotting
times (particularly aPTT). If lupus anticoagulant is identiﬁed, enzyme-linked immunosorbent assay for anticardiolipin and
b2-glycoprotein 1 antibodies should also be
obtained for completeness. These assays
should also be repeated in 12 weeks to determine persistence. There have been concerns
that patients may have progressive thrombosis despite therapy with anticoagulants.15,29 The frequency of anticoagulant
failures is not clear, but in the small study
by Llitjos et al,15 more than half of patients
receiving therapeutic anticoagulation had
progressive thrombosis. The evaluation and
management of patients in whom anticoagulation therapy has clearly failed is complex
and requires a multidisciplinary approach
following 5 general principles. First, objectively conﬁrm anticoagulant failure through
careful side-by-side imaging review. Second,
conﬁrm proper medication dosing, absorption, and administration. An assessment of
anticoagulation levels can be informative
when feasible. For younger patients with
preserved renal function, in particular, there
may be increased metabolic clearance of
LMWH, dabigatran, and edoxaban.63,64
Drug interactions such as the concomitant
use of strong CYP3A4 and P-glycoprotein inducers should be assessed. Attention to requirements of speciﬁc anticoagulants is
needed; for example, adequate absorption
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of rivaroxaban necessitates concomitant
meals enriched in fat.65 Additionally, drug
absorption may be compromised by such
conditions as disturbances in gastrointestinal
motility, gastrointestinal resection, or gastric
bypass.66,67 Third, medication adherence in
the outpatient setting is an important variable regardless of which anticoagulant is
prescribed.68-70 Fourth, temporary anticoagulant interruptions for invasive procedures
may promote thrombosis for several reasons.
Invasive procedures,71-73 blood product
transfusions, and central venous catheters
all increase the thrombotic risk. Fifth,
heparin-induced thrombocytopenia may
complicate anticoagulation delivery for
both unfractionated heparin or LMWH therapy. Lastly, there is growing evidence that
the outcomes of antiphospholipid syndrome
treatment are improved with warfarin
compared with DOACs.74,75 Whether this
recommendation should be extended to
COVID-19eassociated
antiphospholipid
syndrome is not clear.
Once a careful multidisciplinary evaluation has been accomplished and clear anticoagulant failure has been conﬁrmed, there are
several untested management strategies one
could pursue. These strategies address treatment of the underlying disease process and
the cytokine-speciﬁc mechanisms, and
changing anticoagulant therapy or method
of delivery may be useful. For DOAC failures, changing to enoxaparin may improve
efﬁcacy. For enoxaparin failures, changing
from once-daily (1.5 mg/kg per day) to
twice-daily (1 mg/kg twice daily) administration may also be effective. For warfarin
failures, switching to a DOAC or LMWH
are options after careful assessment of the
adequacy of the international normalized
ratio (time in therapeutic range) has been
reviewed and explored.
Limitations and Future Directions
Clear limitations of this work are the lack of
evidence that warrants high certainty and
the rapid process of developing this guidance.
This guidance did not follow the typical
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process of clinical guideline development.53
There are a number of unanswered questions
relating to the coagulopathy and COVID-19.
(1) Most reported series are limited to ICU patients. Between 10% and 20% of patients
infected with COVID-19 require hospitalization at a current overall rate of 29.2 per
100,000 individuals.2 Of these patients,
nearly 60% do not entail ICU admissions.
There are currently limited data on VTE
prevalence for patients hospitalized on the
medical ward, apart from the ICU setting.
Without these numbers, it is difﬁcult to
inform decision making for VTE prophylaxis of this sizeable patient population.
Ideally, these rates would be compared
with rates for hospitalized patients without
COVID-19
receiving
prophylaxis.
Although randomized trials of different
antithrombotic prophylaxis strategies are
under way, data to inform decision making
may not be available for some time.
(2) There are no estimates of VTE rates in
ambulatory patients with COVID-19
recovering at home. Whether these patients should receive some form of
DVT prophylaxis is unknown.
(3) A few reports exist regarding bleeding
outcomes for these hospitalized patients
receiving either prophylaxis or therapeutic anticoagulation.
(4) Ideal screening strategies for DVT or PE
in the ICU setting are not known. Many
of these patients may be mechanically
ventilated in the prone position, making
a thorough ultrasonographic examination challenging. The safety of sonographers obtaining these imaging studies
must also be taken into account when
designing screening strategies.
(5) Evaluation strategies relying on pretest
probability of disease assessment may
not be valid for patients with COVID19, who seem to have a much higher
rate of incident VTE compared with
other populations.
(6) The use of D-dimer as a negative predictive assay to exclude patients without
VTE may be of less value because the

November 2020;95(11):2467-2486

n

https://doi.org/10.1016/j.mayocp.2020.08.030
www.mayoclinicproceedings.org

ANTICOAGULATION IN COVID-19

laboratory hallmark of this disease appears to be an elevated D-dimer value.
Future studies should therefore determine more precise incident data on all patients with COVID-19 infections to better
inform VTE prophylaxis recommendations.
When feasible, deﬁning the timing of greatest risk from the onset of infection to the
time of VTE would help guide both the
timing and the intensity of anticoagulant delivery. Risk assessment tools and validated
evaluation strategies unique to COVID-19
would also be helpful. Deﬁning the optimal
use of screening imaging including both
computed tomographic angiography and ultrasonography would help direct resource
utilization in this disease. When possible, institutions should consider activation and patients should be enrolled into clinical trials.
As of May 30, 2020, there are 2 trials listed
on
the
ClinicalTrials.gov
website
(NCT04367831 and NCT04359277).
Lastly, the precise mechanism driving the
COVID-19 coagulopathy requires further
study. There are several intriguing hypotheses
including complement-mediated thrombogenesis. In this model, membrane attack
complexemediated endothelial injury with
subsequent coagulation activation has been
postulated as the driving mechanism for small
vessel thrombosis, end-organ damage, and
associated ﬁbrin D-dimer production.76,77 A
second hypothesis focuses on the central
role of neutrophil activation with neutrophil
extracellular traps formation resulting in
widespread
organ
injury.78-80
Severe
COVID-19 infection has been associated
with a “cytokine storm,” including interleukin, interferon-g, tumor necrosis factor,
and granulocyte colony-stimulating factor
release leading to an uncontrolled positive
signaling loop between macrophages and
neutrophils. In this model, endothelial infection with SARS-COV-2 leads to endothelial
activation promoting neutrophil recruitment.
Activated neutrophils then release neutrophil
extracellular traps, large extracellular weblike
structures containing cytosolic and granular
proteins within a scaffold of decondensed nuclear chromatin. NETosis is a highly regulated
Mayo Clin Proc. n November 2020;95(11):2467-2486
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process that serves as a robust mechanism for
thrombus initiation by promoting platelet aggregation and coagulation activation. A third
mechanism suggests that the coagulopathy
is primarily driven by hypoxia.81-84 Severe
COVID-19 infections result in bilateral pneumonia, thick secretions, extensive lung parenchyma damage, hypoxia, and acute
respiratory distress syndrome. Hypoxic conditions are known to stimulate platelet and
neutrophil adhesion to endothelial cells, tissue factor expression while suppressing tissue
factor pathway inhibitor and ﬁbrinolytic pathways. It is likely that the pathophysiology of
SARS-CoV-2erelated coagulopathy cannot
be easily parsed into systems and that each
mechanism described here plays a role,
perhaps in tandem or in sequence.
CONCLUSION
SARS-CoV-2 causing COVID-19 has infected
a large number of individuals in our country
and worldwide. Infection with this virus has
a unique laboratory signature including
thrombocytopenia with elevated ﬁbrinogen
and ﬁbrin D-dimer, all of which are associated with poor outcomes. Thrombotic outcomes add to the morbidity and mortality
and require a thoughtful approach to VTE
prophylaxis, balancing the risk of thrombosis with the risk of major bleeding. We
present guidance on prevention and management of thrombosis based on low-certainty
evidence. We await future studies that
enable the formal development of rigorous
clinical practice guidelines.
ACKNOWLEDGMENTS
Some of the content of this review is adapted
for use in an electronic module as a part of
the AskMayoExpert resource. We thank
Lubna Daraz, PhD, for assistance with grey
literature search.
SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online
at http://www.mayoclinicproceedings.org.
Supplemental material attached to journal articles has not been edited, and the authors
take responsibility for the accuracy of all data.

https://doi.org/10.1016/j.mayocp.2020.08.030

2483

MAYO CLINIC PROCEEDINGS

Abbreviationsand Acronyms: aPTT = activated
thromboplastin time; COVID-19 = coronavirus disease 2019;
DIC = disseminated intravascular coagulation; DOAC = direct
oral anticoagulant; DVT = deep venous thrombosis; ICU =
intensive care unit; LMWH = low-molecular-weight heparin;
OR = odds ratio; PE = pulmonary embolism; PT = prothrombin time; SARS-CoV = severe acute respiratory syndrome coronavirus; SC = subcutaneously; VTE = venous
thromboembolism
Afﬁliations (Continued from the ﬁrst page of this
article.): Care, Center for Sleep Medicine (A.S.N.), Division
of Hematology (R.K.P., A.L.M.), Department of Pharmacy
(L.J.O., N.N.O.), and Mayo Clinic Libraries (L.J.P.), Mayo
Clinic, Rochester, MN; Transplant Critical Care Medicine
(P.M.F.), Department of Neurology (J.L.S.), Division of Hematology and Medical Oncology (C.E.R.), and Department
of Emergency Medicine (S.M.S., R.B.), Mayo Clinic, Jacksonville, FL; Division of Hematology (L.J.P.) and Department
of Cardiovascular Medicine (F.E.S.), Mayo Clinic, Scottsdale,
AZ.

6.

7.

8.

9.

10.

Dr Raed Benkhadra is now with Allegheny General Hospital.
Potential Competing Interests: Dr McBane has received
grants from Bristol-Myers Squibb Company and Pﬁzer Inc
unrelated to this work (funds paid to his institution). Dr Pruthi has received honoraria for attending advisory boards
from CSL Behring, Genentech, Inc, Bayer HealthCare AG,
HEMA Biologics, LLC, Instrumentation Laboratory, and
Merck & Co, Inc (unrelated to this work).
Correspondence: Address to M. Hassan Murad, MD, Robert D. and Patricia E. Kern Center for the Science of Health
Care Delivery, Mayo Clinic, 200 First St SW, Rochester, MN
55906 (murad.mohammad@mayo.edu).

11.

12.

13.

14.

15.

ORCID
Victor D. Torres Roldan:
https://orcid.org/0000-00018683-4767; Ana I. Casanegra:
https://orcid.org/00000001-6114-4284; Damon E. Houghton:
https://orcihttps://
d.org/0000-0002-6065-9523; Ariela L. Marshall:
orcid.org/0000-0001-7388-0422; Waldemar E. Wysokinski:
https://orcid.org/0000-0002-8119-6206; Fadi E. Shamoun:
https://orcid.org/0000-0003-3890-7129; Meritxell
https://orcid.org/0000-0002-9123-0922; M.
Urtecho:
Hassan Murad:
https://orcid.org/0000-0001-5502-5975

16.
17.

18.

19.

REFERENCES
1. Johns Hopkins University. COVID-19 Dashboard by the Center for
Systems Science and Engineering (CSSE) at Johns Hopkins University. https://coronavirus.jhu.edu/map.html. Accessed May 27, 2020.
2. Centers for Disease Control and Prevention. The Coronavirus
Disease 2019 (COVID-19)-Associated Hospitalization Surveillance Network (COVID-NET). https://gis.cdc.gov/grasp/
covidnet/COVID19_3.html. Accessed May 16, 2020.
3. Rota PA, Oberste MS, Monroe SS, et al. Characterization of a
novel coronavirus associated with severe acute respiratory syndrome. Science. 2003;300(5624):1394-1399.
4. Christian MD, Poutanen SM, Loutfy MR, Muller MP, Low DE.
Severe acute respiratory syndrome. Clin Infect Dis. 2004;
38(10):1420-1427.
5. Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus ADME,
Fouchier RAM. Isolation of a novel coronavirus from a man

2484

Mayo Clin Proc.

n

20.

21.

22.

23.

with pneumonia in Saudi Arabia [published correction appears
in N Engl J Med. 2013;369(4):394]. N Engl J Med. 2012;367(19):
1814-1820.
Wong RSM, Wu A, To KF, et al. Haematological manifestations
in patients with severe acute respiratory syndrome: retrospective analysis. BMJ. 2003;326(7403):1358-1362.
Giannis D, Ziogas IA, Gianni P. Coagulation disorders in coronavirus infected patients: COVID-19, SARS-CoV-1, MERS-CoV
and lessons from the past. J Clin Virol. 2020;127:104362.
Taylor FB Jr, Toh CH, Hoots WK, Wada H, Levi M. Scientiﬁc
Subcommittee on Disseminated Intravascular Coagulation
(DIC) of the International Society on Thrombosis and Haemostasis (ISTH). Towards deﬁnition, clinical and laboratory criteria,
and a scoring system for disseminated intravascular coagulation.
Thromb Haemost. 2001;86(5):1327-1330.
Iba T, Levy JH, Warkentin TE, Thachil J, van der Poll T, Levi M.
Scientiﬁc and Standardization Committee on DIC, and the Scientiﬁc and Standardization Committee on Perioperative and
Critical Care of the International Society on Thrombosis and
Haemostasis. Diagnosis and management of sepsis-induced
coagulopathy and disseminated intravascular coagulation.
J Thromb Haemost. 2019;17(11):1989-1994.
Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement
for reporting systematic reviews and meta-analyses of studies
that evaluate healthcare interventions: explanation and elaboration. BMJ. 2009;339:b2700.
Murad MH, Nayfeh T, Urtecho Suarez M, et al. A framework
for evidence synthesis programs to respond to a pandemic.
Mayo Clin Proc. 2020;95(7):1426-1429.
Zu ZY, Jiang MD, Xu PP, et al. Coronavirus disease 2019
(COVID-19): a perspective from China. Radiology. 2020;
296(2):E15-E25.
Beun R, Kusadasi N, Sikma M, Westerink J, Huisman A. Thromboembolic events and apparent heparin resistance in patients
infected with SARS-CoV-2 [letter]. Int J Lab Hematol. 2020;
42(suppl 1):19-20.
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.
Llitjos J-F, Leclerc M, Chochois C, et al. High incidence of
venous thromboembolic events in anticoagulated severe
COVID-19 patients. J Thromb Haemost. 2020;18(7):1743-1746.
Fogarty H, Townsend L, Ni Cheallaigh C, et al. COVID19 coagulopathy in Caucasian patients. Br J Haematol. 2020;189(6):1044-1049.
Panigada M, Bottino N, Tagliabue P, et al. Hypercoagulability of
COVID-19 patients in intensive care unit: a report of thromboelastography ﬁndings and other parameters of hemostasis.
J Thromb Haemost. 2020;18(7):1738-1742.
Poissy J, Goutay J, Caplan M, et al. Lille ICU Haemostasis
COVID-19 Group. Pulmonary embolism in patients with
COVID-19: awareness of an increased prevalence [letter]. Circulation. 2020;142(2):184-186.
Tang X, Du R-H, Wang R, et al. Comparison of hospitalized patients with ARDS caused by COVID-19 and H1N1. Chest.
2020;158(1):195-205.
Wang Y, Lu X, Li Y, et al. Clinical course and outcomes of 344
intensive care patients with COVID-19. Am J Respir Crit Care
Med. 2020;201(11):1430-1434.
Cao J, Tu W-J, Cheng W, et al. Clinical features and short-term
outcomes of 102 patients with corona virus disease 2019 in
Wuhan, China. Clin Infect Dis. 2020;71(15):748-755.
Chen R, Liang W, Jiang M, et al. Medical Treatment Expert
Group for COVID-19. Risk factors of fatal outcome in hospitalized subjects with coronavirus disease 2019 from a nationwide
analysis in China. Chest. 2020;158(1):97-105.
Chen T, Dai Z, Mo P, et al. Clinical characteristics and outcomes of
older patients with coronavirus disease 2019 (COVID-19) in
Wuhan, China (2019): a single-centered, retrospective study [published online ahead of print April April 11, 2020]. J Gerontol A Biol
Sci Med Sci, https://doi.org/10.1093/gerona/glaa089.

November 2020;95(11):2467-2486

n

https://doi.org/10.1016/j.mayocp.2020.08.030
www.mayoclinicproceedings.org

ANTICOAGULATION IN COVID-19

24. Gong J, Ou J, Qiu X, et al. A tool to early predict severe corona
virus disease 2019 (COVID-19): a multicenter study using the
risk nomogram in Wuhan and Guangdong, China. Clin Infect
Dis. 2020;71(15):833-840.
25. He R, Lu Z, Zhang L, et al. The clinical course and its correlated immune status in COVID-19 pneumonia. J Clin Virol. 2020;127:104361.
26. Léonard-Lorant I, Delabranche X, Séverac F, et al. Acute pulmonary embolism in patients with COVID-19 at CT angiography and relationship to D-dimer levels. Radiology. 2020;
296(3):E189-E191.
27. Li X, Xu S, Yu M, et al. Risk factors for severity and mortality in
adult COVID-19 inpatients in Wuhan. J Allergy Clin Immunol.
2020;146(1):110-118.
28. Liu Y, Sun W, Guo Y, et al. Association between platelet parameters and mortality in coronavirus disease 2019: retrospective cohort study. Platelets. 2020;31(4):490-496.
29. Lodigiani C, Iapichino G, Carenzo L, et al; Humanitas COVID19 Task Force. Venous and arterial thromboembolic complications in COVID-19 patients admitted to an academic hospital
in Milan, Italy. Thromb Res. 2020;191:9-14.
30. Paranjpe I, Fuster V, Lala A, et al. Association of treatment dose anticoagulation with in-hospital survival among hospitalized patients
with COVID-19 [letter]. J Am Coll Cardiol. 2020;76(1):122-124.
31. Sun C, Zhang XB, Dai Y, Xu XZ, Zhao J. Clinical analysis of 150
cases of 2019 novel coronavirus infection in Nanyang City,
Henan Province [in Chinese]. Zhonghua Jie He He Hu Xi Za
Zhi. 2020;43(6):503-508.
32. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters
are associated with poor prognosis in patients with novel coronavirus pneumonia. J Thromb Haemost. 2020;18(4):844-847.
33. 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(5):1094-1099.
34. Wan Y, Li J, Shen L, et al. Enteric involvement in hospitalised
patients with COVID-19 outside Wuhan [letter]. Lancet Gastroenterol Hepatol. 2020;5(6):P534-P535.
35. Wan S, Yi Q, Fan S, et al. Relationships among lymphocyte subsets, cytokines, and the pulmonary inﬂammation index in coronavirus (COVID-19) infected patients. Br J Haematol. 2020;
189(3):428-437.
36. Wan S, Xiang Y, Fang W, et al. Clinical features and treatment
of COVID-19 patients in northeast Chongqing. J Med Virol.
2020;92(7):797-806.
37. Wang R, Pan M, Zhang X, et al. Epidemiological and clinical features of 125 hospitalized patients with COVID-19 in Fuyang,
Anhui, China. Int J Infect Dis. 2020;95:421-428.
38. Wang K, Zhang Z, Yu M, Tao Y, Xie M. 15-Day mortality and
associated risk factors for hospitalized patients with COVID-19
in Wuhan, China: an ambispective observational cohort study
[letter]. Intensive Care Med. 2020;46(7):1472-1474.
39. Wu J, Li W, Shi X, et al. Early antiviral treatment contributes to
alleviate the severity and improve the prognosis of patients with
novel coronavirus disease (COVID-19). J Intern Med. 2020;
288(1):128-138.
40. Xu B, Fan C-Y, Wang A-L, et al. Suppressed T cell-mediated
immunity in patients with COVID-19: a clinical retrospective
study in Wuhan, China. J Infect. 2020;81(1):e51-e60.
41. Yan Y, Yang Y, Wang F, et al. Clinical characteristics and outcomes of patients with severe covid-19 with diabetes. BMJ
Open Diabetes Res Care. 2020;8:e001343.
42. Yang X, Yang Q, Wang Y, et al. Thrombocytopenia and its association with mortality in patients with COVID-19. J Thromb
Haemost. 2020;18(6):1469-1472.
43. Yang W, Cao Q, Qin L, et al. Clinical characteristics and imaging
manifestations of the 2019 novel coronavirus disease (COVID19): a multi-center study in Wenzhou city, Zhejiang, China.
J Infect. 2020;80(4):388-393.
44. Yao Q, Wang P, Wang X, et al. A retrospective study of risk
factors for severe acute respiratory syndrome coronavirus 2

Mayo Clin Proc. n November 2020;95(11):2467-2486
www.mayoclinicproceedings.org

n

45.

46.

47.

48.

49.

50.

51.

52.

53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

infections in hospitalized adult patients. Pol Arch Intern Med.
2020;130(5):390-399.
Yin S, Huang M, Li D, Tang N. Difference of coagulation features between severe pneumonia induced by SARS-CoV2 and non-SARSCoV2 [published online ahead of print April 3, 2020]. J Thromb
Thrombolysis, https://doi.org/10.1007/s11239-020-02105-8.
Peng YD, Meng K, Guan HQ, et al. Clinical characteristics and
outcomes of 112 cardiovascular disease patients infected by
2019-nCoV [in Chinese]. Zhonghua Xin Xue Guan Bing Za
Zhi. 2020;48(6):450-455.
Zhang G, Hu C, Luo L, et al. Clinical features and short-term
outcomes of 221 patients with COVID-19 in Wuhan, China.
J Clin Virol. 2020;127:104364.
Zhang L, Yan X, Fan Q, et al. D-dimer levels on admission to
predict in-hospital mortality in patients with Covid-19.
J Thromb Haemost. 2020;18(6):1324-1329.
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 [published correction appears in
Lancet. 2020;395(10229):1038]. Lancet. 2020;395(10229):
1054-1062.
Toh CH, Hoots WK. SSC on Disseminated Intravascular Coagulation of the ISTH. The scoring system of the Scientiﬁc and
Standardisation Committee on Disseminated Intravascular
Coagulation of the International Society on Thrombosis and
Haemostasis: a 5-year overview. J Thromb Haemost. 2007;
5(3):604-606.
Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous
thromboembolism in patients with severe novel coronavirus
pneumonia. J Thromb Haemost. 2020;18(6):1421-1424.
PROTECT Investigators for the Canadian Critical Care Trials
Group and the Australian and New Zealand Intensive Care Society Clinical Trials Group. Dalteparin versus unfractionated
heparin in critically ill patients. N Engl J Med. 2011;364(14):
1305-1314.
Murad MH. Clinical practice guidelines: a primer on development and dissemination. Mayo Clin Proc. 2017;92(3):423-433.
Bikdeli B, Madhavan MV, Jimenez D, et al. Global COVID-19
Thrombosis Collaborative Group, Endorsed by the ISTH,
NATF, ESVM, and the IUA, Supported by the ESC Working
Group on Pulmonary Circulation and Right Ventricular Function. COVID-19 and thrombotic or thromboembolic disease:
implications for prevention, antithrombotic therapy, and
follow-up. J Am Coll Cardiol. 2020;75(23):2950-2973.
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(5):1023-1026.
Goldhaber SZ, Leizorovicz A, Kakkar AK, et al. Apixaban versus
enoxaparin for thromboprophylaxis in medically ill patients.
N Engl J Med. 2011;365(23):2167-2177.
Cohen AT, Harrington RA, Goldhaber SZ, et al. Extended
thromboprophylaxis with betrixaban in acutely ill medical patients. N Engl J Med. 2016;375(6):534-544.
Spyropoulos AC, Ageno W, Albers GW, et al. Rivaroxaban for
thromboprophylaxis after hospitalization for medical illness.
N Engl J Med. 2018;379(12):1118-1127.
Cohoon KP, De Sanctis Y, Haskell L, McBane RD, Spiro TE.
Rivaroxaban for thromboprophylaxis among patients recently
hospitalized for acute infectious diseases: a subgroup analysis
of the MAGELLAN study. J Thromb Haemost. 2018;16(7):
1278-1287.
Greene MT, Spyropoulos AC, Chopra V, et al. Validation of risk
assessment models of venous thromboembolism in hospitalized
medical patients. Am J Med. 2016;129(9):1001.e1009-1001.e1018.
Gibson CM, Spyropoulos AC, Cohen AT, et al. The IMPROVEDD VTE risk score: incorporation of D-dimer into the
IMPROVE score to improve venous thromboembolism risk
stratiﬁcation. TH Open. 2017;1(1):e56-e65.
Kearon C, Akl EA, Ornelas J, et al. Antithrombotic therapy for
VTE disease: CHEST guideline and expert panel report

https://doi.org/10.1016/j.mayocp.2020.08.030

2485

MAYO CLINIC PROCEEDINGS

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

2486

[published correction appears in Chest. 2016;150(4):988].
Chest. 2016;149(2):315-352.
Yu HT, Yang P-S, Kim T-H, et al. Impact of renal function on
outcomes with edoxaban in real-world patients with atrial ﬁbrillation. Stroke. 2018;49(10):2421-2429.
Del-Carpio Munoz F, Yao X, Abraham NS, et al. Dabigatran
versus warfarin in relation to renal function in patients with
atrial ﬁbrillation [letter]. J Am Coll Cardiol. 2016;68(1):129-131.
Stampfuss J, Kubitza D, Becka M, Mueck W. The effect of food
on the absorption and pharmacokinetics of rivaroxaban. Int J
Clin Pharmacol Ther. 2013;51(7):549-561.
Rottenstreich A, Barkai A, Arad A, Raccah BH, Kalish Y. The effect of bariatric surgery on direct-acting oral anticoagulant drug
levels. Thromb Res. 2018;163:190-195.
Martin KA, Lee CR, Farrell TM, Moll S. Oral anticoagulant use
after bariatric surgery: a literature review and clinical guidance.
Am J Med. 2017;130(5):517-524.
Castellucci LA, Shaw J, van der Salm K, et al. Self-reported
adherence to anticoagulation and its determinants using the
Morisky medication adherence scale. Thromb Res. 2015;
136(4):727-731.
Miyazaki M, Nakashima A, Nakamura Y, et al. Association between medication adherence and illness perceptions in atrial
ﬁbrillation patients treated with direct oral anticoagulants: an
observational cross-sectional pilot study. PLoS One. 2018;
13(9):e0204814.
Steffel J, Verhamme P, Potpara TS, et al; ESC Scientiﬁc Document Group. The 2018 European Heart Rhythm Association
Practical Guide on the use of non-vitamin K antagonist oral anticoagulants in patients with atrial ﬁbrillation. Eur Heart J. 2018;
39(16):1330-1393.
Tafur A, Wysokinski W, McBane RD, et al. Cancer effect on
periprocedural thromboembolism and bleeding in anticoagulated patients. Ann Oncol. 2012;23(8):1998-2005.
Tafur AJ, McBane R II, Wysokinski WE, et al. Predictors of major bleeding in peri-procedural anticoagulation management.
J Thromb Haemost. 2012;10(2):261-267.

Mayo Clin Proc.

n

73. McBane RD, Wysokinski WE, Daniels PR, et al. Periprocedural
anticoagulation management of patients with venous thromboembolism. Arterioscler Thromb Vasc Biol. 2010;30(3):442-448.
74. Ordi-Ros J, Sáez-Comet L, Pérez-Conesa M, et al. Rivaroxaban
versus vitamin K antagonist in antiphospholipid syndrome: a
randomized noninferiority trial. Ann Intern Med. 2019;171(10):
685-694.
75. Pengo V, Denas G, Zoppellaro G, et al. Rivaroxaban vs warfarin
in high-risk patients with antiphospholipid syndrome. Blood.
2018;132(13):1365-1371.
76. Magro C, Mulvey JJ, Berlin D, et al. Complement associated
microvascular injury and thrombosis in the pathogenesis of severe COVID-19 infection: a report of ﬁve cases. Transl Res.
2020;220:1-13.
77. Campbell CM, Kahwash R. Will complement inhibition be the
new target in treating COVID-19-related systemic thrombosis?
Circulation. 2020;141(22):1739-1741.
78. Barnes BJ, Adrover JM, Baxter-Stoltzfus A, et al. Targeting potential drivers of COVID-19: neutrophil extracellular traps.
J Exp Med. 2020;217(6):e20200652.
79. Papayannopoulos V. Neutrophil extracellular traps in immunity
and disease. Nat Rev Immunol. 2018;18(2):134-147.
80. Martinod K, Wagner DD. Thrombosis: tangled up in NETs.
Blood. 2014;123(18):2768-2776.
81. Gupta N, Zhao Y-Y, Evans CE. The stimulation of thrombosis
by hypoxia. Thromb Res. 2019;181:77-83.
82. Brill A, Suidan GL, Wagner DD. Hypoxia, such as encountered
at high altitude, promotes deep vein thrombosis in mice [letter].
J Thromb Haemost. 2013;11(9):1773-1775.
83. Pinsky DJ, Naka Y, Liao H, et al. Hypoxia-induced exocytosis of
endothelial cell Weibel-Palade bodies. a mechanism for rapid
neutrophil recruitment after cardiac preservation. J Clin Invest.
1996;97(2):493-500.
84. Cui XY, Skretting G, Tinholt M, et al. A novel hypoxia response
element regulates oxygen-related repression of tissue factor
pathway inhibitor in the breast cancer cell line MCF-7. Thromb
Res. 2017;157:111-116.

November 2020;95(11):2467-2486

n

https://doi.org/10.1016/j.mayocp.2020.08.030
www.mayoclinicproceedings.org

