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Background: One of the most pronounced and poorly understood pathological features of
COVID-19 infection has been high risk for venous and arterial thromboembolic complications.
An increasing number of thromboembolic events are being reported almost on a daily basis,
and the medical community has struggled to predict and mitigate this risk. We aimed to review
available literature on the risk and management of COVID-19 related venous thromboembolism
(VTE), and provide evidence-based guidance to manage these events.
Methods: A literature review of VTE complications in patients with COVID-19 was performed, in
addition to a summary of the societal guidelines and present pathways implemented at our insti-
tution for the management of both in- and outpatient COVID-19 related VTE.
Results: Although a significant VTE risk has been confirmed in patients with COVID-19, literature
addressing best ways to mitigate this risk is lacking. Furthermore, there has been very limited
guidance provided by societal guidelines to help prevent and manage VTE associated with the
COVID-19 infection. In light of the available data, we advise that all patients admitted with sus-
pected or confirmed COVID-19 receive pharmacological prophylaxis if bleeding risk is acceptable.
For patients with COVID-19 who have been discharged from the emergency department or hos-
pital, we suggest extended thromboprophylaxis (up to 39 days) as long as bleeding risk is low.
Conclusions: We believe that this literature summary along with our center recommendations
and algorithms provide valuable guidance to providers caring for patients with COVID-19 related
VTE. More research is needed to standardize prophylaxis and management protocols for these
patients.
COVID-19 INFECTION

The 2019-novel coronavirus (COVID-19) first

emerged in Wuhan, China as a severe acute
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in December 2019. It has since spread to 188 coun-

tries causing a major pandemic with a very high

death toll.1 Typical symptoms include fever, cough,
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fatigue, anorexia, diarrhea, and dyspnea.2 Although

patients with a history of cardiovascular disease

(CVD) are at increased risk of experiencing adverse

events from COVID-19, even those without CVD

are still at a considerable risk for developing CV

events.3 Although direct therapies targeting

COVID-19 are being investigated, supportive and

intensive care remains key for favorable patient

outcomes.

There are currently several specific treatments for

COVID-19 under investigation. For patients with

life-threatening COVID-19, dexamethasone, remde-

sivir, and convalescent plasma have shown prom-

ising benefits.4e7 In addition, tocilizumab, an

interleukin 6 inhibitor, is currently under investiga-

tion for the management of severe cases with

COVID-19. Hydroxychloroquine and chloroquine,

however, are no longer recommended outside of

clinical trials given inconclusive data and lack of clear

benefit with potential risks.8 Lopinavir-ritonavir, a

protease inhibitor primarily used for HIV infection,

has shown little to no promise for the treatment of

hospitalized patients with COVID-19.9

Research to develop an effective vaccine for

COVID-19 is underway, and there are numerous in-

ternational studies currently evaluating various vac-

cine candidates.10
HEALTH BURDEN OF VENOUS
THROMBOEMBOLISM

Venous thromboembolism (VTE) is an important

cause of preventable morbidity and mortality in

hospitalized patients. The critical key for delivering

optimal VTE care for both out- and inpatient popu-

lations includes appropriate prophylaxis, anticoagu-

lation management, and secondary prevention

based on thrombosis and bleeding risks.11

Hospitalized medical patients are at higher risk

for VTE, with an incidence range of 10e30% in

the absence of risk reduction strategies.12 Advanced

age, infectious illness, history of cancer, and VTE are

associated with higher risk of developing thrombo-

embolic events during hospitalization.13 Anticoagu-

lants have been shown to reduce risk for

symptomatic VTE in medically ill patients.14 Tradi-

tionally, appropriate prophylaxis is determined by

weighing the risk of bleeding with the risk of throm-

bosis using validated prediction scoring systems

(PADUA and The International Medical Prevention

Registry on Venous thromboembolism

(IMPROVE)).15
COVID-19 INFECTION AND RISK OF
THROMBOEMBOLISM

Since the beginning of the pandemic, concerns have

been raised about the increased risk of both venous

and arterial thromboembolic events associated with

COVID-19 infection.16 Such events include deep

vein thrombosis (DVT), pulmonary embolism (PE),

ischemic stroke, myocardial infarction, and periph-

eral arterial thromboembolism. Early studies

have indicated an increased risk for VTE in severe

COVID-19 infections compared to non-

coronavirus-related pneumonia.17 Likewise,

autopsy studies have found pathologic findings

associated with higher thrombotic risk in patients

with COVID-19, including severe endothelial injury

and angiogenesis.18,19

Patients with COVID-19 may be predisposed to

thrombotic events due to direct and indirect effects

of the virus and infection, such as critical illness,

hypoxia, and severe inflammatory response.20

Several studies reported hemostatic abnormalities

in patients with COVID-19 infection, including

increased D-dimer and fibrin degradation product

levels, prolonged thrombin and prothrombin times

and international normalized ratio, shortened acti-

vated partial thromboplastin time, and thrombocy-

topenia in addition to the other traditional

comorbidities.20e25 Furthermore, positive antiphos-

pholipid syndrome related antibodies have been re-

ported.20,21 Klok et al.26 reported an incidence of

31% for venous and arterial thrombotic events

(27% were VTE) in 184 patients admitted to the

intensive care unit with COVID-19 pneumonia

despite appropriate prophylactic anticoagulation.

Similarly, Zhang et al. studied 143 inpatients with

COVID-19 and reported a lower extremity DVT inci-

dence of 46%. Those with DVT, compared to those

without, had higher rates of cardiac injury, worse

prognosis, and higher mortality.27
CHALLENGES WITH CARE FOR PA-
TIENTS AT INCREASED RISK FOR
VENOUS THROMBOEMBOLISM DUR-
ING THE COVID-19 ERA

The COVID-19 pandemic has significantly affected

global health care at many levels. Public health in-

terventions implemented by governments around

the world, such as social distancing and home

quarantine for nonessential workers, were insti-

tuted in an attempt to reduce viral transmission

and prevent overwhelming health care systems.



Fig. 1. Diagnosis and management of venous thromboembolism in hospitalized patients with COVID-19. BID, twice

per day; BMI, body mass index; CrCl, creatinine clearance; FEU, fibrinogen equivalent units; TID, three times per day.
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Staying at home has enabled sedentary lifestyle

and decreased daily activity, putting patients at

higher risk for VTE, especially those with underly-

ing risk factors. Additionally, patients receiving

vitamin K antagonists may be adversely affected

by these policies. The requirement for frequent

visits for International Normalization Ratio (INR)

checks and resultant exposure may increase the

risk of infection, but without proper monitoring,

these patients may be at greater risk for complica-

tion from thromboembolic events or bleeding.

INR can also be impacted by dietary changes that

may occur due to disruption of daily routines. Spe-

cifically, changes in intake of green vegetables,

which are a source of vitamin K, can cause INR

levels to fluctuate. Additionally, the economic ef-

fects of the pandemic may hinder patients from

accessing care for thrombotic events. Socioeco-

nomic disadvantage has been associated with

increased VTE risk and poorer outcomes.28,29

Furthermore, some patients have become noncom-

pliant with anticoagulation therapy due to the mis-

conceptions that antithrombotic agents may

increase the risk for contracting COVID-19.

Our institution has created user-friendly recom-

mendation algorithms to provide guidance regarding

the diagnosis and management of VTE in patients

with confirmed or suspected COVID-19, based on

current evidence and multidisciplinary expert dis-

cussions (Figs. 1 and 2).
OUR CENTER RECOMMENDATIONS
FOR THE DIAGNOSIS AND MANAGE-
MENT OF VENOUS THROMBOEMBO-
LISM IN HOSPITALIZED PATIENTS
WITH COVID-19 INFECTION

It is important to keep a high index of suspicion for

VTE in hospitalized patients with COVID-19. A

recent study reported that 40% of inpatients with

COVID-19 were at high risk of VTE.30 Although

one study indicated improved outcomes with pro-

phylactic anticoagulation in patients with severe

COVID-19,31 other studies have still reported signif-

icant VTEs in COVID-19 inpatients despite receiving

prophylactic anticoagulation.32

For COVID-19 inpatients, we recommend obtain-

ing complete blood count and D-dimer on admission.

Risk stratification tools, such as the PADUA,

IMPROVE, and IMPROVE-bleeding scores, are

generally used to predict risk for VTE or bleeding in

medically ill patients. However, COVID-19 patients

are already considered high risk for thromboembolic

events and so we only use IMPROVE-bleeding score

to predict bleeding risk in these patients.

In light of the available data, we advise that all pa-

tients admitted with suspected or confirmed

COVID-19 receive pharmacological prophylaxis if

bleeding risk is acceptable (IMPROVE-bleeding

score <7). This includes pregnant patients

<20 weeks, but if >20 weeks, obstetrician should



Fig. 2. Out of the hospital DVT prophylaxis for patients

with COVID-19 infection. ALF, assisted living facility;

BID, twice per day; BMI, body mass index; CrCl,

creatinine clearance; ED, emergency department; OB,

obstetrician; SNF, skilled nursing facility; TCU, transi-

tional care unit; TID, three times per day.
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be contacted for appropriate VTE prevention. Given

lack of data, we still do not recommend moderate or

therapeutic dose anticoagulation if VTE is not sus-

pected or confirmed (Fig. 1).33

Although no strong evidence supporting the use

ofmechanical compression devices in COVID-19 pa-

tients exists, they are still considered for patients

with contraindications to pharmacological prophy-

laxis. They may be utilized in sedentary as well as

ambulatory patients during periods of sleep or bed-

rest. Use of concurrent pharmacological and me-

chanical prophylaxis should be avoided.33

The diagnosis and management of VTE in pa-

tients with COVID-19 presents a unique challenge

as clinicians try to weigh the risk for staff exposure

with the benefit of a given test. Furthermore, imag-

ingmay not be available ormay be difficult to obtain

in unstable or critically ill patients. For low risk pa-

tients, obtaining imaging may not be worth the

risk of transmitting the infection.

For patients with low/no suspicion for VTE (Wells

score of 0 for DVT or<2 for PE), we recommend reg-

ular dose prophylaxis. Imaging can be considered if

D-dimer is elevated (>500 ng/mL) based on risk and

benefit.

For patients with moderate suspicion for VTE

(Wells score of 1e2 for DVT or 2e6 for PE), we

would consider pursuing imaging if available. If im-

aging is negative, we recommend regular dose
pharmacological prophylaxis. If imaging is not avail-

able and bleeding risk is high (IMPROVE-bleeding

score �7), we recommend regular dose pharmaco-

logical prophylaxis. If imaging is not available and

bleeding risk is low (IMPROVE-bleeding score <7),

we consider anticoagulation following the VTE ther-

apeutic dosing protocols. If subsequent imaging be-

comes available and result is negative, consider

extended outpatient prophylaxis up to 30 days. If

VTE is confirmed or imaging is still unavailable,

we recommend oral anticoagulation for 3 months.

We favor direct oral anticoagulants (DOAC) for

both VTE prophylaxis and management.

For patients with high suspicion of VTE (Wells

score of >2 for DVT or >6 for PE or high right

ventricle pressure on echocardiogram, if available),

we recommend pursuing imaging. If imaging results

are negative, we recommend regular dose pharma-

cological prophylaxis. If imaging is not available

and bleeding risk is high (IMPROVE-bleeding risk

score �7), we consider anticoagulation using the

therapeutic high bleeding risk protocol. If imaging

is not available and bleeding risk is low

(IMPROVE-bleeding risk score <7), we recommend

anticoagulation following the VTE therapeutic

dosing protocols. If subsequent imaging is negative,

we consider extended outpatient prophylaxis up to

30 days. If VTE is confirmed or imaging is still un-

available, we recommend oral anticoagulation for
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3 months. If possible, we still favor DOACs over

other anticoagulation therapies.

Please refer to Figure 1 for more information

regarding anticoagulation agents and dosing.

For therapeutic dosing protocol, we favor using

enoxaparin 1 mg/kg twice daily over unfractionated

heparin (UFH) to eliminate the need for active pro-

thrombin time (aPTT) monitoring that can be

affected by viral infection and increase risk for expo-

sure. Furthermore, low molecular weight heparin

(LMWH) has a lower risk of heparin-induced

thrombocytopenia than UFH. The protocol for ther-

apeutic high bleeding risk includes the use of UFH

aiming for an aPTT target of 74e89 sec. For patients

unable to tolerate anticoagulation, we suggest early

ambulation and using pneumatic compression.

Consider a pharmacy managed protocol if a patient

is morbidly obese or has renal impairment. Transi-

tion from LMWH/UFH to warfarin may be chal-

lenging due to restricted access to outpatient care

for frequent monitoring. DOACs may be considered

in patients who do not require procedures. Further

research is needed to standardize management rec-

ommendations for patients with VTE in the era of

COVID-19.
OUT OF THE HOSPITAL DEEP VEIN
THROMBOSIS PROPHYLAXIS FOR PA-
TIENTS WITH COVID-19 INFECTION

Another important question is how to manage

thrombotic risk in patients with COVID-19 not

requiring hospitalization or have been discharged

from the hospital or emergency department. At

this point, a wide variety of practices exist for outpa-

tient prophylaxis in medically ill patients (Fig. 2).33

In major trials supporting VTE prophylaxis in

medically ill patients, 6e14 days has been used as

the standard duration for prophylaxis.34 In practice,

average hospitalization duration is 3e5 days, and

post discharge VTE prophylaxis is uncommonly

used. It is well established that significant VTE risk

exists after discharge from the hospital.35 Extended

VTE prophylaxis after discharge has been studied us-

ing different anticoagulants including enoxaparin

and DOACs yielding different outcomes.33

The extended prophylaxis for VTE in acutely ill

medical patients with prolonged immobilization

(Extended Prophylaxis for Venous Thromboembo-

lism in Acutely Ill Medical Patients (EXCLAIM))

trial evaluated the role of extended duration of anti-

coagulation (28 ± 4 days) with enoxaparin versus

placebo after an initial enoxaparin administration

for 6e14 days. In a subgroup of patients who were
female, older than 75 years of age, and immobile,

extended prophylaxis with enoxaparin demon-

strated 37% relative risk reduction in symptomatic

VTE or VTE-related mortality with the expense of

increased major bleeding.36

In the Multi-center, Randomized, Parallel Group

Efficacy and Safety Study for the Prevention of

Venous Thromboembolism in Hospitalized Acutely

Ill Medical Patients Comparing Rivaroxaban with

Enoxaparin (MAGELLAN) trial, rivaroxaban

10 mg for 10 (noninferiority analysis) or

35 ± 4 days (superiority analysis) was compared

with enoxaparin 40 mg once daily for 10 ± 4 days

followed by placebo. Although rivaroxaban was

noninferior at 10 days, it was associated with 23%

relative risk reduction of primary outcomes (asymp-

tomatic proximal or symptomatic VTE) at

35 ± 4 days, albeit at slightly increased major

bleeding risk. However, the significant difference

in major bleeding between the 2 groups was miti-

gated by excluding patients at high risk.37

Due to heightened concern of thromboembolic

events in these patients, we suggest extended

thromboprophylaxis (preferably with rivaroxaban

10 mg daily up to 39 days) after discharge as long

as bleeding risk is low.

Most studies looking at thromboprophylaxis in

outpatient settings involved patients with can-

cer.38e40 In a study evaluating rivaroxaban in

ambulatory patients with cancer receiving systemic

therapy, there was no significant reduction of

thromboembolism.41 A similar study with apixaban

showed significant reduction of VTEs (number

needed to treat-17) albeit with increased risk for

bleeding (number needed to harm-59).42 The cu-

mulative analysis of these 2 studies showed reduced

VTE rate with acceptable bleeding risk in these

patients.
Deep Vein Thrombosis Prophylaxis

Algorithm for Patients with Suspected

or Confirmed COVID-19 after Discharged

from the Hospital
For patients discharged from the hospital without

need for additional support, if bleeding risk is high

(IMPROVE-bleeding score �7), we recommend

nonpharmacological VTE prophylaxis. However, if

bleeding risk is low (IMPROVE-bleeding score <7),

we consider extended pharmacological VTE prophy-

laxis favoring rivaroxaban 10 mg daily for 30 days

over enoxaparin or UFH.

For patients discharged from the hospital

requiring additional support (rehab unit), if

bleeding risk is high (IMPROVE-bleeding score
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�7), we recommend nonpharmacological VTE pro-

phylaxis. However, if bleeding risk is low

(IMPROVE-bleeding score <7), we recommend

extended pharmacological VTE prophylaxis favor-

ing rivaroxaban 10 mg daily for 30 days over enox-

aparin or UFH.
Deep Vein Thrombosis Prophylaxis

Algorithm for Patients with Suspected

or Confirmed COVID-19 after Discharged

from Observation Unit, Emergency

Department or Outpatient Clinic
For patients assigned to home hospital care, if

bleeding risk is low (IMPROVE-bleeding score <7),

we recommend extended pharmacological VTE pro-

phylaxis favoring rivaroxaban over enoxaparin or

UFH. If bleeding risk is high (IMPROVE-bleeding

score �7), we recommend nonpharmacological

VTE prophylaxis.

If patients were discharged home without addi-

tional support, we recommend nonpharmacological

VTE prophylaxis regardless of bleeding risk.

For further information regardingmedication op-

tions and dosing please refer to Figure 2.

Nonpharmacological measures include smoking

cessation and early ambulation. Compression ther-

apy can be considered if skin is intact.
GUIDELINE RECOMMENDATIONS

There have been limited guideline recommenda-

tions published by societal guidelines addressing

the management of VTE in patients with COVID-19.
AmericanCollegeofCardiologyGuidelines
It is reasonable to employ individualized risk strati-

fication based on thrombotic and hemorrhagic

risk. Extended prophylaxis (for up to 45 days) may

be considered for patients with increased risk for

VTE (e.g., reduced mobility, active cancer, D-dimer

>2 � upper limit of normal) and low risk for

bleeding.20
Anticoagulation Forum
Extended VTE prophylaxis is not necessary for all

patients with COVID-19 who are being discharged

from the hospital. Post-hospital VTE prophylaxis in

patients with COVID-19 may be considered on a

case-by-case basis for those at low bleeding risk

(IMPROVE-bleeding score <7).43
CHEST Guidelines
Thromboprophylaxis is recommended only during

hospitalization. Extended thromboprophylaxis can

be considered based on the net benefit determined

by thrombotic and bleeding risk.44
National Institute of Health Guidelines
Anticoagulation and antiplatelet therapy should not

be initiated for venous or arterial thrombosis unless

there are other indications. There are currently

insufficient data to recommend for or against

routine DVT screening in COVID-19 patients

without signs or symptoms of VTE.45
CONCLUSION

Although a significant VTE risk has been confirmed

in patients with COVID-19, literature addressing

best ways to mitigate this risk is lacking. Further-

more, there has been very limited guidance pro-

vided by societal guidelines to help prevent and

manage VTE associated with the COVID-19 infec-

tion. We believe that this literature summary along

with our center recommendations and algorithms

provide valuable guidance to providers caring for

these patients. More research is needed to stan-

dardize prophylaxis and management protocols

for patients with COVID-19 related VTE.
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