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ABSTRACT 
COVID-19 infection has been associated with an in-
creased incidence of thrombotic events leading to poor 
patient outcomes. Given the rapid rise of the COVID-19 
pandemic, the ability to conduct prospective trials has 
been limited and data regarding the use of standard-dose 
versus intermediate-dose thromboprophylaxis, use of 
empiric therapeutic anticoagulation, and use of extend-
ed-duration thromboprophylaxis after discharge has 
been largely based upon observational data without any 
high-quality prospective data guiding their use. In this 
article, we will review the incidence and frequency of ar-
terial and venous thrombotic events along with the cur-
rent literature surrounding the use of intermediate-dose 
thromboprophylaxis, empiric therapeutic anticoagula-
tion, and use of extended-duration thromboprophylaxis 
for patients hospitalized with COVID-19.
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INTRODUCTION

In December 2019, a novel coronavirus pneumonia of un- 
known origin emerged in Wuhan, China. The pathogen that 
was subsequently implicated, Coronavirus 2019 (COVID-
19), was a novel enveloped RNA betacoronavirus which 
behaved similarly to the severe acute respiratory syndrome 
coronavirus (SARS-CoV) in 2002 and 2003 and the Mid-
dle East respiratory syndrome coronavirus (MERS-CoV)  
in 2012.1,2 

Early publications described a variety of symptoms along 
with abnormal coagulation parameters – prolonged pro-
thrombin time and partial thromboplastin time, elevated 
D-dimer and fibrinogen levels, and decreased antithrombin 
activity.3-5 A retrospective study observed that derangements 
in coagulation parameters were associated with poorer 
patient outcomes – patients whose abnormal coagulation 
parameters met the International Society of Thrombosis and 
Haemostasis (ISTH) criteria for disseminated intravascular 
coagulopathy (DIC) demonstrated decreased survival.6 

Furthermore, early literature described an underlying 
inflammatory state in COVID-19. This initial investiga-
tion was spurred by the high pathogenicity previously seen 

in SARS-CoV and MERS-CoV where studies demonstrated 
an increased amount of proinflammatory cytokines.7,8 
Similarly, patients with COVID-19 displayed increased 
proinflammatory markers suggesting that an underlying 
inflammatory state played a critical role in the development 
of acute respiratory distress syndrome (ARDS) seen in these 
viral infections.3-5 Post-mortem examination of COVID-19  
patients demonstrated direct viral infection of the endo- 
thelial cells leading to diffuse endothelialitis, microvascu-
lar dysfunction, and widespread thrombotic microangiopa-
thy, supporting previous observations regarding the higher  
incidence of DIC in COVID-19 non-survivors.6, 9,10 

Given these findings, it has been thought that altered 
coagulation parameters in COVID-19 are a marker of throm-
botic complications rather than bleeding risk. Tang et al 
demonstrated improvement in 28-day mortality in severe 
COVID-19 patients with markedly elevated D-dimer levels 
who received thromboprophylaxis with either low-molec-
ular-weight heparin (LMWH) at 40-60mg daily or subcuta-
neous unfractionated heparin (UFH) at 10,000–15,000 IU 
daily.11 This finding led to the adoption of prophylactic 
anticoagulation in the management of hospitalized COVID-
19 patients.12-15 This practice has varied from institution 
to institution and included: D-dimer guidance for the ini-
tial choice of anticoagulation; use of higher intensity or 
therapeutic anticoagulation; and extended-duration pro-
phylaxis.16-18 The aim of this review is to the summarize 
the literature surrounding the frequency and incidence of 
thrombotic events along with the literature surrounding the 
management and prevention of thrombosis in hospitalized 
COVID-19 patients. 

VENOUS THROMBOEMBOLISM (VTE)  

Early in the pandemic, there was an observed increased 
incidence of thrombotic events in hospitalized COVID-19 
patients and it was recognized that VTE [pulmonary embo-
lism (PE) and deep venous thrombosis (DVT)] were common 
complications.19,20 The incidence of VTE in these reports 
were variable and subject to selection bias with overrep-
resentation of critically-ill patients, differences in study 
design, geographical differences, and other variables.11,19,20 

Given these variations, Nopp et al performed a meta- 
analysis to determine the prevalence of VTE after excluding 
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studies determined to have a high risk of bias. Ultimately, 
66 retrospective studies were determined to have low risk 
of bias and involved 28,173 total patients (1,819 ambula-
tory patients, 20,886 non-ICU patients, 5,468 ICU patients) 
who developed 1,824 total VTEs, which consisted of DVTs 
(including catheter-related thrombosis), PEs, or VTEs (com-
posite of both), as defined within the retrospective studies. 
The pooled prevalence of VTEs was 14.1% (95% confidence 
interval [CI], 11.6–16.9; I2, 97.1%). In the ICU, the pooled 
prevalence of VTEs was 22.7%, PE was 13.7% and DVT was 
18.7%. In non-ICU patients, the pooled prevalence of VTEs 
was 7.9%, PE was 3.5%, and DVT was 4.1%.20 In contrast, a 
prior study examining the incidence of DVT/PE in hospital-
ized patients by evaluating the National Hospital Discharge 
Survey found a DVT incidence of 1.3% and PE incidence 
of 0.4%.21 In the medical ICU setting, studies regarding the 
incidence of DVT and PE with thromboprophylaxis ranges 
between 5–23% and 0.7–6%, respectively.22-24 Therefore, 
when compared to historical data COVID-19 appears to 
be associated with a higher incidence of VTE in the ICU,  
non-ICU, and aggregate setting. 

Helms et al compared 150 ICU patients with COVID-19 
ARDS to a historical cohort of 233 ICU patient with non-
COVID-19 ARDS. After matching, there were more VTEs 
in the COVID-19 cohort (11.7% vs 4.8%; p=0.035) along 
with significantly more PEs (11.7% vs 2.1%; p=0.008). Both 
cohorts were either on prophylactic or therapeutic anticoag-
ulation.25 In another study examining the incidence of PE, 
107 ICU patients with COVID-19 were compared to a his-
torical cohort of 40 ICU patients with H1N1 influenza, and 
a historical cohort of 196 ICU patients admitted for neither 
influenza nor COVID-19. The cumulative incidence of PE 
was 20.6% vs 7.5%, respectively (absolute risk [AR] 13.1%; 
95% CI, 1.9-24.3) vs 6.1% (AR 14.4%; 95% CI, 6.1–22.8).26 
Both studies demonstrate an observed higher incidence 
of thrombotic events when compared to non-COVID-19 
patients or other viral pneumonias.  

ARTERIAL THROMBOEMBOLISM (ATE)
Early literature described an increased incidence of VTE; 
however, as the pandemic progressed there was growing lit-
erature regarding an increased incidence of ATEs – strokes 
(CVA), myocardial infarctions (MI), systemic arterial embo-
lism, and acute limb ischemia (ALI).27,28  Bilaloglu et al stud-
ied 3,334 hospitalized COVID-19 patients, of whom 365 
developed ATEs (1.6% CVA, 8.9% MI, 1% systemic throm-
boembolism). In 829 ICU patients, 18.6% experienced an 
ATE. In 2,505 non-ICU patients, 8.4% experienced an ATE.27 
A meta-analysis found that 8 of the 42 studies in the analysis 
reported ATEs with an overall incidence of 2%; however, in 
the non-ICU setting the incidence was 1% compared to 5% 
in the ICU setting. The pooled incidences per specific ATEs 
were: MI 0.5%, CVA 1%, and ALI 0.4%.28 

MONITORING COAGULATION PARAMETERS
Many institutions have adopted the practice of checking 
coagulation parameters not only on admission but also 
throughout hospitalization as it is thought to provide prog-
nostic value.3,4,6 In early observational data, elevated D-di-
mer levels on admission or levels that increased during 
hospitalization were associated with higher in-hospital 
mortality.6,12 COVID-19 non-survivors had larger increases 
in D-dimer and fibrinogen levels when compared to COVID-
19 survivors.6,28 Based upon these observations, many insti-
tutions implemented aggressive diagnostic and therapeutic 
interventions even in the absence of clinical signs of VTE. 
However, it is unclear whether these elevated D-dimer lev-
els are a marker of severe inflammation and the resultant 
cytokine storm in patients with severe disease rather than 
a reliable predictor of VTE. Given the uncertainty, societies 
such as the American Society of Hematology (ASH), CHEST, 
and ISTH do not incorporate the use of conventional coag-
ulation parameters to guide anticoagulation (Table 1); how-
ever, many ongoing prospective trials are incorporating 
D-dimer levels to help stratify patients which may provide  
information regarding its utility.13-15

VTE PROPHYLAXIS  
Early in the pandemic, the use of pharmacological VTE pro-
phylaxis was adopted based upon the findings that its use 
was associated with an improved 28-day mortality (p=0.03). 
It was also noted that in patients who did not receive hep-
arin-products (LMWH, UFH), mortality rose with rising  
D-dimer levels > 6 times the upper limit of normal (p=0.02).11 
However, questions remained regarding the adequacy of 
standard-dose thromboprophylaxis (defined as LMWH 40mg 
daily or subcutaneous UFH 5000 IU three times daily) in this 
population, particularly in critically-ill COVID-19 patient, 
which has led to the widespread use of dose-escalated  
prophylaxis and therapeutic anticoagulation. 

INTERMEDIATE-DOSE PROPHYLAXIS
Given the paucity of data surrounding the use of interme-
diate-dose prophylaxis prior to the COVID-19 pandemic, 
Eck et al conducted a meta-analysis of 70 randomized tri-
als examining intermediate-dose LMWH prophylaxis versus 
placebo. Ultimately, it was found that use of intermedi-
ate-dose LMWH prophylaxis led to a minimal, but statisti-
cally significant improvement in all-cause mortality at the 
cost of a statistically significant increase in major bleeding 
(defined as fatal bleeding; symptomatic bleeding in critical 
area/organ including intracranial bleed; or bleeding leading 
to transfusion of > 2 units of red cells).29 However, given 
an increased incidence of thrombosis associated with a 
higher mortality in COVID-19 patients, many institutions 
empirically incorporated the use of intermediate-dosing  
prophylaxis with variable outcomes.17 
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Rannuci et al performed a prospective observational study 
of 16 ICU patients with COVID-19 ARDS to character-
ize their coagulation profile through standard coagulation 
parameters and viscoelastic coagulation tests. In this study, 
lab parameters were monitored after increases to interme-
diate-dose LMWH. After 7 days of the increase to inter-
mediate-dose LMWH there were significant time-related 
decreases in fibrinogen levels (p=0.001), D-dimer (p=0.02) 
and improved viscoelastic testing suggesting a decrease in 
hypercoagulability and clot firmness.30 Similarly, in a ret-
rospective study of 468 patients, those with severe COVID-
19 who received intermediate-dose prophylaxis (defined as 
LMWH 40mg twice daily or subcutaneous UFH 7500 IU three 
times daily) were shown to have stable or decreasing D-di-
mer levels while patients who only received standard-dose 
prophylaxis were observed to have D-dimer levels signifi-
cantly increase during their hospitalizations (p<0.001). It 
was also found that the use of intermediate-dose prophylaxis 
was associated with improved 30-day mortality (p=0.045)  
without significant differences in bleeding (p=0.1).17 

INSPIRATION was a randomized trial examining the use 
of intermediate-dose LMWH (defined as 1mg/kg daily) versus 
standard-dose prophylaxis in 660 patients with COVID-19 
in the ICU. The use of intermediate-dose was not associ-
ated with significant differences in 30-day mortality (43.1% 
vs 40.9%; p=0.50), risk of VTE (3.3% vs 3.5%; p=0.94), ATE 
in the form of CVAs (0.3% vs 0.4%; p=0.97), ventilator-free 
days (30 vs 30 days; p=0.50), or ICU length of stay (5 vs 6 
days; p=0.14). There was a numerically higher rate of major 
bleeding (2.5% vs 1.4%) with use of intermediate-dose pro-
phylaxis but did not meet the pre-defined noninferiority 

criteria; however, there was no significant difference in rate 
of non-major bleeds (4.3% vs 1.5%; p=0.07).31

In the ICU setting, this prospective randomized trial has 
demonstrated no differences in outcomes with numerically 
increased major bleeding events. However, the role of inter-
mediate-dose prophylaxis in the non-ICU setting remains 
unclear and ongoing prospective trials are underway to 
answer this question.  

THERAPEUTIC ANTICOAGULATION

Another strategy in dose-escalated anticoagulation has 
been the empiric use of treatment-dose or therapeutic anti-
coagulation. Paranjpe et al conducted one of the earliest 
retrospective studies examining the use of therapeutic anti-
coagulation. In 395 mechanically ventilated patients who 
received therapeutic anticoagulation, there was improved 
21-day mortality (29.1% vs 62.7%) but not in other subsets 
(22.5% vs 22.8%). It was observed that a longer duration of 
therapeutic anticoagulation was associated with reduced 
mortality (p<0.001). Of note, there was no increased rate of 
bleeding events among those that received therapeutic anti-
coagulation (1.9% vs 3%; p=0.2).16

In a follow-up trial that retrospectively included 4,389 
patients showed that use of therapeutic anticoagulation 
was associated with a 47% reduction in mortality (p<0.001) 
when compared with no anticoagulation. However, the 
use of standard prophylaxis was associated with a 50% 
reduction in mortality (p<0.001) compared with no antico-
agulation. In adjusted analysis comparing therapeutic anti-
coagulation to prophylaxis, there was a non-statistically 

American Society of Hematology 
(ASH)

International Society for Thrombosis 
and Haemostasis (ISTH)

CHEST

Lab† Guidance in Anticoagulation 
Choice or Escalation

NR NR NR

Thromboprophylaxis  
(includes intermediate-dose and 
therapeutic anticoagulation) 

Prophylactic-intensity over 
intermediate- or therapeutic-
intensity anticoagulation in 
acutely-ill and/or critically-ill 
COVID-19 patients without 
suspected or confirmed VTE.

Prophylactic-dose UFH or LMWH in 
acutely-ill and/or critically-ill COVID-19 
patients after assessing bleeding risk. 

Intermediate-dose LMWH can be 
considered in high-risk patients. Obese 
patients defined by actual body weight 
or BMI should consider a 50% increase 
in the dose of thromboprophylaxis.

Would not consider treatment-dose as 
prophylaxis. 

Prophylactic-dose 
anticoagulation in acutely-ill 
and/or critically-ill COVID-19 
patients over intermediate or full 
treatment dosing.

Extended-Duration 
Thromboprophylaxis

NR Should be considered patients that meet 
high-risk criteria.  
 
Recommend use of LMWH or DOAC. 
Duration can be 14-30 days.

Do not routinely recommend, 
but can consider in patients 
at low risk of bleeding and 
increased VTE risk.

Table 1. Summary of Societal Recommendations for Thromboprophylaxis in COVID-1913-15

† Labs include prothrombin time, partial thromboplastin time, D-dimer, fibrinogen; NR: no recommendation; RCT: randomized controlled trial; LMWH: low-molecular-weight 
heparin; UFH: unfractionated heparin; “critically-ill” defined as patients suffering from a life-threatening condition who would typically be admitted to an intensive care unit (ICU)
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significant reduction in mortality (p=0.08). Furthermore, 
the use of therapeutic anticoagulation was associated with 
a 31% reduction in the incidence of intubation (p=0.02) 
compared to no anticoagulation. Similarly, prophylaxis was 
associated with a 28% reduction in the incidence of intuba-
tion (p=0.003) compared with no anticoagulation. Adjusted 
analysis showed no statistical difference in incidence of 
intubation between the two interventions (p=0.63). Overall 
major bleeding rates, counted only after initiation of antico-
agulation treatment, were low (2%); however, the rate was 
proportionally highest in patients who received therapeu-
tic anticoagulation (3.0%), followed by no anticoagulation 
(1.9%) and lowest in standard prophylaxis (1.7%).32 

HESACOVID, the only published prospective study exam-
ining empiric use of therapeutic anticoagulation in COVID-
19, was an open-label, phase II randomized trial comparing 
the use of therapeutic enoxaparin (defined as 1mg/kg twice 
daily) versus standard prophylaxis (defined as subcutaneous 
UFH 5000 IU three times daily or enoxaparin 40 mg daily). 
This trial enrolled 20 total patients who were mechanically 
ventilated. Therapeutic enoxaparin led to a higher ratio 
of successful 28-day liberation from mechanical ventila-
tion (p=0.031) and a decrease in D-dimer levels (4176 μg/L 
vs 1469 μg/L; p=0.009). In the standard prophylaxis group, 
D-dimer levels demonstrated an increase over time (3408 
μg/L vs 4878 μg/L; p=0.004). There was no difference in 
all-cause 28-day mortality between therapeutic enoxaparin 
versus standard prophylaxis (p=0.26), in-hospital mortal-
ity (p=0.16), or ICU-free days (p=0.07). Although this study 
did not actively investigate thrombotic events each group 
had 2 VTEs (2 DVT in the therapeutic group; 1 DVT and 1 
PE in the prophylactic group). There were no major bleed-
ing events.33 These results, coupled with the decreasing  
D-dimer levels, is suggestive of anti-inflammatory properties 
of higher doses of anticoagulation, similar to the previous  
findings of Rannuci et al.30 

Current societal guidelines regarding the use of thera-
peutic anticoagulation state that in the absence of a clear 
indication for therapeutic anticoagulation (i.e., newly-con-
firmed, recent history, or suspected VTE, atrial fibrillation, 
mechanical cardiac valves, or long-term secondary VTE pre-
vention) the use of empiric therapeutic anticoagulation is 
not recommended for ICU or non-ICU patients.13-15 Several 
randomized trials are underway to examining the empiric 
use of therapeutic anticoagulation in COVID-19. Of note, 
the interim analysis of three randomized trials (ACTIV-4a, 
REMAP-CAP, ATTACC) led to a pause in enrollment in 
critically-ill patients admitted to the ICU over concerns 
of futility for efficacy (e.g., no reduction in need for organ 
support) and increased safety events (e.g., major bleeding). 
The publication with additional clarifications is pending; 
however, current societal guidelines recommend the use of  
standard-dose thromboprophylaxis.13-15,34

EXTENDED-DURATION PROPHYLAXIS
Given the higher incidence of thrombosis in patients hos-
pitalized with COVID-19, there has been concern for the 
development of thrombotic events after discharge, prompt-
ing some institutions to prescribed extended-duration VTE 
prophylaxis. Prior to the pandemic, the practice of extend-
ed-duration VTE prophylaxis for non-surgical patients was 
largely based upon multiple outcome studies that demon-
strated that a large proportion of hospital-associated VTEs 
occurred post-discharge, and most within 6 weeks after 
discharge.35,36  This has prompted the development of the 
modified IMPROVE score based upon several clinical fac-
tors (Table 2) where groups deemed high-risk derived benefit 
from VTE prophylaxis after discharge.37,38

Since the start of the pandemic, a retrospective study 
examined 1,877 patients discharged after hospitalization 
with COVID-19 observed 9 hospital-associated VTEs. This 
was compared to a historical cohort of 18,159 medical 
patients who were discharged and found to have 56 hospi-
tal-associated VTEs. This study demonstrated that COVID-
19 hospitalization did not appear to have an increased risk 
of post-discharge VTE.39 Another retrospective study exam-
ined 163 patients after hospitalization with COVID-19 and 
observed 4 thrombotic events. The cumulative 30-day inci-
dence of overall thrombosis after discharge was 2.5% and 
the cumulative 30-day incidence of VTEs after discharge was 
0.6%.40 When these results are compared to the control arms 
of prior randomized trials examining the use of extended- 
duration VTE prophylaxis in medical patients, COVID-19 
does not appear to be associated with an increased incidence 
of VTE after hospitalization.35,36

Multiple societies do not provide any recommendation 
regarding the use of extended-duration VTE prophylaxis.13-15 

However, ISTH states that extended-duration VTE prophy-
laxis should be considered for patients meeting high-risk  
criteria based upon the modified IMPROVE score.13

Risk Factor VTE Risk Score

Prior VTE 3

Diagnosed thrombophilia* 2

Current lower limb paralysis or paresis** 2

History of cancer† 2

D-dimer > 2 times upper limit of normal 2

ICU or coronary care unit stay 1

Complete immobilization‡ > 1 day 1

Age > 60 years 1

Table 2. Modified IMPROVE Score38

High Risk Score > 4 corresponding with a nearly three-fold higher VTE risk at 
discharge and warrants consideration for extended-duration VTE prophylaxis; 
*Congenital or acquired condition leading to increased risk of thrombosis; **Leg 
falls to bed by 5 seconds but has some effort against gravity (taken from National 
Institute of Health Stroke Scale); †Cancer present at any time in past 5 years; 
‡Defined as confined to bed or chair with or without bathroom privileges. 
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CONCLUSION

The COVID-19 pandemic has gripped the medical commu-
nity, disrupting routines and normal hospital workflow, and 
its management has changed at a seemingly dizzying pace. 
Based upon early observational data, COVID-19 patients 
develop an inflammatory response leading to an increased 
incidence of thrombosis.6,9-11 The practice of intermedi-
ate-dose prophylaxis, empiric therapeutic anticoagulation, 
and extended-duration prophylaxis has been largely guided 
by observational studies. Of the published prospective trials, 
INSPIRATION has demonstrated no differences in outcomes 
with intermediate-dose prophylaxis in the ICU population, 
and HESACOVID has demonstrated a higher ratio of success-
ful liberation from mechanical ventilation with therapeutic 
anticoagulation. Current guidelines recommend managing 
hospitalized COVID-19 patients similarly to any acutely ill 
patient – routine use of pharmacological VTE prophylaxis, 
unless medically contraindicated, with some societies con-
sidering intermediate-dose prophylaxis.13-15 Therapeutic 
anticoagulation is reserved for patients with other clear indi-
cations for anticoagulation.13-15 Similarly, extended-duration 
prophylaxis is reserved for patients deemed to be at high-risk 
based upon the modified IMPROVE score.13,38 There are sev-
eral ongoing, prospective trials hoping to provide high-qual-
ity evidence to help guide VTE prevention and management 
in COVID-19. 
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