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Abstract
Background: Venous thromboembolism (VTE) is frequently observed in patients 
with coronavirus disease 2019 (COVID-19). However, reported VTE rates differ 
substantially.
Objectives: We aimed at evaluating available data and estimating the prevalence of 
VTE in patients with COVID-19.
Methods: We conducted a systematic literature search (MEDLINE, EMBASE, World 
Health Organization COVID-19 database) to identify studies reporting VTE rates in 
patients with COVID-19. Studies with suspected high risk of bias were excluded from 
quantitative synthesis. Pooled outcome rates were obtained within a random effects 
meta-analysis. Subgroup analyses were performed for different settings (intensive 
care unit [ICU] vs non-ICU hospitalization and screening vs no screening) and the as-
sociation of d-dimer levels and VTE risk was explored.
Results: Eighty-six studies (33,970 patients) were identified and 66 (28,173 patients, 
mean age: 62.6 years, 60.1% men, 19.4% ICU patients) were included in quantitative 
analysis. The overall VTE prevalence estimate was 14.1% (95% confidence interval 
[CI], 11.6-16.9), 40.3% (95% CI, 27.0-54.3) with ultrasound screening and 9.5% (95% 
CI, 7.5-11.7) without screening. Subgroup analysis revealed high heterogeneity, with 
a VTE prevalence of 7.9% (95% CI, 5.1-11.2) in non-ICU and 22.7% (95% CI, 18.1-27.6) 
in ICU patients. Prevalence of pulmonary embolism (PE) in non-ICU and ICU patients 
was 3.5% (95% CI, 2.2-5.1) and 13.7% (95% CI, 10.0-17.9). Patients developing VTE 
had higher d-dimer levels (weighted mean difference, 3.26 µg/mL; 95% CI, 2.76-3.77) 
than non-VTE patients.
Conclusion: VTE occurs in 22.7% of patients with COVID-19 in the ICU, but VTE 
risk is also increased in non-ICU hospitalized patients. Patients developing VTE had 
higher d-dimer levels. Studies evaluating thromboprophylaxis strategies in patients 
with COVID-19 are needed to improve prevention of VTE.
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Essentials

• High rates of venous thromboembolism (VTE) have been reported in coronavirus disease 2019 (COVID-19).
• We conducted a systematic review to estimate the VTE prevalence in patients with COVID-19.
• A total of 22.7% of patients with COVID-19 treated at the intensive care unit (ICU) suffer from VTE.
• Risk in non-ICU hospitalized patients is substantial, and 8% develop VTE.

1  | INTRODUCTION

The coronavirus disease 2019 (COVID-19), caused by the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and for-
mally declared a pandemic by the World Health Organization (WHO) 
in March 2020, is an infectious disease with a global impact on public 
health. It affects primarily the respiratory system; however, involve-
ment of other organ systems may occur, especially with increasing 
severity of the disease. The high inflammatory burden associated 
with COVID-19 and inflammation in the vascular system can also re-
sult in cardiovascular complications with a variety of clinical presen-
tations.1-3 Early studies reported on coagulation abnormalities and 
coagulopathy with a rather prothrombotic phenotype in patients 
with COVID-19. 4,5

With the better understanding of COVID-19 and its clinical 
course, venous thromboembolism (VTE), a disease entity covering 
pulmonary embolism (PE) and deep vein thrombosis (DVT), has been 
recognized as a particular complication of the disease. Initial stud-
ies have found alarmingly high rates of PE in patients with severe 
COVID-19 treated at intensive care units (ICUs), reporting VTE in-
cidences of up to 50%.6 In response to the clinical challenges and 
the absence of high-quality evidence, expert groups and scientific 
societies have released guidance statements to address questions 
concerning diagnosis, prevention, and treatment of VTE in patients 
with COVID-19, which suggest the broad application of thrombo-
prophylaxis in patients with severe COVID-19 in the absence of high 
bleeding risk.7,8

In several studies of different design, size, and quality, rates of 
VTE in patients with COVID-19 have been reported. However, a de-
finitive and robust estimate of the VTE risk in patients with COVID-
19 is currently not available as of the high variability of reported 
rates. Therefore, the true underlying burden of VTE in patients 
with COVID-19 is still not fully understood. In the light of the ev-
er-growing infection rates worldwide and the clinical challenges in 
patient management, understanding of the true frequency of VTE 
in COVID-19 is important and may help to support clinical decision 
making.

We conducted a systematic review of the literature and me-
ta-analysis of available data to determine the prevalence of VTE in 
patients with COVID-19. Our aim was to provide an overall estimate 
of VTE by aggregating reported rates and to thoroughly explore 

differences in the VTE prevalence according to study design and the 
health care setting, which may account for the high degree of het-
erogeneity in reported rates.

2  | METHODS

2.1 | Register and protocol

We conducted a systematic review of the literature and meta-
analysis of published data on the prevalence of VTE in patients 
with COVID-19. The study protocol was prepared before the initia-
tion of the literature research according to the Preferred Reporting 
Items for Systematic Review and Meta-analysis (PRISMA) Protocols 
2015 9 and submitted to PROSPERO (international prospective 
register of systematic reviews) on June 11, 2020 (protocol ID: 
CRD42020191652). The study was conducted according to the 
PRISMA and the guidance for reporting meta-analysis of observa-
tional studies in epidemiology.10,11

2.2 | Eligibility criteria

Full-text articles, letters, brief reports, editorials, and correspond-
ences published in 2019 or 2020 with available title and abstract in 
English were eligible for inclusion. Inclusion criteria comprised stud-
ies reporting on patients with objectively confirmed COVID-19 in 
combination with reporting rates of VTE as outcome of the study 
(DVT and/or PE). Study designs eligible for inclusion were cohort 
studies (prospective and retrospective), cross-sectional studies, 
and interventional studies with VTE reported as an outcome or ad-
verse event. Study designs that did not allow prevalence estimates 
such as case reports and case series including autopsy studies were 
excluded.

2.3 | Literature research

We systematically searched EMBASE, MEDLINE, and the WHO 
COVID-19 research database with distinct predefined search algo-
rithms to identify relevant publications. The exact search protocol is 
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available in the Supplementary Methods. Search for additional stud-
ies not identified by the search criteria (eg, due to preprint status) 
was conducted by inquiring databases of preprint servers (medRxiv) 
and by manual research of relevant journals. Publications in preprint 
status were eligible only if they had undergone full peer review at the 
date of literature research. Duplicate search results were excluded 
before eligibility screening. Two researchers (SN, FM) screened title 
and abstract of the identified studies, and potentially eligible studies 
underwent full-text evaluation. The inclusion of a study was based 
on the consensus of its suitability by the two researchers. Where 
consensus opinion could not be reached, a third reviewer was con-
sulted to make the final decision (CA). All three literature research-
ers are medical doctors with a thorough research background in the 
field of thrombosis. The most recent literature research was con-
ducted on August 26, 2020. Figure 1 displays the process of study 
identification following a PRISMA flow diagram.

2.4 | Data extraction

Studies that fulfilled the predefined inclusion criteria and did not 
meet any exclusion criteria were subjected to data extraction. In 
the case of multiple studies reporting on the same patient cohort, 
results were merged and considered only once. Data extraction of 
predefined baseline and outcome variables was performed. These 
included methodological specifics of the studies (study design, 
health care setting), clinical information of the study population (de-
mographics, comorbidities, disease severity, use of pharmacologic 

thromboprophylaxis, ultrasound screening, and d-dimer levels), and 
outcome specifics (definition, type, and rate of VTE). The full list 
of extracted variables is provided in the Supplementary Methods. 
All data were independently extracted from eligible studies by two 
authors (SN, FM) to ensure data reliability, with inconsistencies re-
solved by discussion with a third author (CA).

2.5 | Risk of bias evaluation

Methodology of identified studies was assessed independently 
by two researchers (FM, SN). Risk of bias of included studies was 
independently rated with a validated tool for assessing studies re-
porting prevalence data (Joanna Briggs Institute Critical Appraisal 
Checklist; Appendix S1). 12 This tool consists of nine categories each 
classifying the study as low risk of bias, high risk of bias, or unclear. 
Subsequently, an overall evaluation based on these categories was 
derived. Studies with suspected high risk of bias were excluded from 
the subsequent quantitative data synthesis. Potential publication 
bias was assessed graphically within a funnel plot, plotting the prev-
alence estimate of VTE against its standard error (Figure S1A and B).

2.6 | Outcomes, definitions, and quantitative 
data synthesis

The primary outcome of the present meta-analysis is VTE, defined 
as DVT (including catheter-related thrombosis), PE, or the composite 
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of both, as defined within the respective study. Thrombotic occlu-
sions of mechanical components of extracorporeal devices such as 
dialysis machines or extracorporeal membrane oxygenation devices 
were not counted as outcome event. The prevalence estimate of the 
primary outcome is reported stratified by the use of systematic ul-
trasound screening for thrombosis in the respective studies.

Secondary outcomes included (i) the pooled prevalence of VTE 
(excluding studies reporting only isolated PE or isolated DVT rates), (ii) 
the pooled rate of PE, and (iii) the pooled rate of DVT. Outcomes of the 
secondary analyses were reported stratified for ICU patients and non-
ICU hospitalized patients at study baseline and by the performance of 
DVT screening. The ICU cohort comprised patients admitted to the 
ICU, or alternatively those who were defined as being critically ill, or 
in need of mechanical ventilation at baseline. Further, an exploratory 
analysis of differences between baseline levels of d-dimer between pa-
tients experiencing VTE and those who did not was conducted.

Outcome definitions throughout the different studies were vary-
ing. Some studies reported pure incidence, while others reported 
prevalence, including patients who were admitted due to VTE and 
COVID-19. In this systematic review, we have decided to aggregate 
the proportion of patients who have been diagnosed with VTE as 
reported in the included studies.

2.7 | Statistical methods

All statistical analyses were performed with the commercially avail-
able package STATA 15.0 (Stata Corp, Houston, TX, USA). Summary 
statistics were aggregated from included studies. Pooled prevalence 
of outcome variables was estimated by aggregating study results 
within a random-effects meta-analysis utilizing the STATA package 
metaprop. 13 The Freeman-Tukey double arcsine transformation was 
used to normalize variance, and 95% confidence intervals (CIs) were 
estimated by the score method. Heterogeneity of included studies 
is reported by I2 as a measure of between-study variability beyond 
random variation. To explore differences in baseline d-dimer between 
patients with VTE and patients without VTE, mean d-dimer levels and 
corresponding standard deviation were calculated from reported me-
dian, interquartile range, and sample size according to Wan et al.14 
Weighted mean differences (WMDs) in baseline d-dimer levels were 
calculated within a pooled analysis weighted by corresponding sam-
ple sizes. Finally, differences in VTE risk according to sex and comor-
bidities was explored within a random-effects meta-analysis using the 
Mantel–Haenszel procedure.

3  | RESULTS

3.1 | Selection process and general study 
characteristics

We identified 2018 records upon literature research after the re-
moval of duplicates. Titles and abstracts of these identified studies 

were screened for conformity with our predefined inclusion and 
exclusion criteria, and 175 records were subsequently included in 
the full-text evaluation. From those, 86 studies were included in the 
qualitative data synthesis. Figure 1 displays the screening and selec-
tion process, and the reasons for excluding studies.

Pooled summary characteristics of the 86 eligible studies re-
porting on VTE in patients with COVID-19 are displayed in Table 1. 
Regarding geographic regions, 57 studies were performed in Europe, 
17 in North America, 8 in Asia, and 1 in Africa, and 3 studies in-
cluded patients from multiple continents. Fifty-eight cohort studies, 
5 cross-sectional studies, and 2 case-control studies were carried 
out to identify the rate of VTE in the study populations, 15 cohort 
studies, and 2 case-control studies reported VTE as a secondary 
outcome, and 4 studies reported VTE as an adverse event. VTE 

TA B L E  1   Characteristics of identified studies

No. of 
studies

No. of 
patients

Study location

Europe 57 11 709

North America 17 17 127

Asia 8 1962

Multinational and other 4 3172

Study design

Randomized controlled trial 2 1296

Cohort study 75 28 536

Cross sectional study 5 502

Case-control study 4 3636

Institutional setting

Single center 64 20 729

Multicenter 22 13 241

Health care setting

Ambulatory and hospitalized 9 4773

Hospitalized (± ICU) 53 27 155

ICU 24 2042

Reported outcomes

Overall VTE 50 20 961

PE 61 22 618

DVT 54 20 773

VTE screening

Yes 19 1440

No 59 27 106

Not reported 8 5424

Use of anticoagulation (either prophylactic or therapeutic)

100% of patients 34 3312

>90% of patients 7 1762

<90% of patients 10 4681

Not reported 35 24 215

Abbreviations: DVT, deep vein thrombosis; ICU, intensive care unit; PE, 
pulmonary embolism; VTE, venous thromboembolism.
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screening (ultrasound examination of deep veins of the upper and/
or lower extremities) was performed in 19 studies, with 1 study 
conducting ultrasound screening in 28% of patients. 15 Twenty-
four studies were conducted specifically in ICU cohorts only, and 
19 studies reported rates of VTE separately for ICU or critically ill 
patients, rendering 43 studies eligible for our ICU subgroup analysis.

A comprehensive summary of each study including the respec-
tive study design, demographics, thromboprophylaxis strategy, and 
outcome rates is presented in Tables S1 and S2.

Pooled patient characteristics and comorbidity data are dis-
played in Table 2. The overall weighted mean age of patients was 
62.6 years (SD, 3.8), and 60.1% were male. Weighted mean age of 
patients in ICU-only studies was 62.6 years (SD, 2.9), and 71.3% 
were male.

3.2 | Risk of bias

Risk of publication bias was evaluated separately for studies on non-
ICU hospitalized and ICU patients to enhance interpretability. Upon 
visual inspection of the funnel plots, no indication for publication 
bias was detected, with outliers in the distribution being explained 
by differences in ultrasound screening strategies (Figures S1A and B) 
Second, we conducted an exploration of potential time dependen-
cies in VTE rates of published studies suggesting a decrease of VTE 
rates over time upon visual inspection and fitting a regression line of 
the VTE rate and the last patient inclusion date of each respective 
study (Figure S2).

Third, a methodological assessment of included studies was 
conducted to evaluate the risk of underlying bias regarding the 
reported rate of VTE. Importantly, this evaluation is not to be re-
garded as a general evaluation of quality and goodness of included 
studies but rather an evaluation of the generalizability of reported 
VTE rates.

In our quality assessment, low risk of bias was attributed to our 
identified studies in median in seven of nine categories (range, 3-9, 
maximum: low risk of bias in all nine categories). The results of our 
structured methodological assessment of all 86 studies are presented 
in Table S3. In consensus among the three reviewers, 20 studies 
were excluded from quantitative synthesis upon a strong suspicion 
of bias in the structured assessment. Reasons for exclusion include 
selection bias (18 studies), reporting/information bias (1 study), and 
lack of background information on setting and outcomes (1 study). 
Therefore, the 66 remaining studies (including 43 studies reporting 
on ICU patients and 43 studies reporting on non-ICU hospitalized pa-
tients) were included in quantitative data synthesis. 6,16-81

3.3 | Prevalence of venous thromboembolism

After excluding studies with a high risk of underlying bias, quantita-
tive results from 66 studies were aggregated within a meta-analysis, 

including 28 173 patients (1819 ambulatory, 20 886 non-ICU hospi-
talized, 5468 ICU patients). In total, 1824 VTE events were reported. 
The pooled prevalence estimate of all reported VTE events (out-
comes: VTE, DVT, or PE) was 14.1% (95% CI, 11.6-16.9; I2, 97.1%). 
In the 52 studies (n = 27 130; 1492 VTE) in which no ultrasound 
screening was performed, the estimated rate of VTE was 9.5% (95% 
CI, 7.5-11.7; I2, 96.5%). Conversely, in the 14 studies with ultrasound 
screening performed (n = 1 043; 332 VTE), the estimated prevalence 
of VTE was 40.3% (95% CI, 27.0-54.3; I2, 94.7%). Figure 2 shows a 
forest plot of VTE rates, together with information on health care 
setting, the performance of screening, and outcome definition of re-
spective studies.

TA B L E  2   Patient characteristics

No./Total (%) of 
patients

No./Total (%) of 
ICU/critical care 
patients

Mean age (±SD) in 
years

62.6 (±3.8) 62.6 (±2.9)

Sex

Male 11 817/19 671 
(60.1)

1632/2321 (71.3)

Female 7854/19 671 
(39.9)

689/2321 (29.7)

Hypertension 6446/12 583 
(51.2)

779/1509 (51.6)

Dyslipidemia 2993/8330 
(35.9)

177/436 (40.6)

Diabetes mellitus 
type 2

4088/13 361 
(30.6)

533/1748 (30.5)

Current or former 
smoker

985/7421 (13.3) 214/899 (23.8)

Cancer 805/7979 (10.1) 90/965 (9.3)

Active cancer 55/1509 (3.6) 20/587 (3.4)

Chronic kidney disease 1024/8101 
(12.6)

136/1328 (10.2)

Coronary artery 
disease

1693/10 622 
(15.9)

132/979 (13.5)

Congestive heart 
failure

865/9612 (9.0) 49/786 (6.2)

Chronic liver disease 85/3011 (2.8) 42/839 (5.0)

Chronic lung disease 1214/9728 
(12.5)

162/1233 (13.1)

Prior VTE 321/7392 (4.3) 40/699 (5.7)

Cardiovascular disease 412/1198 (34.4) 249/706 (35.2)

Cerebrovascular 
disease

182/2282 (8.0) 42/411 (10.2)

Immune disease or 
immunosuppression

175/2456 (7.1) 49/629 (7.8)

Asthma 208/2120 (9.9) 58/480 (12.1)

Abbreviations: ICU, intensive care unit; VTE, venous thromboembolism.
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3.4 | Prevalence of VTE in hospitalized and 
ICU patients

The rates of VTE within our primary analysis strongly differed 
among studies, depending on the specifics of the study setting, 
design, and outcome definition. Therefore, to further explore 

heterogeneity of the reported VTE rates, we conducted detailed 
subgroup analyses based on the health care setting (non-ICU hos-
pitalized vs ICU patients), and the performance of DVT screening 
(screening vs no screening). In addition, within these subgroup 
analyses, we have separately estimated rates of VTE, PE, and 
DVT.

F I G U R E  2   Prevalence of VTE in patients with COVID-19. Prevalence of VTE is estimated based on 66 studies and stratified by the 
performance of ultrasound screening for VTE. The overall VTE prevalence was 14.1% (95% CI, 11.6-16.9), 40.3% (95% CI, 27.0-54.3) in those 
screened and 9.5% (95% CI, 7.5-11.7) in those not screened. Red diamonds represent subtotal (screening studies vs nonscreening studies) 
and overall prevalence estimates and corresponding 95% CI of VTE outcomes. VTE comprises the specific outcome as reported by the 
respective study (PE and/or DVT). Details on each study are listed in Tables S1 and S2. CI, confidence interval; DVT, deep vein thrombosis; 
ECMO, extracorporeal membrane oxygenation; ES, estimates; mech. vent., mechanically ventilated; ICU, intensive care unit; PE, pulmonary 
embolism; VTE, venous thromboembolism

First Author

NO SCREENING

Cattaneo, M. 388 DVT hospitalized

hospitalized

hospitalized

hospitalized (18% ICU)

hospitalized (26% mech. vent/ECMO)

hospitalized (73% ICU)

hospitalized 
hospitalized 

hospitalized (33% mech. vent.)

hospitalized (49% ICU)

hospitalized (13% ICU)

hospitalized

hospitalized (19% ICU)

hospitalized (15% ICU)
hospitalized (36% critical)

hospitalized

82% hospitalized (16% ICU)

hospitalized (52% ICU)

hospitalized

hospitalized

hospitalized

hospitalized

43% hospitalized, 57% outpatients

hospitalized (18% ICU)

hospitalized (14% ICU)

ICU

ICU

hospitalized

ICU

ICU

ICU

ICU

ICU

ICU

ICU

ICU

ICU

ICU
ICU

ICU

ICU

ICU

hospitalized

hospitalized

hospitalized

hospitalized (20% ICU)

hospitalized

hospitalized

hospitalized

hospitalized

hospitalized

hospitalized (50% ICU)

ICU

ICU

ICU

0 10 20 30 40 50 60 70 80 90 100

Prevalence of VTE (%)

ICU

ICU

ICU

hospitalized (38% ICU), screening: 28%

ICU

hospitalized (25% ICU)

hospitalized (26% mech. vent.)

emergency dep. (80% hospitalized, 20% ICU)

hospitalized (10% ICU)

hospitalized (35% mech. vent.)

54% hospitalized (14% mech. vent.), 46% outpatients

DVT

VTE

VTE

VTE

VTE

VTE

VTE

PE

PE

VTE
VTE

VTE

VTE

VTE

PE

VTE

VTE

VTE

VTE

VTE

VTE
PE

PE

PE

PE

VTE

VTE

VTE

VTE

VTE

VTE

VTE

VTE

VTE

VTE

VTE
VTE

VTE

VTE

VTE

VTE

VTE

VTE
VTE

VTE

VTE

VTE

DVT
DVT

PE

PE

3404

105
3772

233

921

256

1063

76

73

324

785

393

210

362

171
2878

1477
400

88

49
398

452

3334

2377

274

65

111

280

63

99

122

66

96

82

289

54

150

35

375
100

107

22

81

44

91

25

109

75

92

50

184

234 DVT

DVT

VTE

VTE

VTE

VTE

VTE

VTE

VTE
VTE

DVT

DVT

DVT

DVT

84
198

20

42

43

25

58

56

143

32

26

34

48

Koleilat, I.

Mattioli, M.

Tremblay, D.
Wang, Y.

Hanif, A.

Mei, F.
Beigel, J.

Betoule, A.
Violi, F.

Pesavento, R.
Galeano-Valle, F.

Goyal, P.

Moll, M.

Lodigiani, C.

Dubois-Silva, Á.

Fauvel, C.

Whyte, M.
AI-Samkari, H.

Fredi, M.

Rieder, M.

Patell, R.

Mestre-Gómez, B.

Bilaloglu, S.

Berger, J.
Stoneham, S.M.

Campochiaro, C.

Lendorf, M.

Grillet, F.

Thomas, W.

Inciardi, R.M.

Gatto, M.

Desborough, M.J.R.

Huet, T.

Taccone, F.

Trimaille, A.

Tavazzi, G.

Helms, J.

Larsen, K.

Soumagne, T.

Zermatten, M.

Poissy, J.
Spieza, L.

Cui, S.

Wright, F.L.
Hippensteel, J.

Faggiano, P.

Maatman, T.K.

Beun, R.

Fraissé, M.

Aleva, F.E.
Klok, F.A.

SCREENING

Ierardi, A.

Santoliquido, A.

Middeldorp, S.

Zerwes, S.

Le Jeune, S.

Pizzolo, F.

Longchamp, A.

Grandmaison, G.

Voicu, S.

Zhang, L.

Mazzaccaro, D.

Llitjos, J.-F.
Nahum, J.

Ren, B.

Subtotal estimate: Studies without ultrasound screening (I
2
 = 96.5%)

Subtotal estimate: Studies with ultrasound screening (I
2
 = 94.7%)

Overall estimate (I
2
 = 97.1%)

Sample Outcome Setting ES (95% CI) Weight

1.660.0 (0.0, 1.0)
0.5 (0.3, 0.8)
1.0 (0.2, 5.2)
1.2 (0.9, 1.6)
1.7 (0.7, 4.3)
1.7 (1.1, 2.8)
2.0 (0.8, 4.5)
2.0 (1.3, 3.0)
2.6 (0.7, 9.1)
2.7 (0.8, 9.5)
2.8 (1.5, 5.2)
3.1 (2.1, 4.5)
3.3 (1.9, 5.6)
4.3 (2.3, 7.9)
4.4 (2.7, 7.1)
4.7 (2.4, 9.0)
4.9 (4.1, 5.7)
5.4 (4.4, 6.7)
5.5 (3.7, 8.2)

5.7 (2.5, 12.6)
6.1 (2.1, 16.5)
6.3 (4.3, 9.1)
6.4 (4.5, 9.1)
7.0 (6.2, 8.0)
7.2 (6.2, 8.3)

7.7 (5.1, 11.4)
7.7 (3.3, 16.8)
8.1 (4.3, 14.7)
8.2 (5.5, 12.0)
9.5 (4.4, 19.3)

12.1 (7.1, 20.0)
13.9 (8.9, 21.2)
15.2 (8.4, 25.7)
15.6 (9.7, 24.2)
15.9 (9.5, 25.3)

17.0 (13.1, 21.7)
18.5 (10.4, 30.8)
18.7 (13.2, 25.7)
20.0 (10.0, 35.9)
21.1 (17.2, 25.5)
22.0 (15.0, 31.1)
22.4 (15.6, 31.2)
22.7 (10.1, 43.4)
24.7 (16.6, 35.1)
25.0 (14.6, 39.4)
26.4 (18.4, 36.3)
28.0 (14.3, 47.6)
28.4 (20.8, 37.5)
30.7 (21.4, 41.8)
33.7 (24.9, 43.8)
36.0 (24.1, 49.9)
37.0 (30.3, 44.1)

9.5 (7.5, 11.7)

10.7 (7.3, 15.3)
11.9 (6.6, 20.5)

19.7 (14.8, 25.8)
20.0 (8.1, 41.6)

26.2 (15.3, 41.1)
27.9 (16.7, 42.7)
32.0 (17.2, 51.6)
39.7 (28.1, 52.5)
46.4 (34.0, 59.3)
46.9 (38.9, 55.0)
65.6 (48.3, 79.6)
69.2 (50.0, 83.5)
79.4 (63.2, 89.7)
85.4 (72.8, 92.8)
40.3 (27.0, 54.3)

14.1 (11.6, 16.9)

1.71
1.54
1.71
1.63
1.69
1.64
1.69
1.48
1.47
1.65
1.69
1.66
1.62
1.66
1.60
1.70
1.70
1.66
1.51
1.38
1.66
1.67
1.71
1.70
1.64
1.45
1.55
1.64
1.44
1.53
1.56
1.45
1.52
1.49
1.64
1.40
1.59
1.28
1.66
1.53
1.54
1.12
1.49
1.35
1.51
1.16
1.54
1.48
1.52
1.38
1.61

1.63
1.50
1.61
1.08
1.34
1.34
1.16
1.42
1.41
1.58
1.25
1.18
1.27
1.37
19.15

80.85

%
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In 43 studies reporting on ICU cohorts including 5468 patients, 
the rate of VTE, PE, or DVT was available. The estimated prevalence of 
VTE, PE, and DVT was 22.7% (95% CI, 18.1-27.6; I2, 87.3%), 13.7% (95% 
CI, 10.0-17.9; I2, 87.6%), and 18.7% (95% CI, 12.6-25.6; I2, 94.6%). Rates 
of VTE and DVT in studies with screening strategies in the ICU cohorts 
(9 studies, n = 359) were 45.6% (95% CI, 30.6-61.1; I2, 73.4%) and 48.5% 
(95% CI, 31.0-66.2; I2, 91.0%), and in those without screening 18.7% 
(95% CI, 14.9-22.9; I2, 83.1%) and 8.9% (95% CI, 5.8-12.4; I2, 86.2%).

In the meta-analysis of studies reporting on non-ICU hospital-
ized patients at baseline, including 20 886 patients from 43 studies, 
prevalence estimates of VTE, PE, and DVT were 7.9% (95% CI, 5.1-
11.2; I2, 94.6%), 3.5% (95% CI, 2.2-5.1; I2, 88.9%), and 4.1% (95% CI, 
2.3-6.4; I2, 94.6%), respectively. In studies with ultrasound screening 

performed (8 studies, n = 684), rates of VTE and DVT were 23.0% 
(95% CI, 3.2-52.5; I2, 96.5%) and 12.7% (95% CI, 3.7-25.5; I2, 94.1%), 
respectively, compared to 5.5% (95% CI, 3.6-7.9; I2, 91.0%) and 1.4% 
(95% CI, 0.7-2.3; I2, 85.0%) in studies without screening. The results 
of these subgroup analyses are summarized in Table 3, and corre-
sponding forest plots are available in Figures S3A and B.

3.5 | Characteristics of patients with VTE versus 
those without VTE

Available baseline characteristics of patients with VTE compared to 
those without VTE were aggregated and differences were analyzed 

TA B L E  3   Prevalence of venous thromboembolism, pulmonary embolism and deep vein thrombosis in ICU and non-ICU hospitalized 
patients with COVID-19 

Outcome Studies Number of patients
Number of 
outcomes

Estimate of prevalence, % 
(95%CI)

Heterogeneity 
(I2)

ICU patients only

VTE (studies reporting both 
outcomes)

25 2966 617 22.7
(18.1-27.6)

87.3

No Screening 20 2791 535 18.7
(14.9-22.9)

83.1

Screeninga  5 175 82 45.6
(30.6-61.1)

73.4

PE (±DVT)b  27 3085 410 13.7
(10.0-17.9)

87.6

DVT (±PE) 28 3001 423 18.7
(12.6-25.6)

94.6

No Screening 19 2642 251 8.9
(5.8-12.4)

86.2

Screeninga  9 359 172 48.5
(31.0-66.2)

91.0

Non-ICU hospitalized patientsc 

VTE (studies reporting both 
outcomes)

23 7390 411 7.9
(5.1-11.2)

94.6

No Screening 19 7053 321 5.5
(3.6-7.9)

91.0

Screeninga  4 337 90 23.0
(3.2-52.5)

96.5

PE (±DVT)b  23 8698 263 3.5
(2.2-5.1)

88.9

DVT (±PE) 22 10 519 256 4.1
(2.3-6.4)

94.6

No Screening 14 9835 144 1.4
(0.7-2.3)

85.0

Screeninga  8 684 112 12.7
(3.7-25.5)

94.1

Note: The meta-analysis of VTE comprises all studies reporting rates of PE and DVT, the analysis of PE comprises all studies reporting PE as a 
separate outcome and the analysis of DVT comprises studies reporting DVT rates separately. Studies with a suspected high risk of bias have been 
excluded from these analyses.
Abbreviations: DVT, deep vein thrombosis; ICU, intensive care unit; PE, pulmonary embolism; VTE, venous thromboembolism.
 aIn one study screening was performed in 28% of total patients (ICU, 51%; non-ICU hospitalized, 14%).15 
 bNo screening for pulmonary embolism was performed. 
 cAll patients who were hospitalized at study baseline, excluding ICU patients. ICU admission during later hospital course was possible. 
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within a random-effect meta-analysis (Table 4). Mean weighted age 
of patients with VTE and patients without VTE was similar, with a 
mean age of 63.3 years (SD, 3.9) and 63.4 years (SD, 2.8), respec-
tively. Men were 1.5 times more likely to develop VTE (95% CI; 1.22-
1.72), while comorbidities did not differ between the two groups.

3.6 | d-dimer and the risk of VTE

d-dimer levels at baseline were available in 21 studies, including 
6633 patients. Patients developing VTE had higher baseline d-dimer 
levels compared to those without VTE (weighted mean d-dimer lev-
els, 5.18 µg/mL [SD, 2.59] vs 1.13 µg/mL [SD, 0.95]) with a WMD of 
3.26 µg/mL (95% CI, 2.76-3.77; P < .001; I2, 87.3%) (Figure 3).

4  | DISCUSSION

In this systematic review and meta-analysis, data from studies re-
porting on rates of VTE in patients with COVID-19 were aggregated 
to estimate the prevalence of VTE. We found that the burden of VTE 
associated with COVID-19 is substantial, with an overall VTE preva-
lence estimate of 14.1% across all identified studies. However, rates 

of VTE varied across different health care settings (ICU vs non-ICU 
hospitalized patients), depending on whether systematic screening 
was performed and on outcome definitions in the selected stud-
ies. In subgroup analysis, rates of VTE ranged from 5.5% in non-ICU 
hospitalized patients without ultrasound screening to 45.6% in ICU 
patients undergoing screening strategies. Since no PE screening was 
performed, the PE prevalence of 3.5% in non-ICU hospitalized pa-
tients and 13.7% in ICU patients might provide a robust estimate and 
strongly highlights the high risk of VTE in patients with COVID-19, 
especially in those requiring intensive medical care.

It is known from large clinical trials in critically ill patients with 
various underlying diseases that the rate of VTE in the ICU setting is 
elevated, with VTE rates ranging from 5% to 15%.82-86 Higher VTE 
rates in patients with COVID-19 in the ICU and also non-ICU set-
ting might not only be explained by hospitalization and complica-
tions occurring during the course of the disease such as systemic 
inflammatory response syndrome, acute respiratory distress syn-
drome, shock, and organ failure but support the hypothesis of direct 
involvement of the viral infection with effects on the vascular and 
hemostatic system leading to a prothrombotic state and high risk 
of VTE. Interestingly, a small study of critically ill patients with se-
vere acute respiratory syndrome coronavirus from the early 2000s 
reported similarly high VTE rates (14 of 46 patients suffered from 

No./Total (%) of 
VTE patients

No./Total (%) of 
non-VTE patients

Pooled OR for 
VTE (95%CI)

P 
value

Mean age (±SD) in 
years

63.3 (±3.9) 63.4 (±2.8) … …

Sex

Male 627/940 (66.7) 2315/3803 (60.9) 1.45 (1.22-1.72) <.001

Female 313/940 (33.3) 1488/3803 (39.1) Ref. Ref.

Hypertension 278/584 (47.6) 1115/2359 (47.3) 0.88 (0.51-1.51) .65

Diabetes mellitus 
type 2

189/652 (29.0) 618/2725 (22.7) 0.97 (0.58-1.63) .92

Current or former 
smoker

75/446 (16.8) 296/1913 (15.5) 0.83 (0.42-1.64) .59

Cancer 58/676 (8.6) 306/2852 (10.7) 1.17 (0.72-1.88) .42

Chronic kidney 
disease

32/444 (7.2) 202/1914 (10.6) 0.76 (0.49-1.19) .23

Coronary artery 
disease

32/285 (11.2) 190/1731 (11.0) 1.04 (0.67-1.60) .87

Congestive heart 
failure

25/389 (6.4) 161/2025 (8.0) 0.86 (0.51-1.46) .58

Chronic lung disease 49/424 (11.6) 179/2101 (8.5) 0.92 (0.49-1.70) .78

Prior VTE 38/524 (7.3) 132/2128 (6.2) 1.61 (0.97-2.67) .07

Cardiovascular 
disease

42/121 (34.7) 72/404 (17.8) 1.52 (0.51-4.56) .46

Immune disease or 
immunosuppression

11/252 (4.4) 98/1310 (7.5) 1.24 (0.60-2.59) .56

Cerebrovascular 
disease

18/161 (11.2) 67/1273 (5.3) 0.54 (0.22-1.33) .18

Abbreviations: CI, confidence interval; OR, odds ratio; VTE, venous thromboembolism.

TA B L E  4   Characteristics of patients 
with COVID-19 with versus those without 
venous thromboembolism
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VTE).87 VTE events were observed less frequently in other respira-
tory viruses such as the Middle East respiratory syndrome coronavi-
rus (coagulopathy was reported in 2 of 161 hospitalized patients) 88 
and influenza viruses (4 of 119 hospitalized patients developed VTE). 
89 Taken together, the increased risk of VTE in patients with COVID-
19 appears to be substantial, and while the mechanisms are not 
yet understood, similar rates in severe acute respiratory syndrome 
and COVID-19 in contrast to Middle East respiratory syndrome 
and influenza might speculatively suggest a common underlying 
pathophysiology.

Interestingly, autopsy studies in patients with COVID-19 
revealed severe endothelial injury, endotheliitis, increased an-
giogenesis, and widespread vascular thrombosis with microan-
giopathy and occlusion of alveolar capillaries.1,2,90-92 Based on 
such findings, the etiology of the increased PE rates reported in 

patients with COVID-19 has been discussed, and two not mutu-
ally exclusive pathomechanisms have been proposed. On the one 
hand, it has been suggested that in situ pulmonary thrombi, which 
develop on the basis of diffuse alveolar and local vascular dam-
age, microangiopathy, and inflammation in the pulmonary circu-
lation triggered by the virus rather than “classical” PE itself, may 
contribute to the high prevalence of PE observed in patients with 
COVID-19.93-97 On the other hand, DVT rates of up to 90% in stud-
ies, where ultrasound screening was performed in ICU patients, 
support the hypothesis of embolism originating from peripheral 
thrombosis rather than pulmonary in situ thrombosis largely con-
tributes to the substantial burden of pulmonary artery occlusion 
observed in patients with COVID-19. However, the exact role, 
data on frequency, and clinical consequences of in-situ pulmonary 
thrombosis in COVID-19 need further investigations.

F I G U R E  3   Differences in baseline d-dimer between patients with VTE and patients without VTE. Patients developing VTE had higher 
baseline d-dimer levels compared to those without VTE. D-dimer levels at baseline were available in 21 studies, including 6633 patients. In 
the pooled analysis, levels of d-dimer were substantially higher at baseline in patients experiencing VTE (WMD, 3.26 µg/mL (95% CI, 2.76-
3.77; P < .001; I2, 87.3%). CI, confidence interval; VTE, venous thromboembolism; WMD, weighted mean difference
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We believe that our meta-analysis is representative of patients 
with COVID-19 requiring hospitalization, as our systematic review 
confirmed the previously reported sex differences in patients with 
COVID-19 (higher proportion of men among more severe disease).98 
The sex differences further increased among patients admitted 
to the ICU, suggesting that men were more likely to suffer from 
greater disease severity than women.99 Correspondingly, men were 
at higher risk to develop VTE, but we observed no association be-
tween comorbidities and risk of VTE. Interestingly, age did not differ 
between the groups. This suggests that in contrast to the general 
population, age did not contribute to the VTE risk in patients with 
COVID-19.100 Similar results have been reported for VTE risk in pa-
tients with cancer, suggesting that the high VTE baseline risk of the 
underlying disease overwhelms general risk factors such as age.101 
Furthermore, explorative analysis has revealed that d-dimer levels 
were higher in patients developing VTE compared to those who re-
mained free from a VTE event.

Our findings support guidance statements from experts and 
scientific societies, which suggest that thromboprophylaxis is a 
key element in the medical care of patients with COVID-19, espe-
cially in those with severe illness.7,8,102-104 However, VTE occurred 
in many patients despite the use of thromboprophylaxis, and 
even patients with therapeutic anticoagulation developed VTE. 
Therefore, the ideal anticoagulation approach to reduce the high 
risk of VTE in patients with COVID-19 needs to be established. 
Further, the observed higher baseline d-dimer levels in patients 
who had VTE strengthens the idea that d-dimer–guided thrombo-
prophylaxis strategies should be evaluated in prospective random-
ized controlled trials.

The main limitation of our meta-analysis is the high hetero-
geneity of included studies with regard to design, clinical setting, 
local practice (eg, with respect to thromboprophylaxis strategies), 
and consequently highly variable event rates. Additionally, the 
disproportionate number of ICU studies with higher VTE rates 
than the general ward population may confound the overall es-
timation of VTE prevalence in patients with COVID-19. To ad-
dress this issue, we aimed at thoroughly describing the respective 
clinical settings and provide subgroup analysis, for example, ICU 
versus non-ICU hospitalized patients or according to diagnostic 
approaches (studies with screening vs no screening for DVT) to 
provide a more precise estimate of VTE rates. Further, early re-
ports of high VTE rates in patients with COVID-19 might have led 
to the implementation of more specific and intensive thrombo-
prophylaxis approaches over time, which might have confounded 
the outcomes in subsequently conducted studies. We have ana-
lyzed studies according to the date of the last patient recruitment, 
and visual inspection reveals a decrease of VTE rates of reported 
studies over time (Figure S2). We also provided data on thrombo-
prophylaxis modalities for the respective studies to allow a better 
interpretation of differences observed in the studies. However, 
the generalizability of the results of our systematic review and 
meta-analysis still needs to be interpreted with caution because 
only data from patients in North America, Europe, and Asia were 

available and included in the meta-analysis. Upon visual inspec-
tion, VTE rates across continents and countries seem to be mainly 
related to between-study heterogeneity with respect to study 
design, clinical setting, and local clinical practice with regard to 
thromboprophylaxis (Figure S4).

Given the high mortality, especially in ICU patients with COVID-
19, competing risk of death might lead to an underdiagnosis of VTE. 
Further, the concern of restricting the use of imaging to avoid dis-
ease exposure to health care workers might further lead to false low 
rates of VTE in patients with COVID-19. These uncontrollable fac-
tors in a study-level analysis should be considered upon interpreting 
and generalizing our findings. Also, the practice of avoiding imaging 
due to concerns about health care worker exposure should be crit-
ically reviewed given the risk of underdiagnosis and consequently 
undertreatment of patients.

Furthermore, exploratory analysis of d-dimer levels between 
patients who developed VTE and those who did not is limited by 
the lack of patient-level data and the inability to adjust for be-
tween-assay variability. Therefore, this exploration should be in-
terpreted with appropriate caution and regarded as hypothesis 
generating.

Finally, there is some evidence that nonhospitalized patients 
with COVID-19 are at increased risk of developing VTE as well. 105 
Because of the unavailability of sufficient data within our meta-anal-
ysis, we were unable to provide prevalence estimates for this popu-
lation of patients, and our findings are therefore not representative 
for the outpatient setting of COVID-19.

In summary, we found a high prevalence of VTE in patients with 
COVID-19 in hospitalized non-ICU patients, and especially high VTE 
rates in those being critically ill and requiring intensive medical care. 
There is a clinical need for further research to better understand 
the risk and prevent VTE in patients with COVID-19. These find-
ings support the broad use of thromboprophylaxis, specifically in 
ICU patients. Future randomized clinical trials are needed to assess 
whether patients with COVID-19 may benefit from an intensified 
anticoagulation approach compared to standard thromboprophy-
laxis or whether a biomarker-based personalized thromboprophy-
laxis regimen reduces the high prevalence of VTE in patients with 
COVID-19.
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