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e-Table 1. MOOSE checklist for meta-analyses of observational studies (50) 

Item 

No 
Recommendation 

Reported 
on Page 

No 

Reporting of background should include 

1 Problem definition 6, 7 

2 Hypothesis statement - 

3 Description of study outcome(s) 6, 7 

4 Type of exposure or intervention used 6, 7 

5 Type of study designs used 6, 7 

6 Study population 6, 7 

Reporting of search strategy should include 

7 Qualifications of searchers (eg, librarians and investigators) 7 

8 Search strategy, including time period included in the synthesis and key words 7 

9 Effort to include all available studies, including contact with authors 7 

10 Databases and registries searched 7 

11 
Search software used, name and version, including special features used (eg, 

explosion) 
- 

12 Use of hand searching (eg, reference lists of obtained articles) 7 

13 List of citations located and those excluded, including justification 
9 

Fig 1 

14 Method of addressing articles published in languages other than English - 

15 Method of handling abstracts and unpublished studies 7 

16 Description of any contact with authors 7 

Reporting of methods should include 

17 
Description of relevance or appropriateness of studies assembled for assessing 

the hypothesis to be tested 
7, 8 

18 
Rationale for the selection and coding of data (eg, sound clinical principles or 

convenience) 
7, 8 

19 
Documentation of how data were classified and coded (eg, multiple raters, 

blinding and interrater reliability) 
7, 8 

20 
Assessment of confounding (eg, comparability of cases and controls in studies 
where appropriate) 

- 

21 
Assessment of study quality, including blinding of quality assessors, stratification 

or regression on possible predictors of study results 
8 

22 Assessment of heterogeneity 8 

23 

Description of statistical methods (eg, complete description of fixed or random 

effects models, justification of whether the chosen models account for predictors 
of study results, dose-response models, or cumulative meta-analysis) in 

sufficient detail to be replicated 

8, 9 

24 Provision of appropriate tables and graphics 
Tables 1-2, 

Figs 1-3 
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Reporting of results should include 

25 Graphic summarizing individual study estimates and overall estimate 

Figs 2, 3 

Appendixes 

7, 9 

26 Table giving descriptive information for each study included 
Table 2 

Appendix 4 

27 Results of sensitivity testing (eg, subgroup analysis) 

11-13 

Appendixes 

7-9 

28 Indication of statistical uncertainty of findings 10-13 
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e-Appendix 2. Search strategies 

MEDLINE 

(2019-nCoV OR 2019nCoV OR COVID-19 OR SARS-CoV-2 OR (wuhan AND coronavirus) OR (2019 AND 

novel AND coronavirus)) AND (2019/12[PDAT]:2030[PDAT]) AND ((venous thromboembolism OR 

thromboembolism OR venous embolism OR embolism OR pulmonary embolism OR thrombosis OR 

thrombo* OR venous thrombo* OR vein thrombo*) OR (bleeding OR bleed* OR hemorrhage)) 

 

 

 

Pubmed 

(2019-nCoV OR 2019nCoV OR COVID-19 OR SARS-CoV-2 OR (wuhan AND coronavirus) OR (2019 AND 

novel AND coronavirus)) AND (2019/12[PDAT]:2030[PDAT]) AND ((venous thromboembolism OR 

thromboembolism OR venous embolism OR embolism OR pulmonary embolism OR thrombosis OR 

thrombo* OR venous thrombo* OR vein thrombo*) OR (bleeding OR bleed* OR hemorrhage)) 
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EMBASE 

(2019-nCoV OR 2019nCoV OR COVID-19 OR SARS-CoV-2 OR (wuhan AND coronavirus) OR (2019 AND 

novel AND coronavirus)) AND ((venous thromboembolism OR thromboembolism OR venous embolism OR 

embolism OR pulmonary embolism OR thrombosis OR thrombo* OR venous thrombo* OR vein thrombo*) 

OR (bleeding OR bleed* OR hemorrhage)) 

 

 

 

 

CINAHL 

(2019-nCoV OR 2019nCoV OR COVID-19 OR SARS-CoV-2 OR (wuhan AND coronavirus) OR (2019 AND 

novel AND coronavirus)) AND ((venous thromboembolism OR thromboembolism OR venous embolism OR 

embolism OR pulmonary embolism OR thrombosis OR thrombo* OR venous thrombo* OR vein thrombo*) 

OR (bleeding OR bleed* OR hemorrhage)) 
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Cochrane Library 

(2019-nCoV OR 2019nCoV OR COVID-19 OR SARS-CoV-2 OR (wuhan AND coronavirus) OR (2019 AND 

novel AND coronavirus)) AND (2019/12[PDAT]:2030[PDAT]) AND ((venous thromboembolism OR 

thromboembolism OR venous embolism OR embolism OR pulmonary embolism OR thrombosis OR 

thrombo* OR venous thrombo* OR vein thrombo*) OR (bleeding OR bleed* OR hemorrhage)) 

 

 

 

COVID-19 Open Research Dataset Challenge 

(2019-nCoV OR 2019nCoV OR COVID-19 OR SARS-CoV-2 OR (wuhan AND coronavirus) OR (2019 AND 

novel AND coronavirus)) AND (2019/12[PDAT]:2030[PDAT]) AND ((venous thromboembolism OR 

thromboembolism OR venous embolism OR embolism OR pulmonary embolism OR thrombosis OR 

thrombo* OR venous thrombo* OR vein thrombo*) OR (bleeding OR bleed* OR hemorrhage)) 
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COVID-19 Research Database (WHO) 

(2019-nCoV OR 2019nCoV OR COVID-19 OR SARS-CoV-2 OR (wuhan AND coronavirus) OR (2019 AND 

novel AND coronavirus)) AND (2019/12[PDAT]:2030[PDAT]) AND ((venous thromboembolism OR 

thromboembolism OR venous embolism OR embolism OR pulmonary embolism OR thrombosis OR 

thrombo* OR venous thrombo* OR vein thrombo*) OR (bleeding OR bleed* OR hemorrhage)) 

 

 

 

Epistemonikos (COVID-19 Living Overview of the Evidence platform) 

(2019-nCoV OR 2019nCoV OR COVID-19 OR SARS-CoV-2 OR (wuhan AND coronavirus) OR (2019 AND 

novel AND coronavirus)) AND ((venous thromboembolism OR thromboembolism OR venous embolism OR 

embolism OR pulmonary embolism OR thrombosis OR thrombo* OR venous thrombo* OR vein thrombo*) 

OR (bleeding OR bleed* OR hemorrhage)) 

 

 

 

bioRxiv 

COVID-19 AND (venous thrombo OR pulmonary embolism OR bleed OR hemorrhage) 
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e-Table 2. Detailed characteristics of included studies 

Study Continent n Age, y Cancer, 

% 

History 

of VTE, 

% 

Follow-

up, d 

VTE, 

n 

(%) 

Incidence of 

DVT, % 

(% of 
IDDVT/CAT) 

Incidence 

of PE, % 

(% of 
ISSPE) 

Bleeding, 

n (%) 

Major 

bleeding, 

n (%) 

Al-Samkari et 
al (1) 

North 
America 

400 
Male: 228 

Female:172 

Ward: 
60 (23-

99) 

ICU: 65 
(32-97) 

- - 6-9 19 
(4.8) 

2.3 
(22.2) 

2.5 
(10.0) 

19 (4.8) 9 (2.3) 

Artifoni et al 

(2) 

Europe 71 

Male: 43 
Female: 28 

64 

(46-75) 

6 7 13 16 

(22.5) 

12.7 

(77.8) 

9.9 - - 

Beun et al (3) Europe 75 
Male: - 

Female: - 

61 
(53-68) 

- - - 23 
(30.7) 

4.0 26.7 
(80.0) 

- - 

Bilaloglu et al 
(4) 

North 
America 

3334 
Male: 2014 

Female: 
1320 

64 
(51-75) 

- - - 235 
(7.0) 

3.9 3.2 - - 

Cattaneo et al 

(5) 

Europe 388 

Male: - 
Female: - 

70 

(58-78) 

10.0 0 - 0 (0) 0 - - - 

Chen J et al 

(6) 

Asia 1008 

Male: - 
Female: - 

- - - - 10 

(1.0) 

- 1.0 - - 

Chen S et al 
(7) 

Asia 88 
Male: 54 

Female: 34 

63 
(55-71) 

6 - >7 40 
(45.5) 

45.5 
(80.0) 

- - - 

Criel et al (8) Europe 82 
Male: 48 

Female: 34 

Ward: 
63.6 + 

14.4 
ICU: 

64.5 + 

11.8 

- - - 6 
(7.3) 

7.3 - - - 

Cui et al (9) Asia 81 

Male: 37 

Female: 44 

59.9 + 

14.1 

- - - 20 

(24.7) 

24.7 0 - - 
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Demelo-
Rodriguez et 

al (10) 

Europe 156 
Male: 102 

Female: 54 

68.1 + 
14.5 

10.3 1.3 9 23 
(14.7) 

14.7 
(95.7) 

- - - 

Desborough 
et al (11) 

Europe 66 
Male: 48 

Female: 18 

59 
(49-66) 

7.6 - 9 11 
(16.7) 

9.1 
(100) 

7.6 
(20.0) 

- - 

Dubois-Silva 

et al (12) 

Europe 171 

Male: - 

Female: - 

- - - - 8 

(4.7) 

- 4.7 

(37.5) 

- - 

Fauvel et al 

(13) 

Europe 2878 

Male: - 

Female: - 

- - - - 103 

(3.6) 

- 3.6 - - 

Fraisse et al 

(14) 

Europe 92 

Male: 73 
Female: 19 

61 

(55-70) 

- 5 9 31 

(33.7) 

6.5 27.2 - - 

Grandmaison 

et al (15) 

Europe 58 

Male: - 
Female: - 

- - - - 23 

(39.7) 

32.8 

(21.1) 

6.9 - - 

Grillet et al 
(16) 

Europe 280 
Male: - 

Female: - 

- - - - 23 
(8.2) 

- 8.2 - - 

Hekimian et al 
(17) 

Europe 51 
Male: - 

Female: - 

- - - - 8 
(15.7) 

- 15.7 - - 

Helms et al 
(18) 

Europe 150 
Male: 122 

Female: 28 

63 
(53-71) 

6.0 5.3 7-30 28 
(18.7) 

2.0 16.7 
(12.0) 

4 (2.7) 4 (2.7) 

Hippensteel et 

al (19) 

United 

States 

91 

Male: 53 

Female: 38 

- 3.3 - - 24 

(26.4) 

20.9 

(42.1) 

5.5 - - 

Klok et al (20) Europe 184 

Male: 140 
Female: 44 

64 + 12 2.7 - 7 28 

(15.2) 

1.6 

(66.7) 

13.6 

(28.0) 

- - 

Klok et al (21) Europe 184 

Male: 140 
Female: 44 

64 + 12 2.7 - 14 68 

(37.0) 

1.6 35.3 - - 
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Koleilat et al 
(22) 

United 
States 

3404 
Male: - 

Female: - 

- - - - 18 
(0.5) 

0.5 - - - 

Llitjos et al 
(23) 

Europe 26 
Male: 20 

Female: 6 

68 
(52-75) 

0 4 - 18 
(69.2) 

69.2 - - - 

Lodigiani et al 

(24) 

Europe 388 

Male: 264 

Female: 
124 

66 

(55-75) 

6.4 3.1 18 16 

(4.1) 

1.5 

(16.7) 

2.6 

(10.0) 

- - 

Longchamp et 

al (25) 

Europe 25 

Male: 16 
Female: 9 

 68 + 11 8 0 5-10 14 

(56.0) 

24.0 32.0 - - 

Maatman et al 
(26) 

North 
America 

109 
Male: 62 

Female: 47 

61 + 16 - - 36-55 29 
(26.6) 

23.9 
(3.8) 

2.8 - - 

Mazzaccaro et 
al (27) 

Europe 32 
Male: 23 

Female: 9 

68.6 + 
12 

- - - 21 
(65.6) 

0 65.6 
(34.5) 

- - 

Mei et al (28) Asia 256 

Male: 131 

Female: 
125 

55.5 

(0.5-87) 

1.6 0 28 5 

(2.0) 

1.6 0.4 - - 

Mestre-

Gomez et al 
(29) 

Europe 452 

Male: - 
Female: - 

- - - - 29 

(6.4) 

- 6.4 

(69.0) 

- - 

Middeldorp et 
al (30) 

Europe 198 
Male: 130 

Female: 68 

61 + 14 3.5 5.6 7 39 
(19.7) 

13.1 
(42.3) 

6.6 
(15.4) 

- - 

Minuz et al 
(31) 

Europe 10 
Male: - 

Female: - 

- - - 7 6 
(60.0) 

- 60.0 - - 

Moll et al (32) North 

America 

210 

Male: 101 

Female: 
109 

62.2 + 

16.2 

24.2 4.3 7 9 

(4.3) 

3.3 1.0 - - 
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Nahum et al 
(33) 

Europe 34 
Male: 25 

Female: 9 

62.2 + 
8.6 

3 - 2 22 
(64.7) 

64.7 
(63.6) 

- - - 

Patell et al 
(34) 

North 
America 

399 
Male: 210 

Female: 
189 

- - - 9 22 
(5.5) 

3.8 
(40.0) 

1.8 86 (21.6) 45 (11.3) 

Pesavento et 

al (35) 

Europe 324 

Male: 181 
Female: 

143 

71 (59-

82) 

- - 12-17 - - - 33 (10.2) 16 (4.9) 

Poissy et al 
(36) 

Europe 107 
Male: - 

Female: - 

- - - 6 22 
(20.6) 

- 20.6 - - 

Ren et al (37) Asia 48 

Male: 26 

Female: 22 

70 

(62-80) 

- - - 41 

(85.4) 

85.4 

(90.2) 

- - - 

Rieder et al 

(38) 

Europe 49 

Male: 30 
Female: 19 

60 + 23 22.4 12.2 10 2 

(4.1) 

- 4.1 - - 

Santoliquido 

et al (39) 

Europe 84 

Male: 61 
Female: 23 

67.6 + 

13.5 

16.7 3.6 24 10 

(11.9) 

11.9 

(80.0) 

- - - 

Stoneham et 

al (40) 

Europe 274 

Male: - 
Female: - 

- - - - 21 

(7.7) 

1.8 5.8 - - 

Tavazzi et al 
(41) 

Europe 54 
Male: - 

Female: - 

- - - - 10 
(18.5) 

14.8 
(75.0) 

3.7 
(100) 

- - 

Thomas et al 
(42) 

Europe 63 
Male: 44 

Female: 19 

- 2 2 8 6 
(9.5) 

1.6 
(100) 

7.9 
(20.0) 

- - 

Trimaille et al 

(43) 

Europe 289 

Male: 171 

Female: 
118 

62.2 + 

17 

- - 12 49 

(17.0) 

4.2 14.5* - - 
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Voicu et al 
(44) 

Europe 56 
Male: 42 

Female: 14 

- - 0 14 20 
(35.7) 

35.7 
(45.0) 

- - - 

Whyte et al 
(45) 

Europe 1477 
Male: - 

Female: - 

- - - - 80 
(5.4) 

- 5.4 - - 

Wright et al 

(46) 

North 

America 

44 

Male: 28 

Female: 16 

54 

(42-59) 

- - - 11 

(25.0) 

- - - - 

Xu et al (47) Asia 138 

Male: 81 

Female: 57 

52.4 + 

16.7 

2.9 - 18 4 

(2.9) 

2.9 0 6 (4.3) 1 (0.7) 

Zerwes et al 

(48) 

Europe 20 

Male: 14 
Female: 6 

63.7 + 

14.3 

- - - 4 

(20.0) 

20.0 - - - 

Zhang et al 

(49) 

Asia 143 

Male: 74 
Female: 69 

63 + 14 4.9 0.7 - 66 

(46.2) 

46.2 - - - 

 
 

*Five patients had pulmonary embolism and concomitant deep vein thrombosis. 

 

Abbreviations: ICU, intensive care unit; NA, VTE, venous thromboembolism; DVT, deep vein thrombosis; PE, pulmonary embolism; IDDVT, 

isolated distal deep vein thrombosis; CAT, catheter-associated thrombosis; ISSPE, isolated subsegmental pulmonary embolism. 
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e-Table 3. Risk of bias assessment (Newcastle-Ottawa for non-randomized studies) 

Study Selection Comparability Outcome Total score 

Al-Samkari et al (1) 3 2 3 8 

Artifoni et al (2) 4 2 3 9 

Beun et al (3) 3 1 2 6 

Bilaloglu et al (4) 3 2 2 7 

Cattaneo et al (5) 4 2 2 8 

Chen J et al (6) 3 2 2 7 

Chen S et al (7) 3 2 3 8 

Criel et al (8) 3 1 3 7 

Cui et al (9) 3 1 2 6 

Demelo-Rodriguez et al (10) 3 2 3 8 

Desborough et al (11) 3 2 3 8 

Dubois-Silva et al (12) 4 2 3 9 

Fauvel et al (13) 4 2 2 8 

Fraisse et al (14) 3 2 3 8 

Grandmaison et al (15) 3 2 3 8 

Grillet et al (16) 3 1 2 6 

Hekimian et al (17) 3 0 2 5 

Helms et al (18) 4 2 3 9 

Hippensteel et al (19) 3 2 2 7 

Klok et al (20) 3 1 3 7 

Klok et al (21) 3 1 3 7 

Koleilat et al (22) 3 2 2 7 

Llitjos et al (23) 4 2 2 8 

Lodigiani et al (24) 4 2 3 9 

Longchamp et al (25) 4 2 3 9 

Maatman et al (26) 4 2 3 9 

Mazzaccaro et al (27) 4 1 2 7 

Mei et al (28) 4 2 3 9 
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Mestre-Gomez et al (29) 3 0 2 5 

Middeldorp et al (30) 4 2 3 9 

Minuz et al (31) 3 1 3 7 

Moll et al (32) 3 2 3 8 

Nahum et al (33) 4 2 2 8 

Patell et al (34) 4 2 3 9 

Pesavento et al (35) 4 2 3 9 

Poissy et al (36) 3 0 3 6 

Ren et al (37) 3 1 3 7 

Rieder et al (38) 3 2 3 8 

Santoliquido et al (39) 4 2 3 9 

Stoneham et al (40) 3 0 2 5 

Tavazzi et al (41) 3 0 2 5 

Thomas et al (42) 3 2 3 8 

Trimaille et al (43) 4 1 3 8 

Voicu et al (44) 4 1 3 8 

Whyte et al (45) 3 2 2 7 

Wright et al (46) 2 0 2 4 

Xu et al (47) 3 2 3 8 

Zerwes et al (48) 3 1 2 6 

Zhang et al (49) 3 2 3 8 
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e-Figure 1. Funnel plots 

a) VTE 

 

b) Bleeding 
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e-Figure 2. Forest plots for additional analyses 

a) VTE: type 

DVT 
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PE 
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b) VTE: Setting 

Ward 

 

*Shortest assessment period. 
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ICU 

 

*Shortest assessment period. 
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c) VTE: Type of assessment 

Screening 

 

*Shortest assessment period. 
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Clinical diagnosis 

 

*Shortest assessment period. 
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d) VTE: Intensity of pharmacological thromboprophylaxis 

No prophylaxis 

 

Standard dose prophylaxis 

 

*Shortest assessment period. 
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Intermediate dose or full anticoagulation 

 

*Shortest assessment period. 

 

e) VTE: Geographical area 

North America 
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Europe 

 

*Shortest assessment period. 
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Rest of World 

 

 

f) VTE: Design 

Prospective 

 

*Shortest assessment period. 
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Retrospective 

 

*Shortest assessment period. 
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g) VTE: After exclusion catheter-related thrombosis/isolated distal DVT and 

isolated subsegmental PE 

DVT without catheter-related thrombosis/isolated distal DVT 
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PE without isolated subsegmental episodes 
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h) Bleeding: Major bleeding events 

 

 

i) Bleeding: Setting 

Ward 

 

 

ICU 
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j) Bleeding: Design 

Prospective 

Only one study. 

 

Retrospective 

 

 

j) Bleeding: Intensity of pharmacological thromboprophylaxis 

No prophylaxis 

Only one study. 

 

Standard dose prophylaxis 

 

 

Intermediate dose prophylaxis or full (therapeutic) anticoagulation 
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e-Table 4. Subgroup meta-analyses according to the geographical area 

a) VTE 

Geographical 

area 

VTE DVT PE Ward ICU Screening Clinical 

diagnosis 

Prospective 

studies 

Retrospective 

studies 

North America 9.5 (4.4-16.2) 5.8 (2.8-10.0) 2.4 (1.6-3.4) 4.8 (2.5-7.8) 16.9 (10.9-23.7) - 9.5 (4.4-16.2) - 9.5 (4.4-16.2) 

Europe 17.9 (13.6-22.7) 10.8 (6.2-16.3) 10.8 (8.0-14.0) 8.7 (5.3-12.8) 27.4 (20.7-34.7) 28.0 (16.6-41.0) 11.3 (8.1-14.9) 25.5 (16.0-36.3) 14.5 (10.2-19.4) 

Rest Of World 23.7 (6.2-47.9) 30.0 (7.8-59.0) 0.8 (0.4-1.3) 0.8 (0.0-4.5) 45.5 (26.6-65.1) 51.3 (30.3-72.0) 4.5 (0.6-11.7) - 10.8 (1.8-25.8) 

 

 

b) Bleeding 

Geographical 

area 

Bleeding Major bleeding Ward ICU Prospective 

studies 

Retrospective 

studies 

No 

prophylaxis 

Standard-

dose 

prophylaxis 

Intermediate-dose 

prophylaxis or 

therapeutic 

anticoagulation 

North America 12.0 (0.9-32.7) 6.1 (0.4-17.8) 3.1 (1.4-6.1) 7.6 (3.9-13.3) - 12.0 (0.9-32.7) - 4.8 (2.9-7.3) 21.6 (17.6-25.9) 

Europe 6.3 (1.0-15.4) 4.3 (2.5-6.6) 10.2 (7.1-14.0) 2.7 (0.7-6.7) 2.7 (0.7-6.7) 10.2 (7.1-14.0) - 4.7 (1.9-8.7) 21.4 (13.2-31.7) 

Rest Of World 4.4 (1.6-9.2) 0.7 (0.0-4.0) 4.1 (1.3-9.2) 6.7 (0.2-32.0) - 4.4 (1.6-9.2) 4.4 (1.6-9.2) - - 
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e-Figure 3. Sensitivity analyses 

a) Outcomes from the longest available follow-up points in studies reporting outcomes at 

multiple time points 
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b) VTE: inverse variance fixed-effects models. 

 

*Shortest assessment period. 
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c) Bleeding: inverse variance fixed-effects models. 
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