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A B S T R A C T

Venous thromboembolism is prevalent in hospitalized COVID-19 patients. Through systematic review and meta-
analysis, we have investigated the differences in clinical characteristics and outcome of hospitalized COVID-19
patients with (þ) and without (�) venous thromboembolism (VTE). 45 studies with a total of 8859 patients
were included in the qualitative synthesis. Subsequently, 38 studies with a total of 7847 patients, were quanti-
tatively analyzed. There was no mortality difference between the VTE (�) and VTE (þ) hospitalized COVID-19
patients (RR1.32 (0.97, 1.79); 0.07; I2 64%, p < 0.001). Patients with VTE (þ) were more likely to get
admitted to the intensive care unit (RR1.77 (1.26, 2.50); p < 0.001; I2 63%, p ¼ 0.03) and mechanically ventilated
(RR 2.35 (1.22, 4.53); p ¼ 0.01; I2 88%, p < 0.001). Moreover, male gender (RR 1.19 (1.14,1.24), p < 0.001; I2
0%, p ¼ 0.68), increased the risk of VTE. Regarding patients lab values’, VTE (þ) was significantly associated with
higher white blood cell, neutrophil count, D-Dimer, alanine aminotransferase (ALT), lactate dehydrogenase
(LDH), and C-reactive protein (CRP), along with prolonged prothrombin time. On the contrary, VTE (þ) was
associated with lower albumin and neutrophil-lymphocyte ratio (NLR). This findings provide the initial frame-
work for risk stratification of hospitalized COVID-19 patients with VTE.
1. Introduction

Coronavirus disease of 2019 (COVID-19) is a highly contagious res-
piratory disease caused by Severe Acute Respiratory Syndrome Corona-
virus type 2 (SARS-CoV-2) resulting in a global pandemic status. At the
time of this writing, it has already claimed more than 1.6 million lives
and infected approximately 70 million people throughout the world [1].
Although many aspects of this multifaceted disease have been unraveled,
much more are being explored. Notably, the coagulopathy associated
with COVID-19, in which evidence is still emerging, has raised concerns
as one of the most serious events during hospitalization with this disease
[2–5].

A previous study has shown that D-dimer, a primary marker of coa-
gulopathy, was associated with higher mortality [5]. Furthermore, lung
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Data from previous reports have shown a higher incidence of venous
thromboembolism (VTE) in patients hospitalized with COVID-19
compared to with other diseases (10), despite prophylaxis anti-
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Fig. 1. Study profile [15].
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on this subject allows for a comprehensive analysis to reach a conclusion
on this important issue.

This study aimed to systematically evaluate the impact of VTE on
mortality in patients with COVID-19. Authors also scrutinized any clinical
characteristics which potentially lead to developing VTE in this population
during hospitalization. Thus, more attention can be given to these patients
to reduce morbidity and mortality during hospitalization. To the best of
our knowledge, this is the first systematic review and meta-analysis that
compare hospitalized COVID-19 patients with and without VTE.

2. Methods

2.1. Search strategy

The predefined protocol was used for this review and in line with
Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA). We systematically searched and identified studies published
between January 1, 2020 and November 23, 2020, through electronic
searches using PubMed, Europe PMC, Proquest, Embase, and WHO
Database. Medical Subject Headings (MeSH) and free words were used to
construct the search terms related to VTE (venous thromboembolism OR
deep vein thrombosis OR pulmonary embolism), coronavirus disease of
2

2019 (COVID-19 OR SARS-CoV-2 OR 2019-nCoV). Eligible articles for
further review were identified by screening of titles and abstracts, fol-
lowed by a full-text review. In the case of multiple publications, the most
recent and complete reports were included. Authors finalized the sys-
tematic literature review search on November 23, 2020. This study
adhered to the PRISMA guideline.

2.2. Selection criteria

Articles eligibility was assessed by two independent investigators (JH
and ICSP). Discrepancies were resolved by consensus with a third
investigator (AC). The inclusion criteria of the article in this study
included all research studies involving hospitalized patients with COVID-
19 suffering VTE (DVT group and PE group only, non-specified VTE
group, and specified VTE group), which dichotomized them into two
groups, ie, COVID-19 patients with and without VTE. We excluded
commentaries, non-research letter, reviews, and case reports/case series.

2.3. Data extraction

A standardized form was used to collect the information that consists
of qualitative aspects of identified studies (the first author and



Table 2
Meta-analysis of the mortality in patients with VTE.

Variable Risk Ratio (95%CI); p-
value

Heterogeneity (I2; p-
value)

Number of
Studies

Mortality 1.32 (0.97, 1.79); 0.07 64%; <0.001 22

a. CI; confidence interval, SA; sensitivity analysis by leave-one-out method.
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publication year, geographic locations, and study design), basic profiles
of the patients, VTE phenotypes, and any related comorbidities. Two
authors performed data extraction independently (JH and ICSP). The
primary outcome was all-cause mortality. The secondary outcome was
intensive care unit (ICU) admission and mechanical ventilation support.
In addition, we also extracted data regarding clinical characteristics
(patient characteristics, comorbidities, prophylactic anticoagulation
status (received/not), and laboratory findings). Data that was reported
other than mean � SD was transformed accordingly using a calculator
(http://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html),
derived from Wan et al. and Luo et al. studies [12,13]. The risk of bias of
the included studies was assessed using the Joanna Briggs Institute (JBI)
clinical appraisal tool for prevalence studies by two independent authors
and discrepancies were resolved via discussion [14].
Fig. 2. Venous thromboembolism (VTE) and mortality. The meta-anaylsis did not sho
was performed and did not yield any significant association in these subgroups. DVT:
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2.4. Statistical analysis

Review Manager 5.4 (https://training.cochrane.org/online-learnin
g/core-software-cochrane-reviews/revman) was used for the meta-
analysis. To characterise the association between VTE and dichotomous
variables, we calculated the pooled estimates and its 95% confidence
interval in the form of risk ratios (RRs) using the Mantel-Haenzel for-
mula. Whereas, to characterise the association between VTE and
continuous variables, we calculated the pooled estimates in the form of a
mean difference (MD) and its standard deviation. To account for inter-
study variability regardless of the heterogeneity, a random-effects model
was assigned. We used two-tailed p values with a significance set at ⩽
0.05. To assess heterogeneity across studies, we used the inconsistency
index (I2) with a value above 50% or p < 0.05 indicates significant
heterogeneity, whereas I 2 <25% is considered low heterogeneity. A
sensitivity analysis using the leave-one-out method was set to achieve
statistical robustness and detect the source of heterogeneity. Finally, an
inverted funnel-plot analysis was used to qualitatively detect any publi-
cation bias.
w significant association between VTE and mortality. Further subgroup analysis
deep vein thrombosis, PE: pulmonary embolism, VTE; venous thromboembolism.

http://www.math.hkbu.edu.hk/%7Etongt/papers/median2mean.html
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Table 3
Meta-analysis of the secondary outcomes in patients with VTE.

Variable Risk Ratio (95%
CI); p-value

Heterogeneity (I2; p-
value)

Number of
Studies

ICU Admission 1.77 (1.26, 2.50);
<0.001

63%; 0.03 5

ICU Admission SA 2.15 (1.70, 2.71);
<0.001

0%; 0.56 4

Mechanical
Ventilation

2.35 (1.22, 4.53);
0.01

88%; <0.001 4

Mechanical
Ventilation SA

3.27 (2.46, 4.35);
<0.001

0%; 0.65 3
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3. Results

3.1. Study selection and characteristics

Figure one shows the study profile. Forty-five studies with a total of
8859 patients (3,10,16–58) were included in the qualitative synthesis.
(supplementary file) Subsequently, based on a risk of bias analysis, eight
studies were excluded (26, 28, 32,40, 42, 43,47,49) and only 38 studies
(N ¼ 7847 patients) were included in the quantitative synthesis. (Fig. 1,
Table 1). Seven studies were excluded in the quantitative synthesis,
correspond to the result of the risk of bias analysis. All of the extracted
variables and risk of bias analysis are in the supplementary file (Table S1
– 3).
3.2. Venous thromboembolism and mortality

The meta-analysis with a pooled subject of 4509 patients showed that
complication of VTE in patients with COVID-19 was not associated with
an increased in-hospital mortality (RR1.32 (0.97, 1.79); 0.07; I2 64%, p
< 0.001). Moreover, introducing subgroups consist of DVT, PE, and VTE
into the analysis did not alter the significance (Table 2, Fig. 2).
3.3. Venous thromboembolism and ICU admission

The meta-analysis with a pooled subjects of 1820 patients showed
that VTE increased the risk of ICU admission significantly. (RR1.77 (1.26,
2.50); p < 0.001; I2 63%, p ¼ 0.03). Nonetheless, the heterogenity was
considerably high. Upon a sensitivity analysis by excluding the Chang
et al. study, heterogeneity was reduced to zero without altering the sig-
nificance (RR 2.15 (1.70, 2.71); p < 0.001; I2 0%, p ¼ 0.56) (Table 3,
Fig. 3). This heterogeneity can be explained that, except for the Jeune
et al. study, other studies were involving PE (Benito and Fauvel et al.) and
VTE patients. Upon further inspection, the majority of VTE events in the
Trimaille et al. study consist of PE patients. Therefore, it is unsurprising
because patients with pulmonary embolism, undoubtedly mandate more
intensive monitoring and a higher level of care. Furthermore, due to
limited number of studies included, we did not perform a subgroup
analysis for this association.
Fig. 3. Venous thromboembolism (VTE) and ICU admission. The meta-analysis show
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3.4. Venous thromboembolsim and mechanical ventilation

The meta-analysis with pooled subjects of 3055 patients showed that
patients with VTE were more likely to get mechanically ventilated. (RR
2.35 (1.22, 4.53); p ¼ 0.01; I2 88%, p < 0.001). Nonetheless, high het-
erogeneity was noted, and upon a sensitivity analysis by excluding the
Chang et al. study, heterogeneity was reduced to zero without altering
the significance (RR 3.27 (2.46, 4.35); p < 0.001; I2 0%, p ¼ 0.65)
(Table 3, Fig. 4). This heterogeneity can be largely explained that other
studies included were PE patients, which in part, might reflect a more
severe COVID-19 disease. Moreover, due to limited number of studies
included, we did not perform a subgroup analysis for this association.
3.5. Clinical characteristics associated with VTE

There were 51 variables that provided information on patient char-
acteristics, pre-existing comorbidities, other risk factors of VTE, and
laboratory findings have been analyzed (Tables 3 and 4). There were only
thirteen variables associated with VTE, of which eight of them included
less than ten studies (see Table 5).

The meta-analysis showed that the incidence of VTE in COVID-19
patients was more common in men (RR 1.19 (1.14, 1.24), p < 0.001;
I2 0%, p¼ 0.68). Moreover, the incidence of VTE was not associated with
an older age. Nevertheless, the heterogeneity was considerably high (MD
0.02 (�1.57, 1.61), p ¼ 0.98; I2 64%, p < 0.001). A further inspection of
this variable by introducing subgroups showed that older age was not
associated with either DVT, PE, or VTE.

Regarding hematology profiles, higher white blood cell (WBC) was
associated with VTE (MD 1.60 (1.02, 2.18); p < 0.001; I2 57%, p <

0.001). This association was still significant, even after introducing
subgroups consist of DVT, PE, and VTE. Likewise, higher D-Dimer levels
also showed a significant association with VTE (MD 3.85 (2.62, 5.08); p
< 0.001; I2 95%, p < 0.001), which persisted at a subgroup level.
Interestingly, a prolonged prothrombin time, a marker of the extrinsic
pathway of a coagulation system, was also associated with VTE in general
(MD 0.67 (0.20, 1.14); p ¼ 0.005; I2 74%, p < 0.001). Nonetheless, upon
further analysis by introducing a subgroup, the significance was main-
tained only for DVT, but not VTE.

Regarding liver enzyme, the meta-analysis revealed a significant as-
sociation between a higher alanine aminotransferase (ALT) level and VTE
(MD 7.68 (4.42,10.93); p < 0.001; I2 0%, p ¼ 0.51). Moreover, a poor
liver function, reflected by a lower albumin level was also associated with
VTE (MD -2.82 (�4.82, �0.81); p ¼ 0.006; I2 73%, p ¼ 0.002). A higher
level of C-reactive protein (CRP), an acute-phase reactant produced by
the liver and a marker of inflammation was associated with VTE (MD
7.02 (0.10, 13.94); p¼ 0.05; I2 99%, p< 0.001). Upon subgroup analysis,
the significance only persisted for the PE subgroup. Additionally, higher
lactate dehydrogenase (LDH) was also associated with VTE (MD 53.07
(4.64, 101.50); p ¼ 0.05; I2 81%, p < 0.001). Subsequent subgroup
analysis revealed that the significance was only for the VTE group and
not DVT nor PE.

Other parameters, including arterial carbon dioxide partial pressure
ed that VTE incidence was significantly associated with admission to the ICU.



Table 1
Characteristics of included studies.

Author
Country Study Design Sample

Size
(Total ¼
12,132)

VTE/
PE/
DVT
(%)
Total ¼
2029

Age
(mean
� SD)
years

Male
(%)

BMI
(mean �
SD) kg/
m2

HTN
(%)

DM (%) Obesity
(%)

CVD
(%)

Smokers
(%)

Mortality
(%)

LoS
(mean
� SD)
days

ICU
admission

Mechanical
Ventilation

Torres A [17] Mexico cohort 30 DVT; 9
(30)

60.3 �
35 vs
55.6 �
32.6

8 (89)
vs
15 (71)

32.4 � 17
vs
29.4 �
15.7

5 (56)
vs
6 (29)

2 (22) vs
11 (52)

6 (66) vs
6 (29)

1 (11)
vs
4 (20)

NA 3 (33) vs
3 (14)

7.5 � 14
vs
12.3 �
20.7

NA NA

Santoliquido
A [18]

Italy cohort study 84 DVT;
10 (12)

72.0 �
11.3 vs
67.0 �
13.8

7 (70)
vs
54 (73)

NA 6 (60)
vs
39
(52.7)

1 (10) vs
17 (22.9)

2 (20.0)
vs
13
(17.5)

0 (0.0)
vs
11
(14.8)

NA NA 6.2 �
2.3 vs
5.7 �
2.2

NA NA

Ierardi A M
[19]

Italy prospective
cohort

234 DVT;
25 (11)

65 �
10.28 vs
61.22 �
14.57

NA 27.23 �
5.24 vs
29.59 �
5.05

NA NA NA NA NA NA NA NA NA

Mouhat B
[20]

French retrospective
cohort

162 PE; 44
(27)

66.52 �
11.41 vs
65.22 �
13.58

36
(81.6)
vs
73
(61.9)

NA 21
(47.7)
vs
59 (50)

8 (18.2) vs
25 (21.2)

14
(31.8)
vs
28
(23.7)

8 (18.2)
vs
26 (22.)

3 (6.8) vs
9 (7.6)

NA NA NA NA

Pellens B [21] Belgium cross-sectional 12 DVT; 8
(67)

62.4 �
5.6 vs
65.5 �
14.7

7
(87.5)
vs
2
(50.0)

NA 3
(37.5)
vs
2 (50)

NA 3 (37.5)
vs
1 (25)

0 (0) vs
2 (50)

NA NA NA NA NA

Ren B [22] China cross sectional 48 DVT;
36 (75)

71.3 �
13.13 vs
67 �
12.6

21
(58.3)
vs
2
(28.6)

NA 13
(36.1)
vs
3
(42.9)

10 (27.8) vs
2 (28.6)

8 (22.2)
vs
1 (14.3)

NA 10 (27.8)
vs
2 (28.6)

NA NA 22 (61.1)
vs
4 (57.1)

Fang C [23] London retrospective
cohort

93 PE; 41
(44)

62.35 �
10 vs
58.8 �
13.7

28 (68)
vs
32
(5,61)

NA 20 (49)
vs
24 (46)

14 (34) vs
24 (46)

13 (32)
vs
18 (35)

2 (5) vs
7 (13)

5 (12) vs
8 (15)

6 (14.6)
vs
5 (9.6)

NA 13 (31.7)
vs
7 (13.5)

NA

Fauvel C [24] France retrospective
cohort

1240 PE; 103
(8)

63 � 16
vs
64 � 17

73
(70.9)
vs
648
(57.0)

27.3 �
5.6 vs
28.2 �
6.3

44
(42.7)
vs
515
(45.7)

19 (18.4) vs
249 (22.0)

9 (8.7)
vs
124
(10.9)

9 (8.9) vs
172
(15.4)

9 (8.7) vs
1
142
(12.5)

NA 32 (31.1)c

vs.
153 (13.5)

25 (24.3)d

vs.
83 (7.3)

Contou D [25] France retrospective
cohort

26 PE; 16
(62)

62.28 �
24.4 vs
60.4 �
23.2

14 (89)
vs
8 (80)

30.4 �
19.5 vs
32.4 �
15.5

9/16
(56) vs
6/10
(60)

6 (38) vs
4 (40)

7 (44) vs
3 (30)

1 (6) vs
1 (10)

NA 11 (69) vs
2 (20)

NA NA NA

Kampouri E
[26]

Swiss retrospective
cohort

429 VTE; 27
(6)

62.9 �
8.2 vs
68.6 �
19.3

22
(81.5)
vs
224
(55.7)

NA NA 6 (22.2) vs
99 (24.6)

8 (29.6)
vs
96
(23.9)

2 (7.4)
vs
36 (9.0)

NA 2 (7.4) vs
57 (14.2)

22.5 �
9.3 vs
8.6 � 6

18 (66.7)
vs
76 (18.9)

18 (66.7)
vs
55 (13.7)

Bompard F
[27]

France retrospective
cohort

135 PE; 32
(24)

68.6 �
14 vs
63.35 �
17.3

26 (81)
va
68 (66)

NA NA NA NA NA NA 4 (13) vs
12 (12)

7 � 6.2
vs
5.7 � 3

12 (38) vs
12 (12)

10 (31) vs
8 (8)

(continued on next page)
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Table 1 (continued )

Author
Country Study Design Sample

Size
(Total ¼
12,132)

VTE/
PE/
DVT
(%)
Total ¼
2029

Age
(mean
� SD)
years

Male
(%)

BMI
(mean �
SD) kg/
m2

HTN
(%)

DM (%) Obesity
(%)

CVD
(%)

Smokers
(%)

Mortality
(%)

LoS
(mean
� SD)
days

ICU
admission

Mechanical
Ventilation

Avruscio G
[28]

Italy observational
cohort

85 VTE; 43
(51)

NA NA NA NA NA NA NA NA 8 (19)vs
0 (0)

NA NA NA

Gibson C J
[29]

USA prospective
cohort

72 DVT;
12 (17)

NA 9 (75)
vs
40 (80)

NA NA NA NA NA NA 1 (8) vs
14 (27)

NA NA NA

Koleilat I [30] USA retrospective
case control

135 DVT;
18 (13)

57.2 �
12 vs
63.3 �
15

11
(61.1)
vs
61
(52.1)

32 � 6.9
vs
28.7 � 6

13
(72.2)
vs
81
(69.2)

6 (33.3) vs
45 (38.5)

NA 1 (5.6)
vs
15
(12.8)

1 (5.6) vs
19 (16.4)

2 (11.1)
vs
18 (16.4)

7.6 �
5.2 vs
8.6 �
5.9

NA 10 (55.6)
vs
41 (35.0)

Chang H [31] USA retrospective
cohort

188 DVT;
58 (31)

62 � 16
vs
65 � 14

44 (76)
vs
78 (60)

30.� 6.9
vs
30.1 �
7.5

33 (57)
vs
80 (62)

16 (29) vs
50 (38)

NA 5 (9) vs
20 (15)

13 (22)
vs
28 (22)

11 (19) vs
31 (23.8)

22 � 14
vs
21 � 15

35 (61) c

vs
63 (49)

28 (48) d vs
57 (44)

Grillet F [32] France retrospective
cohort

100 PE; 23
(23)

67 � 11
vs
66 6 �
13

21 (91)
vs
49 (64)

NA NA 2 6 (26) vs
14 (18)

NA 10 (43)
vs
29 (38)

NA NA 17 (74) vs
22 (29)

15 (65) vs
19 (25)

Chen J [33] China Retrospective
study

35 PE; 10
(29)

64.84 �
12.47 vs
62.85 �
12.58

6 (60)
vs
9 (60)

NA 6 (60)
vs
4 (27)

3 (30) vs
2 (13)

NA 2 (20)
vs
2 (13)

2 (20) vs
4 (27)

2/10 (20)
vs
4/15 (27)

NA NA NA

Hippensteel J
A [34]

USA Retrospective
cohort

91 VTE; 24
(26.3)

55 � 13
vs
57 � 17

14 (58)
vs
39 (58)

32.1 �
8.5 vs
32.5 �
10.4

NA 7 (34) vs
21 (33)

NA 3 (14)
vs
17 (27)

4 (20) vs
12 (22)

2/24 (9)
vs
20/67
(30)

26 � 7
vs
16 � 10

NA 92 (22) vs
82 (55)

Choi J J [35] USA Retrospective
cohort

1739 VTE;
123
(0.7)

68.05 �
12.9 vs
65.66 �
17.88

85
(69.1)
vs
948
(58.7)

NA 73
(59.3)
vs
905
(56)

45 (36.6) vs
490 (30.3)

43 (35)
vs
482
(29.8)

14
(11.4)
vs
269
(16.6)

NA 23 (18.7)
vs
303
(18.8)

20.72 �
20.25 vs
7.75 �
8.16

NA 18 (15) d

vs.
65 (4)

Capaccione K
M [36]

USA Cross sectional 126 PE; 24
(19)

NA 9/24
(38) vs
44/
102
(43)

NA 7 (29)
vs
38 (37)

6 (25) vs
13 (13)

NA NA NA NA NA NA NA

Larsen K [37] French Observational 35 VTE; 7
(20)

58.27 �
16.53 vs
69.36 �
16.40

7 (100)
vs
20/
(71.4)

NA 3
(42.9)
vs
12
(42.9)

1 (14.3) vs
5 (17.9)

1 (14.3)
vs
4 (14.3)

1 (14.3)
vs
8 (28.6)

0 (0) vs
2 (7.1)

NA NA NA NA

Desborough
MJR [38]

UK Retrospective
study

66 VTE; 10
(15.2)

54.1 �
5.48 vs
59.35 �
11.41

8/(80)
vs
40 (71)

29.89 �
6.02 vs
28.06 �
8.37

5 (50)
vs
25 (45)

2 (20) vs
25 (45)

NA 1 (10)
vs
6 (11)

NA NA NA NA 9 (90) vs
43 (77)

Ooi M.W.X
[39].

UK Retrospective
study

84 PE; 32
(38.1)

60.97 �
11.64 vs
59.00 �
19.07

17 (53)
vs
25 (48)

NA NA NA NA NA NA NA NA NA NA

Maatman T K
[40]

US Observational 109 VTE; 31
(28.4)

10 (32) vs
33 (42)

NA 5 (16) vs
28 (36)

NA NA NA

(continued on next page)
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Table 1 (continued )

Author
Country Study Design Sample

Size
(Total ¼
12,132)

VTE/
PE/
DVT
(%)
Total ¼
2029

Age
(mean
� SD)
years

Male
(%)

BMI
(mean �
SD) kg/
m2

HTN
(%)

DM (%) Obesity
(%)

CVD
(%)

Smokers
(%)

Mortality
(%)

LoS
(mean
� SD)
days

ICU
admission

Mechanical
Ventilation

60 � 17
vs
62 � 15

20 (65)
vs
42 (54)

34.7 �
12.7 vs
34.8 �
11.5

17 (55)
vs
57 (73)

3 (10)
vs
14 (18)

8 (25.8)
vs
19 (24.4)

Artifoni M
[41]

France Retrospective
cohort

71 VTE; 16
(22.5)

60.2 �
31.05 vs
62.06 �
20.94

11
(68.7)
vs
32
(58.2)

27.22 �
2.93 vs
28 � 6.17

3 (19)
vs
26 (47)

0 (0) vs
14 (25)

NA NA 0 (0) vs
6 (12)

NA NA NA NA

Benito N [42] Spain Retrospective
cohort

76 PE; 32
(42.1)

NA 20
(62.5)
vs
31
(70.5)

NA 15
(46.9)
vs
19
(43.2)

6 (18c8) vs
<!d-Soft-enter
replaced as
Paramark–>
6 (13.6)

8 (27.6)
vs
13
(32.5)

NA NA 3 (9.4) vs
5 (11.4)

NA 15 (46.9)c

vs
10 (22.7)

14 (43.8)d

vs
8 (18.2)

Poyiadji N
[43]

Detroit, USA Retrospective
cohort

328 PE; 72
(28.1)

59 � 15
vs
62 � 16

49
(68.1)
vs
45
(17.6)

NA 57
(79.2)
vs
61
(23.8)

40 (55.6) vs
38 (14.8)

58
(80.6)
vs
44
(17.1)

4 (5.6)
vs
9 (3.5)

28 (38.9)
vs
40 (15.6)

6 (8.3) vs
10 (3.9)

9.4 �
7.5 vs
9.0 �
8.0

NA NA

Rodriguez P D
[44]

Madrid,
Spain

Prospective
cohort

156 DVT;
23
(14.7)

66.7 �
15.2 vs
68.4 �
14.4

14
(60.9)
vs
88
(66.2)

27.7 �
5.5 vs
26.8 �
3.9

NA NA NA NA NA NA 12 �
11.06 vs
9.7 �
8.24

NA NA

Rali P [45] US Retrospective
study

147 VTE; 25
(17)

NA 15 (60)
vs
57 (46)

NA NA 7 (28) vs
51 (41)

NA 5 (20)
vs
18 (14)

NA 12 (48) vs
27 (22)

NA NA NA

Ameri P [46] Italy Retrospective
observational

689 PE; 52
(7.5)

63.8 �
10.6 vs
67.6 �
13.4

41
(78.8)
vs
437
(68.6)

29.6 �
6.3 vs
27 � 5.2

25
(48.1)
vs
364
(57.6)

13 (25.0) vs
144 (22.8)

NA 6 (11.5)
vs
137
(21.7)

NA 18 (34.6)
vs
147 (23)

NA NA NA

Pizzolo [16] Italy Cross sectional 43 DVT;
12 (28)

75.7 �
31 vs
60.5 �
49

8 (67)
vs
21 (68)

NA 7
(58.3)
vs
16
(51.6)

4 (33.3) vs
2 (6.5)

NA NA NA NA NA NA NA

Dujardin
RWG [47]

Netherlands Retrospective
study

127 VTE; 53
(41.7)

62.7 �
12.2) vs
62.3 �
11.3)

40
(75.5)
vs
58
(78.1)

27.2 (4.8)
vs
27.1 (3.8)

NA NA NA NA NA NA NA NA NA

Middeldorp S
[48]

Netherland Retrospective
study

198 VTE; 39
(19.7)

62 � 10
vs
60 � 15

27 (69)
vs
103
(65)

82
(74,93)
vs
84 (75,
95)

NA NA NA NA NA NA NA NA NA

Chen S [49] China Retrospective
study

88 DVT;
40 (45)

63 �
10.7 vs
64 � 13

25 (63)
vs
29 (60)

NA 12 (30)
vs
19 (40)

6 (15) vs
3 (6)

NA 2 (5) vs
0 (0)

NA 12 (30) vs
8 (17)

25.9 �
9.99 vs
22.7 �
8.4

NA NA

(continued on next page)
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Table 1 (continued )

Author
Country Study Design Sample

Size
(Total ¼
12,132)

VTE/
PE/
DVT
(%)
Total ¼
2029

Age
(mean
� SD)
years

Male
(%)

BMI
(mean �
SD) kg/
m2

HTN
(%)

DM (%) Obesity
(%)

CVD
(%)

Smokers
(%)

Mortality
(%)

LoS
(mean
� SD)
days

ICU
admission

Mechanical
Ventilation

Cui S [50] China Observational
study

81 VTE; 20
(25)

68.4 �
9.1 vs
57.1 �
14.3

NA NA NA NA NA NA NA NA NA NA NA

Soumagne T
[51]

France &
Belgium

Observational
study

375 PE; 55
(15)

61.1 �
9.1 vs
63.9 �
10.3

46 (84)
vs
242
(76)

29.6 �
4.7 vs
29.8 �
5.6

26 (53)
vs
190
(59)

12 (22) vs
87 (27)

NA 8 (15)
vs
28 (9)

NA 16 (29) vs
118 (37)

NA NA NA

Meiler S [52] Canada Retrospective
study

50 VTE; 14
(28)

60.5
(9.7) VS
76.1
(94.5)

10 (30)
vs
23 (70)

NA 5 (25)
vs
15 (75)

4 (40) vs
6 (60)

NA 0 (0) vs
4 (11)

NA NA NA NA NA

Le Jeune S
[53]

France Retrospective
study

42 DVT; 8
(19)

77.7 �
15.2 vs
61.5 �
19.0

4 (50)
vs
19
(55.9)

NA 6 (75)
vs
14
(41.2)

3 (37.5) vs
10 (29.4)

NA 2 (25)
vs
5 (14.7)

1 (12.5)
vs
4 (11.8)

2 (25) vs
0 (0)

NA 0 (0)c vs
3 (8.8)

NA

Taccone F.S.
[54]

Belgium Retrospective
study

40 PE; 13
(32)

57 � 6
vs
63 � 7.9

11 (85)
vs
17 (63)

NA 10 (77)
vs
18 (67)

1 (8) vs
4 (15)

6 (46) vs
10 (37)

NA 2 (15) vs
4 (15)

6 (46) vs
14 (52)

NA NA NA

Trimaille A
[55]

France Retrospective
study

289 VTE; 49
(17)

61.4 �
15.0 vs
62.4 �
17.4

33
(67.3)
vs
138
(57.5)

NA 25
(51.0)
vs
107
(44.6)

11 (22.4) vs
48 (20.0)

21
(45.7)
vs
80
(37.2)

NA 3 (6.1) vs
8 (3.3)

23 (47.9)
vs
67 (27.9)

16.5 �
8.7 vs
11.4 �
7.1

21 (43.8)c

vs
51 (21.3)

NA

Diaz V [56] Spain Retrospective
study

242 PE; 73
(30)

NA NA NA NA NA NA NA NA NA NA NA NA

Longhitano Y
[57]

Italy Observational
study

74 VTE; 21
(28)

66.7 �
16.78 vs
69.40 �
14.54

15
(71.4)
vs
29
(54.7)

NA NA 5 (23.8) vs
11 (20.7)

1 (4.8)
vs
6 (11.3)

8 (38.1)
vs
24
(45.3)

NA 3 (14.3)
vs
9 (16.9)

45.7 �
15.3 vs
29 �
19.5

NA NA

Yu Y [58] China Retrospective
study

142 DVT:
50(35)

NA NA 23.8 �
2.4 vs
23.8 �
2.7

24 (48)
vs
37
(40.2)

7 (14.0) vs
12 (13.0)

NA 6 (12.0)
vs
10
(10.9)

3 (6.0) vs
6 (6.5)

27 (54.0)
vs
6 (6.5)

NA NA NA

Zermatten
[59]

Switzerland retrospective
study

100 VTE; 22
(22)

NA NA NA 9
(40.9)
vs
41
(56.9)

5 (22.7) vs
20 (27.8)

5 (22.7)
vs
20
(27.8)

0 (0.0)
vs
9 (12.5)

NA 6 (26.1)
vs
9 (20.0)

16.1 �
18.2 vs
18.4 �
18.1

19 (86.4)
VS
47 (65.3)

NA

Zhang L [3] China Cross
secctional

143 DVT;
66 (46)

67 � 12
vs
59 � 16

36
(54.5)
vs
38
(49.4)

23.6 �
2.9 vs
23.6 �
3.1

28
(42.4)
vs
28
(36.4)

13 (19.7) vs
13 (16.9)

NA 9 (13.6)
vs
8 (10.4)

NA 23 (34.8)
vs
9 (c1.7)

NA 12 (18.2)
vs
3 (3.9)

NA

a. All vs data represent VTE (þ) vs VTE (�). Regarding studies from the same country, all of them were conducted in different hospitals.
b. VTE: Venous thromboembolism, PE: Pulmonary embolism, DVT: Deep vein thrombosis, SD: Standar deviation, BMI: Body mass index, HTN: Hypertension, DM: Diabetes mellitus, CVD: Cardiovascular disease, LoS: length
of stay, ICU: Intensive care unit.

c Indicates outcome for ICU admission. Otherwise, proportion of patients with and without VTE whom admitted to the ICU.
d Indicates outcome for mechanical ventilation. Otherwise, proportion of patients with and without VTE whom mechanically ventilated.

J.H
enrina

et
al.

Throm
bosis

U
pdate

2
(2021)

100037

8



Fig. 4. Venous thromboembolism (VTE) and mechanical ventilation.

Table 4
Summary of meta-analyses of demographic profiles, comorbidities, and clinical
manifestations associated with incidence of VTE.

Variable Risk Ratio (95%CI)/Mean
Difference (SD)a; p-value

Heterogeneity (I2;
p-value)

Number
of
Studies

Patient Characteristics
Gender, male 1.19 (1.14, 1.24); <0.001 0%; 0.68 34
Age (years) 0.02 (�1.57, 1.61); 0.98 64%; <0.001 33
Comorbidities
DM 0.91 (0.77, 1.07); 0.24 28%; 0.08 29
Arterial
hypertension

0.99 (0.92, 1.07); 0.85 0%; 0.87 24

Obesity 1.10 (0.93, 1.29); 0.26 0%; 0.98 12
Smoking 0.89 (0.60, 1.31); 0.55 0%; 0.66 7
COPD 0.85 (0.58, 1.25); 0.41 0%; 0.60 12
CVD 0.73 (0.49, 1.08); 0.12 0%; 0.77 10
Dyslipidemia 0.83 (0.65, 1.06); 0.14 0%; 0.50 5
CKD 0.78 (0.46, 1.33); 0.37 31%; 0.20 6
Risk factos of VTE
Prior Surgery 0.72 (0.35, 1.46); 0.36 0%; 0.91 3
Active Cancer 1.09 (0.80, 1.49); 0.60 27%; 0.13 20
History of VTE 1.02 (0.51, 2.04); 0.96 0%; 0.47 6

a. Mean differences of COVID19 VTE (þ) – COVID19 VTE (�); positive values
refer to increase, and negative values refer to decrease.
b. CI; confidence interval, SD; standard deviation, DM; diabetes mellitus, COPD;
chronic obstructive pulmonary disease, CVD; cardiovascular disease, CKD;
chronic kidney disease, VTE; venous thromboembolism.
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(PaCO2), the ratio between arterial oxygen partial pressure and fraction
of inspired oxygen (PaO2/FiO2), and urea (Table 4). Nonetheless, these
variables included a limited number of studies, which preclude them for
subgroup analysis. Of interest, comorbidities and risk factors of VTE did
not associate with COVID-19 patients that suffered VTE (Table 3).
Further details of the analyses are available in supplementary file
(Table S4 – 6).
3.6. Publication bias

An inverted funnel plot was utilized to assess the publication biases of
variables with 10 or more studies. All variables, except gender, chronic
obstructive pulmonary disease (COPD), cardiovascular disease (CVD),
hypertension, and obesity showed an asymmetrical shape, which indi-
cated publication biases (supplementary figure S1 – 19).

4. Discussions

Coagulopathy and VTE in COVID-19 are an emerging phenomenon
with devastating consequences and are associated with poor prognosis in
COVID-19 [60,61]. Thus, the International Society of Thrombosis and
Haemostasis (ISTH) has published interim guidelines for managing
COVID-19’s coagulopathy [62]. They recommend that all hospitalized
COVID-19 patients should be prophylactically anticoagulated.

The contributing factors for developing VTE according to Virchow’s
triad consist of venous stasis, activation of coagulation, and vascular
9

dysfunction/injury [63]. Venous stasis is commonly encountered in
immobilized patients during hospitalization, particularly in the majority
patients at ICU. Nonetheless, the incidence of VTE in ICU-admitted
COVID-19 patients was higher compared to those with other diseases
[10,11,50]. The other two factors are culmination of COVID-19 infection.
SARS-CoV-2 can infect different organs through angiotensin-converting
enzyme 2 (ACE-2), a glycoprotein metalloprotease that are ubiqui-
tously found in human organs, particularly the endothelial cells, which
traversed multiple organs and the pneumocytes [64,65]. The ensuing
hypoxia caused by lung injury and ARDS in COVID-19 is a key factor of
vascular fibrin deposition due to the increased early growth response-1
(Egr-1), which triggered tissue factor transcription/translation by
mononuclear phagocytes and smooth muscle cells [66]. Furthermore,
there is a role of bidirectional immunothrombosis, which is heightened
inflammation will shift the balance to the procoagulant state by down-
regulating necessary anticoagulant pathways, while upregulating tissue
factor expression necessary for thrombin generation [67].

In addition, SARS-CoV-2 downregulates ACE-2 after successfully
infected cells, which is a counterregulatory enzyme of Angiotensin II
(AngII) that maintains the renin-angiotensin system (RAS) balance in
check [68]. This condition leads to a prothrombotic milieu. Interaction of
AngII with angiotensin II type 1 receptor (ATR-1) will activate tran-
scription factors, which increased adhesion and accumulation of neu-
trophils and macrophages to endothelial cells, and ultimately these cells
will release proinflammatory cytokines and chemokines [69,70]. All of
these will preserve the vicious cycle of inflammation and coagulopathy.

SARS-CoV-2 is also known to cause direct vascular injury via ACE-2
receptors. Case series of post mortem analysis of decedents due to
COVID-19 confirmed diffuse endothelial inflammation, termed endo-
thelitis, viral elements within endothelial cells, and inflammatory cell
death [71]. Furthermore, morphologic and molecular changes from
autopsied decedents due to COVID-19 ARDS showed severe endothelial
injury with viruses present intracellularly and disrupted cell membranes
[71]. Other hallmark features were thrombosis and microangiopathy, as
well as intussusceptive angiogenesis, which were 9 times and 2.7 times,
respectively, more common compared to patients with influenza [72].

To the best of our knowledge, this is the first systematic review and
meta-analysis that assess the differences in clinical characteristics and
outcome of hospitalized COVID-19 patients with and without VTE. The
meta-analysis has shown that VTE was not associated with an increased
mortality compared to the non-VTE group. As this study analyzed the
pooling mortality risk ratio across all VTE phenomena, bias results were
probably exist indicating a potential disparity of mortality rate between
PE only group and DVT only group. Even the varied prognosis might be
found among subtypes of PE including segmental, lobar, and central PEs
[73]. However, an included study by Zhang et al. showed that COVID-19
patients with DVT had significant risks of developing adverse outcomes
during their hospitalization, including increased proportion of deaths (23
[34.8%] vs 9 [11.7%], P ¼ 0.001) [31]. Thus, it is reasonably justified to
include DVT under the same umbrella term of VTE with PE in regard to
the major risks.

Furthermore, this study reported that patients with VTE had signifi-
cant adverse risks for clinical deterioration indicating to ICU admission



Table 5
Summary of meta-analyses of laboratory findings associated with incidence of
VTE.

Variable Mean difference
(SD)a [VTE (þ) – VTE
(�)]; p-value

Heterogeneity (I2,
p-value)

Number of
Studies

Laboratory Findings
Hemoglobin (g/dL) �0.10 (�0.32, 0.13);

0.87
33%; 0.08 20

Hematocrit (%) �1.00 (�2.29, 0.29);
0.13

0%; 0.88 3

White blood cells
(109/L)

1.60 (1.02, 2.18);
<0.001

57%; <0.001 23

Platelet count (109/L) 5.94 (�8.58, 20.47);
0.42

64%, <0.001 23

Monocyte count 0.07 (�0.25, 0.39);
0.67

9%; 0.001 2

Neutrophil count 1.89 (0.98, 2.81);
<0.001

59%; 0.01 9

Lymphocyte count �0.12 (�0.24, 0.01);
0.07

85%; <0.001 17

NLR 3.54 (1.54, 5.54);
<0.001

56%; 0.08 4

Coagulation profile
D-Dimer (ug/mL) 3.85 (2.62, 5.08);

<0.001
95%; <0.001 26

PT (second) 0.67 (0.20, 1.14);
0.005

74%; <0.001 8

PT% (%) �1.79 (�4.26, 0.67);
0.15

0%; 0.71 5

APTT (second) 1.01 (�0.43, 2.44);
0.17

57%; 0.01 10

APTT Ratio �0.04 (�0.11, 0.03);
0.28

49%; 0.10 5

INR �0.01 (�0.04, 0.02);
0.51

6%; 0.37 5

Liver enzyme, function,
and acute phase
reactants

ALT (U/L) 7.68 (4.42, 10.93);
<0.001

0%; 0.51 9

AST (U/L) 4.99 (�0.21, 10.19);
0.06

59%, 0.006 11

LDH (U/L) 53.07 (4.64, 101.5);
0.03

81%; <0.001 10

Lactate (mmol/L) �0.04 (�0.12, 0.05);
0.39

48%; 0.08 6

Albumin (g/L) �2.82 (�4.82,
�0.81); 0.006

73%; 0.002 6

Bilirubin (mg/dL) 0.14 (�0.11, 0.39);
0.27

63%; 0.07 4

Fibrinogen (mg/dL) �9.51 (�47.15,
28.14); 0.62

23%; 0.26 16

CRP (mg/L) 7.02 (0.10, 13.94);
0.05

99%; <0.001 13

Ferritin (ug/L) 282.06 (�19.48,
583.61); 0.07

80%; <0.001 9

Blood gas
pH 0.00 (�0.02, 0.01);

0.85
0%; 0.71 3

PaO2 �0.78 (-6.45, 4.90);
0.79

33%; 0.19 6

PaCO2 6.50 (1.55, 11.46);
0.01

18%; 0.27 2

PaO2/FiO2 �25.08 (�49.53,
�0.62); 0.04

0%; 0.91 3

SpO2 �4.23 (�9.08, 0.62);
0.09

0%; 0.76 2

Renal function and
electrolytes

SCr 0.01 (�0.08, 0.09);
0.83

56%; 0.005 14

eGFR 0.73 (�3.62, 5.08);
0.74

0%; 0.74 5

Urea 3.30 (2.18, 4.42);
<0.001

0%; 0.95 4

Table 5 (continued )

Variable Mean difference
(SD)a [VTE (þ) – VTE
(�)]; p-value

Heterogeneity (I2,
p-value)

Number of
Studies

Sodium 0.42 (�0.94, 1.78);
0.54

0%; 0.70 2

Potassium 0.06 (�0.11, 0.24);
0.47

0%; 0.58 2

Bicarbonate 2.29 (�1.27; 5.86);
0.21

75%; 0.05 2

Inflammatory markers
Procalcitonin 0.12 (�0.05, 0.30);

0.17
89%; <0.001 4

IL-6 36.51 (�55.07;
128.09); 0.43

98%; <0.001 5

Cardiac markers
BNP 19.42 (�55.23,

94.07); 0.61
41%; 0.18 3

NTproBNP 1271.97 (�534,
3077.94); 0.17

86%; 0.001 3

b. SD; standard deviation NLR; neutrophil-lymphocyte ratio, PT; prothrombin
time, APTT; activated partial thromboplastin time, INR; international normalized
ratio, ALT; alanine aminotransferase, AST; aspartate aminotransferase, LDH;
lactate dehydrogenase, CRP; C Reactive Protein, PaO2; arterial oxygen partial
pressure, PaCO2; arterial carbon dioxide partial pressure, FiO2; fraction of
inspired oxygen, SpO2; oxygen saturation, SCr; Serum Creatinine, eGFR; esti-
mated Glomerular Filtration Rate, IL-6; interleukin – 6, BNP; brain natriuretic
peptide, NTproBNP; N terminal pro brain natriuretic peptide.

a Mean differences of COVID19 VTE (þ) – COVID19 VTE (�); positive values
refer to increase, and negative values refer to decrease.
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and mechanical ventilator support. Interestingly, a study by Wang et al.
showed that hospitalized patients with COVID-19 who fulfilled Padua
Prediction Score of 4 or more, namely as high risk of developing VTE
during hospitalization, also had increased risks of ICU admission and
mechanical ventilation [74]. In addition, Rodriguez et al. reported that
asymptomatic DVT was diagnosed by ultrasound in 23 out of 156
(14.7%) hospitalized patients with COVID-19 in non-ICU wards [75].
Therefore, special attention is needed to screen and risk stratify for VTE
in every hospitalized patients with COVID-19 [60].

It is generally known that worse clinical outcomes of COVID-19
disproportionately affect the older population and male gender. How-
ever, the pathomechanisms remain elusive. In our meta-analysis, the
male gender was associated with increased risk for developing VTE. This
result might explain, in part, the rationale of worse prognosis in hospi-
talized males having this infection. Moreover, males also have a higher
risk of first and recurrent VTE compared to woman counterparts, and it is
hypothesized due to X or Y link mutation or mutation on a gene with a
sex-specific effect [76].

On the contrary, our meta-analysis did not show an association be-
tween older age and VTE. This finding can be explained in part that
patients of older age were at higher risk of achieving other competitive
outcomes, such as in-hospital mortality, and therefore underplayed DVT
and PE’s true incidence in this older population [77–79]. However, it is
important to keep in mind that analysis from a population-based study of
25 years involving 2218 patients indicated that with an increasing age,
there was a marked increase in VTE incidences in both sexes [80].

A previous meta-analysis by Tian et al. found that higher levels of D-
Dimer, CRP, LDH, and ALT were associated with mortality in COVID-19
[81]. The same study also noted that a lower albumin level and higher
WBC counts might predict mortality in hospitalized patients with
COVID-19. These biomarkers serve as an indicator of heightened
inflammation and organ damages. Thus, in the setting of marked
inflammation, the bidirectional role of immunothrombosis plays a crucial
part in VTE’s pathomechanism. In our meta-analysis, higher D-Dimer,
LDH, and CRP levels, along with lower albumin levels were associated
with incidence of VTE during hospitalization with COVID-19. Interest-
ingly, the relationship between hypoalbuminemia and coagulopathy has
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been raised by Violi et al. and further emphasized by Eloisio et al.
Nonetheless, the cause-effect relationship between hypoalbuminemia
and coagulopathy is currently unknown, and should be further explored
with newer studies [82,83]. The association between prolonged pro-
thrombin time (PT) and VTE incidence may be associated with extrahe-
patic vitamin K depletion induced by pneumonia, which is important in
preventing thrombosis [84].

Our findings also showed that higher neutrophil-lymphocyte ratio
(NLR) and neutrophil count was associated with VTE incidence in
COVID-19 patients. Higher NLR was associated with disease severity and
mortality in COVID-19. Both findings were implicated with an increased
neutrophil extracellular traps (NET) level or NETosis [85]. This molec-
ular substance played an integral part in inflammation propagation and
microvascular thrombosis [86,87].

Surprisingly, this study did not yield any association between inci-
dence of VTE and other comorbidities including diabetes, COPD, previ-
ous cardiovascular disease, history of VTE, smoking, and active cancer as
well. Therefore, other explanations are needed to be explored regarding
higher complications and poorer prognosis of COVID-19 in patients with
these comorbidities [68,88]. Furthermore, we did not find any associa-
tion between platelet counts and VTE, supporting findings that coagul-
opathy in COVID-19 is possibly a distinct entity compared to
disseminated intravascular coagulation (DIC), which is generally related
to lower platelet counts [89]. Several reports noted that the thrombosis
phenomena in COVID-19 occurred on an earlier phase, thus they do not
reflect the state of consumptive coagulopathy [7,8,90,91]. Others pro-
posed a staging for this abnormality identified as COVID-19-associated
hemostatic abnormalities (CAHA) [92].

Finally, our qualitative synthesis showed that the types and dosages of
anticoagulation for COVID-19 patients were heterogeneous. Previously,
heparin administration for COVID-19 patients with sepsis-induced coa-
gulopathy of �4 decreased the mortality rate [4]. Nonetheless, inap-
propriate dosing can lead to a higher rate of bleeding [93]. Thus, definite
answers for these types of questions will have to wait for the ongoing
clinical trials [94].

4.1. Limitations

This systematic review and meta-analysis have several limitations.
First, not all of the studies reported the outcomes of interest, including
mortality, ICU admission, and mechanical ventilation. Thus, authors can
only perform a subgroup analysis only for mortality. Second, high het-
erogeneity for the majority of laboratory markers analyzed in this meta-
analysis. Several factors, including temporal difference regarding when
the lab is taken, inter-assay variability, inherent population differences,
and disease severity, largely contributed to this marked heterogeneity.
Third, due to many missing data from included studies, more studies are
needed to confirm meta-analysis findings that consisted of fewer studies.
Thus, authors cannot fully elucidate the representative clinical charac-
teristics associated with VTE in COVID-19 patients. Fourth, authors could
not rule out publication bias for significant variables with less than ten
studies, per the Cochrane handbook [95]. Also, most of the included
studies came from western countries and mainland China, which pre-
clude generalization for other populations. Moreover, we did not preprint
databases in our search strategy, which potentially excluded important
studies. Nonetheless, it is a measure we undertook to prevent the inclu-
sion of fraudulent studies.[96] Finally, the studies included in the anal-
ysis were predominantly retrospective in design.

5. Conclusions

Venous thromboembolism is a common complication encountered in
patients with COVID-19 during hospitalization. The incidence of VTEwas
associated with ICU admission and mechanical ventilation. Additionally,
male gender, higher levels of WBC, neutrophil count, NLR, D-Dimer,
LDH, and CRP, prolonged PT, and lower albumin levels were associated
11
with increased risks for developing VTE in this population. Further re-
searches are needed to investigate the association between in-hospital or
longer-term mortality and each subtype of PE (segmental/lobal/central)
in patients with COVID-19.
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