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Abstract: Coronavirus disease 2019 (COVID-19) is associated with an increased risk of venous and
arterial thrombosis in patients. Numerous studies have been conducted on COVID-19 and its
association with thromboembolism is well known. We conducted a meta-analysis to find out the
incidence of thromboembolism in hospitalised patients with COVID-19 to provide more generalized
results. A systematic literature search was conducted in PubMed and SCOPUS to find observational
studies reporting outcomes of interest. Amongst the studied thromboembolic events, the meta-analysis
showed the prevalence of pulmonary embolism (PP: 12.4% [7.2%, 18.6%]; 12 = 97.23%) to be the
highest. It was followed by deep vein thrombosis (PP: 8.6% [4.2%, 14.3%]; 12 = 97.52%), myocardial
infarction (PP: 2.3% [0.2%, 11.2%]; 12 = 99.3%), and stroke (PP: 1.2% [0.8%, 1.6%]; 12 = 65.09%)).
The results of this analysis further warrant the timely and appropriate use of pharmacological
thromboprophylaxis and identification of risk factors in hospitalized COVID-19 patients.
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1. Introduction

Infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) might put patients
at a risk of venous and arterial thrombosis [1]. A thrombus is a solid mass composed of platelets and
fibrin with a few trapped red and white blood cells that forms within a blood vessel. Its formation is
potentiated by either a hypercoagulable state or obstruction. SARS-CoV-2 uses angiotensin converting
enzyme 2 (ACE2) receptor for entry into endothelial cells and replicates, which causes infiltration of
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inflammatory cells, endothelial cell death, and prothrombotic effects in the microvasculature. This may
lead to systemic hypercoagulability and increased risk for thromboembolic events [2]. There are a
number of studies highlighting the occurrence of thromboembolism in COVID-19 positive patients.
However, these studies have reported varied findings. Therefore, this meta-analysis would help us
analyze the prevalence of thromboembolic events in the hospitalized COVID-19 patients.

2. Methods

PubMed and SCOPUS were searched up till July 21, 2020 using the following keywords and their
MeSH terms: “COVID-19”, “Thromboembolism”, “Pulmonary Embolism”, “Deep Venous
Thrombosis”, “Stroke”, “Myocardial Infarction”. Two reviewers (SSA and AA) independently
conducted the literature search. A third reviewer was consulted to resolve any conflict faced by the
two authors. We included retrospective, cross-sectional, case-control, and cohort studies on COVID-
19 hospitalized patients that reported the incidence of thromboembolic events. Both genders were
included and there was no age limit. We included studies that were published in English only. The
studies that did not report the incidence of thromboembolic events and which were conducted in out
of hospital patients were excluded. Initially, 571 potential studies were identified from the search
strategy. PRISMA flow chart (Figure 1) summarizes our literature search [3]. After exclusions based
on sequential screening of titles, abstracts, and full-texts, 20 studies (Table 1) were included. The
outcomes of interest were presence of pulmonary embolism (PE), deep vein thrombosis (DVT), stroke,
and myocardial infarction (MI). Outcomes were presented as proportions. Arcsine of square root
proportions and corresponding 95% confidence intervals (CI) were pooled using a random effects
model. P value <0.05 was considered significant.

3. Results

The analysis includes 20 studies (Table 1) with a total of 15,452 patients [4—23]. The incidence
of venous thromboembolism was found to be greater than arterial thromboembolism. Amongst the
studied thromboembolic events, the prevalence of pulmonary embolism (PP: 12.4% [7.2%, 18.6%]; 12
= 97.23%) was the highest. It was followed by deep vein thrombosis (PP: 8.6% [4.2%, 14.3%]; 12 =
97.52%), myocardial infarction (PP: 2.3% [0.2%, 11.2%]; 12 = 99.3%), and stroke (PP: 1.2% [0.8%,
1.6%]; 12 =65.09%), (Table 2 and Figure 2, 3, 4, and 5). The Forest plots (Figure 6) show the combined
incidence of arterial thromboembolism including MI and stroke (PP: 2.5% [0.2%, 0.7%]; 12 =98.91%)).
Figure 7 shows Forest plots of venous thromboembolism, including pulmonary embolism and deep
venous thrombosis (PP: 15.8% [10.0%, 22.6%]; 12 = 98.21%)).
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Table 1. Study Characteristics of Included Studies.

Sex (%)
Author Country Study type Outcomes S.ample Age
reported size Male Female
Klok etal. [11] Netherlands Cross-sectional Stroke, DVT, 184 64 76 24
PE
Lodigiani et al. [13] Italy Retrospective Stroke, MI, 388 66 (55-85) 68 32
DVT, PE
Angeli et al. [4] Italy Cross-sectional PE 50 64 72 28
Demelo-Rodriguez et Spain Prospective DVT 156 68.1 +14.5 65.4 34.6
al. [8]
Helms et al. [9] France Prospective Stroke, DVT, 150 63 (53-71) 81.3 18.7
PE
Llitjos et al. [12] France Retrospective DVT, PE 26 68 (51.5-74.5) 77 23
Middledorp et al. Netherlands Retrospective DVT, PE 198 61 65.7 343
[14]
Jain et al. [10] United States  Retrospective Stroke 3218 64 60.7 39.3
Pyoiadji et al. [15] United States  Retrospective PE 328 61.3 45.9 54.1
Bompard et al. [6] France Retrospective PE 135 64 69.6 30.4
Cantador et al. [7] Spain Retrospective Stroke, MI, 1419 69 78.6 21.4
DVT
Zhang et al. [17] China Cross Sectional DVT 143 63 51.7 48.3
Yaghi et al. [16] United States  Retrospective Stroke 3556 62.5 71.9 28.1
Bilaloglu et al. [5] United States  Cross-sectional Stroke, MI, 3334 64 (51-75) 60.4 39.6
DVT
Bietal. [18] China Prospective DVT 420 45 47.6 52.4
Cui et al. [19] China Retrospective DVT 81 59.9 46 54
Grillet et al. [20] France Retrospective PE 100 66+13 70 30
Lietal. [22] USA Retrospective PE 1453 N/R N/R N/R
Léonard-Lorant et al.  France Retrospective PE 106 N/R 56.6 34.4
[21]
Poissy et al. [23] France Cross-sectional DVT, PE 107 N/R N/R N/R
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Table 2. Pooled prevalence in COVID-19 patients.

AIMS Medical Science

Variable Number of patients affected Total number of patients Pooled percentage % Heterogeneity
(95% CI, %)
Stroke 143 12249 1.2 (0.8-1.6) 65.09
MI 305 5141 2.3(0.2-11.2) 99.3
DVT 278 6606 8.6 (4.2-14.3) 97.52
PE 379 6559 12.4 (7.2-18.6) 97.23
Studies Estimate (95% C.I.) Ev/Trt
Kiok et al. 2020 0.136 (0.090, 0.189) 25/184 _—
Lodgiani et al. 2020 0.026 (0.012, 0.044) 10/388 —M—
Angeli et al. 2020 0.040 (0.004, 0.111)  2/50 ——=———
Helms et al. 2020 0.167 (0.112, 0.230) 25/150 _
Llitjos et al. 2020 0.231 (0.092, 0.408)  6/26
Middledorp et al. 2020 0.066 (0.035, 0.104) 13/198
Poyiadji et al. 2020 0.220 (0.176, 0.266) 72/328 S
Bompard et al. 2020 0.237 (0.169, 0.312) 32/135
Bilaloglu et al. 2020 0.032 (0.026, 0.038) 106/3334 [ ]
Grillet et al. 2020 0.230 (0.153, 0.317) 237100
Li et al. 2020 0.008 (0.004, 0.013) 11,1453 [
Léonard-Lorant, et al. 2020 0.302 (0.219, 0.392) 32/106
Poissy etal. 2020 0.206 (0.135, 0.287) 22/107
Overall (1"2=97.23 % , P< 0.001) 0.124 (0.072, 0.186) 379/6559 —_——
I T ‘ T T 1
0 01 021 03 041

Arcsine of Square Root Proportion

Figure 2. Forest plots showing the incidence of pulmonary embolism in COVID-19 patients.

Studies Estimate (95% C.I.) Ev/Trt

Klok et al. 2020 0.005 (0.000, 0.021) 1/184 W

Lodgiani et al. 2020 0.013 (0.004, 0.026) 5/388 -+

Demelo-Rodriguez et al. 2020 0.147 (0.096, 0.207) 23/156 —_—

Helms et al. 2020 0.020 (0.004, 0.048) 3/150 ——

Llitjos et al. 2020 0.538 (0.349, 0.723) 14/26

Middledorp et al. 2020 0.131 (0.088, 0.182) 26/198 ———

Cantador et al. 2020 0.002 (0.000, 0.005) 3/1419 -

Zhang et al 2020 0.462 (0.381, 0.543) 66/143 —_—

Bilaloglu et al. 2020 0.032 (0.026, 0.038) 106/3334 =

Bietal. 2020 0.014 (0.005, 0.028) 6/420 -

Cuietal. 2020 0.247 (0.160, 0.346) 20/81 —_—

Poissy et al. 2020 0.047 (0.015, 0.085) 5/107 —

Overall (1"2=97.52 % , P< 0.001) 0.086 (0.042, 0.143) 278/6606 <>
I : T T T 1
0 0.18 0.36 0.54 072

Arcsine of Square Root Proportion

Figure 3. Forest plots showing the incidence of deep vein thrombosis in COVID-19 patients.

Volume 7, Issue 4, 301-310.



306

Studies Estimate (95% C.I.) Ev/Trt !
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Bilaloglu et al. 2020 0.089 (0.080, 0.099) 298/3334 3 —.
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Figure 4. Forest plots showing the incidence of myocardial infarction in COVID-19 patients.
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Lodgiani et al. 2020 0.023 (0.011, 0.041)  9/388 | ]
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Yaghi et al. 2020 0.009 (0.006, 0.012) 32/3556 ——
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Figure 5. Forest plots showing the incidence of stroke in COVID-19 patients.
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Klok et al. 2020 0.016 (0.003, 0.040) 3/184 ]
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Figure 6. Forest plots showing the incidence of arterial thromboembolism in COVID-19 patients.
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Studies Estimate (95% C.I.) Ev/Trt
Klok et al. 2020 0.141 (0.095, 0.195) 26/184 —
Lodgiani et al. 2020 0.039 (0.022, 0.060) 15/388 -
Angeli et al. 2020 0.040 (0.004, 0.111) 2/50 e —
Demelo-Rodriguez et al. 2020 0.147 (0.096, 0.207) 23/156 ——
Helms et al. 2020 0.187 (0.129, 0.253) 28/150 —
Llitios et al. 2020 0.769 (0.592, 0.908) 20/26
Middledorp et al. 2020 0.197 (0.145, 0.255) 39/198 —
Poyiadiji et al. 2020 0.220 (0.176, 0.266) 72/328 —
Bompard et al. 2020 0.237 (0.169, 0.312) 32/135 —_—
Cantador et al. 2020 0.002 (0.000, 0.005) 3/1419 .
Zhang et al 2020 0.462 (0.381, 0.543) 66/143
Bilaloglu et al. 2020 0.064 (0.056, 0.072) 212/3334 ]
Bietal. 2020 0.014 (0.005, 0.028) 6/420 L
Cui etal. 2020 0.247 (0.160, 0.346) 20/81
Grillet et al. 2020 0.230 (0.153, 0.317) 23/100
Li et al. 2020 0.008 (0.004, 0.013) 1171453 B
Léonard-Lorant, et al. 2020 0.302 (0.219, 0.392) 32/106
Poissy et al. 2020 0.252 (0.175, 0.339) 27/107
Overall (1*2=98.21 % , P< 0.001) 0.158 (0.100, 0.226) 657/8778 <;:>—
r ‘ T T T 1
0 023 045 068 091
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Figure 7. Forest plots showing the incidence of venous thromboembolism in COVID-19 patients.
4. Discussion

The results of this meta-analysis demonstrate that pulmonary embolism is the most prevalent
thromboembolic event in COVID-19 hospitalized patients. This finding concurs with that of prior
studies, such as that by Al-Ani et al. where they reported a high frequency of PE, along with an overall
venous thromboembolism (VTE) frequency of 20% of patients, and of stroke 3% [24]. Klok et al.,
which was an analysis of incidence of thromboembolic events in critically ill COVID19 patients in
three Dutch hospitals, reported a cumulative incidence of 31%, with the highest being that of PE [25].
This high prevalence of PE can be attributed to the hypoxia induced coagulation leading to an in-situ
thrombosis [24]. In contrast, studies on hospitalized patients without COVID-19 have generally shown
a lower incidence of VTE. A study on VTE (reporting DVT and PE) risk stratification in patients
without COVID-19 reported a low incidence of 0.3% of VTE development during hospital
admissions [26]. Another study reported the trends in the incidence of PE and DVT in hospitalized
patients over the course of 20 years. The incidence in DVT amplified from 0.8% to 1.3% of admissions
while the incidence of PE was 0.4% and remained constant [27]. This suggests that the virus may
increase the risk of thrombosis. However, further investigation is needed to confirm this. Post-mortem
findings in COVID-19 patients have shown evidence of subclinical thromboembolism, mainly in the
pulmonary vasculature [28]. DVT thromboprophylaxis is recommended in all hospitalized patients but
the guidelines for prophylaxis in COVOD-19 are heterogenous [24]. In COVID-19 patients with severe
disease and elevated D-dimer levels, heparin use was found to decrease mortality. This benefit was not
seen in non-COVID pneumonia patients admitted to intensive care unit [29]. Apart from PE, COVID-
19 can also be complicated by DVT, MI and stroke as the continued inflammatory response to COVID-
19 with cytokine overproduction, raised D-dimer levels and fibrin degradation products leads to a

AIMS Medical Science Volume 7, Issue 4, 301-310.



308

prothrombotic state [30]. Increased risk of myocardial infarction is also seen in influenza and other
virus illness [31]. Myocardial infarction can also be the first presenting feature of COVID-19 [32]. A
rise in catecholamines due to the systemic inflammation in COVID-19 can cause plaque disruption
and acute myocardial infarction [33]. Myocardial infarction due to COVID-19 can also occur in the
absence of a culprit lesion in the coronary artery [32]. Compared with other anticoagulation medicines,
low molecular weight heparin (LMWH) is associated with better prognosis in COVID-19 patients [33].
Tissue plasminogen activator (tPA) can be considered in patients with COVID-19 associated acute
respiratory distress syndrome who are on mechanical ventilation [33]. Rapid rising data on varied
neurological symptoms associated with Covid-19 individuals emphasizes more on the risk of
thrombotic vascular events associated with this disease course. A rapid review on Covid-19 related
stroke in young individuals reported that SARS-CoV-2 is more likely to cause stroke than the other
coronavirus and seasonal infectious diseases [34]. In fact, a 7.5-fold increased rate of cerebrovascular
events is documented in nearly 1.5% covid-19 hospitalizations than in patients with influenza [35].

Due to the lack of sufficient data, we were unable to analyze the impact of baseline factors such
as age and sex on our results. This meta-analysis included COVID-19 hospitalized patients and does
not represent all the patients with COVID-19, including asymptomatic carriers and patients who are
treated at home. The studies are heterogenous and include studies with self-reported outcomes which
increases the risk of bias. Due to difference in pathophysiology, prophylaxis and treatment of arterial
and venous thrombotic complications, more studies are required to fill the gap in this area. The impact
of treatment and drugs administered on these outcomes was not taken into account in this analysis.

5. Conclusion

Based on the results of our meta-analysis, thromboembolism may prove to be a significant factor
in the pathogenesis of COVID-19. These complications should be anticipated in patients with COVID-19
and effective treatment should be given. Use of thromboprophylaxis should be considered to reduce
the risk of thromboembolism [25]. Future studies should focus on establishing a link between the
severity of COVID-19 infection and its thromboembolic complications. Serum markers should be
identified which relate to increased risk of thromboembolic complications and worse prognosis. The
dose and mode of thromboprophylaxis should also be studied to improve outcomes in COVID-19 patients.
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