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Abstract
Background: The association between coronavirus infection 2019 (COVID-19) and thrombosis has been explicitly shown
through numerous reports that demonstrate high rates of thrombotic complications in infected patients. Recently, much evi-
dence has shown that patients who survived COVID-19 might have a high thrombotic risk after hospital discharge. This current
systematic review and meta-analysis was conducted to better understand the incidence of thrombosis, bleeding, and mortality
rates among patients discharged after COVID-19 hospitalization.
Methods: Using a search strategy that included terms for postdischarge, thrombosis, and COVID-19, 2 investigators indepen-
dently searched for published articles indexed in the MEDLINE, Embase, and Scopus databases that were published before
August 2021. Pooled incidences and 95% confidence intervals were calculated using the DerSimonian-Laird random-effects
model with a double arcsine transformation.
Results: Twenty articles were included in the meta-analysis. They provided a total of 19 461 patients discharged after COVID-19
hospitalization. The weighted pooled incidence of overall thrombosis among the patients was 1.3% (95 CI, 0. 6-2; I2 90.5), with a
pooled incidence of venous thrombosis of 0.7% (95 CI, 0. 4-1; I2 73.9) and a pooled incidence of arterial thrombosis of 0.6% (95
CI, 0. 2-1; I2 88.1). The weighted pooled incidences of bleeding and mortality were 0.9% (95 CI, 0. 1-1.9; I2 95.1) and 2.8% (95 CI,
0. 6-5; I2 98.2), respectively.
Conclusions: The incidences of thrombosis and bleeding in patients discharged after COVID-19 hospitalization are comparable
to those of medically ill patients.
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Background
Hospitalization for medical illness is one of the strongest risk
factors for venous thromboembolism (VTE),1 and the risk of
developing this condition may persist after discharge from the
hospital.2 Risk factors consist of determinants related to the
patients and their acquired medical problems.3 All patients
who undergo total knee or hip replacement and general
surgery are at risk of VTE, not only during the admission
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period but also after discharge.4,5 Therefore, standard recom-
mendations for post-discharge VTE prophylaxis have been
established for these patients.6,7 However, acutely ill medical
patients have a variety of risks of VTE, and the use of an inpa-
tient VTE prophylaxis is often considered for patients with
moderate to high-risk features.8 Evidence demonstrated that
the high risk of VTE continued into the post-discharge
period.2,9 Therefore, several studies were conducted to establish
the benefits of using extended thromboprophylaxis. Although
the efficacy endpoint showed promising results, a net benefit
was not achieved due to an increase in the number of major
bleeding events.10-13

After the outbreak of coronavirus disease 2019 (COVID-19)
in December 2019, it soon became apparent that thrombotic
complications were clearly associated with patients infected
with COVID-19, especially those admitted to intensive care
units (ICUs).14 Nopp et al. showed that the prevalence of
overall VTE in 33 970 Covid-19 patients was 14.1% (95%
CI, 11.6-16.9).15 The prevalence of VTE was markedly more
common in the ICU than in the non-ICU settings, with a rate
of 22.7% (95% CI, 18.1-27.6) and 7.9% (95% CI, 5.1-11.2),
respectively.15 Several mechanisms have been postulated to

explain the prothrombotic states found in these patients.16

Endothelial activation, immune thrombosis, complement
pathway activation, and decreased fibrinolytic activity are con-
sidered to be partly responsible for the high tendency for
Covid-19 patients to develop VTE.17-20 Regarding the high
risk of VTE in COVID-19 patients, many guidelines recom-
mend the implementation of a thromboprophylaxis protocol
for hospitalized patients.21-24 Furthermore, there is evidence
that patients who survived COVID-19 might have persistent
symptoms or long-term complications involving many organ
systems.25,26 The term “post-COVID-19 syndrome” has been
introduced to describe persistent symptoms or abnormalities
that occur more than 4 weeks after a patient developed a
COVID-19 infection.27 The hematological consequences are
thrombotic complications, which have been demonstrated by
case reports describing pulmonary embolism after hospital dis-
charge of infected patients.28-30 Although patients with
COVID-19 may have a postdischarge thrombotic risk, there is
currently no definitive recommendation for the administration
of postdischarge VTE prophylaxis.22-24 A factor in support of
using an extended phase of anticoagulants after discharge is
the scarcity of reports of postdischarge thrombotic events.

Figure 1. Flowchart of literature review process.
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Another critical issue with regard to thromboprophylaxis is the
uncertain incidence of bleeding complications arising from an
extended duration of prophylaxis. Many recent studies from a
large number of countries have reported a range of rates of
venous and arterial thromboembolism after hospitalization for
COVID-19.31-50 Furthermore, these studies employed a wide
array of thrombo-prophylactic strategies.31-50 The present sys-
tematic review and meta-analysis was conducted to gather all
published incidences of postdischarge thrombotic and bleeding
events, as well as all-cause mortality, after hospital discharge of
COVID-19 patients.

Methods

Data Sources and Searches
Two investigators (T.R.1 and N.S.) independently searched for
published articles in the databases of MEDLINE, Embase, and
Scopus using a search strategy employing the terms postdi-
scharge, thromboembolism, bleeding, and COVID-19. The
search strategy is available as Supplementary Data 1. The
references of the selected studies were manually reviewed by
the 2 investigators to identify any additional eligible studies.
The systematic review and meta-analysis were conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 guideline
(Supplementary Data 2).51 The study protocol was registered
with the International Prospective Register of Systematic
Reviews (PROSPERO) network (registration number:
CRD42021278161).

Selection Criteria and Data Extraction
To be eligible for inclusion, a study could be a cohort (either
retrospective or prospective) or case-control study. The
primary outcome of this meta-analysis was the incidence of
postdischarge thrombotic events after hospitalization for
COVID-19. Secondary outcomes were bleeding events and
mortality rates after hospital discharge. The inclusion criteria
did not specify the thrombotic rates of the subgroups (patients
with anticoagulant prophylaxis, patients without anticoagulant
prophylaxis, patients recently admitted to an ICU, and patients
admitted to non-ICU settings). However, if available, these data
were extracted from the included studies for additional analy-
ses. The venous and arterial sites of the thromboses were also
collected. Both investigators (T.R.1 and N.S.) separately evalu-
ated the included studies. If there was a disagreement about the
eligibility of an article, it was jointly reviewed with a third
investigator (W.O. ) until consensus was achieved. The
Newcastle-Ottawa Scale was used to assess the quality of the
included studies.52

The two investigators (T.R.1 and N.S.) also separately exam-
ined the baseline characteristics and outcomes of the included
studies using a standardized data extraction form. The extracted
data were cross-checked to endorse the accuracy of the
information.

Statistical Analysis
This meta-analysis was performed with OpenMetaAnalyst for
Windows 8 and Review Manager 5.4 software from the

Figure 2. Forest plot of pooled incidence and 95 confidence interval of overall thrombosis in patients after discharge from COVID-19.
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Cochrane Collaboration (London, UK).53 The main analysis was
the pooled incidence and the associated 95 confidence interval
(CI) of thrombosis among COVID-19 patients after discharge.
The incidence was calculated using the Dersimonian-Laird
random-effects model with double arcsine transformation.54

Secondary outcomes were calculated with the same technique,
including the pooled bleeding and mortality rates of the patients
with COVID-19 after discharge. Comparative analyses of the
odds of thrombosis among specific groups of postdischarge
COVID-19 patients were also performed using the Mantel–

Figure 3. Forest plot of pooled incidence and 95 confidence interval of A) venous thrombosis and B) arterial thrombosis in patients after
discharge from COVID-19.

6 Clinical and Applied Thrombosis/Hemostasis



Haenszel method.55 The specific groups were patients receiving
anticoagulant prophylaxis, patients without anticoagulant pro-
phylaxis, and patients admitted to the ICU and non-ICU settings.
The random-effects model was utilized. This was because het-
erogeneity between the studies was suspected to be high due
to noticeable differences in their background characteristics.
The Cochran Q test was calculated, and the I2 statistic was used
to estimate the level of heterogeneity between the studies. I2

values were classified as follows: 0-25 indicated insignificant het-
erogeneity; 26-50, low heterogeneity; 51-75, moderate heteroge-
neity; and greater than 75, high heterogeneity.56 Meta-Essentials
is used for the calculation of Egger regression and Begg’s test to
detect publication bias.57

Results
The detailed process of the search strategy and the screening
process is depicted in Figure 1. A total of 1025 articles (518
from EMBASE, 378 from MEDLINE, and 129 from
SCOPUS) were identified. Initially, 248 duplicated articles
were excluded. The titles and abstracts of the remaining 777
articles were reviewed, resulting in the further exclusion of
746 articles for the following reasons: (1) ineligible article

type (case report, review, meta-analysis, or comments); (2)
the studies did not report the primary outcome of postdischarge
thrombotic events; and (3) the studies contained insufficient
data. The remaining 31 articles underwent a full review, and
11 were excluded for the same reasons as in the first round.
Finally, a total of 20 studies (7 prospective cohort studies, 12
retrospective cohort studies, and 1 case-control study) were
enrolled.31-50

Baseline Patient Characteristics
A total of 19 461 patients who were discharged after COVID-19
hospitalization from 20 articles were included in this systematic
review and meta-analysis. Of these, 5323 were female and 6833
were male.31,32,34,37-39,41-46,49,50 In total, 1354 patients were admit-
ted to an ICU while 11 083 were admitted to non-ICU settings.32-
37,41-43,46,47,50 A total of 659 of 9424 patients (7%) received throm-
boprophylaxis after hospitalization.31-37,40,42,47,50 However, not all
studies provided the details of their enrolled participants. The inci-
dence of thrombosis was reported by 20 studies,31-50 while the inci-
dence of bleeding was reported by 5.34,36,37,40,46 In addition, 5
studies reported mortality rates.36,40,42,46,47 Table 1 summarizes
the characteristics and participants of the included studies.

Table 2. Site of thrombosis and bleeding in each study.

Venous site (number of patients) Arterial site (number of patients)

Studies DVT PE Others Total Stroke MI Others Total
Bourguignon 202031 0 1 0 1 0 0 0 0
Daher 202031 0 0 0 0 0 0 0 0
Doyle 202033 0 0 0 0 0 0 0 0
Patell 202034 0 1 0 1 1 0 -LV thrombus with CRAO

(1)-Arteriovenous dialysis fistula (1)
3

Roberts 202035 2 7 0 9 N/A N/
A

N/A N/A

Salisbury 202036 0 4 0 4 N/A N/
A

N/A N/A

Engelen 202137 1 1 0 2 0 0 0 0
Eswaran 202138 0 3 0 3 1 4 Splenic infarct (1) 6
Fortini 202139 1 0 0 1 0 0 0 0
Giannis 202140 44 42 -Splanchnic vein

thrombosis (2)-Others (3)
76 22 30 -Major adverse limb events

(26)-Systemic embolism (16)
84

Hall 202141 0 4 0 4 N/A N/
A

N/A N/A

Loerinc 202142 0 1 0 1 0 0 0 0
Meijenfeldt 202143 DVT with

PE (1)
0 0 1 0 0 0 0

Ogoina 202144 2 0 0 2 1 0 0 1
Patel 202145 4 0 0 4 N/A N/

A
N/A N/A

Ramos-Martinez
202146

N/A N/
A

N/A 16 4 1 0 5

Rashidi 202147 0 3 0 3 13 9 0 22
Vlachou 202148 0 4 0 4 N/A N/

A
N/A N/A

Yeo 202149 0 5 0 5 0 0 Acute limb ischemia (1) 1
Tholin 202150 N/A N/

A
N/A 2 N/A N/

A
N/A N/A

Abbreviations: CRAO, central retinal arterial occlusion; N/A, not available.
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Overall Thrombotic Incidence in Patients with
COVID-19 After Discharge
The pooled weighted incidence of overall thrombosis (either
arterial or venous) among the discharged patients was 1.3%
(95 CI, 0. 6-2; I2 90.5; Figure 2).31-50 The respective pooled
weighted incidences of venous and arterial thromboses
(Figure 3) were 0.7% (95 CI, 0. 4-1; I2 73.9)31-50 and 0.6%
(95 CI, 0. 2-1; I2 88.1).31-34,37,38-40,42-44,46,47,49 The sites of
the thromboses are detailed in Table 2.

The pooled weighted incidences of thrombotic outcomes in
COVID-19 patients after discharge without thromboprophylaxis
(Figure 4) were as follows: overall thrombosis, 1.1% (95 CI,
0. 4-1.7; I2 26.3);31-33,43,47 venous thrombosis, 0.3% (95 CI,
0. 1-0.5; I2 0);31-33,35,43,47 and arterial thrombosis, 0.8% (95 CI,
0. 2-1.5; I2 38.1).31-33,43,47

Bleeding Incidence and Mortality Rate in Patients with
COVID-19 After Discharge
The pooled weighted incidence of overall bleeding (either major or
clinically relevant nonmajor bleeding) among the patients was
0.9% (95 CI, 0. 1-1.9; I2 95.1; Figure 5A).34,36,37,40,46 The bleeding

sites are listed in Table 2. The pooled weighted incidence of mor-
tality in the patients was 2.8% (95 CI, 0. 6-5; I2 98.2;
Figure 5B).36,40,42,46,47

Tables 3 and 4, respectively, show the pooled unweighted
and weighted incidences of all outcomes related to the overall
population and to the patients who did not undergo thrombopro-
phylaxis after discharge.

Meta-Regression of Other Factors That may Affect
Outcomes
Because conducting meta-regression using OpenMeta does not
yield the correlation coefficient, Meta-Essentials was used for
the calculation of the correlation coefficient.57 The meta-
regression was shown in Supplementary data 3.

Comparing VTE Incidences in Patients Based on
Special Conditions
We compared the thrombotic events of patients with and without
thromboprophylaxis after discharge. Pooled incidence thrombosis

Figure 4. Forest plot of pooled incidence and 95 confidence interval of A) overall thrombosis, B) venous thrombosis, and C) arterial
thrombosis in patients after discharge from COVID-19 without extended thromboprophylaxis.
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did not differ between the 2 groups, with a pooled OR of 0.84
(95% CI, 0.26-2.70; P= .76; I2= 0%; Figure 6A).34,37,38,42

In addition, the thrombotic incidences of patients admitted to
ICU and non-ICU settings were also performed. The pooled
incidence of postdischarge thrombosis was not significantly
higher among patients who had been admitted to an ICU
during their hospitalization for COVID-19, with a pooled OR
of 1.87 (95% CI, 0.63-5.61; P= .26; I2= 0%; Figure 6B).37,38,40

Subgroup Analysis Thrombotic Incidences Based on
Rates of ICU Admission among Studies
To search for the thrombosis events influenced by ICU admission,
we analyzed the incidence of thrombosis by stratifying studies

based on the number of patients who were not admitted to ICU.
The studies that had non-ICU patients below 20% was 1 study,33

20 to 80% were 5 studies,34,37,38,41,42 and more than 80% were 4
studies.32,43,46,47 The thrombotic outcomes of subgroup analysis
were shown in Supplementary data 4.

Publication Bias
The calculation of Egger regression and Begg’s test showed no pub-
lication bias in this study. The P-value was 0.440 and 0.857, respec-
tively. The funnel plot was shown in Supplementary data 5.

Discussion
The emerging consequences for patients who survive a
COVID-19 infection are increasingly being recognized and

Figure 5. Forest plot of pooled incidence and 95 confidence interval of A) bleeding, B) all-cause mortality in patients after discharge from
COVID-19.

Table 3. The pooled incidence of outcomes among COVID-19
patients after discharge

Outcomes
Unweighted
incidence (%)

Weighted
incidence

(%) 95% CI
I2

(%)

Overall thrombotic
incidence

1.4 1.3 (0.6-2.0) 90.5

Venous
thromboembolism
incidence

0.7 0.7 (0.4-1.0) 73.9

Arterial
thromboembolism
incidence

0.7 0.6 (0.2-1.0) 88.1

Bleeding incidence 0.8 0.9 (0.1-1.9) 95.1
Mortality incidence 2.4 2.8 (0.6-5.0) 98.2

Abbreviation: CI, confidence interval.

Table 4. The pooled incidence of outcomes among COVID-19
patients after discharge without thromboprophylaxis.

Outcomes
Unweighted
incidence (%)

Weighted
incidence

(%) 95% CI I2

Overall thrombotic
incidence

1.4 1.1 (0.4-1.7) 26.3

Venous
thromboembolism
incidence

0.4 0.3 (0.1-0.5) 0

Arterial
thromboembolism
incidence

1.1 0.8 (0.2-1.5) 38.1

Abbreviation: CI, confidence interval.
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have the potential to become a global health burden in the near
future.58 Survivors of this pandemic generally have persistent
symptoms, such as fatigue, breathlessness, and myalgia.26,59

The term post-COVID-19 syndrome has been introduced to
describe the late complications experienced by patients after
their recovery from infection.27 Direct viral toxicity and
immune dysregulation can cause different sequelae in different
organ systems.60 Postdischarge thromboembolism is the

hematological manifestation, of which hypercoagulability is
the crucial pathogenesis of venous and arterial thromboses.27

Von Meijenfeldt et al. demonstrated that Factor VIII and plas-
minogen activator inhibitor levels in COVID-19 patients 4
months after discharge were statistically higher than those of
normal volunteers.43 Furthermore, a global hemostatic test
demonstrated that both the endogenous thrombin potential
and the maximum value of thrombin generation assays

Figure 6. Forest plot of studies that compared (A) thrombosis in patients with and without post-discharge thromboprophylaxis,
(B) thrombosis in patients in ICU and non-ICU hospitalization settings.

Figure 7. Incidence of postdischarge venous thromboembolism of each patient condition.
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performed 4 months after discharge were constantly higher than
those of patients during admission and healthy controls.43

During active infection, a high level of D-dimer represents
the prothrombotic state in COVID-19 patients and correlates
with the severity of the disease.61,62 Furthermore, a study
found persistently elevated d-dimer levels (more than 500 ng/
mL) for up to 4 months in patients recovering from
COVID-19, while other coagulation and inflammatory
markers had returned to normal levels during the convalescent
phase.63

Our pooled analysis revealed that the overall, venous, and
arterial thrombotic incidence rates were 1.3%, 0.7%, and
0.6%, respectively. However, the overall incidence rate of indi-
vidual studies varied considerably, ranging from 0.6% to 2.0%.
The variation in overall rates can be explained by differences in
follow-up periods, initial symptoms of thrombosis, and proto-
cols of thromboprophylaxis employed by the included
studies. Giannis et al. reported a protective effect of extended
thromboprophylaxis, with an OR of 0.54 (95% CI,
0.47-0.81).40 However, our work found comparable incidences
of thrombosis among the patients with and without extended
thromboprophylaxis, with an OR of 0.84 (95% CI, 0.26-2.70;
P= .76). Furthermore, Giannis and colleagues found that
patients admitted to the ICU had a higher incidence of thrombo-
sis, with an OR of 2.22 (95% CI, 1.78-2.93).40 In contrast, while
our data showed a trend towards a higher proportion of VTE
events, there was no statistically significant difference
between the ICU and non-ICU patient groups.

Moving on to the rate of VTE, a previous study reported an
incidence rate of 1% for overall symptomatic VTE among med-
ically ill patients after discharge.64 Although the study found
that the incidence rate of VTE during the admission period of
COVID-19 patients was higher than that of other medically ill
patients, our analysis showed that these 2 groups had similar
post-discharge VTE rates (Figure 7). In contrast, the incidences
of postdischarge VTE reported by Shaikh and Sobieraj were
higher for post-major-orthopedic and non-orthopedic surgery
compared to our data (Figure 7).65,66 Therefore, several guide-
lines for VTE prophylaxis suggest the use of an extended dura-
tion of thromboprophylaxis in these 2 high-risk settings.6,7,67

In terms of bleeding, our study demonstrated that the inci-
dence was 0.9%, while that of patients without COVID-19
was previously reported to be 0.5%.64 Incidences ranging
from 0.2% to 1.1% were found for major hemorrhage among
medically ill patients who received extended thromboprophy-
laxis with enoxaparin or direct anticoagulants.10,11,13

Unfortunately, there were insufficient articles to determine the
incidence of major bleeding among patients who received
extended prophylaxis. The overall mortality rate of
COVID-19 patients after discharge from our study was 2.8%.

Our systematic review and meta-analysis is the first to dem-
onstrate all incidences of thrombosis, including arterial and
venous sites, bleeding, and mortality rate, among postdischarge
COVID-19 patients. However, the benefits of administering
extended prophylaxis are dubious. The decision to do so
should be weighed against the risk of bleeding for individual

patients. The ongoing trials addressing this research question
are warranted (NCT04640181 and NCT04416048).

There are several limitations to our study. First, the patients
included in the study had different baseline characteristics. The
number of patients admitted to the ICU, the number of patients
receiving postdischarge thromboprophylaxis, and the duration
of anticoagulant administration were the significant variable
factors. Second, the small number of events in the subgroup
analysis could have affected the statistical demonstration of
the outcome. Third, not all studies provided baseline informa-
tion on their enrolled patients. Fourth, despite the results of
this study, we are still unable to explain the cause of bleeding
and the association with thrombosis and mortality in this
group of patients. Fifth, the high degree of heterogeneity in
our study was caused by factors such as admission to the ICU
and extended thromboprophylaxis, which was demonstrated
by meta-regression. Sixth, the possible causes of publication
bias displayed by the funnel plot are suspected from a high
degree of heterogeneity among eligible studies and lacking
data of patients in Asian countries. The previous studies
described venous thrombotic incidence in the Asian population
had lower rates compared to the western population because of
a lower proportion of inherited thrombophilia.68 Finally, in the
absence of patients with other medical diseases as a control
group, our study is a descriptive analysis that reveals the inci-
dences of thrombosis, bleeding, and mortality in a single
group of patients.

Conclusions
The incidences of thrombosis and bleeding in patients with
COVID-19 after discharge were comparable with those of
other medical conditions. The benefits of extended thrombopro-
phylaxis during the convalescent phase remain controversial.
Until the results of ongoing studies are available, the decision
to employ extended thromboprophylaxis should be made by
weighing the perceived benefits against the risk of bleeding
on a case-by-case basis.Abbreviations

CI confidence interval
COVID-19 coronavirus disease 2019
VTE venous thromboembolism

Authors’ Contributions
T.R.1 andW.O. designed the study. T.R.1 and N.S. manually reviewed
the potential articles, selected the included studies, and collected the
data. T.R.1 and T.R.2 drafted the manuscript. W.O. and N.L. per-
formed the statistical analyses. T.R.2, W.O., B.S., and Y.C. made crit-
ical revisions to the manuscript. T. R.1, T.R.2, and N.L. revised the
final manuscript. All authors read and approved the final manuscript.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Rungjirajittranon et al 11



Funding
The author(s) received no financial support for the research, authorship
and/or publication of this article.

ORCID iD
Weerapat Owattanapanich https://orcid.org/0000-0002-1262-2005
Theera Ruchutrakool https://orcid.org/0000-0001-5717-515X

Supplemental Material
Supplemental material for this article is available online.

Trial Registration
CRD42021278161

References

1. Ageno W, Hunt BJ. Reducing the burden of venous thromboemb-
olism in the acute medically ill population with extended-duration
thromboprophylaxis. Eur Heart J Suppl. 2018;20(Suppl E):
E6-E11.

2. Amin AN, Varker H, Princic N, Lin J, Thompson S, Johnston S.
Duration of venous thromboembolism risk across a continuum
in medically ill hospitalized patients. J Hosp Med.
2012;7(3):231-238.

3. Darzi AJ, Karam SG, Spencer FA, et al. Risk models for VTE and
bleeding in medical inpatients: systematic identification and
expert assessment. Blood Adv. 2020;4(12):2557-2566.

4. McLiesh P, Wiechula R. Identifying and reducing the incidence of
post discharge venous thromboembolism (VTE) in orthopaedic
patients: a systematic review. JBI Libr Syst Rev. 2012;10(28
Suppl):1-14.

5. Bouras G, Burns EM, Howell AM, Bottle A, Athanasiou T, Darzi
A. Risk of post-discharge venous thromboembolism and associ-
ated mortality in general surgery: a population-based cohort
study using linked hospital and primary care data in england.
PLoS One. 2015;10(12):e0145759.

6. Falck-Ytter Y, Francis CW, Johanson NA, et al. Prevention of
VTE in orthopedic surgery patients: antithrombotic therapy and
prevention of thrombosis, 9th ed: american college of chest physi-
cians evidence-based clinical practice guidelines. Chest.
2012;141(2 Suppl):e278S-e325S.

7. Anderson DR, Morgano GP, Bennett C, et al. American Society of
hematology 2019 guidelines for management of venous throm-
boembolism: prevention of venous thromboembolism in surgical
hospitalized patients. Blood Adv. 2019;3(23):3898-3944.

8. Schünemann HJ, Cushman M, Burnett AE, et al. American
Society of hematology 2018 guidelines for management of
venous thromboembolism: prophylaxis for hospitalized and non-
hospitalized medical patients. Blood Adv. 2018;2(22):3198-3225.

9. Hull RD, Merali T, Mills A, Stevenson AL, Liang J. Venous
thromboembolism in elderly high-risk medical patients: time
course of events and influence of risk factors. Clin Appl Thromb
Hemost. 2013;19(4):357-362.

10. Cohen AT, Harrington RA, Goldhaber SZ, et al. ; APEX investi-
gators. Extended thromboprophylaxis with betrixaban in acutely
Ill medical patients. N Engl J Med. 2016;375(6):534-544.

11. Hull RD, Schellong SM, Tapson VF, et al. ; EXCLAIM (extended
prophylaxis for venous thromboembolism in acutely Ill medical
patients with prolonged immobilization) study.
Extended-duration venous thromboembolism prophylaxis in
acutely ill medical patients with recently reduced mobility: a ran-
domized trial. Ann Intern Med. 2010;153(1):8-18.

12. Goldhaber SZ, Leizorovicz A, Kakkar AK, et al. Apixaban versus
enoxaparin for thromboprophylaxis in medically ill patients.
N Engl J Med. 2011;365(23):2167-2177.

13. Cohen AT, Spiro TE, Büller HR, et al. Rivaroxaban for thrombo-
prophylaxis in acutely ill medical patients. N Engl J Med.
2013;368(6):513-523.

14. Moll M, Zon RL, Sylvester KW, et al. VTE In ICU patients With
COVID-19. Chest. 2020;158(5):2130-2135.

15. Nopp S, Moik F, Jilma B, Pabinger I, Ay C. Risk of venous throm-
boembolism in patients with COVID-19: a systematic review and
meta-analysis. Res Pract Thromb Haemost. 2020;4(7):1178-1191.

16. Iba T, Levy JH, Levi M, Thachil J. Coagulopathy in COVID-19.
J Thromb Haemost. 2020;18(9):2103-2109.

17. Iba T, Warkentin TE, Thachil J, Levi M, Levy JH. Proposal of the
definition for COVID-19-associated coagulopathy. J Clin Med.
2021;10(2):191.

18. Middleton EA, He XY, Denorme F, et al. Neutrophil extracellular
traps contribute to immunothrombosis in COVID-19 acute respi-
ratory distress syndrome. Blood. 2020;136(10):1169-1179.

19. Risitano AM, Mastellos DC, Huber-Lang M, et al. Complement as
a target in COVID-19? Nat Rev Immunol. 2020;20(6):343-344.

20. Jin Y, Ji W, Yang H, Chen S, Zhang W, Duan G. Endothelial acti-
vation, and dysfunction in COVID-19: from basic mechanisms to
potential therapeutic approaches. Signal Transduct Target Ther.
2020;5(1):293.

21. Spyropoulos AC, Levy JH, Ageno W, et al. Scientific and stand-
ardization committee communication: clinical guidance on the
diagnosis, prevention, and treatment of venous thromboembolism
in hospitalized patients with COVID-19. J Thromb Haemost.
2020;18(8):1859-1865.

22. Moores LK, Tritschler T, Brosnahan S, et al. Prevention, diagno-
sis, and treatment of VTE in patients with coronavirus disease
2019: cHEST guideline and expert panel report. Chest. 2020;158-
(3):1143-1163.

23. Barnes GD, Burnett A, Allen A, et al. Thromboembolism and anti-
coagulant therapy during the COVID-19 pandemic: interim clini-
cal guidance from the anticoagulation forum. J Thromb
Thrombolysis. 2020;50(1):72-81.

24. Cuker A, Tseng EK, Nieuwlaat R, et al. American Society of
hematology 2021 guidelines on the use of anticoagulation for
thromboprophylaxis in patients with COVID-19. Blood Adv.
2021;5(3):872-888.

25. Carfì A, Bernabei R. Landi F, for the gemelli against COVID-19
post-acute care study group. Persistent symptoms in patients after
acute COVID-19. JAMA. 2020;324(6):603-605.

26. Huang C, Huang L, Wang Y, et al. 6-month Consequences of
COVID-19 in patients discharged from hospital: a cohort study.
Lancet. 2021;397(10270):220-232.

27. Nalbandian A, Sehgal K, Gupta A, et al. Post-acute COVID-19
syndrome. Nat Med. 2021;27(4):601-615.

12 Clinical and Applied Thrombosis/Hemostasis

https://orcid.org/0000-0002-1262-2005
https://orcid.org/0000-0002-1262-2005
https://orcid.org/0000-0001-5717-515X
https://orcid.org/0000-0001-5717-515X


28. Vechi HT, Maia LR, Alves MDM. Late acute pulmonary embo-
lism after mild coronavirus disease 2019 (COVID-19): a case
series. Rev Inst Med Trop Sao Paulo. 2020;62:e63.

29. Taha M, Nguyen P, Sharma A, Taha M, Samavati L.
Forty-One-Year-Old Man with pulmonary embolism 5 months
after COVID-19. Clin Med Insights Circ Respir Pulm Med.
2021;15:1179548420986659.

30. Jamil A, Shyam V, Neupane K. Atypical presentation of pulmo-
nary embolism several months after COVID-19 infection.
Cureus. 2021;13(1):e12863.

31. Bourguignon A, Beaulieu C, Belkaid W, Desilets A, Blais N.
Incidence of thrombotic outcomes for patients hospitalized and
discharged after COVID-19 infection. Thromb Res.
2020;196:491-493.

32. Daher A, Balfanz P, Cornelissen C, et al. Follow up of patients
with severe coronavirus disease 2019 (COVID-19): pulmonary
and extrapulmonary disease sequelae. Respir Med.
2020;174:106197.

33. Doyle AJ, Thomas W, Retter A, et al. Updated hospital associated
venous thromboembolism outcomes with 90-days follow-up after
hospitalisation for severe COVID-19 in two UK critical care units.
Thromb Res. 2020;196:454-456.

34. Patell R, Bogue T, Koshy A, et al. Postdischarge thrombosis and
hemorrhage in patients with COVID-19. Blood. 2020;136-
(11):1342-1346.

35. Roberts LN, Whyte MB, Georgiou L, et al. Postdischarge venous
thromboembolism following hospital admission with COVID-19.
Blood. 2020;136(11):1347-1350.

36. Salisbury R, Iotchkova V, Jaafar S, et al. Incidence of sympto-
matic, image-confirmed venous thromboembolism following hos-
pitalization for COVID-19 with 90-day follow-up. Blood Adv.
2020;4(24):6230-6239.

37. Engelen MM, Vandenbriele C, Balthazar T, et al. Venous throm-
boembolism in patients discharged after COVID-19 hospitaliza-
tion. Semin Thromb Hemost. 2021;47(4):362-371.

38. Eswaran H, Jarmul JA, Shaheen AW, et al. Vascular throm-
boembolic events following COVID-19 hospital discharge: inci-
dence and risk factors. Res Pract Thromb Haemost.
2021;5(2):292-295.

39. Fortini A, Torrigiani A, Sbaragli S, et al. COVID-19: persistence
of symptoms and lung alterations after 3-6 months from hospital
discharge. Infection. 2021;49(5):1007-1015.

40. Giannis D, Allen SL, Tsang J, et al. Postdischarge thromboem-
bolic outcomes and mortality of hospitalized patients with
COVID-19: the CORE-19 registry. Blood. 2021;137(20):2838-
2847.

41. Hall J, Myall K, Lam JL, et al. Identifying patients at risk of post-
discharge complications related to COVID-19 infection. Thorax.
2021;76(4):408-411.

42. Loerinc LB, Scheel AM, Evans ST, Shabto JM, O’Keefe GA,
O’Keefe JB. Discharge characteristics and care transitions of hos-
pitalized patients with COVID-19. Healthc (Amst).
2021;9(1):100512.

43. von Meijenfeldt FA, Havervall S, Adelmeijer J, et al. Sustained
prothrombotic changes in COVID-19 patients 4 months after hos-
pital discharge. Blood Adv. 2021;5(3):756-759.

44. Ogoina D, James HI, Ogoinja SZ. Post-Discharge symptoms
among hospitalized COVID-19 patients in Nigeria: a single-center
study. Am J Trop Med Hyg. 2021;105(3):731-736.

45. Patel H, Virapongse A, Baduashvili A, Devitt J, Barr R, Bookman
K. Implementing a COVID-19 discharge pathway to improve
patient safety. Am J Med Qual. 2021;36(2):84-89.

46. Ramos-Martínez A, Parra-Ramírez LM, Morrás I, et al.
Frequency, risk factors, and outcomes of hospital readmissions
of COVID-19 patients. Sci Rep. 2021;11(1):13733.

47. Rashidi F, Barco S, Kamangar F, et al. Incidence of symptomatic
venous thromboembolism following hospitalization for coronavi-
rus disease 2019: prospective results from a multi-center study.
Thromb Res. 2021;198:135-138.

48. Vlachou M, Drebes A, Candilio L, et al. Pulmonary thrombosis in
covid-19: before, during and after hospital admission. J Thromb
Thrombolysis. 2021;51(4):978-984.

49. Yeo I, Baek S, Kim J, et al. Assessment of thirty-day readmission
rate, timing, causes and predictors after hospitalization with
COVID-19. J Intern Med. 2021;290(1):157-165.

50. Tholin B, Ghanima W, Einvik G, et al. Incidence of thrombotic
complications in hospitalised and non-hospitalised patients after
COVID-19 diagnosis. Br J Haematol. 2021;194(3):542-546.

51. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic
reviews. Br Med J. 2021;372:n71.

52. Stang A. Critical evaluation of the newcastle-Ottawa scale for the
assessment of the quality of nonrandomized studies in meta-
analyses. Eur J Epidemiol. 2010;25(9):603-605.

53. Wallace BC, Schmid CH, Lau J, Trikalinos TA. Meta-Analyst:
software for meta-analysis of binary, continuous and diagnostic
data. BMC Med Res Methodol. 2009;9:80.

54. Mathes T, Kuss O. A comparison of methods for meta-analysis of
a small number of studies with binary outcomes. Res Synth
Methods. 2018;9(3):366-381.

55. Borenstein MHLHJ, Rothstein HR. Introduction to meta-analysis.
John Wiley & Sons; 2009.

56. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. Br Med J. 2003;327(7414):557-
560.

57. Suurmond R, van Rhee H, Hak T. Introduction, comparison, and
validation of meta-essentials: a free and simple tool for meta-
analysis. Res Synth Methods. 2017;8(4):537-553.

58. Mendelson M, Nel J, Blumberg L, et al. Long-COVID: an evolv-
ing problem with an extensive impact. S Afr Med J.
2020;111(1):10-12.

59. Kamal M, Abo Omirah M, Hussein A, Saeed H. Assessment and
characterisation of post-COVID-19 manifestations. Int J Clin
Pract. 2021;75(3):e13746.

60. Gupta A, Madhavan MV, Sehgal K, et al. Extrapulmonary mani-
festations of COVID-19. Nat Med. 2020;26(7):1017-1032.

61. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mor-
tality of adult inpatients with COVID-19 in wuhan, China: a retro-
spective cohort study. Lancet. 2020;395(10229):1054-1062.

62. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters
are associated with poor prognosis in patients with novel corona-
virus pneumonia. J Thromb Haemost. 2020;18(4):844-847.

Rungjirajittranon et al 13



63. Townsend L, Fogarty H, Dyer A, et al. Prolonged elevation of
D-dimer levels in convalescent COVID-19 patients is
independent of the acute phase response. J Thromb Haemost.
2021;19(4):1064-1070.

64. Chiasakul T, Evans CR, Spyropoulos AC, Raskob G, Crowther
M, Cuker A. Extended versus standard-duration thromboprophy-
laxis in acutely ill medical patients: a systematic review and meta-
analysis. Thromb Res. 2019;184:58-61.

65. Shaikh S, Reddy M, McKenney M, Elkbuli A. Is extended-
duration (post-hospital discharge) venous thromboembolism che-
moprophylaxis safe and efficacious in high-risk surgery patients?
A systematic review. World J Surg. 2020;44(10):3363-3371.

66. Sobieraj DM, Lee S, Coleman CI, et al. Prolonged versus
standard-duration venous thromboprophylaxis in major orthope-
dic surgery: a systematic review. Ann Intern Med. 2012;156-
(10):720-727.

67. Gould MK, Garcia DA, Wren SM, et al. Prevention of VTE in
nonorthopedic surgical patients: antithrombotic therapy and pre-
vention of thrombosis, 9th ed: american college of chest physi-
cians evidence-based clinical practice guidelines. Chest.
2012;141(2 Suppl):e227S-e277S.

68. White RH, Keenan CR. Effects of race and ethnicity on the inci-
dence of venous thromboembolism. Thromb Res. 2009;
123(Suppl 4):S11-S17.

14 Clinical and Applied Thrombosis/Hemostasis


	 Background
	 Methods
	 Data Sources and Searches
	 Selection Criteria and Data Extraction
	 Statistical Analysis

	 Results
	 Baseline Patient Characteristics
	 Overall Thrombotic Incidence in Patients with �COVID-19 After Discharge
	 Bleeding Incidence and Mortality Rate in Patients with COVID-19 After Discharge
	 Meta-Regression of Other Factors That may Affect Outcomes
	 Comparing VTE Incidences in Patients Based on �Special Conditions
	 Subgroup Analysis Thrombotic Incidences Based on Rates of ICU Admission among Studies
	 Publication Bias

	 Discussion
	 Conclusions
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


