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ABSTRACT

Background: The effect of extended thromboprophylaxis in improving the prognosis of adult patients with
coronavirus disease 2019 (COVID-19) after discharge remains debatable. This meta-analysis was aimed to
determine the advantages and disadvantages of extended thromboprophylaxis in these patients.

Methods: Different databases such as PubMed, Embase, Web of Science, and Cochrane Library were systemati-
cally searched for studies that evaluated the effects of extended thromboprophylaxis in post-discharge patients
with COVID-19 until 13 June 2022. The primary efficacy outcome was defined by the composite outcome of
thromboembolism and all-cause mortality, and the safety outcome was defined by bleeding events. The odds
ratios (ORs) and 95 % confidence intervals (CIs) of efficacy and safety outcomes were calculated using fixed- or
random-effects model. Interaction analysis was performed to assess and compare observational studies and
randomised controlled trials (RCTs). A sensitivity analysis was performed after excluding studies of poor quality.
Results: Eight studies involving 10,148 patients were included. The results confirmed that extended thrombo-
prophylaxis, primarily prophylactic use of anticoagulants for <35 days, was significantly associated with reduced
composite outcome in high-risk post-discharge patients with COVID-19 (OR: 0.52; 95 % CI: 0.41-0.67, P =
0.000). Interaction analysis revealed that the effect estimates were consistent between the RCT and observational
studies (P interaction = 0.310). Furthermore, extended thromboprophylaxis did not increase the risk of major
bleeding events (OR: 1.64; 95 % CI: 0.95-2.82, P = 0.075).

Conclusion: In post-discharge patients with COVID-19 at high risk of thromboembolism, extended thrombopro-
phylaxis, primarily prophylactic use of anticoagulants for <35 days, can significantly reduce the risk of
thrombosis and all-cause mortality without increasing the risk of major bleeding events.

Registration: PROSPERO CRD42022339399.

1. Introduction

patients [4]. However, previous meta-analyses of randomised controlled
trials (RCTs) demonstrated that extended thromboprophylaxis can

Coronavirus disease 2019 (COVID-19) has spread throughout the
world [1,2]. Recent research has shown that despite adequate throm-
boprophylaxis during hospitalization, the risk of thromboembolism and
the incidence of venous thromboembolism (VTE) (1.5-2.5 %) in post-
discharge patients with COVID-19 remain high [3-5]. Previous studies
have revealed that thrombotic events are caused by interactions among
the immune system, endothelial injury, and vascular inflammation
[6-8], which complicate COVID-19 [4,9] and may contribute to poor
prognosis.

Extended thromboprophylaxis may exert a protective effect in these
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significantly reduce the incidence of thromboembolism after discharge
but increase major bleeding in high-risk patients without COVID-19
[10-12]. However, the risk of bleeding and net benefit of extended
thromboprophylaxis in patients with COVID-19 remains unclear.
Guidelines are conflicting because of the limited data available
regarding the effects of extended thromboprophylaxis [13-15].
Hitherto, no meta-analysis has specifically revealed the positive and
negative effects of extended thromboprophylaxis in post-discharge pa-
tients with COVID-19 [16]. The protective effects of different types of
anticoagulants, such as low-molecular-weight heparin (LMWH) and
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direct oral anticoagulants (DOACs), in post-discharge patients with
COVID-19 remain controversial. Furthermore, the optimal intensity and
duration of extended thromboprophylaxis remain unclear. Therefore,
the present meta-analysis was aimed to comprehensively and meticu-
lously investigate the above issues.

2. Materials and methods

This study was performed in accordance with a protocol prospec-
tively registered in PROSPERO (CRD42022339399) and the PRISMA
statement.

2.1. Data sources and search strategy

Different databases such as PubMed, Embase, Web of Science, and
Cochrane Library were searched to identify studies that evaluated the
effects of extended thromboprophylaxis from inception till 13 June 2022
without language restriction. Briefly, the search strategy included three
key concepts according to the PICOS format: (1) post-discharge patients
with COVID-19, (2) extended thromboprophylaxis, and (3) human
studies (Supplementary Table 1). Medical Subject Headings and relevant
keywords were used to identify eligible articles. The search strategy is
presented in Supplementary Table 2. The references of relevant articles
were screened to further identify potential articles.

2.2. Study selection and outcomes

Studies that met the following predetermined criteria were included
in this systematic review: (1) RCTs, cohort studies, or case-control
studies; (2) adult patients (aged >18 years); (3) patients who were
hospitalized with COVID-19 at discharge; (4) patients who received
extended thromboprophylaxis post discharge; and (5) incidence of
thromboembolism or bleeding events reported as outcomes. Studies that
met the following criteria were excluded: (1) reviews, conference ab-
stracts, and case reports; (2) no comparison group; (3) outpatients or
inpatients instead of post-discharge patients with COVID-19; and (4)
patients suspected or confirmed to have a thrombotic event.

Guidelines for prescribing extended thromboprophylaxis have
evolved over the course of the pandemic, resulting in inconsistent
thromboprophylaxis indications at different times. The prescription and
duration of thromboprophylaxis after discharge were at the discretion of
the professional medical team, based on prevailing guidelines. However,
the included studies met the following criteria: extended thrombopro-
phylaxis was performed in patients with an increased risk of thrombo-
embolism with active cancer, immobilisation, respiratory failure, or
personal/family history of VTE as the underlying risk factors, or an In-
ternational Medical Prevention Registry on Venous Thromboembolism
(IMPROVE VTE) score of >4 or a score of 2-3 with D-dimer level of
>500 ng/mL, or indications for anticoagulation at hospital discharge.

The primary efficacy outcome was a composite outcome consisting of
thromboembolic events and all-cause mortality, and only thromboem-
bolic events were analysed as the secondary efficacy outcome. Bleeding
was the primary safety outcome as per the criteria of the International
Society on Thrombosis and Haemostasis (ISTH). Two investigators (MFD
and WXX) independently performed literature search and reviewed the
content to determine eligible articles. Another investigator (LF) arbi-
trated any discrepancies.

2.3. Data extraction

The following information was collected independently by the two
investigators using a pre-specified form: study design, sample size
(number of patients in each group), incidence of intensive care unit
(ICU) stay, drugs for thromboprophylaxis, drug doses, duration of
thromboprophylaxis, follow-up duration, and outcomes. Adjusted effect
estimates were preferred to unadjusted estimates and extracted to
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reduce confounding factors [17]. Unadjusted estimates were extracted
when adjusted estimates were not provided. All the extracted informa-
tion was cross-checked for accuracy by the third author (LF).

2.4. Quality assessment

The methodological quality of the RCTs was identified in accordance
with the Cochrane Collaboration Risk of Bias Tool [18]. The New-
castle-Ottawa Scale (NOS) score was used to evaluate methodological
quality of observational studies while assessing the selection, compa-
rability, and ascertainment of either the exposure or outcome of interest
for case-control and cohort studies, respectively [19]. The NOS scores
ranged from O to 9, with scores <5 indicating a high risk of bias [19].

2.5. Statistical analysis

The odds ratios (ORs) and 95 % confidence intervals (CIs) of the
efficacy and safety outcomes were calculated and pooled in the random-
or fixed-effects model depending on between-study heterogeneity. An -
test >50 % indicated considerable heterogeneity [20]. The fixed-effects
model was used based on the generic inverse variance method unless
considerable heterogeneity was present [20]. Interaction analysis (P
interaction) Was conducted to evaluate comparability between RCTs and
observational studies. Sensitivity analyses involving sequential removal
of each study were performed to determine robustness of the results.
Furthermore, the estimates were calculated after excluding studies of
poor quality to minimise the risk of bias. In addition, a qualitative
analysis was conducted to provide recommendations regarding the
anticoagulant type, intensity, and duration of extended thrombopro-
phylaxis. The potential publication bias was assessed through funnel
plots and Egger's test [21,22]. Meta-analyses were performed using the
STATA 15.1 (Stata, College Station, TX, USA).

3. Results
3.1. Study selection and characteristics

The initial search using electronic databases identified 662 studies.
After screening the title, abstract, and full text, eight studies [4,23-29]
involving 10,148 post-discharge patients with COVID-19 at high risk of
thromboembolism were selected. The study selection process is illus-
trated in Fig. 1. Supplementary Table 3 shows patient selection for
extended thromboprophylaxis from each study.

The eight studies include seven observational studies and one RCT.
Four studies were conducted in the USA, and the other four were con-
ducted in Belgium, Israel, Brazil, and England. Detailed information on
extended thromboprophylaxis, including the type of drug, dosage, and
duration, in these studies is summarised in Table 1. More than 80 % of
patients in the thromboprophylaxis group received DOACs, and >70 %
of patients received prophylactic dose. Four studies have reported the
duration of extended thromboprophylaxis, which was <35 days after
discharge in all studies.

The methodological quality of the observational studies and RCT was
evaluated. Three studies were of low quality, primarily because of
comparability issues, whereas the other five studies were fair and of
good quality (Table 1).

3.2. Association of extended thromboprophylaxis with thromboembolism
and all-cause mortality

Composite outcomes consisting of thromboembolism and all-cause
mortality were represented in the eight studies. Composite outcomes
occurred in 83 of 1834 patients (4.53 %) receiving extended thrombo-
prophylaxis and in 459 of 8314 patients (5.52 %) who did not receive
this treatment. The results of the meta-analysis revealed that extended
thromboprophylaxis was significantly associated with a reduced
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Fig. 1. Flow diagram representing study selection process.
Table 1
Characteristics of the included studies.

Authors Study design Country  Sample ICU Drugs for Drug dosage Duration of Follow-up  Quality
size (TP/ stay thromboprophylaxis thromboprophylaxis duration
non-TP) (%)

Courtney et al. Observational USA 1171 NA Rivaroxaban (86.3 %), Prophylactic doses 28 days 35 days 8

(2022) study 132/ enoxaparin (12.9 %), and (100 %)
1039) apixaban (0.8 %)
Engelen et al. Observational Belgium 146 (41/ 39 Enoxaparin (100 %) Prophylactic doses 14 days 42 days 7
(2021) study 105) (100 %)
Eswaran et al. Observational USA 447 (190/ 39.4 DOACs (90 %) Prophylactic doses NA 30 days 5
(2020) study 257) (100 %)
Giannis et al. Observational USA 4906 11.8 Enoxaparin (12.3 %), Prophylactic doses NA 90 days 8
(2021) study 612/ apixaban (29.4 %), and (94.9 %) and
4294) rivaroxaban (54.9 %) therapeutic doses
(5.1 %)
Lietal. (2021)  Observational USA 2832 15.2 NA Prophylactic doses NA 90 days 8
study 682/ (27.6 %) and
2150) therapeutic doses
(72.4 %)
Patell et al. Observational Israel 176 (13/ NA LWMH (76.9 %) and DOACs  Prophylactic doses NA 30 days 5
(2020) study 163) (15.4 %) (100 %)

Ramacciotti RCT Brazil 318 (159/ 52 Rivaroxaban (100 %) Prophylactic doses 35 days 35 days Low

et al. (2021) 159) (100 %) risk

Salisbury et al. Observational England 152 (5/ 22 LWMH (100 %) Prophylactic doses 7 days 42 days 5

(2020) study 147) (100 %)

RCT, randomised controlled trial; TP, thromboprophylaxis; ICU, intensive care unit; DOACs, direct oral anticoagulants; LWMH, low-molecular-weight heparin; NA, not

available.
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Study %
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I
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|
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Overall (I-squared = 16.4%, p = 0.301) <7> 0.52(0.41,0.67)  100.00

Favours thromboprophylaxis
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Favours non-thromboprophylaxis

Fig. 2. Fixed effects model showing association of extended thromboprophylaxis with composite outcome of thrombosis and all-cause mortality in post-discharge

patients with COVID-19. P, heterogeneity test.

composite outcome of thrombosis and all-cause mortality in post-
discharge patients with COVID-19 (Fig. 2; OR: 0.52; 95 % CIL
0.41-0.67, P = 0.000; I> = 16.4 %). Interaction analysis revealed no
significant difference in the effect estimates between the RCT and
observational studies (P interaction = 0.310). Furthermore, sensitivity
analysis after excluding poor-quality studies confirmed the results of the
primary analyses (Fig. 3; OR: 0.51; 95 % CI: 0.40-0.66, P = 0.000; P=
40.8 %). Sequential elimination of each study failed to identify those
having a significant influence on the results (Supplementary Table 4). In
addition, for the secondary efficacy outcome, patients receiving
extended thromboprophylaxis had a significantly lower risk of post-
discharge thrombosis than those without this treatment (Supplemen-
tary Fig. 1; OR: 0.62; 95 % CI: 0.42-0.94, P = 0.023; I = 30.2 %).

3.3. Association of extended thromboprophylaxis with bleeding events

Six studies reported primary safety outcomes, including all and major
bleeding events. All bleeding events occurred in 23 of 1026 patients (2.24
%) receiving extended thromboprophylaxis and in 85 of 5843 patients
(1.45 %) without this treatment (Fig. 4A). Patients receiving extended
thromboprophylaxis were associated with a significantly higher risk of all
bleeding events than those without this treatment (OR: 1.77; 95 % CI:
1.09-2.86, P =0.021; P = 15.0 %). Major bleeding events occurred in 16
of 1026 patients (1.56 %) receiving extended thromboprophylaxis and in
73 of 5843 patients (1.25 %) without this treatment (Fig. 4B). Moreover,
extended thromboprophylaxis was not associated with a significant
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increase in major bleeding events (OR: 1.64; 95 % CI: 0.95-2.82, P =
0.075; = 0.0 %).

3.4. Publication bias

Visual inspection of funnel plots showed qualitative symmetry
(Supplementary Fig. 2). Egger's test (P = 0.875) failed to detect signif-
icant publication bias, consistent with the results of funnel plots.

4. Discussion

This study is the first, to the best of our knowledge, to provide a
comprehensive investigation of the effectiveness and safety of extended
thromboprophylaxis in post-discharge patients with COVID-19 based on
evidences from RCT and observational studies simultaneously. The re-
sults suggested that extended thromboprophylaxis significantly reduced
the incidence of composite outcome of thrombosis and all-cause mor-
tality in post-discharge patients with COVID-19 without increasing the
risk of major bleeding events. No significant difference in effectiveness
estimates was observed between the RCT and observational studies.
Although the analysis of safety suggested a higher risk of all bleeding
events in post-discharge patients with COVID-19 receiving extended
thromboprophylaxis than in those without this treatment, no significant
difference in major bleeding events was detected. Together, these results
indicate that extended thromboprophylaxis can improve the clinical
outcomes in post-discharge patients with COVID-19 at high risk of
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Study %
ID OR (95% CI) Weight
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Engelen (2021) i + 2.64 (0.36, 19.40) 1.65
Giannis (2021) -Io— 0.54 (0.47, 0.81) 88.44
Li (2021) - i 0.14 (0.03, 0.58) 2.99
Ramacciotti (2021) —e—;— 0.31 (0.11, 0.88) 6.06
Overall (I-squared = 40.8%, p = 0.150) @ 0.51 (0.40, 0.66) 100.00
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Fig. 3. Fixed effects model of sensitivity analysis after excluding studies with a high risk of bias showing association of extended thromboprophylaxis with composite
outcome of thrombosis and all-cause mortality in post-discharge patients with COVID-19. P, heterogeneity test.

thromboembolism.

Post-discharge patients with COVID-19 have a higher incidence of
thrombosis than those with other infectious diseases [4,30]. Extended
thromboprophylaxis has been proposed to minimise the risk of throm-
bosis. Based on evidence from the eight studies involving 10,148 post-
discharge patients with COVID-19, this meta-analysis is the first to
investigate the effectiveness and safety of extended thromboprophy-
laxis. The results demonstrate that extended thromboprophylaxis can
reduce the risk of post-discharge thrombosis and all-cause mortality
without increasing the risk of major bleeding events. However, a meta-
analysis by Rungjirajittranon et al. [3] reported no association between
extended thromboprophylaxis and thrombosis in post-discharge patients
with COVID-19 (OR: 0.84; 95 % CI: 0.26-2.70; P = 0.49), which was
inconsistent with the results of the present study. However, this previous
meta-analysis [3] included only four observational studies (of which two
were of poor quality) and did not include RCTs, thereby providing
inadequate preliminary conclusions. The present study is a compre-
hensive review of one RCT and seven observational studies to provide
high-quality evidence. In particular, the pooled results of the primary
outcome from the RCT (OR: 0.31; 95 % CI: 0.11-0.88) were consistent
with those from observational studies (OR: 0.54; 95 % CI: 0.42-0.70),
with a P jpteraction Of 0.31. The results of the RCT were replicated and
validated in observational studies. Observational studies in real-world
clinical practice could provide critical clinical evidence of the benefits
and risks of interventions when RCTs are lacking [31] and are comple-
mentary to RCTs. The results of the meta-analysis of RCTs were
confirmed by observational studies, which supported extrapolation of
the results to clinical practice. In addition, the effect estimates after
excluding studies of poor quality were consistent with the results of the
primary analysis, which provided robust evidence for the efficacy and
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safety of the intervention.

Based on data from the MICHELLE trial [4], patients with COVID-19
and increased risk of thromboembolism, defined by an IMPROVE VTE
score [32] of 2-3 with D-dimer level >500 ng/mL or a score >4 inde-
pendent of the D-dimer level at hospital discharge, should be considered
for extended thromboprophylaxis at hospital discharge to improve
clinical outcomes, including reducing major and fatal thromboembolic
events, without increase in major bleeding events [4]. The results of this
meta-analysis supported the recommendation from the MICHELLE
trial [4] that extended thromboprophylaxis is an attractive strategy
to improve prognosis in patients with an increased risk of
thromboembolism.

No previous systematic review has investigated which between
DOACs and LMWH should be recommended as a priority anticoagulant
for post-discharge patients with COVID-19. Furthermore, the optimal
intensity and duration of extended thromboprophylaxis remain unclear.
Qualitative analysis can provide critical clinical evidence for decision
making when quantitative data are lacking. A comprehensive qualita-
tive analysis was conducted to provide preliminary recommendations on
these issues. First, >80 % of patients in the thromboprophylaxis group
received DOACs, and pooled estimates showed that thromboprophylaxis
could improve clinical outcomes. Furthermore, oral administration of
DOACs has advantages of convenience of use and economic significance
over injection administration of LMWH. Therefore, it is reasonable to
recommend DOACs for extended thromboprophylaxis. Regarding the
optimal intensity of thromboprophylaxis, >70 % of patients in the
thromboprophylaxis group received a prophylactic dose, and previous
studies have shown that prophylactic doses were associated with a lower
risk of major bleeding events than that of therapeutic doses [33].
Therefore, the results of this systematic review support the use of
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Fig. 4. Fixed effects model showing association of extended thromboprophylaxis with bleeding events in post-discharge patients with COVID-19. (A) All bleeding

events. (B) Major bleeding events. P, heterogeneity test.
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prophylactic doses for extended thromboprophylaxis. Furthermore,
regarding the duration of thromboprophylaxis after discharge, extended
thromboprophylaxis for <35 days was appropriate and supported by the
results of the MICHELLE trial [4]; however, additional RCTs are required
to draw more definitive conclusions on the optimal duration of
thromboprophylaxis.

However, these results should be interpreted with caution for two
reasons. First, patients included in this study had a high risk of throm-
boembolism at discharge. Second, although extended thromboprophy-
laxis did not increase the risk of major bleeding events, it was associated
with a significant increase in all bleeding events. Therefore, extended
thromboprophylaxis after discharge should not be generalised to all
patients with COVID-19. However, patients at high risk of thrombo-
embolism should adhere to extended thromboprophylaxis, which is
consistent with the recommendations of the American Society of He-
matology (ASH) living guidelines [34]. A comprehensive assessment of
thrombotic and bleeding risks should be performed before decision
making, which is the cornerstone of extended thromboprophylaxis.

Several ongoing RCTs have evaluated the effectiveness and safety of
extended thromboprophylaxis in patients with COVID-19 [3,35,36];
high-quality evidence from RCTs is required to substantiate this finding.

5. Limitations

The results of the present study should be interpreted with caution
because of the following limitations: First, seven of the eight included
studies were observational studies and one was an open-label RCT. The
meta-analysis of data from observational studies had some limitations,
including selection bias and clinical event ascertainment. Second, the
absence of clarity and consistency in defining high risk of thromboem-
bolism might introduce selection bias for patients included in the
studies; moreover, differences in diagnostic methods and collection of
thromboembolism-related data across trials might introduce certain
biases. Nevertheless, patient selection and outcome data collection were
managed by a professional medical team, and bias was considered
acceptable. Finally, as most studies lacked information on drug type and
dosage, drug type and dosage subgroups were not included in this study.
Nonetheless, qualitative analysis in this study provided important evi-
dence that can be used to select drugs and dosages; however, additional
RCTs are needed to support these recommendations.

6. Conclusion

The current systematic review and meta-analysis revealed that
extended thromboprophylaxis administered for <35 days could signifi-
cantly reduce the risk of post-discharge thrombosis in patients with
COVID-19, without increasing the risk of major bleeding events. Addi-
tional RCTs are warranted to verify the findings of the present study.
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