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Abstract

Background Patients undergoing non-major orthopedic surgery often face an increased risk of venous
thromboembolism due to the necessity of immobilization postoperatively. Current guidelines commonly recommend
the use of low-molecular-weight heparin (LMWH) for prophylaxis, but it is associated with low patient compliance and
certain side effects. We conducted a meta-analysis of randomized controlled trials (RCTs) to assess the effectiveness
and safety of rivaroxaban or LMWH for thromboprophylaxis following non-major orthopedic surgery.

Method Relevant literature was systematically searched in PubMed, Web of Science, Cochrane Library, and Embase
from their inception to October 1, 2023, to evaluate the effectiveness and safety of rivaroxaban or LMWH in RCTs for
thromboprophylaxis following non-major orthopedic surgery.

Results A total of 5 randomized controlled trials involving 5,101 patients were included. There was no statistically
significant difference in the preventive effect against venous thromboembolism (VTE) when using rivaroxaban or
LMWH following non-major orthopedic surgery (RR 0.80; 95%Cl 0.31 to 2.07). In terms of safety, there was also no
statistically significant difference in the incidence of bleeding events in patients undergoing non-major orthopedic
surgery when using rivaroxaban or LMWH (RR 1.15; 95% CI 0.75 to 1.76).

Conclusion In non-major orthopedic surgery, the risk of venous thromboembolism and bleeding complications is
similar when using rivaroxaban or LMWH.
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Introduction

Venous thromboembolism (VTE) is a chronic condition,
encompassing deep vein thrombosis (DVT) and pulmo-
nary embolism (PE), affecting approximately 10 million
people annually [1]. Thromboprophylaxis has always been
an important topic in orthopedic surgery [2—7]. There-
fore, the nineth ACCP guidelines recommend the use of
anticoagulants for at least 14 days after major orthopedic
surgery to reduce the risk of VTE [8]. Nonmajor ortho-
pedic surgery refers to orthopedic procedures that do not
include total hip replacement, total knee replacement, or
hip-fracture surgery(9). These surgeries are generally less
invasive and lower-risk, mainly involving minor bone or
soft tissue repairs, ligament procedures, or arthroscopic
operations(9). For non-major orthopedic surgery, throm-
boprophylaxis was also a noticeable topic. Research has
indicated that without thromboprophylaxis following
non-major orthopedic surgery, it will lead to about 3% of
the risk of VTE [10].

However, there was controversy over the optimism
thromboprophylaxis strategy. In European countries,
thromboprophylaxis following non-major orthopedic
surgery remains a standard care practice. Guidelines rec-
ommend the application of individualized low-molecu-
lar-weight heparin (LMWH) prophylaxis strategies for
patients with one or more thrombotic risk factors and
a thrombotic event risk exceeding the risk of bleeding
events [11-13]. In contrast, guidelines from the United
States and other regions, such as ACCP 2012 and the
International Consensus Meeting on Venous Throm-
boembolism, do not recommend the use of throm-
boprophylaxis for non-major orthopedic surgery [8,
14]. LMWH is a classical thromboprophylactic agent
with well-established efficacy but requires subcutane-
ous injection [15]. Moreover, LMWH use may lead to
a decrease in platelet count (<100%x1079/L), known as
heparin-induced thrombocytopenia (HIT), which can
lead to venous or arterial thrombosis [16]. The above
shortcomings could result in poor patient compliance
and pose significant challenges for outpatient use. Over
the past decade, direct oral anticoagulants (DOACs) such
as rivaroxaban have demonstrated superior thrombo-
prophylactic effects. Compared to LMWH, rivaroxaban
does not require injections or coagulation monitoring,
leading to higher patient compliance and satisfaction
[17-20]. Multiple studies indicate that in major ortho-
pedic surgery, rivaroxaban carries a lower combined risk
of symptomatic venous thromboembolism and death for
any reason when compared to LMWH [21, 22]. Further-
more, meta-analyses suggest that in major orthopedic
surgeries, rivaroxaban outperforms LMWH in prevent-
ing DVT following hip and knee arthroplasties [23]. In
recent years, a large-scale randomized controlled trial
(RCT) with 3604 participants compared the effectiveness
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of using rivaroxaban or LMWH for thromboprophylaxis
following non-major orthopedic surgery [24]. However,
this study has not undergone a meta-analysis and did not
incorporate relevant guideline.

There has been no meta-analysis comparing the effec-
tiveness of rivaroxaban and LMWH in non-major ortho-
pedic surgery. To better guide clinical practice, we firstly
conducted a meta-analysis of randomized controlled tri-
als comparing the efficacy and safety of rivaroxaban and
LMWH as thromboprophylactic strategies in non-major
orthopedic surgery. Our meta-analysis aims to fill this
gap in the literature and provide evidence to support the
selection of appropriate anticoagulation strategies follow-
ing non-major orthopedic surgery.

Methods

This meta-analysis was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) guidelines [25]. The study protocol
was registered on PROSPERO (CRD42023469040).

Search strategy and selection criteria

PubMed, Web of Science, Cochrane Library, and Embase
were systematically searched for relevant literature from
their inception up to October 1, 2023, using the pre-
defined search strategy outlined in the appendix. The
search was conducted again when this study was finished
on May 1, 2024. There were no language or geographic
restrictions. After removing duplicates, four reviewers
independently screened the literature based on inclu-
sion and exclusion criteria Inclusion criteria were as fol-
lows: (1) Studies comparing rivaroxaban and LMWH
treatment groups; (2) Providing data on the number of
patients with thromboembolic events and bleeding after
follow-up; (3) RCTs. Exclusion criteria were as follows:
(1) Studies involving patients undergoing major orthope-
dic surgery; (2) Inability to extract data; (3) Studies based
on animal or computer models. Any disagreement was
resolved by discussing with a senior author .

Data extraction

Data extraction was independently performed by four
reviewers based on a standardized form, including: (1)
Basic characteristics of the included studies (author, pub-
lication year, study country, sample size in each group,
follow-up duration, etc.); (2) Basic characteristics of the
included patients (age, gender ratio, etc.); (3) Efficacy
outcome measures (incidence of VTE, DVT, and PE); (4)
Safety outcome measures (incidence of bleeding events,
including overall bleeding events, major bleeding, and
non-major clinically relevant bleeding).
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Quality assessment

Two researchers independently assessed the risk of bias
of relevant literature using Cochrane’s Risk of Bias tool
[26]. The Cochrane Risk of Bias assessment consists of
seven domains, which are: (1) Generation of the random
sequence; (2) Allocation concealment (whether the study
participants were aware of their group assignment); (3)
Blinding of researchers and participants (double-blind,
single-blind, or unblinded); (4) Blinding of outcome
assessment (whether those assessing the study outcomes
were blinded); (5) Follow-up bias (completeness of out-
come data); (6) Reporting bias (selective reporting of
study results); (7) Other bias (potential sources of bias).
A standardized data extraction form was used to record
the assessment of each domain in the Risk of Bias table as
high risk, low risk, or unclear risk of bias. In case of dis-
agreements, resolution was achieved through discussion
with a senior author (CGW).

Statistical analysis

The occurrence rates of VTE, DVT, PE, and bleeding
events in the included studies were all dichotomous data,
which was extracted in the form as an absolute num-
ber and patient number. Outcomes were presented as
a risk ratio (RR) with 95% confidence interval (CI). The
Mantel-Haenszel (M-H) method was used Heterogene-
ity was quantitatively assessed using I>. Considering the
existence of substantial heterogeneity from surgery type,
thromboprophylaxis strategy, random-effect model was
used for synthesis. Sensitivity analysis was conducted
using leave-one-out method. Funnel plot was used for
assessment of publication bias. Egger’s test was also
employed to assess publication bias. The overall quality
of evidence was assessed using the Grading of Recom-
mendations, Assessment, Development, and Evaluation
(GRADE) criteria. All analyses were performed using
Review Manager (version 5.4).

Using Trial Sequential Analysis (TSA) software version
0.9.5.10 beta, we performed a TSA analysis on the out-
come VTE and total bleeding to verify the reliability of
the meta-analysis results. The required information size
(RIS) on the relative calculated effect size for the inter-
vention was calculated considering a type I error of 5%
and a power of 80%. If the cumulative Z-curve does not
exceed the RIS, further studies are needed.

Results

Literature search

A total of 3,597 potentially relevant references were
retrieved. After removing 2,976 duplicates by search-
ing for author names, publication years, titles, etc.,
and excluding 600 articles based on title and abstract
screening, 21 studies underwent full-text review. Subse-
quently, 16 studies were excluded based on inclusion and
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exclusion criteria. Ultimately, our final analysis included
5 RCTs that met the criteria [9, 24, 27-29] (See Fig 1).

Study characteristics

In the 5 RCTs, the total number of patients included
was 5,101, with 2,568 patients in the rivaroxaban treat-
ment group and 2,533 patients in the LMWH treatment
group. The follow-up duration ranged from 2 weeks to
six months. LMWH used in different studies was vari-
ous and included Bemiparin [27], Parnaparin [28], and
Enoxaparin [9, 24, 29]. The dosage and duration of drug
use also varied among different studies. The basic char-
acteristics of these included studies are summarized in
Table 1.

Quality assessment

Among the 5 studies, 1 study was assessed as having
low risk of bias [9], while the remaining 4 studies had
an unclear risk of bias [9, 24, 27-29]. The main sources
of bias uncertainty were related to unclear methods for
generating random sequences, whether allocation con-
cealment was implemented, and whether blinding was
applied to participants, trial personnel, and outcome
assessors. The distribution of risk of bias was shown in
Fig. 2.

The efficacy outcomes

All five RCTs reported the number of individuals who
experienced VTE after using either rivaroxaban or
LMWH [9, 24, 27-29]. The meta-analysis results revealed
no statistically significant difference in the preven-
tive effect against VTE following non-major orthopedic
surgery between the use of rivaroxaban or LMWH (RR
0.80; 95%CI 0.31 to 2.07; P=0.05; I* = 52%) (Fig. 3A).
The trial sequential analysis with 80% power showed the
a-spending adjusted CI was 0.02 to 38.65. Considering
the limited information, the required information size
was not calculated (eFigurel). Among these, four stud-
ies reported the number of individuals who developed
DVT [9, 24, 27-29], and the pooled effect difference also
showed no statistically significant difference (RR 0.63;
95%CI 0.27 to 1.45; P=0.05; I*> = 8%) (Fig. 3B). Subse-
quently, an analysis was conducted on three studies that
reported the number of individuals who experienced
PE, with the statistical outcome showing no statistically
significant difference between the two groups (RR 0.60;
95%CI 0.07 to 4.90; P=0.05; I* = 0%) 2728 (Fig. 3C).

The safety outcomes

Major bleeding events associated with anticoagulant
therapy are mainly classified as major bleeding (lethal,
critical, clinically significant bleeding, or bleeding at sur-
gical sites requiring intervention) and non-major clini-
cally relevant bleeding. All five studies [9, 24, 27-29]
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Fig. 1 lllustrates the literature selection process

reported the number of total bleeding events. The meta-
analysis results indicated no statistically significant differ-
ence between rivaroxaban and LMWH in terms of total
bleeding events (RR 1.15; 95%CI 0.75 to 1.76; P=0.05;
I* = 0%) (Fig. 4A). The trial sequential analysis with 80%
power showed the a-spending adjusted CI was 0.20 to
6.62. The required information size was 74,019 (eFigure2).
Among these, three studies [9, 24, 28] demonstrated no
statistically significant difference in the preventive effect
of rivaroxaban and LMWH on major bleeding events
(RR 1.03; 95%CI 0.49 to 2.17; P=0.05; I* = 0%) (Fig. 4B).
The included studies revealed that both rivaroxaban and
low-molecular-weight heparin could lead to non-major
clinically relevant bleeding, such as epistaxis, gastroin-
testinal bleeding, and incision hematomas. However,
in three studies comparing rivaroxaban and LMWH [9,
27, 28], there was no statistically significant difference in

non-major clinically relevant bleeding between rivaroxa-
ban and LMWH (RR 1.27; 95%CI 0.72 to 2.22; P=0.05; I*
=0%) (Fig. 4C).

Sensitivity analysis

A leave-one-out sensitivity analysis was conducted on
outcomes in above outcomes, and no changes were
observed in these results.

Publication bias

Funnel plots (Fig. 5) and Egger tests were conducted on
the aforementioned outcomes, and no statistically signifi-
cant evidence of publication bias was found.
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Table 1 Characteristics of the included RCTs

Study Country  Patient number Sex (female/male) Dosage and Duration DVT Diagnostic Follow-

Rivaroxaban LMWH Rivaroxaban LMWH Rivaroxaban LMWH Methods up
Duration

Du2015 China 341 324 NA NA 14d Rivaroxaban 14d Doppler ultrasound  14d

(10 mg /day) Parnaparin - and Spiral com-
(40 mg/day) puted tomography

John2022 USA 58 63 061 0.70 20d Rivaroxaban 20d Venous ultraso- 12wk

(10 mg /day) Enoxaparin - nography or CT
(40 mg/day) angiography

Mufoa2014 Spain 237 230 0.591 0.705 21d Rivaroxaban 21d Bemi-  Doppler and pul- 1 mo

(10 mg/day) parin (3,500 monary AngioTAC  and 3mo
IU /day)

Samama2020 France 1809 1795 052 0.56 2 wk to 2wk to Compression 30d
1mo,>1mo 1mo, >1 ultrasonography after the
to 2 mo, or >2 mo to 2 mo, end of
mo Rivaroxaban or >2 mo treatment
orally (10 mg injection of
/day) and a Enoxaparin
subcutaneous (40 mgin
injection of 04 ml of
placebo diluent)

and an oral
tablet of
placebo

Shafiei2022 Iran 123 121 0.58 0.68 Rivaroxaban Enoxaparin - NA 2wk, 4

wk,

12 wk,
and bian-
nually

GRADE ratings

GRADE ratings for above outcomes were assessed.
The quality of evidence ranged from low to moderate
(Table 2).

Discussion

This study represents the comparison of the effectiveness
and safety of rivaroxaban and LMWH in preventing VTE
and bleeding events following non-major orthopedic
surgery. Our meta-analysis results indicate that there is
no significant difference in the occurrence rates of VTE
(including DVT and PE) and bleeding events (including
major bleeding and non-major clinically relevant bleed-
ing) when patients undergoing non-major orthopedic
surgery use rivaroxaban or LMWH.

LMWH has demonstrated excellent efficacy in prevent-
ing thrombosis after orthopedic surgery [29-33]. Guide-
lines recommend the use of LMWH for the prevention
of VTE in patients undergoing non-major orthopedic
surgery who have a high VTE risk. For example, in cases
where the total anesthesia time for knee arthroscopy
exceeds 90 min or when the patient’s risk of develop-
ing DVT outweighs the risk of bleeding, LMWH can be
used within 6-12 h post-surgery and continued for 14
days. For patients with isolated lower leg injuries requir-
ing immobilization and a higher DVT risk compared to
bleeding risk, continuous use of LMWH or fondaparinux

for up to 42 days is recommended to prevent thrombo-
sis. ACCP’s evidence-based guidelines also recommend
using LMWH as a measure to prevent secondary VTE in
cases of acute spinal cord injury [8, 10-13, 34]. Addition-
ally, the risk of VTE after foot and ankle surgery varies
between 0.8% and 23.5% [35-41]. The clinical practice
guidelines of the American Academy of Orthopaedic
Surgeons do not provide specific recommendations for
VTE prevention after such surgeries [42]. However, the
guidelines of the American Orthopaedic Foot & Ankle
Society suggest that the use of LMWH significantly
reduces the incidence of VTE in patients undergoing foot
and ankle surgery with specific risk factors and may also
reduce the incidence of postthrombotic syndrome (PTS)
[43, 44]. Apart from LMWH, various anticoagulants can
be used for VTE prevention in non-major orthopedic
surgery patients. However, there is limited high-evidence
clinical research available, and the recommendations in
the guidelines are relatively weak. Therefore, the choice
of which medication to use for VTE prevention remains a
subject for further exploration.

Multiple clinical trials and systematic reviews have con-
firmed that the efficacy of rivaroxaban in preventing VTE
after major orthopedic surgery is significantly superior to
LMWH [21, 41, 45, 46]. Rivaroxaban is a novel oral anti-
coagulant that inhibits thrombin and thrombus forma-
tion by affecting the activity of coagulation factor Xa [47].
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Fig. 2 The risk of bias of included RCTs. (A) Risk of bias of included studies; (B) Risk of bias summary for the included studies.

Rivaroxaban can be administered orally, and it has stable
dosing and good pharmacokinetics. The drug concentra-
tion in the patient’s body can be well-controlled without
the need for monitoring, making it a more convenient
option for clinical use [48]. While drugs like LMWH take
effect immediately after injection, they require subcu-
taneous administration by a nurse, which may result in
complications such as subcutaneous bruising or nodules
[15]. From an economic perspective, oral anticoagu-
lants are more cost-effective than LMWH [49] and can
effectively reduce the financial burden on patients who
require long-term anticoagulation.

In a large RCT that included 3604 participants,
Samama et al. [9] found that after non-major orthopedic
surgery, patients using rivaroxaban had a lower incidence
of major venous thromboembolism compared to patients
using LMWH (RR 0.25; 95%CI 0.09 to 0.75; P=0.01).
Previous RCT [50] had also indicated that after major
orthopedic surgery, patients using rivaroxaban experi-
enced lower rates of DVT, PE, and mortality compared to

those using LMWH. In our meta-analysis, the use of riva-
roxaban or LMWH after non-major orthopedic surgery
showed comparable effectiveness in preventing VTE,
DVT, and PE. This similarity may be related to the lim-
ited number of studies included, and the wide confidence
intervals, along with an I’value exceeding 50%, which
suggests significant heterogeneity among the included
studies. Therefore, caution should be exercised when
interpreting our results. We also conducted an analysis of
the safety of these two types of anticoagulants after non-
major orthopedic surgery. The results indicated that the
incidence of various bleeding events with rivaroxaban or
LMWH was similar. However, previous studies [50, 51]
have reported different results, suggesting that rivaroxa-
ban is more likely to lead to major bleeding events such
as gastrointestinal bleeding, retinal bleeding, or intracra-
nial bleeding compared to LMWH. This discrepancy may
be attributed to variations in the definitions and practices
related to bleeding events across different studies, as well



Zhu et al. Journal of Orthopaedic Surgery and Research

A

Rivaroxaban LMWH
Du2015 7 341 9 324 29.8%
John2022 1 58 0 63 7.4%
Munoa2014 1 237 0 230 7.3%
Samama2020 4 1661 18 1640 27.8%
Shafiei2022 8 123 5 121 27.7%
Total (95% Cl) 2420 2378 100.0%

Total events 21 32
Heterogeneity: Tau? = 0.54; Chi* = 8.30, df = 4 (P = 0.08); I = 52%
Test for overall effect: Z = 0.46 (P = 0.65)

B Rivaroxaban

0 Weigh

341 324 50.8%

Du2015 6 8

John2022 1 58 0 63 6.7%
Munoa2014 1 237 0 230 6.6%
Samama2020 3 1756 10 1737 35.9%
Total (95% Cl) 2392 2354 100.0%

Total events 1 18
Heterogeneity: Tau? = 0.07; Chi? = 3.27, df = 3 (P = 0.35); I = 8%
Test for overall effect: Z = 1.08 (P = 0.28)

c Rivaroxaban

LMWH

Du2015 1 341 1 324 57.2%
Munoa2014 0 237 0 230

Samama2020 0 1756 1 1737 42.8%
Total (95% ClI) 2334 2291 100.0%
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Heterogeneity: Tau? = 0.00; Chi? = 0.24, df = 1 (P = 0.62); I’ = 0%
Test for overall effect: Z = 0.47 (P = 0.64)

Fig. 3 The pooled effect of VTE (A), DVT (B), PE (C)

as differences in patient characteristics and the types of
surgeries performed.

Our study compared the thromboprophylactic effects
of rivaroxaban and low-molecular-weight heparin
(LMWH) following nonmajor orthopedic surgery. Our
findings indicate that rivaroxaban and LMWH have com-
parable efficacy in thromboprophylaxis, and their bleed-
ing risks are similar. Therefore, our results suggest that
both rivaroxaban and LMWH are equally effective for
patients undergoing nonmajor orthopedic surgery and
can be used interchangeably in clinical practice. Physi-
cians may choose between the two based on the cost-
effectiveness and convenience of administration of each
medication. In 2022, Douillet et al. conducted a network
meta-analysis on the prevention of venous thromboem-
bolism (VTE) in patients with lower leg immobilization
after trauma [52]. Their study found a favorable benefit/
risk ratio for thromboprophylaxis in these patients, with
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rivaroxaban having the highest level of evidence. Our
study also demonstrates the excellent efficacy of rivar-
oxaban in preventing VTE following non-major ortho-
pedic surgery. Unlike their study, our research not only
included patients with lower leg immobilization after
trauma but also other non-major orthopedic surger-
ies such as knee arthroscopy and lumbar spine surgery.
Additionally, in contrast to their study, we only included
high-quality randomized controlled trials, excluding
observational studies. In summary, based on the current
evidence, the incidence of lower limb venous thrombosis
following nonmajor orthopedic surgery is not as high as
that observed after major orthopedic surgery. Therefore,
for patients requiring prophylactic anticoagulation, both
rivaroxaban and low-molecular-weight heparin (LMWH)
can be considered appropriate treatment strategies.

This study has several limitations: (1) The quality of
the included studies was not consistently high, as many
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Fig. 4 The pooled effect of total bleeding events (A), major bleeding events (B), non-major clinically relevant bleeding (C)
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Effect size

Fig.5 Funnel plot for VTE (A) and total bleeding events (B)

studies did not mention the implementation of blind-
ing methods. LMWH requires subcutaneous injection
to take effect, whereas rivaroxaban is an orally adminis-
tered anticoagulant. Implementing blinding procedures
for treatment measures can be challenging, potentially
leading to unclear bias risk. (2) In this study, the dosages

Effect size

and durations of rivaroxaban and LMWH varied, and
the specific LMWH drugs used also differed, which
may contribute to the heterogeneity observed. (3) Some
articles had unclear or missing data when included. (4)
When comparing the effectiveness of rivaroxaban and
LMWH in preventing PE after non-major orthopedic
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Table 2 The quality of evidence by GRADE
Outcomes No. of partici- Rela- Risk of bias* Inconsistencyt Imprecisiont Small study Cer-
pants (No. of tive ratio effects§ tainty of
trials) (95%Cl) evidence
VTE 4798 (5) 0.80(031to  Notdowngraded  Downgraded Downgraded Not downgraded ~ E??
2.07) Low
DVT 4746 (4) 063(0.27to  Notdowngraded  Not downgraded  Downgraded Not downgraded ~ EDEHEPH?
1.45) Moderate
PE 4625 (3) 060 (007to  Notdowngraded Notdowngraded  Downgraded Not downgraded ~ EHEPH?
4.90) Moderate
Bleeding risk 4989 (5) 1.15(0.75to0  Notdowngraded  Notdowngraded — Downgraded Not downgraded ~ EPEP?
1.76) Moderate
Major bleeding 4401 (3) 1.03(049to Notdowngraded Notdowngraded Downgraded Not downgraded ~ EDEHEP?
2.17) Moderate
Non-major clinically 4628 (3) 1.25(0.73to  Notdowngraded  Not downgraded  Downgraded Not downgraded ~ EHEPH?
relevant bleeding 2.15) Moderate

Cl, confidence interval

*Downgraded by one level because >25% of participants in this comparison were from studies at high risk of bias

tDowngraded by one level because heterogeneity (12)>50%

$Downgraded by one level because the limits of the 95% confidence interval were 20% different to the point estimates

§Downgraded by one level owing to small study bias

surgery, only three RCTs were included, and these stud-
ies exhibited some heterogeneity, resulting in wider con-
fidence intervals for the final risk ratio (RR) values. (5)
The study by Samama et al., as the most important one,
was terminated early due to recruitment issues, and most
events were asymptomatic or distal deep vein thrombosis
(DVT), with a low overall event rate. There is still debate
in current guidelines regarding the risk of isolated distal
DVT and whether treatment is necessary. Most studies
use lower limb DVT as the outcome without further anal-
ysis of proximal and isolated distal thrombosis. There-
fore, in our study, using lower limb DVT as the outcome
does not allow us to further explore the effectiveness of
the two anticoagulation strategies in preventing different
types of thrombosis. Therefore, caution should be exer-
cised when interpreting the results of this meta-analysis.
(6) The results of the trial sequential analysis indicate that
the current studies fall significantly short of the required
information size, and the number of included studies is
relatively small. Therefore, more research is needed in the
future to further explore this topic.

Conclusion

In non-major orthopedic surgery, rivaroxaban showed
comparable efficacy of thromboprophylaxis compared
to LMWH. Also, rivaroxaban and LMWH showed com-
parable bleeding risks. More high-quality research is
needed in this field for further exploration.
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