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A B S T R A C T   

Purpose: To inveatigate how effective LMWH was at preventing venous thromboembolism (VTE), 
major bleeding events, and minor bleeding events after simple knee arthroscopic surgery and 
anterior cruciate ligament reconstruction (ACLR). 
Methods: We conducted a comprehensive search of PubMed, EMBASE, Cochrane Library, and the 
CNKI database for potentially eligible articles. The outcomes were evaluated in terms of odds 
ratio (OR) and the associated 95% confidence intervals (CIs). Meta-analysis was performed using 
the Stata software and subgroup analyses were performed based on the surgical setting including 
ACLR and simple knee arthroscopic surgery. 
Results: A total of eight studies with 2249 patients and 1794 controls were included in this meta- 
analysis. In patients undergoing simple knee arthroscopic surgery, LMWH prophylaxis did not 
bring a significant reduction in the risk of symptomatic deep venous thrombosis (DVT), symp
tomatic pulmonary embolism (PE), symptomatic VTE, and did not increase the risk of major 
bleeding events, but did have a higher risk of minor bleeding events (OR = 1.95, 95% CI 
1.34–2.84, P = 0.000) and a lower risk of asymptomatic DVT (OR = 0.14, 95% CI 0.04–0.53, P =
0.004) in comparison with non-LMWH prophylaxis. In patients undergoing ACLR, LMWH pro
phylaxis did not bring a significant reduction in the risk of symptomatic DVT, symptomatic PE, 
symptomatic VTE, and did not increase the risk of major bleeding events and minor bleeding 
events, but did have a lower risk of asymptomatic DVT (OR = 0.43, 95% CI 0.23–0.78, P =
0.006). 
Conclusion: When compared to a control group, this meta-analysis found that LMWH had little 
potential benefit in preventing major VTE (symptomatic VTE, symptomatic DVT, and symp
tomatic PE) after simple knee arthroscopy and ACLR. As a result, LMWH should not be considered 
routinely in patients undergoing knee arthroscopic surgery.   

1. Introduction 

With over 5 million patients undergoing knee arthroscopic surgery each year, it has become one of the most prevalent surgical 
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Table 1 
Demographic characteristics of the included studies.  

Study Country Study 
design 

Operative 
Procedure 

Age (year) Treatment Number Follow- 
up 

Trial Control Trial Control Trial Control 

Roth et al. (1995) Germany RCT knee arthroscopic surgery (no anterior 
cruciate ligament reconstruction) 

NA NA LMWH (Fraxiparine, 0.3 mL, once daily, for 4 d) None 61 61 6–8 
weeks 

Wirth et al. 
(2001) 

Germany RCT knee arthroscopic surgery (no anterior 
cruciate ligament reconstruction) 

37.6 38.5 LMWH (Reviparin, 1750 IU, once daily, for 8 d) None 117 122 7–10 
days 

Michot et al. 
(2002) 

Switzerland RCT knee arthroscopic surgery (no anterior 
cruciate ligament reconstruction) 

42.0 46.5 LMWH (Dalteparin, 2500 IU ≤ 70 kg or 5000 
IU ＞70 kg, once daily, for 30 d) 

None 66 64 1 month 

Canata and Chiey 
(2003) 

Italy RCT anterior cruciate ligament 
reconstruction (100%) 

29.6 32.5 LMWH (Enoxaparin, 4000 IU, once daily, for 6 d) None 18 18 NA 

Camporese et al.1 
(2008) 

Itlay RCT knee arthroscopic surgery, anterior 
cruciate ligament reconstruction 
(34.7%) 

42.1 42.3 LMWH (Nadroparin, 3800 IU anti-Xa, once daily, 
for 7 or 14 d) 

Placebo or 
Compression 
stocking 

1101 660 3 
months 

Liu et al. (2016) China RCT anterior cruciate ligament 
reconstruction (100%) 

NA NA LMWH (Enoxaparin, 100 Axa u⋅ kg− 1, once 
daily, for 7 d) 

None 35 35 NA 

Camporese et al.1 
(2016) 

Itlay RCT knee arthroscopic surgery, anterior 
cruciate ligament reconstruction 
(6.2%) 

44.9 45.9 LMWH (Rivaroxaban, 10 mg, once daily, for 7 d) Placebo 120 114 3 
months 

Van Adrichem 
et al. (2017) 

Netherlands RCT knee arthroscopic surgery (no anterior 
cruciate ligament reconstruction) 

48.1 49.1 LMWH (Nadroparin or Dalteparin, 2850 IU 
nadroparin or 2500 IU dalteparin, once daily for 
≤100 kg 
and double dose for ＞100 kg, for 8 d) 

None 731 720 3 
months 

RCT, randomized controlled trial; NA, not applicable. 
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treatments for the knee [1]. When executing this surgical operation, however, an increased risk of venous thromboembolism (VTE), 
including deep venous thrombosis (DVT) and pulmonary embolism (PE), may occur [2,3]. Venous thromboembolism is a serious 
health issue that causes significant death, morbidity, and resource depletion [4]. Low-molecular-weight heparin (LMWH) is well 
suggested as thromboprophylaxis following most orthopaedic operations since it significantly reduces the risk of thrombosis while also 
increasing the risk of bleeding [5]. The use of this prophylactic in patients who have had knee arthroscopic surgery is, however, 
debatable. LMWH was found to minimize the risk of DVT in patients receiving therapeutic knee arthroscopy in several randomized 
controlled trials (RCTs) [6–9]. Another trial found that LMWH prophylaxis following knee arthroscopy was ineffective in preventing 
symptomatic VTE [10]. This could be attributable to a variety of factors, including sample sizes, race, surgery type, and other con
founding variables. 

Six meta-analysis studies were published in 2008, 2014, 2018, 2019, and 2020 to overcome the limitations of individual in
vestigations. Ramos et al. [11] discovered that LMWH reduced the incidence of distal DVT diagnosed by sonogram, but no strong 
evidence was found to conclude that thromboprophylaxis is effective in preventing thromboembolic events and is safe in people 
undergoing knee arthroscopy who have unknown risk factors for thrombosis. Sun et al. [12] also discovered that LMWH lowers the risk 
of distal DVT. Chapelle et al. [13] observed that LMWH prophylaxis lowered the risk of significant VTEs, such as asymptomatic DVT, 
symptomatic VTEs, and VTE-related death. According to Huang et al. [14], the group treated with LMWH following knee arthroscopy 
had no effect on the rate of symptomatic VTE, symptomatic DVT, or symptomatic PE. Perrotta et al. [15] found no indication of benefit 
from the use of LMWH in reducing the minor risk of PE or symptomatic DVT. Furthermore, they stated that there was extremely 
low-certainty evidence that LMWH use could reduce the risk of asymptomatic DVT compared to no therapy. Only Zhu et al. [16] looked 
at the influence of various surgical procedures and reported that LMWH had no meaningful efficacy in avoiding VTE in patients 
undergoing basic knee arthroscopic surgery, although it did increase the risk of all bleeding events. LMWH, on the other hand, was 
found to be effective in avoiding VTE in patients having anterior cruciate ligament reconstruction (ACLR) and did not raise the risk of 
bleeding. The question of whether using LMWH following knee arthroscopy has a preventative effect is still being debated. The goal of 
this meta-analysis was to see how effective LMWH was at preventing VTE (symptomatic VTE, asymptomatic DVT, symptomatic DVT, 
symptomatic PE), major bleeding events, and minor bleeding events after simple knee arthroscopic surgery and ACLR compared to no 
LMWH medication. We hypothesized that LMWH after knee arthroscopy, including simple knee arthroscopy and ACLR, was 
ineffective. 

2. Methods 

The work has been reported in line with PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines 
[17]. 

2.1. Search trials 

We searched PubMed, EMBASE, the Cochrane Library, and the CNKI database for RCTs comparing LMWH to placebo, no treatment, 
or alternative nonpharmaceutical therapy for the prevention of VTE following knee arthroscopic surgery. The search terms included 
“thromboembolism,” “thromboembolization,” “venous thromboembolism,” “pulmonary embolism,” “venous thrombosis,” “heparin, 
low molecular weight,” “low-molecular-weight heparin,” “LMWH,” “arthroscopic surgery,” “arthroscopy,” “feishuansezheng,” 
“difenzigansu,” “xiguanjiejing,“. The detailed search strategy is reported in eTable 1. We did not limit the languages or publication 
date. The literature search was last updated on March 1, 2023. Two reviewers independently examined all of the titles, as well as the 
abstracts and references of relevant studies, for further relevant literature. If there was any doubt, full-text papers were obtained, and 
any discrepancies were handled by consensus among the reviewers. 

2.2. Inclusion and exclusion criteria 

The following criteria were used to select and exclude studies: (1) Patients who got LMWH following arthroscopy of the knee. (2) In 
the experimental group, the intervention was LMWH. (3) In the control group, there was no anticoagulant therapy. (4) Studies were 
considered valid if they included at least one of the following outcomes: VTE (symptomatic VTE, asymptomatic DVT, symptomatic 
DVT, and symptomatic PE), major bleeding, and minor hemorrhage. Venography or compression ultrasound were used to confirm 
DVT, both asymptomatic and symptomatic DVT. Pneumoangiography, ventilation-perfusion lung scanning, or helical computed to
mography were used to confirm symptomatic PE. Symptomatic VTE (including symptomatic PE and proximal DVT), symptomatic 
DVT, and symptomatic PE were all examples of major VTE. (5) The study had to be a randomized controlled experiment. The following 
papers were excluded: cohort studies, case-control studies, case reports, retrospective studies, systematic reviews, and meta-analyses. 

2.3. Risk-of-bias assessments 

Two researchers assessed the methodological quality of the included RCTs using the Cochrane risk-of-bias criteria [18], which 
included seven items on randomization sequence generation, allocation concealment, blinding of participants and personnel, blinding 
of outcome assessment, incomplete outcome data, selective reporting, and other biases. Other biases were identified as 
company-sponsored trials and trials in which the baseline characteristics of distinct intervention groups differed. Each item was given a 
risk rating of low, high, or unclear. The quality of the trials included in this study was rated as poor, high, or moderate based on the 
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following criteria: 1) Trials were considered low quality if either the randomization or allocation concealment were assessed as having 
a high or unclear risk of bias, regardless of the risk of the other items; 2) trials were considered high quality when both randomization 
and allocation concealment were assessed as having a low risk of bias, and all other items in the trial were assessed as having a low or 
unclear risk of bias, except for the item of participant and personnel blinding; and 3) trials were considered of moderate quality if they 
did not meet the criteria for high or low risk. 

2.4. Data extraction 

Data was extracted from qualified papers by two reviewers separately. Any differences were resolved through conversation or 
consultation with a third reviewer. The essential study characteristics were retrieved, including the main author, publication year, 
country of origin, length of follow-up, sample size, experimental and control interventions, age, and outcomes. VTE (symptomatic VTE, 
asymptomatic DVT, symptomatic DVT, and symptomatic PE), major bleeding events, and minor bleeding events were the end mea
sures of interest. Major bleeding is mainly defined as: (1) fatal bleeding, (2) symptomatic bleeding in critical areas or organs, (3) 
bleeding at the surgical site that results in a decrease in hemoglobin levels of ≥2.0 g/dL or transfusion of ≥1 U of whole blood or red 
blood cells, (4) bleeding at the surgical site that requires secondary intervention treatment, or joint hematocele that hinders recovery, 
or bleeding at the surgical site that requires transfusion, (5) joint hematocele with joint drainage exceeding 450 mL, or (6) obvious 
bleeding with a bleeding index ≥2. The bleeding index is calculated by subtracting the pre bleeding hemoglobin concentration (g/dL) 
from the post bleeding hemoglobin concentration (g/mL). Minor bleeding is defined as joint bleeding, with joint drainage of 100–450 
mL, which is not life-threatening and does not require further intervention [7,19]. 

2.5. Statistical analysis 

We estimated the odds ratio (OR) and its 95% confidence interval (CI) for dichotomous data in this meta-analysis. At a significance 
level of P＜0.05, statistical heterogeneity was examined using the I2 and chi-squared tests. When there was no evidence of hetero
geneity (I2＜50%, P > 0.05) among the studies, a fixed-effects model was used [20–26]. Otherwise, a random-effects model was used. 
Based on the practice recommendation of Cochrane Handbook, trials with zero events in both the intervention and control groups 
when ORs were calculated were excluded from the meta-analysis. 

To see if LMWH had a different effect on ACLR and simple knee arthroscopic surgery, all studies were divided into two groups based 
on the surgical setting: (1) ACLR group including ACLR in selected studies, and (2) simple knee arthroscopic surgery group only 
including meniscectomy, removal of loose bodies, or diagnostic arthroscopic surgery and no ACLR. Using the leave-one-out approach, 
we ran sensitivity analyses. We also used the funnel plot test to determine whether there was any publication bias. Revman 5.4 and 
Stata (version 14.0; TX 77845, USA) were used to conduct the statistical analysis. All tests were two-tailed, and statistical significance 
was defined as P＜0.05. 

Fig. 1. Risk of bias summary. + indicates low risk of bias; -, high risk of bias; ? unclear risk of bias.  
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3. Results 

3.1. Study search 

A summary of the study selection process is shown in Supplementary Fig. 1. A total of 153 relevant studies were inspected via 
electronic search. A total of 53 studies were excluded because they were duplicates. After assessing the titles and abstracts, 70 studies 
were eliminated, because they did not meet the eligibility criteria. Besides, we also excluded one RCT study from Marlovits et al. 
because patients in both treatment arms received LMWH prophylaxis [19]. Finally, eight RCTs [6–10,27–29] with 2249 patients and 
1794 controls were finally included in this meta-analysis. 

3.2. Study characteristics 

Table 1 summarizes the main characteristics of the studies included. The baseline information of the eight studies of the two groups 
was balanced and comparable. Among these studies, all studies were from a single-trial site. Among the eight studies, two studies [8,9] 
were conducted in Germany, one study [7] was conducted in Switzerland, three studies [27–29] were conducted in Italy, one study [6] 
was conducted in China, and one study [10] was conducted in Netherlands. All studies compared LMWH with no anticoagulant 
therapy. Four [6,27–29] of the 8 selected studies including ACLR were categorized into the ACLR group. Four studies [7–10] only 
included meniscectomy, removal of loose bodies, or diagnostic arthroscopic surgery and no ACLR were categorized into the simple 
knee arthroscopic surgery group. 

3.3. Risk of bias in the included studies 

The risk of bias in the included studies is presented in Fig. 1. Four studies [7,10,28,29] showed appropriate randomization, 
described the allocation concealment in detail, and thus, were regarded as high quality. Four studies [6,8,9,27] were regarded as low 
quality, because their randomization and allocation concealment were assessed as unclear risk of bias. Five studies [7,8,10,28,29] 
reported an adequate blinding of outcome assessment. In terms of incomplete outcome data, selective reporting, and other biased, 
eight studies [6–10,27–29] were deemed to have a low risk of bias. 

3.4. Meta-analysis results 

3.4.1. Major VTE 
Symptomatic DVT Eight studies [6–10,27–29] provided data on symptomatic DVT. For knee arthroscopic surgery, the combined 

results demonstrated that there was no statistical difference between the LMWH group and the control group (OR = 0.64, 95% CI 
0.24–1.69, P = 0.37; I2 = 15%; Fig. 2). Besides, for simple knee arthroscopic surgery, the combined results demonstrated that there was 
no statistical difference between the LMWH group and the control group (OR = 1.65, 95% CI 0.39–6.96, P = 0.49; I2 = 0%; Fig. 2). For 

Fig. 2. Forest plot diagram showing symptomatic DVT compared between LMWH and non-LMWH prophylaxis for patients undergoing simple knee 
arthroscopic surgery and ACLR. 

H.-M. Li et al.                                                                                                                                                                                                          



Heliyon 9 (2023) e19696

6

ACLR, the combined results demonstrated that there was no statistical difference between the LMWH group and the control group (OR 
= 0.23, 95% CI 0.05–1.14, P = 0.07; I2 = 0%; Fig. 2). 

Symptomatic PE Eight studies [6–10,27–29] provided data on symptomatic PE. For knee arthroscopic surgery, the combined 
results demonstrated that there was no statistical difference between the LMWH group and the control group (OR = 1.36, 95% CI 
0.37–5.03, P = 0.64; I2 = 0%; Fig. 3). Besides, for simple knee arthroscopic surgery, the combined results demonstrated that there was 
no statistical difference between the LMWH group and the control group (OR = 1.64, 95% CI 0.21–12.46, P = 0.64; I2 = 0%; Fig. 3). For 
ACLR, the combined results demonstrated that there was no statistical difference between the LMWH group and the control group (OR 
= 1.20, 95% CI 0.22–6.57, P = 0.83; Fig. 3). 

Symptomatic VTE Seven studies [7–10,27–29] provided data on symptomatic VTE. For knee arthroscopic surgery, the combined 
results demonstrated that there was no statistical difference between the LMWH group and the control group (OR = 0.84, 95% CI 
0.39–1.80, P = 0.66; I2 = 0%; Fig. 4). Besides, for simple knee arthroscopic surgery, the combined results demonstrated that there was 
no statistical difference between the LMWH group and the control group (OR = 1.65, 95% CI 0.51–5.33, P = 0.40; I2 = 0%; Fig. 4). For 
ACLR, the combined results demonstrated that there was no statistical difference between the LMWH group and the control group (OR 
= 0.47, 95% CI 0.16–1.38, P = 0.17; I2 = 53%; Fig. 4). 

3.4.2. Asymptomatic DVT 
Six studies [6–9,28,29] provided data on asymptomatic DVT. For knee arthroscopic surgery, the combined results demonstrated 

that the incidence of asymptomatic DVT was lower in the LMWH group compared with the control group (OR = 0.33, 95% CI 
0.19–0.56, P = 0.000; I2 = 0%; Fig. 5). Besides, for simple knee arthroscopic surgery, the combined results demonstrated that the 
incidence of asymptomatic DVT was lower in the LMWH group compared with the control group (OR = 0.14, 95% CI 0.04–0.53, P =
0.004; I2 = 0%; Fig. 5). For ACLR, the combined results demonstrated that the incidence of asymptomatic DVT was lower in the LMWH 
group compared with the control group (OR = 0.43, 95% CI 0.23–0.78, P = 0.006; I2 = 0%; Fig. 5). 

3.4.3. Major bleeding events 
Eight studies [6–10,27–29] provided data on major bleeding events. For knee arthroscopic surgery, the combined results 

demonstrated that there was no statistical difference between the LMWH group and the control group (OR = 1.44, 95% CI 0.26–08.06, 
P = 0.68; I2 = 0%; Fig. 6). Besides, for simple knee arthroscopic surgery, the combined results demonstrated that there was no sta
tistical difference between the LMWH group and the control group (OR = 0.98, 95% CI 0.06–15.78, P = 0.99; Fig. 6). For ACLR, the 
combined results demonstrated that there was no statistical difference between the LMWH group and the control group (OR = 1.80, 
95% CI 0.19–17.35, P = 0.61; Fig. 6). 

3.4.4. Minor bleeding events 
Eight studies [6–10,27–29] provided data on minor bleeding events. For knee arthroscopic surgery, the combined results 

demonstrated that the incidence of minor bleeding events was higher in the LMWH group compared with the control group (OR =
1.57, 95% CI 1.17–2.12, P = 0.003; I2 = 4%; Fig. 7). Besides, for simple knee arthroscopic surgery, the combined results demonstrated 

Fig. 3. Forest plot diagram showing symptomatic PE compared between LMWH and non-LMWH prophylaxis for patients undergoing simple knee 
arthroscopic surgery and ACLR. 

H.-M. Li et al.                                                                                                                                                                                                          



Heliyon 9 (2023) e19696

7

that the incidence of minor bleeding events was higher in the LMWH group compared with the control group (OR = 1.95, 95% CI 
1.34–2.84, P = 0.000; I2 = 0%; Fig. 7). For ACLR, the combined results demonstrated that there was no statistical difference between 
the LMWH group and the control group (OR = 1.07, 95% CI 0.65–1.75, P = 0.80; I2 = 0%; Fig. 7). 

3.4.5. Sensitivity analyses and publication bias 
Sensitivity analyses did not provide different results in terms of VTE (symptomatic VTE, asymptomatic DVT, symptomatic DVT and 

symptomatic PE), major bleeding events, and minor bleeding events by removing one study at a time (Supplementary Fig. 2). Besides, 
the funnel plot test showed that there was no publication bias in terms of VTE (symptomatic VTE, asymptomatic DVT, symptomatic 
DVT and symptomatic PE), major bleeding events, and minor bleeding events (Supplementary Fig. 3). 

Fig. 4. Forest plot diagram showing symptomatic VTE compared between LMWH and non-LMWH prophylaxis for patients undergoing simple knee 
arthroscopic surgery and ACLR. 

Fig. 5. Forest plot diagram showing asymptomatic DVT compared between LMWH and non-LMWH prophylaxis for patients undergoing simple knee 
arthroscopic surgery and ACLR. 
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4. Discussion 

In patients undergoing simple knee arthroscopic surgery and ACLR, our meta-analysis found that LMWH prophylaxis did not reduce 
the incidence of major VTE (symptomatic VTE, symptomatic DVT, and symptomatic PE) and major bleeding events. In patients un
dergoing simple knee arthroscopic surgery and ACLR, however, LMWH prophylaxis reduced the chance of asymptomatic DVT. 
Furthermore, LMWH increased the incidence of minor bleeding events in individuals receiving simple knee arthroscopic surgery but 
had no effect on ACLR patients. 

Previous meta-analysis studies on the prevention of VTE by LMWH have yielded conflicting results. In 2008, Ramos et al. [11] 
conducted the first meta-analysis in 2008, which included four RCTs [7–9,27] published before 2003 and a small sample size of 527 
patients to explore the effectiveness and safety of LMWH in reducing the incidence of DVT in patients having knee arthroscopy. They 

Fig. 6. Forest plot diagram showing major bleeding events compared between LMWH and non-LMWH prophylaxis for patients undergoing simple 
knee arthroscopic surgery and ACLR. 

Fig. 7. Forest plot diagram showing minor bleeding events compared between LMWH and non-LMWH prophylaxis for patients undergoing simple 
knee arthroscopic surgery and ACLR. 
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suggested that LMWH could minimize the incidence of distal DVT in this trial. In 2014, Sun et al. [12] reported that LMWH could lower 
the incidence of distal DVT in nine prospective uncontrolled studies and four randomized controlled trials [7–9,27]. However, the 
inclusion of major VTE in subsequent meta-analyses has been inconsistent. Major VTE was defined by Chapelle et al. [13] and Zhu et al. 
[16] as the cumulative incidence of all-cause death, symptomatic VTE, and asymptomatic proximal DVT over the follow-up period. 
Chapelle et al. observed that LMWH prophylaxis reduced the risk of serious VTE in patients having knee arthroscopy as compared to 
non-LMWH prophylaxis in 6 RCTs [7–9,19,27,29]. With 8 RCTs [7–10,19,27–29], Zhu et al. observed that the risk of significant VTE 
was not reduced in the LMWH group in patients undergoing simple knee arthroscopy. Huang et al. [14] stated that major VTE was 
characterized as symptomatic VTE, symptomatic DVT, and symptomatic PE in their study. They discovered that in patients undergoing 
knee arthroscopy, the risk of significant VTE was not reduced in the LMWH group when including 7 RCTs [7–10,19,27,29]. However, 
Marlovits et al.‘s study [19] was included in all three investigations. In fact, after an initial treatment period of 3–8 days of inhospital 
prophylaxis with LMWH, Marlovits et al. randomized patients to extended prophylaxis with LMWH versus placebo. As a result, LMWH 
prophylaxis was given to patients in both therapy groups. Therefore, we excluded Marlovits et al.‘s study [19] and included a new 
study of Liu et al. [6] Furthermore, as indicated in a previous study [30], anticoagulant efficacy in preventing asymptomatic VTE did 
not correlate with efficacy in preventing symptomatic VTE. As a result, we proposed that major VTE be classified as symptomatic VTE, 
symptomatic DVT, and symptomatic PE in our meta-analysis. In 2020, Perrotta et al. [15] found no evidence of benefit from the use of 
LMWH in reducing the small risk of PE or symptomatic DVT in a meta-analysis of 7 RCTs [7–10,27–29]. They also said that there was 
extremely low-certainty evidence that LMWH use could lessen the risk of asymptomatic DVT when compared to no treatment. 
Although arthroscopy patients are typically thought to be at low risk of VTE, risk factors such as advanced age or prolonged immo
bilization, as well as more difficult operations such as ACLR surgery, will put them at moderate or high risk, necessitating proper 
thromboprophylaxis [31]. As a result, we anchored our study subgroup analysis on simple knee arthroscopy and ACLR. To begin, we 
included two RCT trials by Camporese et al. [28,29], although the number of patients with ACLR was small, accounting for around 6% 
and 39% of the total included patients (15/241 and 681/1761 individuals, respectively). In patients undergoing knee arthroscopy, the 
risk of major VTE was not reduced in the LMWH group (Figs. 2–4). After that, we take two RCTs out of Camporese et al.’s study and 
perform subgroup analysis using simple knee arthroscopy and ACLR. LMWH prophylaxis did not reduce the incidence of major VTE 
(symptomatic VTE, symptomatic DVT, and symptomatic PE) in patients following simple knee arthroscopic surgery and ACLR. When 
two RCTs from Camporese et al. were combined, we discovered that LMWH administration could reduce the risk of asymptomatic DVT 
relative to no therapy in patients following knee arthroscopic surgery. Furthermore, even after excluding two RCTs from Camporese 
et al. we discovered that LMWH prophylaxis reduced the incidence of asymptomatic DVT in patients following simple knee arthro
scopic surgery and ACLR (Supplementary Fig. 4). 

When having moderate or high-risk surgery, LMWH has been widely used for VTE prevention; however, the risk of bleeding with 
LMWH is higher than with aspirin. As a result, the risks of LMWH treatment (such as severe and minor bleeding) must be considered. In 
the study of Huang et al. [14], they discovered that LMWH had no influence on major bleeding rates when compared to the control 
group, but that the control group had a lower frequency of minor bleeding than the LMWH group. In comparison to non-LMWH 
prophylaxis, Zhu et al. [16] observed that LMWH prophylaxis did not raise the risk of serious bleeding events but did increase the 
risk of all bleeding episodes in patients undergoing uncomplicated knee arthroscopic surgery. When compared to non-LMWH pro
phylaxis, LMWH prophylaxis did not increase the risk of major bleeding events or all bleeding episodes in patients receiving ACLR. 
When we included two RCTs from Camporese et al. in our meta-analysis, we observed that LMWH had no effect on major bleeding 
compared to the control group, but there was a reduced frequency of minor bleeding in the control group than in the LMWH group 
(Figs. 6–7). After deleting two RCTs from Camporese et al. we discovered that LMWH prophylaxis did not raise the risk of major 
bleeding events but did increase the risk of minor bleeding events in patients undergoing uncomplicated knee arthroscopic surgery. 
When compared to non-LMWH prophylaxis, LMWH prophylaxis did not enhance the incidence of major and mild bleeding events in 
patients receiving ACLR (Supplementary Fig. 4). In general, the risk of mild bleeding did not endanger the patient’s life in most cases. 

5. Limitations 

This meta-analysis does have certain limitations. First, the patients’ clinical state and intrinsic risk factors were not taken into 
account, which could have influenced the study’s results. Second, the types and doses of LMWH used in this trial, as well as the use of 
varied periods for patients, were not taken into account. The research findings could have been influenced by the physician’s expe
riences. Third, the low frequency of VTE makes it hard to draw to reliably identify a signal amongst the noisy data. In our study, we 
defined major VTE as symptomatic VTE, symptomatic DVT, and symptomatic PE. However, different conclusions can be made based 
on what trials are included and how VTE is defined. Last but not least, the intervention in the control group varied between trials, 
potentially introducing bias. 

6. Conclusions 

When compared to a control group, this meta-analysis found that LMWH had little potential benefit in preventing major VTE after 
knee arthroscopy, including simple knee arthroscopy and ACLR. In comparison to the control group, studies showed that LMWH had 
no influence on the major bleeding rate after simple knee arthroscopy and ACLR. In patients undergoing simple knee arthroscopy, the 
potential side effects of LMWH, such as minor bleeding, should be evaluated. As a result, prophylaxis with LMWH should not be 
considered routinely in patients undergoing knee arthroscopic surgery. There is a need for more high-quality RCTs comparing LMWH 
with placebo therapy. 
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