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Abstract
The aim of this study is to compare the efficacy and safety of aspirin and low-molecular-weight heparin
(LMWH) in preventing thromboembolic events in patients with fractures. The present meta-analysis was
reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. We searched EMBASE, PubMed, and EBSCO to find articles comparing aspirin and LMWH in
patients with orthopedic trauma from inception to April 15, 2023. Limits were set to studies published in the
English language only. Outcomes assessed in this meta-analysis included VTE and all-cause mortality. VTE
can manifest as deep venous thrombosis (DVT) and pulmonary embolism. For safety analysis, rates of
wound complication, infection, and bleeding complications were compared between the two study groups. A
total of three studies were included in this meta-analysis enrolling 12884 patients. The study found no
significant difference between the two groups in the risk of DVT and pulmonary embolism, and aspirin was
non-inferior to LMWH for the prevention of all-cause mortality in patients. Additionally, no significant
safety risk was associated with aspirin thromboprophylaxis. These findings suggest that inexpensive over-
the-counter aspirin is as effective as LMWH in terms of safety and efficacy profile, making it a feasible
option to consider in clinical practice.
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Introduction And Background
Venous thromboembolism (VTE) is a potentially fatal complication that can occur after orthopedic trauma
[1-2]. Patients who are hospitalized after a fracture are at increased risk of VTE due to the traumatic injury
itself, limited mobility during the recovery phase, and the duration of surgery [3]. Several clinical guidelines
recommend the use of thromboprophylaxis therapy to reduce the risk of complications and death associated
with VTE after orthopedic injuries [4-5]. There has been considerable discussion regarding which
thromboprophylaxis treatment is best, taking into account the costs and risks of bleeding associated with
each option. There are different anticoagulant therapies available for VTE prophylaxis, including newer oral
agents and injectable agents such as low-molecular-weight heparin (LMWH) [6].

Considerable evidence suggests that platelet activation and the recruitment of neutrophils are involved in
the onset and spread of deep vein thrombosis (DVT) [7]. Therefore, it is logical to assume that the use of
low-dose aspirin may have a preventive impact on VTE by decreasing platelet activation and, to some
degree, through the acetylation of proteins that participate in blood coagulation such as fibrinogen and
prothrombin. This acetylation results in more effective fibrinolysis and reduced thrombin production [8].

The Pulmonary Embolism Prevention (PEP) trial clearly demonstrated that low-dose aspirin reduces the risk
of pulmonary embolism (PE) and DVT by at least one-third in patients undergoing hip fracture surgery or
elective arthroplasty when compared to placebo during a period of increased risk [9]. Recent trials and meta-
analyses have discovered that aspirin could be a viable alternative to LMWH for thromboprophylaxis in
patients who have undergone total joint arthroplasty, with a safer profile [10-11]. Despite this, anticoagulant
thromboprophylaxis remains the preferred method, and aspirin is currently used off-label for the prevention
of VTE in both the USA and Europe [6].

Evidence from head-to-head comparisons among patients with fractures who have been treated operatively
is limited. If the clinical outcomes of thromboprophylaxis options are comparable, patients with fractures
tend to prefer aspirin due to its lower cost and oral administration compared to the subcutaneous injection
of LMWH [1]. This meta-analysis aims to combine the results of published literature to compare the efficacy
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and safety of aspirin and LMWH in preventing thromboembolic events in patients with fractures.

Review
Methodology
The present meta-analysis was reported according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. We searched EMBASE, PubMed, and EBSCO to find articles
comparing aspirin and LMWH in patients with orthopedic trauma from inception to April 15, 2023. Limits
were set to studies published in the English language only. The search terms used to carry out the search
included "aspirin," "venous thromboembolism," "low-molecular-weight heparin," "fracture," and "orthopedic
trauma," along with medical subject headings (MeSH) terms. These terms were combined using Boolean
algebra operators. Additionally, the reference list of all included studies was manually searched. The search
was carried out by two authors independently, and any disagreement between the two authors was resolved
through discussion.

Selection Criteria

The following criteria were required for the included studies: (a) compared aspirin and LMWH in patients
with fractures; (b) studies conducted in adults only; and (c) published in the English language. Studies that
did not report required outcomes were excluded. Literature reviews, animal experiments, laboratory studies,
and case reports were also excluded.

Data Extraction, Outcomes, and Quality Assessment

Data were extracted from included studies using a pre-designed data extraction form developed on Microsoft
Excel. Data extraction from studies included author name, year of publication, sample size, dose of drugs,
follow-up duration, sample size, and participant characteristics. Outcomes assessed in this meta-analysis
included VTE and all-cause mortality. VTE can manifest as deep venous thrombosis (DVT) and pulmonary
embolism. For safety analysis, rates of wound complication, infection, and bleeding complications were
compared between the two study groups.

The Cochrane Risk of Bias criteria were used for the quality assessment of randomized control trials (RCTs).
A total of seven items were used to assess the risk of bias in each study. Each quality item was graded as low
risk, high risk, or no clear risk. For observational studies, quality assessment was done using the Newcastle-
Ottawa scale.

Statistical Analysis

The data analysis was conducted using RevMan 5.3 software (Review Manager (RevMan) (Computer
program). Version 5.3, The Cochrane Collaboration, 2020). For counting data, the effect size used was the
Relative Risk (RR), and the results were presented with each effect size and its corresponding 95%
confidence interval (CI). Clinical heterogeneity was tested for the included studies, and if the heterogeneity
was less than 50% (I2<50%), the fixed-effect model was selected for meta-analysis. However, if the
heterogeneity was greater than 50% (I2>50%), it indicated heterogeneity among the studies, and a random-
effect model was used.

Results
Figure 1 shows the process of study selection. Online database searching yielded 455 related studies. After
reviewing titles and abstracts, 417 unrelated studies were excluded and the full text of 13 studies was
obtained. Through a detailed assessment of 13 full-text studies, three studies fulfilled predefined inclusion
criteria and were included in the present meta-analysis with a total of 12884 patients. Table 1 shows the
characteristics of the included studies. Out of the three included studies, two were RCTs while one was an
observational study. Table 2 shows the quality assessment of the included studies.
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FIGURE 1: Process of study selection

Author
Name

Year
Study
Design

Participants Groups
Sample
Size

Follow-
up

Age
(Years)

VTE
History
(%)

Chisari
et al
[12]

2022 Retrospective
Patients with a femoral neck fracture undergoing hip
arthroplasty

Aspirin 172
3
Months

74.9 vs
78.9

0 VS 0
Control 172

Haac et
al [13]

2020 RCT

All adult trauma patients admitted with an operative
extremity fracture proximal to the carpals or
metatarsals or any hip or acetabular fracture requiring
VTE prophylaxis

Aspirin 165
3
Months

48.0 vs
45.4

4.8 vs
4.3Control 164

METRC
[14]

2023 RCT
fracture of an extremity (anywhere from the hip to
midfoot or shoulder to wrist)

Aspirin 6101 3
Months

44.5 vs
44.7

NR
Control 6110

TABLE 1: Characteristics of included studies
RCT: randomized control trial; VTE: venous thromboembolism; NR: not reported

2023 Nimerta et al. Cureus 15(5): e39025. DOI 10.7759/cureus.39025 3 of 7

https://assets.cureus.com/uploads/figure/file/626741/lightbox_34c95f60eb8a11edb16d977617e2c8b3-Capture.png
javascript:void(0)
javascript:void(0)
javascript:void(0)


Quality Assessment for Randomized control trial  

Study ID Selection Bias Performance Attrition Reporting Other Overall

Haac et al [13] Low High Low Unclear Low Moderate

METRC [14] Low High Low Low Low Moderate

Quality Assessment for Retrospective Studies  

Study ID Selection Comparability Outcome Overall

Chisari et al [12] 3 2 2 High

TABLE 2: Quality assessment

Pulmonary Embolism and DVT

Three studies assessed pulmonary embolism and DVT. In terms of incidence of pulmonary embolism, no
significant difference is reported between patients who received aspirin (1.44%) and patients who received
LMWH (1.50%) (RR: 0.96, 95% CI: 0.72-1.27) as shown in Figure 2. No significant heterogeneity was
reported among the study results (I-square: 0, p-value: 0.40). In relation to the incidence of DVT, a pooled
analysis showed no difference between the two study groups (RR: 1.10, 95% CI: 0.48-2.56) as shown in
Figure 3. Significant heterogeneity was reported among the study results (I-square: 61%, p-value: 0.07).

FIGURE 2: Effect of aspirin on pulmonary embolism
Sources: References [12-14]

FIGURE 3: Effect of aspirin on DVT
Sources: References [12-14]

DVT: deep venous thrombosis

All-Cause Mortality

Three studies compared all-cause mortality between patients who received aspirin and patients who received
LMWH. The pooled rate of mortality was 0.78% and no significant difference is there between the two
groups (RR: 1.00, 95% CI: 0.68-1.48) as shown in Figure 4. No significant heterogeneity was reported among
the study results (I-square: 0, p-value: 0.38).
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FIGURE 4: Effect of aspirin on all-cause mortality
Sources: References [12-14]

Safety Analysis

For safety analysis, we assessed the rate of bleeding complications, wound complications, and infections. No
significant differences were noted in any of the safety outcomes between patients who received aspirin and
patients who received LMWH as shown in Table 3. No significant heterogeneity was reported among the
study results in any of the safety outcomes.

Outcome Number of Studies RR (95% CI) I-square

Bleeding Complications 2 0.96 (0.89-1.05) 0%

Wound Complications 2 0.78 (0.39-1.56) 35%

Infections 2 1.10 (0.84-1.44) 0%

TABLE 3: Results of the safety analysis
RR: risk ratio; CI: confidence interval

Discussion
Venous thromboembolism is an acute and potentially life-threatening disease with a risk of recurrence [15].
VTE can manifest as DVT and pulmonary embolism. The present meta-analysis compares the efficacy of
aspirin with LMWH in preventing VTE in patients with fractures. The study found no significant difference
between the two groups in the risk of DVT and pulmonary embolism. We also found that aspirin was non-
inferior to LMWH for the prevention of all-cause mortality in patients. Additionally, no significant safety
risk was associated with aspirin thromboprophylaxis.

Previous studies have reported a higher incidence of VTE in patients who have had orthopedic trauma or
undergone major orthopedic surgery. For instance, Imberti et al. conducted a study including 69,770 patients
and found that at least 2393 patients developed VTE during follow-up [16]. Following ankle and foot surgery,
Huntley et al. examined 23,212 patients and found an incidence of VTE of 0.6% [17]. Basques et al. assessed
4412 patients undergoing surgery for ankle fractures and found the incidence of VTE to be 0.8% [18].
Considering the risk of VTE in this population, thromboprophylaxis is an essential part of the treatment
plan. Given the risk of venous thromboembolism (VTE) in this particular population, the inclusion of
thromboprophylaxis as a crucial element in the overall treatment plan is essential.

This is the first meta-analysis comparing aspirin with LMWH in patients with fractures. Previous studies
have focused on patients with elective hip and knee replacement. Our observation reveals insignificant
differences regarding DVT. Previous studies that included patients who underwent knee or hip arthroplasty
have reported similar findings [19-20]. The Pulmonary Embolism Prevention (PEP) trial suggested that
aspirin decreases the risk of DVT and pulmonary embolism by at least a third throughout a period of
increased risk. As a result, compelling evidence is now available to support the routine use of aspirin in
various surgical and medical populations that face a high risk of developing venous thromboembolism [9].

After discovering that both daily aspirin and injections offer similar outcomes in preventing serious blood
clot-related outcomes in patients with fractures, many may prefer taking the former. Studies demonstrate
that inexpensive over-the-counter aspirin is as effective as LMWH in terms of safety and efficacy profile,
making it a feasible option to consider in clinical practice. However, considering that only three studies were
included in the present meta-analysis, these findings need to be interpreted with caution. More prospective
RCTs are required to evaluate the benefits of aspirin in patients with fractures.
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Each year, an estimated one million Americans are hospitalized due to extremity fractures. This new
discovery could assist in preventing potentially life-threatening blood clots in such patients by administering
a cheaper and more convenient medication. If a healthcare professional recommends the use of low-dose
aspirin for preventing cardiovascular disease, nine out of 10 adults are likely to comply with the
recommendation. This indicates that patients widely acknowledge the effectiveness of the medication as a
treatment regimen [21].

The current meta-analysis has certain limitations. First, only three studies were included in the present
meta-analysis, and due to the limited availability of data, we were not able to perform a subgroup analysis.
Second, considering the variability in the clinical guidelines for the duration of thromboprophylaxis at
different healthcare institutions, we did not mandate the thromboprophylaxis duration. However,
differences in the thromboprophylaxis therapy duration after hospital discharge may have affected the
outcome. Notwithstanding these limitations, our results hold clinical significance. Patients who have
experienced orthopedic trauma prefer aspirin over low-molecular-weight heparin because of the former's
affordability and convenience in administration [22]. In hospitalized patients, oral medications are less
likely to be omitted as compared to injectable thromboprophylaxis drugs. However, further trials are
required to warrant these findings and to develop clinical recommendations on the use of aspirin in patients
with fractures.

Conclusions
In conclusion, this meta-analysis compared the efficacy of aspirin with LMWH in preventing VTE in patients
with fractures. The study found no significant difference between the two groups in the risk of DVT and
pulmonary embolism, and aspirin was non-inferior to LMWH for the prevention of all-cause mortality in
patients. Additionally, no significant safety risk was associated with aspirin thromboprophylaxis. These
findings suggest that inexpensive over-the-counter aspirin is as effective as LMWH in terms of safety and
efficacy profile, making it a feasible option to consider in clinical practice. However, the limitations of this
study, such as only three studies being included, mean that further research is needed to evaluate the
benefits of aspirin in patients with fractures. Overall, the use of aspirin could help in preventing potentially
life-threatening blood clots in patients with fractures by administering a cheaper and more convenient
medication.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Barrera LM, Perel P, Ker K, Cirocchi R, Farinella E, Morales Uribe CH: Thromboprophylaxis for trauma

patients. Cochrane Database Syst Rev. 2013, 3:CD008303. 10.1002/14651858.CD008303.pub2
2. Haut ER, Chang DC, Pierce CA, et al.: Predictors of posttraumatic deep vein thrombosis (DVT): hospital

practice versus patient factors-an analysis of the National Trauma Data Bank (NTDB). J Trauma. 2009,
66:994-9; discussion 999-1001. 10.1097/TA.0b013e3181991adc

3. Geerts WH, Code KI, Jay RM, Chen E, Szalai JP: A prospective study of venous thromboembolism after major
trauma. N Engl J Med. 1994, 331:1601-6. 10.1056/NEJM199412153312401

4. 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 Physicians
Evidence-Based Clinical Practice Guidelines. Chest. 2012, 141:e278S-325S. 10.1378/chest.11-2404

5. Sagi HC, Ahn J, Ciesla D, et al.: Venous thromboembolism prophylaxis in orthopaedic trauma patients: a
survey of OTA member practice patterns and OTA expert panel recommendations. J Orthop Trauma. 2015,
29:e355-62. 10.1097/BOT.0000000000000387

6. Afshari A, Ageno W, Ahmed A, et al.: European Guidelines on perioperative venous thromboembolism
prophylaxis: executive summary. Eur J Anaesthesiol. 2018, 35:77-83. 10.1097/EJA.0000000000000729

7. Patrono C: The multifaceted clinical readouts of platelet inhibition by low-dose aspirin . J Am Coll Cardiol.
2015, 66:74-85. 10.1016/j.jacc.2015.05.012

8. Undas A, Brummel-Ziedins K, Mann KG: Why does aspirin decrease the risk of venous thromboembolism?
On old and novel antithrombotic effects of acetyl salicylic acid. J Thromb Haemost. 2014, 12:1776-87.
10.1111/jth.12728

9. Pulmonary Embolism Prevention (PEP) trial Collaborative Group: Prevention of pulmonary embolism and
deep vein thrombosis with low dose aspirin: pulmonary embolism prevention (PEP) trial. Lancet. 2000,
355:1295-302. 10.1016/S0140-6736(00)02110-3

10. Anderson DR, Dunbar M, Murnaghan J, et al.: Aspirin or rivaroxaban for VTE prophylaxis after hip or knee
arthroplasty. N Engl J Med. 2018, 378:699-707. 10.1056/NEJMoa1712746

11. Matharu GS, Kunutsor SK, Judge A, Blom AW, Whitehouse MR: Clinical effectiveness and safety of aspirin
for venous thromboembolism prophylaxis after total hip and knee replacement: a systematic review and

2023 Nimerta et al. Cureus 15(5): e39025. DOI 10.7759/cureus.39025 6 of 7

javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1002/14651858.CD008303.pub2
https://dx.doi.org/10.1002/14651858.CD008303.pub2
https://dx.doi.org/10.1097/TA.0b013e3181991adc
https://dx.doi.org/10.1097/TA.0b013e3181991adc
https://dx.doi.org/10.1056/NEJM199412153312401
https://dx.doi.org/10.1056/NEJM199412153312401
https://dx.doi.org/10.1378/chest.11-2404
https://dx.doi.org/10.1378/chest.11-2404
https://dx.doi.org/10.1097/BOT.0000000000000387
https://dx.doi.org/10.1097/BOT.0000000000000387
https://dx.doi.org/10.1097/EJA.0000000000000729
https://dx.doi.org/10.1097/EJA.0000000000000729
https://dx.doi.org/10.1016/j.jacc.2015.05.012
https://dx.doi.org/10.1016/j.jacc.2015.05.012
https://dx.doi.org/10.1111/jth.12728
https://dx.doi.org/10.1111/jth.12728
https://dx.doi.org/10.1016/S0140-6736(00)02110-3
https://dx.doi.org/10.1016/S0140-6736(00)02110-3
https://dx.doi.org/10.1056/NEJMoa1712746
https://dx.doi.org/10.1056/NEJMoa1712746
https://dx.doi.org/10.1001/jamainternmed.2019.6108


meta-analysis of randomized clinical trials. JAMA Intern Med. 2020, 180:376-84.
10.1001/jamainternmed.2019.6108

12. Chisari E, Tan TL, Shah R, et al.: Aspirin is an effective prophylaxis for venous thromboembolism in
ambulatory patients with femoral neck fracture undergoing hip arthroplasty. J Bone Joint Surg Am. 2022,
10.2106/JBJS.21.00168

13. Haac BE, O'Hara NN, Manson TT, Slobogean GP, Castillo RC, O'Toole RV, Stein DM: Aspirin versus low-
molecular-weight heparin for venous thromboembolism prophylaxis in orthopaedic trauma patients: a
patient-centered randomized controlled trial. PLoS One. 2020, 15:e0235628. 10.1371/journal.pone.0235628

14. Major Extremity Trauma Research Consortium (METRC): Aspirin or low-molecular-weight heparin for
thromboprophylaxis after a fracture. N Engl J Med. 2023, 388:203-13. 10.1056/NEJMoa2205973

15. Schellack G, Modau T, Schellack N: Clinical overview of venous thromboembolism. SA Pharm J. 2021, 88:9-
16.

16. Imberti D, Bianchi C, Zambon A, Parodi A, Merlino L, Gallerani M, Corrao G: Venous thromboembolism
after major orthopaedic surgery: a population-based cohort study. Intern Emerg Med. 2012, 7:243-9.
10.1007/s11739-011-0567-x

17. Huntley SR, Abyar E, Lehtonen EJ, Patel HA, Naranje S, Shah A: Incidence of and risk factors for venous
thromboembolism after foot and ankle surgery. Foot Ankle Spec. 2019, 12:218-27.
10.1177/1938640018769740

18. Basques BA, Miller CP, Golinvaux NS, Bohl DD, Grauer JN: Risk factors for thromboembolic events after
surgery for ankle fractures. Am J Orthop. 2015, 44:220-4.

19. Westrich GH, Bottner F, Windsor RE, Laskin RS, Haas SB, Sculco TP: VenaFlow plus Lovenox vs VenaFlow
plus aspirin for thromboembolic disease prophylaxis in total knee arthroplasty. J Arthroplasty. 2006,
21:139-43. 10.1016/j.arth.2006.05.017

20. Zou Y, Tian S, Wang Y, Sun K: Administering aspirin, rivaroxaban and low-molecular-weight heparin to
prevent deep venous thrombosis after total knee arthroplasty. Blood Coagul Fibrinolysis. 2014, 25:660-4.
10.1097/MBC.0000000000000121

21. Fang J, George MG, Gindi RM, et al.: Use of low-dose aspirin as secondary prevention of atherosclerotic
cardiovascular disease in US adults (from the National Health Interview Survey, 2012). Am J Cardiol. 2015,
115:895-900. 10.1016/j.amjcard.2015.01.014

22. Wong A, Kraus PS, Lau BD, Streiff MB, Haut ER, Hobson DB, Shermock KM: Patient preferences regarding
pharmacologic venous thromboembolism prophylaxis. J Hosp Med. 2015, 10:108-11. 10.1002/jhm.2282

2023 Nimerta et al. Cureus 15(5): e39025. DOI 10.7759/cureus.39025 7 of 7

https://dx.doi.org/10.1001/jamainternmed.2019.6108
https://dx.doi.org/10.2106/JBJS.21.00168
https://dx.doi.org/10.2106/JBJS.21.00168
https://dx.doi.org/10.1371/journal.pone.0235628
https://dx.doi.org/10.1371/journal.pone.0235628
https://dx.doi.org/10.1056/NEJMoa2205973
https://dx.doi.org/10.1056/NEJMoa2205973
https://purerims.smu.ac.za/en/publications/clinical-overview-of-venous-thromboembolism-2
https://dx.doi.org/10.1007/s11739-011-0567-x
https://dx.doi.org/10.1007/s11739-011-0567-x
https://dx.doi.org/10.1177/1938640018769740
https://dx.doi.org/10.1177/1938640018769740
https://cdn.mdedge.com/files/s3fs-public/issues/articles/ajo04407e220.pdf
https://dx.doi.org/10.1016/j.arth.2006.05.017
https://dx.doi.org/10.1016/j.arth.2006.05.017
https://dx.doi.org/10.1097/MBC.0000000000000121
https://dx.doi.org/10.1097/MBC.0000000000000121
https://dx.doi.org/10.1016/j.amjcard.2015.01.014
https://dx.doi.org/10.1016/j.amjcard.2015.01.014
https://dx.doi.org/10.1002/jhm.2282
https://dx.doi.org/10.1002/jhm.2282

	Comparison of the Efficacy and Safety of Aspirin and Low-Molecular-Weight Heparin in Patients With a Fracture: A Meta-Analysis
	Abstract
	Introduction And Background
	Review
	Methodology
	Results
	FIGURE 1: Process of study selection
	TABLE 1: Characteristics of included studies
	TABLE 2: Quality assessment
	FIGURE 2: Effect of aspirin on pulmonary embolism
	FIGURE 3: Effect of aspirin on DVT
	FIGURE 4: Effect of aspirin on all-cause mortality
	TABLE 3: Results of the safety analysis

	Discussion

	Conclusions
	Additional Information
	Disclosures

	References


