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Background: There is a debate over the use of aspirin after total knee arthroplasty (TKA) for venous thromboembolism (VTE)
prophylaxis. To evaluate the clinical effectiveness and safety of aspirin after TKA, the authors performed a meta-analysis of
randomized controlled trials that compared aspirin with low-molecular-weight heparin (LMWH).
Methods: PubMed, Cochrane Library, Embase, andWeb of Science were last searched on 31 January 2023 for studies comparing
the effect of VTE prophylaxis between aspirin and LMWH. The results of eligible studies were analyzed in terms of VTE, deep venous
thrombosis, pulmonary embolism, and bleeding complications rates.
Results: Six randomized controlled trials including 6772 patients met the inclusion criteria. LMWH showed a statistically significant
reduction in the overall VTE rate (RR 1.46, 95% CI: 1.16–1.84). No significant differences in deep venous thrombosis, pulmonary
embolism, and bleeding complications rates were found between aspirin and LMWH.
Conclusion: Compared with LMWH, aspirin presents a higher risk of VTE after TKA. In terms of safety, aspirin and LMWH show
comparable outcomes. The results do not support the role of aspirin role as an anticoagulant for preventing VTE after TKA.
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Introduction

Low-molecular-weight heparin (LMWH) is a classic strategy for
thromboprophylaxis following joint replacement surgery, but it
is inconvenient and adds complexity to the cost of post-total knee
arthroplasty (TKA) care[1,2]. According to reports, a 30-day
supply of rivaroxaban costs ~$379–$450, while LMWH is esti-
mated to range from $450 to $890[3]. In contrast, aspirin costs
around $2 per month and does not require monitoring[3].
Simplified and affordable alternative therapies are desired, such
as using aspirin alone as a prophylaxis for venous thromboem-
bolism (VTE) after TKA, which was recommended by the
National Institute for Health and Care Excellence (NICE)

in 2018[4]. Many countries have started using aspirin as
a thromboprophylaxis strategy after joint replacement
surgery[3,5–9]. There are no updated guidelines advising against
the use of aspirin for TKA prevention.

The research on aspirin for thromboprophylaxis in TKA remains
an important topic. A recent meta-analysis found that there was no
statistically significant difference in the clinical efficacy and safety of
aspirin compared to other anticoagulants used for VTE prophy-
laxis after THR and TKA[10]. A large randomized controlled trial
(RCT) investigated the effectiveness of using aspirin as a throm-
boprophylaxis strategy following knee or hip replacement, and the
results showed that aspirin had a higher risk of VTE compared to
LMWH[11]. Some recently published RCTs on the use of aspirin for
thromboprophylaxis after TKA are available, but they have not
been incorporated into guidelines[11–13].

Our study included three updated researches[11–13], including a
large RCT (n=9711), which will contribute to the updating of
guidelines and guide clinical practice. We hypothesize that aspirin
may be less effective than LMWH in preventing thrombosis after
TKA, but it may carry a lower risk of bleeding. To assess the clinical

HIGHLIGHTS

• Aspirin has a higher risk of venous thromboembolism
(VTE) compared to low-molecular-weight heparin as a
prophylactic medication for VTE after knee joint
arthroplasty.

• Aspirin and low-molecular-weight heparin have similar
outcomes in terms of bleeding complications.

• Aspirin is not recommended as a VTE prophylactic
medication for patients after knee joint arthroplasty.
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effectiveness and safety of aspirin after TKA, we conducted a meta-
analysis of RCTs that compared aspirin with LMWH.

Methods

This meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and has been reported in line with the
AMSTAR (Assessing the methodological quality of systematic
reviews) Guidelines[14,15]. The study protocol was registered on
PROSPERO.

Search strategy and selection criteria

Comprehensive literature search for studies comparing aspirin
with LMWH after TKA was conducted (last search on 31
January 2023) in the electronic databases PubMed, Cochrane
Library, Embase, and Web of Science. After removing duplicate
articles, four reviewers independently screened the titles and
abstracts to identify eligible RCTs.

Furthermore, the same four reviewers independently reviewed
the full texts of the articles identified above. The inclusion criteria
were: TKA, aspirin versus LMWH for prophylactic antic-
oagulation, and availability of VTE [including deep venous
thrombosis (DVT) and/or pulmonary embolism (PE)] rate or
complication rate. Studies of revised TKA and non-RCTs were
excluded. Disagreements on the eligibility of full-text articles, if
any, were resolved by discussion with a senior author.

Data extraction

The same four reviewers independently extracted the desired data
from the included studies using a standardized form, including:
first author, year of publication, country, number of included
patients, patient characteristics, the incidence of VTE, DVT, PE,
wound, and bleeding complications. For the missing data, we
contacted the authors to acquire the original data as far as pos-
sible, and if failed, the values would be derived from figures using
Plot Digitizer. Disagreements, if any, were resolved by discussion.

Quality assessment

The same four reviewers independently assessed the included
studies for the risk of bias using the Cochrane Collaboration’s
risk of Bias Tool. This tool consists of seven domains of bias
(random sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other bias),
and each domain was rated as of a low, unclear, or high risk of
bias. Discrepancies, if any, were resolved by discussion.

Primary and secondary outcomes

The primary outcome of the study is the total incidence of VTE,
with the endpoint of VTE being either DVT or PE. DVT is defined
as thrombosis in the deep veins of the lower limbs detected
through doppler ultrasound, CT, or venography. PE, on the other
hand, refers to pulmonary artery embolism identified through CT
or venography. The secondary outcome of the study is bleeding
complications, which can be classified as major or minor bleed-
ing. Major bleeding includes a decrease in hemoglobin of greater
than or equal to 2 g/dl, transfusion of greater than or equal to 2
units of packed red blood cells, symptomatic bleeding in a critical

area, or fatal bleeding. Meanwhile, minor bleeding refers to
bleeding that does not meet the criteria for major bleeding or
clinically relevant nonmajor bleeding (which requires or prolongs
hospitalization or results in laboratory testing, imaging, com-
pression, a procedure, an interruption of the study medication, or
a change in concomitant therapies).

Statistical analysis

The outcomes of this study were VTE, DVT, PE, and bleeding
complications rates, which were extracted in the form of
dichotomous variable as an absolute number and percentage.
Considering the potential heterogeneity arising from the tim-
ing, frequency, and dosage of medication administration, we
used the DerSimonian–Laird random-effects model for analy-
sis, and the results were presented as a risk ratio with a 95%
CI. A subgroup analysis based on different VTE endpoints and
bleeding sites was conducted. All analyses were performed
using R Version 4.3.1.

Results

Literature search

Figure 1 shows the flow chart of literature search and study
selection. After screening the titles and abstracts, 510 studies were
excluded. Then, 11 studies were reviewed by full-text and 5 stu-
dies were removed based on the inclusion criteria. Eventually, six
RCTs[11–13,16–18] with a total of 6772 patients were included for
final analyses.

Baseline study characteristics

Table 1 shows the baseline characteristics of the included RCTs.
The dosage of aspirin for prophylactic anticoagulation was
100 mg in five studies[11–13,16,18] and 325 mg in one study[17].
Besides drug prevention, three studies[11,17,18] also adopted
mechanical VTE prophylaxis in both the aspirin group and
LMWH group, and one study[16] adopted mechanical prophy-
laxis only in the aspirin group. Four studies[11–13,16] followed up
with the patients for 90 days, one study[18] followed up for 4
weeks, and one study[17] followed up for 6 weeks.

Quality assessment

All studies[11–13,16–18] were rated as of a high risk in blinding of
participants and personnel because the aspirin was orally taken
while LMWH was injected. However, this should not cause the
bias in analysis in view of that the outcomes were objectively
assessed and the blinding of outcome assessment was well
implemented. Bias in baseline characteristics was detected in one
study[16] in which more patients in the LMWH group suffered
from ischemic heart disease and diabetes and the pneumatic
compression system was used only in the aspirin group. Figure 2
shows the distribution of bias.

VTE and bleeding complication

In the included studies comparing aspirin with LMWH, the
overall pooled effect showed that aspirin was associated with
a statistically significant higher risk in the overall VTE rate
(RR 1.46; 95% CI: 1.16–1.84) (Fig. 3).
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Four studies reported the bleeding complications rate, and the
pooled effect showed that there was no statistically significant
difference between the two groups (RR 0.90; 95%CI: 0.71–1.14)
(Fig. 4A).

Subgroup analysis

Subgroup analysis was performed according to the different
endpoint of VTE. It showed that there was no statistically sig-
nificance on DVT (RR 1.22; 95% CI: 0.84–1.75) (Fig. 5A) or PE
(RR 0.99; 95% CI: 0.25–3.98) (Fig. 5B).

As a nonselective cyclooxygenase inhibitor, gastrointestinal
bleeding was a hot topic for aspirin. Subgroup analysis was also
performed for gastrointestinal bleeding on bleeding complica-
tion. The pooled result showed that there was no statistically
significance on gastrointestinal bleeding between aspirin and
LMWH (RR 1.30; 95% CI: 0.21–8.17) (Fig. 4B).

Discussion

This meta-analysis demonstrated that aspirin could not sig-
nificantly reduce the risk of VTE through VTE prophylaxis in
patients undergoing TKA in comparison with LMWH. There
were no differences in the risk of bleeding complications, but
cautions must be taken when interpreting the results of bleeding
complications. Although there was variation in the duration of
medication use among the included studies, the duration of
aspirin and LMWH use remained consistent within each study.
Furthermore, except for the study conducted by Westrich
et al.[17], which utilized a relatively higher dosage of aspirin, the
other studies employed doses commonly used in clinical practice.
Additionally, in the study by Gelfer et al.[16], mechanical
thromboprophylaxis was only implemented in the aspirin group
and not in the LMWH group. In summary, these biases may have
favored supporting the use of aspirin, but ultimately, aspirin still
showed a statistically significant higher risk of VTE. Therefore,
we do not recommend the use of aspirin for VTE prevention
following TKA.

A recent meta-analysis[10] comparing the clinical effective-
ness and safety between aspirin and other anticoagulants
indicated that aspirin was not statistically significantly differ-
ent from other anticoagulants in terms of VTE prophylaxis
after total knee and hip arthroplasty. The study combined all
other anticoagulants as one comparator versus aspirin, but
there was a possibility that some anticoagulants were superior
to while others were inferior to aspirin, resulting in an undif-
ferentiated synthesis outcome. The risk of VTE after TKA is
deemed 2–5 times higher than that after THA, so combining
TKA and THA may exaggerate the actual efficacy of aspirin in
TKA. In our meta-analysis, we only compared the clinical
outcome between aspirin and LMWH for VTE prophylaxis
after TKA. The results showed that aspirin had comparable
bleeding complication rates with LMWH but a higher risk of
VTE. Therefore, we consider that the current evidence does
not support the continued use of aspirin for VTE prophylactic
anticoagulation after TKA.

Aspirin, also known as acetylsalicylic acid, inhibits the
activity of platelets, which are blood cells that play a crucial
role in forming blood clots[19]. By reducing platelet activity,
aspirin helps to prevent the formation of blood clots in the
surgical area. Platelets start forming a hemostatic clot within
seconds to minutes after joint replacement surgery to stop
bleeding and prevent excessive blood loss[19,20]. The platelets
first form a temporary plug, followed by a more stable fibrin
clot[19,20]. The time taken for complete clot formation varies
based on factors such as the extent of surgery and individual
patient characteristics[19–22]. Aspirin (75, 100, or 150 mg/d)
for 14 days was recommended for TKA, beginning within 24 h
postoperatively[4,11].

Enoxaparin and Dalteparin are commonly used LMWHs.
LMWH, on the other hand, works by inhibiting the activity of
several blood clotting factors[23]. By doing so, it helps to prevent
the formation of blood clots in the deep veins of the leg. LMWH
also has anti-inflammatory properties that may further reduce the
risk of blood clots[24]. The timing for starting an application to
effectively reduce the risk of bleeding depends on the specific
application and the patient’s individual circumstances[21,22]. The
exact timing and duration of the application will depend on
various factors, including the type of surgery, the patient’s

Figure 1. Flowchart of literature retrieval.
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Table 1
Study characteristic.

Patient
number Mean (SD or range) age, years

Sex (female/
male) Dosage and duration

Study Country Aspirin LMWH Aspirin LMWH Aspirin LMWH Aspirin LMWH

Use of
mechanical VTE
prophylaxis

Routine DVT screening or
symptomatic DVT

DVT diagnostic
methods

Follow-
up

duration

Outcome of VTE
risk of aspirin,
RR (95% CI)

Fuente [13] Mexico 188 214 70.33 71.31 0.85 1.04 100 mg/d,
for
30 days

Enoxaparin
40–60 mg,
for 30 days

NA NA Venous ultrasonography 90 days 0.59 [0.10–3.47]

Gelfer [16] Israel 28 20 68 (10.4) 67 (8.7) 1.61 1.90 100 mg/d,
duration
NS

Enoxaparin
40 mg/d,
duration NS

Pneumatic
compression
system in
aspirin group
only

Routine screening (5 8 days
after surgery) plus any
symptomatic VTE during
follow-up

Venogram for screening
plus venous
ultrasonography for
symptomatic events

90 days 0.71 [0.20–2.52]

Sidhu [11] Australia 3348 2357 67.0 (61.0–74.0) 68.0 (61.0–74.0) 1.30 1.33 100 mg/d,
for
14 days

Enoxaparin
40 mg/d, for
14 days

Compression
stockings in
both group

Symptomatic Venous ultrasonography 90 days 1.65 [1.23–221]

Westrich [17] USA 136 139 69.0 (12.1) 68.9 (9.6) 1.57 2.02 325 mg/d,
for
28 days

Enoxaparin
40 mg/d, for
28 days

Calf compression
device in both
groups

Routine screening (3–5 days
after surgery) plus any
symptomatic VTE during
follow-up

Venous ultrasonography 6 weeks 1.32 [0.76–2.29]

Zhou [12] China 60 60 66.4 (7.6) 64.1 (6.7) 1.31 1.07 100 mg/d,
for
30 days

Dalteparin
sodium
2500 IU/d,
for 30 days

NA Routine screening
(3,7,30,60, and 90 days
after surgery)

Venous ultrasonography 90 days 1.40 [0.47–4.17]

Zou [18] China 110 112 62.7 (47–79) 65.7 (54–80) 2.93 4.6 100 mg/d,
for
14 days

Enoxaparin
4000 U/d,
for 14 days

Elastic bandages
and ankle
pump in both
groups

Routing screening (2 and 4
weeks after surgery)

Venous ultrasonography 4 weeks 1.31 [0.69–2.50]

DVT, deep vein thrombosis; LMWH, low-molecular-weight heparin; NA, not addressed; RR, risk ratio; VTE, venous thromboembolism.
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medical history and risk factors for bleeding, and any medica-
tions that the patient is taking[25]. LMWH (40 mg/d) beginning
within 24 h postoperatively for 14 days were recommended for

TKA[11,26]. More studies are needed to explore the concrete VTE
prophylactic strategy about drug administration time, dose, and
duration.

Figure 2. Graph of the risk of bias for the included randomized controlled trials (A); Summary of the risk of bias for the included randomized controlled trials (B).

Figure 3. The pooled effect of venous thromboembolism rate.
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Based on data collected from the English National Health
Service, it has been found that LMWH is a more cost-effective
option than the new oral anticoagulants for elective total knee
replacement[27,28]. As a matter of fact, LMWH is only ranked
second to aspirin in this regard[27,28]. However, it is worth
noting that the results are subject to a high degree of
uncertainty[28]. Aside from the clinical efficacy and cost-
effectiveness of chemoprophylaxis regimen, adherence also
counts in VTE prophylaxis. As an oral medicine, aspirin can be
easily taken for outpatients. In comparison, the administration
of LMWH requires daily injections by either the patients
themselves or health care professionals, which restricts its use
to some degree. An RCT comparing the postdischarge adher-
ence with VTE prophylaxis after orthopedic trauma between
aspirin and LMWH showed that the two were comparable in
terms of adherence but patients in the LMWH group were
more likely to feel hassled of their regimens[29]. For the ana-
lysis of factors which might contribute to the adherence, it was
found that younger patients, male patients or patients without
insurance were associated with a lower rate of adherence[29]. It
is worth noting that there are some exceptions in the clinical
use of LMWH. LMWH cannot be used in patients with renal
insufficiency but is recommended for pregnant patients for the
prevention and treatment of VTE[30]. Regarding the timing of

anticoagulant administration after TKA, it is important to
balance the risk of bleeding with the risk of clotting and more
studies are needed to explore the concrete VTE prophylactic
strategy about drug administration time, dose, and duration.

There are several limitations in our study. Firstly, not all the
incidence rates of DVT, PE, and bleeding complications were
available in the included studies, which may have reduced the
reliability of the pooled outcomes in subgroup analysis. In the
subgroup analysis of different endpoints of VTE, the influential
study by Sidhu et al.[11] was not included. In the subgroup ana-
lysis of gastrointestinal bleeding, three out of four included stu-
dies did not report any cases of gastrointestinal bleeding, resulting
in only one study being analyzed and an extremely wide credible
interval. Secondly, there is heterogeneity in our research.
Heterogeneity may arise from variations in aspirin dosage and
duration, the utilization of mechanical VTE prophylaxis, and the
duration of follow-up in the included studies. Thirdly, the studies
included in our analysis did not implement participant blinding,
which may introduce a certain unpredictable direction of bias to
the results. Lastly, the number of included studies was small, so
more high-quality studies are needed to further confirm the
efficacy and safety of VTE prophylactic anticoagulation.
Considering that most of the included studies were not blinded
and the presence of heterogeneity among the studies, we classify

Figure 4. The pooled effect of bleeding complication rate (A). The pooled effect of gastrointestinal bleeding (B).
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the recommendation against using aspirin for VTE prevention
following TKA as level Ⅱ evidence. In the future, more research is
needed to explore the optimal dosage and duration of prophy-
lactic anticoagulation and evaluate the effectiveness and value of
different medications based on this foundation.

Conclusion

In terms of the clinical effectiveness of VTE prophylactic antic-
oagulation after TKA, aspirin presents an obviously higher risk of
VTE in comparison with LMWH. Aspirin and LMWH show
comparable outcomes in bleeding complications rates. However,
more high-quality studies are needed to further confirm the role of
aspirin in prophylactic anticoagulation.
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