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* Purpose: Patients undergoing major orthopedic surgeries, such as total hip replacement
(THR), total knee replacement (TKR), and trauma surgery, are at an elevated risk of venous
thromboembolism (VTE), causing significant morbidity and mortality. Previous studies
have investigated aspirin as a thromboprophylactic agent for arthroplasty, besides trauma
surgery. Therefore, we sought to analyze the efficacy of aspirin compared to that of other
anticoagulants for VTE prophylaxis in patients undergoing major orthopedic surgeries.

* Methods: This study was conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The study protocol was
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registered with the PROSPERO register. Randomized controlled trials that investigated
the use of aspirin for thromboprophylaxis in major orthopedic lower limb surgeries
were included and analyzed. Quality analysis of the literature and level of evidence were
assessed. The primary clinical outcome was VTE. Secondary clinical outcomes included

mortality, bleeding events, and wound complications.

* Results: Eight high-quality studies with level 2 evidence (published within 2006—-2021)
were included, comprising 6220 patients. The incidence of VTE with aspirin was not
found to be more significant than other anticoagulants (risk ratio (RR)=1.18, 95% ClI:
0.89-1.58, P=0.25). Regarding secondary outcomes, there were no significant differences
between aspirin and other anticoagulants (mortality (RR=1.40, 95% CI: 0.27-7.23, P =
0.69), bleeding events (RR=0.89, 95% Cl: 0.57-1.39, P = 0.61), or wound complications

(RR=0.64, 95% Cl: 0.30-1.35, P=0.24)).

* Conclusion: The current meta-analysis did not show any difference between aspirin and

other anticoagulants as thromboprophylactic agents in preventing VTE in patients who

underwent major orthopedic surgeries.
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Introduction

Patients undergoing major orthopedic surgeries, such
as total hip replacement (THR), total knee replacement
(TKR), and trauma surgery (hip/femur fracture), are at an
elevated risk of venous thromboembolism (VTE). Deep vein
thrombosis (DVT) and pulmonary embolism (PE) are the

most common forms of VTE incidence, causing significant
morbidity and mortality (1). VTE in major orthopedic
surgery is caused by several prothrombotic mechanisms,
such as vein injury, coagulation activation due to bone
and tissue injury, heat from cement polymerization, and
prolonged immobilization (2, 3). Recent studies from 363
530 patients showed an overall incidence of VTE in patients
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who underwent THR and TKR as 0.6 and 1.4%, respectively
(4). It accounts for 1 in 167 patients undergoing THR and
1in 71 patients undergoing TKR (4). The incidence of DVT
is also quite similar in patients undergoing orthopedic
trauma surgery, accounting for 0.84% (5).

Several guidelines have been proposed to prevent
VTE following major orthopedic surgeries. American
Academy of Orthopedic Surgeons suggested that patients
who undergo THR or TKR should be given prophylaxis
for VTE (6). National Institute for Health and Care
Excellence guidelines in 2018 recommended giving low-
molecular-weight heparin (LMWH) followed by aspirin or
LMWH combined with stockings in patients undergoing
THR. Meanwhile, the recommendation for patients
undergoing TKR was aspirin or LMWH (7). The American
College of Chest Physicians in 2012 recommended the
administration of LMWH, unfractionated heparin, novel
oral anticoagulant, and aspirin for VTE prophylaxis (8). The
Scottish Intercollegiate Guidelines Network recommended
the use of several notable anticoagulants but not the
use of aspirin as a single pharmacological agent for VTE
prophylaxis (9).

Previous studies and meta-analyses have investigated
aspirin as a thromboprophylactic agent for arthroplasty
apart from trauma surgery (10, 11). Therefore, we sought
to analyze the efficacy of aspirin compared to that of other
anticoagulants (LMWH and factor Xa inhibitors) for VTE
prophylaxis in patients undergoing major orthopedic
surgeries, including trauma patients (1, 12).

Methods

This study was conducted and reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (13). The study protocol
was registered with PROSPERO (ID: CRD42022299742).
The patient, intervention, comparison, outcome (PICO)
of this study was P: lower limb arthroplasty and trauma;
I: aspirin; C: other anticoagulants; and O: incidence of
venous thromboembolism.

Search strategy

A thorough literature search was performed on PubMed,
Medline (via EBSCO), ProQuest, and ScienceDirect in
February 2022 with the following search string after
consulting two librarians, which consisted of ‘aspirin’,
‘thromboembolism’, ‘arthroplasty’, and ‘orthopedics’.
The search in PubMed was conducted using the
specific strings: (("aspirin’[MeSH Terms] OR ‘aspirin’[All
Fields] OR ‘aspirins’[All Fields] OR ‘aspirin s’[All Fields]
OR ‘aspirine’[All Fields]) AND (‘thromboembolic’[All
Fields] OR ‘thromboembolism’[MeSH Terms] OR
‘thromboembolism’[All Fields] OR ‘thromboembolisms’[All
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Fields] OR ‘thromboembolization’[All  Fields]) AND
(‘orthopaedic’[All Fields] OR ‘orthopedics’[MeSH Terms]
OR ‘orthopedics’[All Fields] OR ‘orthopedic’[All Fields] OR
‘orthopaedical’[All Fields] OR ‘orthopedical’[All Fields] OR
‘orthopaedics’[All Fields] OR (‘arthroplasty’[MeSH Terms]
OR ‘arthroplasty’[All Fields] OR ‘arthroplasties’[All Fields]))).

Study selection

All included studies were randomized controlled trials
(RCTs) published in English between 2002 and 2022.
Studies comparing aspirin to other anticoagulants as
thromboprophylactic agents in major orthopedic lower
limb surgery, with a minimum follow-up period of 4 weeks,
were included. Major orthopedic surgeries included total
knee arthroplasty (TKA), total hip arthroplasty (THA), and
trauma surgery. Studies before 2002 that were not in
English, animal studies, and studies with a sample size less
than 50 patients were excluded.

Quality appraisal and risk of bias assessment

Two independent authors (LCS and RHS) performed
identification, selection, data extraction, and quality
assessment. Differences in opinions between the two
reviewers were resolved by reassessment and discussion
with the third author (EK). The quality of the literature
was assessed using the Jadad Scale (which consists of
randomization, masking, withdrawal, and accountability
of all patients). To evaluate the risk of bias, the reviewers
rated each of the five items from the scale into dichotomous
variables. The overall score was calculated by adding all
item scores. A score was given to every paper to classify
them as low- or high-quality studies. The level of evidence
was assessed using the Oxford Center for Evidence-Based
Medicine Guideline 2011 (14).

Data extraction and analysis

All data were extracted from the text, figures, tables, and
associated supplementary files of each included study.
These data included (i) article (year of publication) and
demographic characteristics (sample size, gender, age, and
history of VTE); (ii) follow-up duration; (iii) type of surgery;
(iv) type, dosage, and duration of thromboprophylaxis;
(v) day of mobilization; and (vi) clinical outcomes. The
primary clinical outcome was VTE (DVT or PE). Secondary
clinical outcomes included mortality, bleeding events, and
wound complications (until the last follow-up). The clinical
outcomes of patients using aspirin as athromboprophylactic
agent were compared to those with other agents.

The Review Manager (RevMan version 5.4; Cochrane
Collaboration, Oxford, United Kingdom) software was
used for statistical analysis using the Mantel-Haenszel
method. A subgroup analysis was performed for the
elective and trauma groups. A dichotomous variable and
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risk ratio (RR) with a 95% CI| were used to measure the
effect. Heterogeneity between the studies was identified
using the 12 value. Data were also plotted using forest
plots to determine the outcomes. A funnel plot was also
used to assess publication bias.

Results

Study selection

A total of 568 studies were retrieved during the initial
screening (Fig. 1).

A total of 558 studies were excluded after reviewing
titles, abstracts, and duplications. Of the remaining ten
studies, one study was excluded because aspirin was not
compared with other anticoagulants (15), and another
study used aspirin with other agents in the intervention

group (16).

Study quality assessment

The level of evidence was assessed using the Oxford Center
for Evidence-Based Medicine Guideline 2011, which found
that all eight studies had level 2 evidence (14). According
to the quality assessment, all studies were categorized as
high-quality studies (Table 1).

Article and demographic characteristics

The characteristics of the eight studies included in our
study are shown in Table 2.

In total, 6220 patients were included in the current
study. The studies were published between 2006 and
2021, with a sample size of 70—3424 patients. The number
of studies that discussed THA, TKA, and trauma surgeries
was 3, 5, and 1, respectively.

Primary outcomes

Eight studies (17, 18, 19, 20, 21, 22, 23, 24) evaluated
VTE following major orthopedic surgery. There was
no significant difference in VTE (Fig. 2) following
major orthopedic surgery between aspirin and other
anticoagulants (RR=1.18, 95% Cl: 0.89-1.58, P=0.25).
Heterogeneity was not observed (1= 0%).

Table 1 Study quality assessment with Jadad scale.

794
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Records identified through
5 database searching (N=564) Records identified through
= Pubmed : 425 cross reference
&2 ScienceDirect : 83 (N=4)
z ProQuest : 41
5 Medline (via EBSCO) : 15
[
E Records retrieved (N=568) Records excluded
§ based on eligibility criteria
3 after title and abstract
screening, duplicates
removed (N = 558)
Articles excluded, with
g reasons
;uEn i -Aspirin did not compared
e Ar‘tlcles‘a'ss‘e‘ssed for with anticoagulants (N=1)
eligibility -Aspirin used with other
(N=10) agents in intervention
— group (N=1)
T
35 Eligible studies to be
= o
= assessed quantitatively
= (N=8)
Figure 1
PRISMA flow chart.

In the subgroup analysis, seven studies evaluated VTE
following elective surgery (Fig. 3) (17, 19, 20, 21, 22, 23,
24). There was no significant difference in VTE following
major orthopedic surgery between aspirin and other
anticoagulants (RR=1.19, 95% Cl, 0.86-1.67 P=0.30).
A low heterogeneity was observed (I = 9%). One study
evaluated VTE following trauma surgery and found itin 10
of 165 patients in the aspirin group and 10 of 164 patients
in the LMWH group (18).

Secondary outcomes (mortality, bleeding events, and
wound complications)

The secondary outcomes were mortality, bleeding events,
and wound complications. The use of aspirin did not
show a significant difference in mortality compared to that

Reference

Criteria a7) (18) 19) (20) (21) (22) (23) (24)
Was the study described as random? 1 1 1 1 1 1 1
Was the randomization scheme described and 1 1 1 1 1
appropriate?

Was the study described as double blind? 0 0 1 0 0 1 1 0
Was the method of double blinding” appropriate? 0 0 1 0 0 1 0 0
Was there a description of dropouts and withdrawal? 1 1 1 1 1 1 0 1
Total scoref 3 3 5 3 3 5 3 3

“The patient and assessor appropriately blinded; fJadad Scale, score quality: 0-2 (low); 3-5 (high).
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Aspirin Other Anticoagulants Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Anderson 2013 1380 5 398 18% 0.21(0.02,1.78) =
Anderson 2018 1 1707 12 1717 127% 0.92(0.41,208) S
Haac 2020 10 165 10 164 11.7% 099(0.43,232) I
Jiang 2014 10 60 1 60 14.0% 0.91(0.42,1.98) —_—
Kulshrestha 2013 4 194 15 7086 71% 0.97(0.33,2389) e m—
Ren 2021 3 3 3% 36% 1.06(0.23,4.89) ——
Waestrich 2006 23 129 19 135 27.2% 1.2710.73,2.21) -
Zou 2014 18 110 17 214 219% 206(1.11,384) e
Total (95% CI) 2779 3430 100.0% 1.18[0.89, 1.58] >
Total events 80 92 F- 2
Heterogeneity. Tau? = 0.00; Ch*= 6.78, df= 7 (P = 0.45); = 0% TR rra— igure
Testfor overall effect Z=1.14 (P = 0.25) Aspifin  Other Anticoagulants Forest plOt of VTE.
Aspirin Other Anticoagulants Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Anderson 2013 1 380 5 398 2.4% 0.21[0.02,1.78] —
Anderson 2018 11 1707 12 1717 15.0% 0.920.41, 2.08] e
Jiang 2014 10 60 1 60 16.3% 0.91[0.42,1.98] —
Kulshrestha 2013 4 194 15 706 8.8% 0.97 [0.33, 2.89] S E—
Ren 2021 3 34 3 36 46% 1.06[0.23, 4.89] e
Westrich 2006 23 129 19 135 28.9% 1.27[0.73,2.21] -
Zou 2014 18 110 17 214 241% 2.06[1.11,3.84] —
Total (95% ClI) 2614 3266 100.0% 1.19[0.86, 1.67] r
Total events 70 82 .
Heterogeneity: Tau®= 0.02; Chi*= 6.60, df= 6 (P = 0.36); IF= 9% :0.01 051 T t d Flgure 3

Test for overall effect: Z=1.05 (P = 0.30)

with other anticoagulants (RR=1.40, 95% CI: 0.27-7.23,
P=0.69) (Fig. 4).

Among elective surgeries, the use of aspirin also
showed no significant difference in mortality when
compared to that with other anticoagulants (RR=1.02,
95% Cl: 0.11-9.81, P=0.99) (Fig. 5) (17, 19, 20, 21, 22, 23,
24). In trauma surgery, mortality occurred in 2 of the 165
patients in the aspirin group and in 1 of the 164 patients
in the LMWH group (18).

A 1 10
Favours Aspirin  Favours Other Anticoagulants

Forest plot of VTE in elective group.

Bleeding events, defined as major bleeding (fatal/
symptomatic), >2 g/dL drop in hemoglobin, requiring
transfusion, or minor bleeding, following major orthopedic
surgery were not significantly different between aspirin
and other anticoagulants (RR=0.89, 95% Cl: 0.57-1.39,
P=0.61) (Fig. 6).

The subgroup analysis of elective surgery also
reported the same result (RR=0.81, 95% Cl: 0.34-1.91,
P=0.63) (Fig. 7) (17, 19, 20, 21, 22, 23, 24). Among

Aspirin Other Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Rand: 95% CI M-H, Random, 95% CI
Anderson 2013 0 385 1 400 26.4% 0.35[0.01,8.47] ¢
Anderson 2018 1 1707 0 1717 26.4% 3.02[0.12,74.02) >
Haac 2020 2 165 1 164 472% 1.99[0.18,21.71] L
Jiang 2014 0 60 0 60 Not estimahle
Ren 2021 0 34 0 36 Not estimahle
Total (95% CI) 2351 2377 100.0% 1.40[0.27,7.23]

Total events 3

2

Heterogeneity: Tau®= 0.00; Chi*=1.04, df= 2 (P = 0.59); F= 0%

Figure 4

0.05 0.2 1 5 20
Test for overall effect: Z= 0.40 (P = 0.69) Aspirin - Other Anticoagulants Forest p|0t Of mortality.
Aspirin Other Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, 95% CI M-H, Random, 95% CI
Anderson 2013 0 385 1 400 50.0% 0.35[0.01, 8.47) =
Anderson 2018 1 1707 0 1717 50.0% 3.02[0.12,74.02) i
Jiang 2014 0 60 0 60 Not estimable
Ren 2021 0 34 0 36 Not estimable
Total (95% ClI) 2186 2213 100.0% 1.02[0.11,9.81]
Total events 1 1 .
Heterogeneity: Tau?= 0.00; Chi*= 0.88, df=1 (P = 0.35); F= 0% Eo Y t t 00 Flgure 5

Test for overall effect: Z= 0.02 (P = 0.99)

X 1 10
Favours [Aspirin] Favours [Other] Forest plot of mortality in elective group.

Aspirin Other anticoagulants Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Anderson 2013 10 385 23 400 222% 0.45(0.22,0.94] I —
Anderson 2018 30 1707 22 1717 29.9% 1.37[0.79,2.37) T
Haac 2020 51 165 53 164 422% 0.96(0.70,1.31] -
Ren 2021 1 34 3 36 3.8% 0.35[0.04,3.23) &
Westrich 2006 1 92 0 99  1.9% 3.23[0.13,78.20]
Total (95% CI) 2383 2416 100.0% 0.89 [0.57, 1.39]
Total events 93 101

. n

Heterogeneity: Tau®= 0.10; Chi*= 7.07, df= 4 (P = 0.13); F= 43%
Test for overall effect: Z= 0.52 (P = 0.61)

0.2

Figure 6
Forest plot of bleeding events.
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Aspirin  Other Anticoagulants
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www.efortopenreviews.org



EFORT OpeNn revieuls CENERAT ORTHORERIS e i
Aspirin Other anticoagulants Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Anderson 2013 10 385 23 400 38.3% 0.45(0.22,0.94] —

Anderson 2018 30 1707 22 1717 43.5% 1.37[0.79,2.37) T

Ren 2021 1 34 3 36 11.8% 0.35[0.04,3.23] I

Westrich 2006 1 92 1) 93 6.4% 3.23[0.13,78.20]

Total (95% Cl) 2218 2252 100.0% 0.81[0.34, 1.91] f Figure 7

Total events 42 48 . . .
Heterogeneity: Tau= 0.37; Chi*= 7.03, df= 3 (P = 0.07); F= 57% ; ; : v | Forest plot of bleeding events in elective

0.01 0.1 1 10 100
Test for overall effect: Z= 0.48 (P = 0.63) Favours [Aspirin] Favours [Other] g rou p

trauma surgeries, mortality occurred in 51 of 165
patients in the aspirin group and 53 of 164 patients in
the LMWH group (18).

The wound complications (wound effusion, deep
surgical infection, or superficial wound infection) were
also not significantly different between patients treated
with aspirin and other anticoagulants following major
orthopedic surgery (RR=0.64, 95% Cl: 0.30-1.35,
P=0.24) (Fig. 8). No drainage use was reported.

Furthermore, the wound complications in the subgroup
analysis of elective surgery also showed no significant
difference (RR=0.57, 95% CI: 0.19-1.75, P=0.33) (Fig. 9)
(17,19, 20, 21, 22, 23, 24). Haac et al. reported that 12 of
165 patients in the aspirin group and 15 of 164 patients in
the LMWH group had wound complications after trauma
surgery (18).

Discussion

The current study found no significant difference between
aspirin and other anticoagulants in reducing VTE events
in patients who underwent a major orthopedic surgery.
There were also no significant differences in reducing
mortality, bleeding events, and wound complications
between aspirin and other anticoagulants.

Previous studies have also supported the findings of
the current study. A meta-analysis by Drescher et al. in
2014 showed no significant difference between aspirin
and other anticoagulants regarding the incidence and

the risk of developing DVT after hip fracture surgery
and lower extremity arthroplasty (25). Other previous
meta-analyses regarding lower extremity arthroplasty
also presented results consistent with our study, which
showed that aspirin was a safe and effective drug of choice
for VTE prophylaxis for TKA and THA. The studies found no
significant difference in the efficacy by the use of aspirin
for thromboprophylaxis compared to that with other
anticoagulants (10, 11). The role of aspirin as the primary
VTE prophylaxis was also studied by Sahebally et al. who
reported that aspirin was effective in orthopedic surgery
patients with a high bleeding risk (26).

A non-inferiority analysis of a retrospective cohort
of patients undergoing TKA in 29 hospitals in Michigan
found that aspirin was not inferior to other anticoagulants
in preventing thromboembolic incidence. The study
included 41 537 patients and revealed that VTE events
occurred in 1.16, 1.42, and 1.31% of patients who used
aspirin, other anticoagulants (e.g. LMWH, warfarin,
and Xa-inhibitor), and both, respectively. The incidence
of VTE was higher (4.79%) in patients who received
thromboprophylaxis than in those who did not receive
it. This study also suggested that aspirin may be used as
a single thromboprophylactic agent (27). A multicenter
thromboprophylactic study from more than 600 hospitals
in the United States found that aspirin had a lower risk
of VTE after TKA than observed by anticoagulant-only
or a combination of aspirin and anticoagulation. Among
the 231 780 patients who underwent TKA and 110 621
patients who underwent THA, aspirin was not associated

Aspirin Other anticoagulants Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Anderson 2013 12 385 10 400 26.6% 1.25[0.55, 2.85) T
Haac 2020 12 165 15 164 28.7% 0.80[0.38, 1.65) —
Jiang 2014 1 60 2 60  8.0% 0.500.05,5.37)
Kulshrestha 2013 2 194 56 706 16.7% 013[0.03,0563 +———
Ren 2021 1 34 1] 36 50% 3.17[0.13,75.28]
Zou 2014 2 110 8 214 15.0% 0.49(0.11,2.25) —
Total (95% CI) 948 1580 100.0% 0.64[0.30, 1.35] o
Total events 30 91 .
Heterogeneily. Tau? = 0.38; ChiF= 9,68, df= 5 (P = 0.08); F= 48% T Figure 8

Test for overall effect: Z=1.18 (P

=0.24)
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Total events 18 76 L .
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with a higher risk of VTE in patients who underwent TKA
and THA (28).

Regarding secondary outcomes, our mortality,
bleeding events, and wound complication results were
similar to those reported by previous studies, which
found no significant differences between aspirin and
other anticoagulants (10, 11, 15, 18, 29, 30). Furthermore,
Yhim et al., in a population-based epidemiological study
of 306 912 cases (261 260 TKA and 45 652 THA), found
that patients who had aspirin as an thromboprophylactic
agent had no increased risk for blood transfusion when
compared with other anticoagulants (LMWH odds ratio,
OR=1.6 (1.56—1.65), rivaroxaban OR=1.46 (1.42-1.50),
and fondaparinux OR=1.25 (1.18-1.33)) (29).

In addition to its effectiveness in preventing
thromboembolic incidence, aspirin costs less than other
anticoagulants. A cost-utility study by Dawoud et al. in
2018 found that the cost of single aspirin was the lowest
among other thromboprophylactic options. Single aspirin
prophylaxis in THR and TKR costs £0.2 to £0.5, whereas
others can cost up to £419 (31). Based on these and the
results of the current study, aspirin is effective in terms
of cost and thromboprophylaxis compared to other
anticoagulants.

Although many studies have concluded that aspirin has
similar efficacy and safety as other anticoagulants for VTE
prophylaxis in major orthopedic surgery patients, a large
comparative study showed a different finding, in which
patients who underwent TKA benefited more from the
use of other anticoagulants (LMWH, factor Xa inhibitors,
and fondaparinux) than aspirin. However, this study only
included primary TKR patients (32).

Strength and limitations

The strength of this study was the comprehensive literature
search of four large databases. The study design included an
RCT. The current study only included articles published in
the last 20 years to limit variability in cementing techniques.
The limitations of this study include the various dosages and
lengths of aspirin and comparator administration between
studies, the difference in follow-up duration, and the lack
of studies on trauma patients. Cls for mortality, bleeding,
and wound complication analyses are extensive which also
increases the risk of biased observations and conclusions.
Furthermore, a small number of studies related to
aspirin as a thromboprophylactic agent in trauma patients
have found that there is still a need for further studies
on thromboprophylaxis in trauma patients. A Cochrane
database review of 16 studies and 3005 patients found
that thromboprophylaxis reduced the incidence of DVTs
in trauma patients but did not lower the incidence of
PE or mortality rates. The results gave us more insight
regarding the need for thromboprophylaxis in trauma

GENERAL ORTHOPAEDICS 712 798

patients even though the strength of evidence was not
high (33). The ongoing PREVENT CLOT trial might present
more robust data regarding the effectiveness and safety
of aspirin compared to that of other anticoagulants as
thromboprophylactic agents among trauma patients
(34).

Conclusion

The current meta-analysis showed no difference between
aspirin and other anticoagulants as thromboprophylactic
agents in preventing VTE in patients who underwent
major orthopedic surgeries.
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