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Abstract. - OBJECTIVE: Total knee and hip
arthroplasty are one of the most commonly con-
sistently successful surgeries in orthopedics
worldwide. Literature has reported that depend-
ing upon the age and co-existing treatments, pa-
tients undergoing total knee and hip arthroplas-
ty are often prone to increased risks of devel-
oping venous thromboembolic complications.
In such cases, chemoprophylaxis with either di-
rect oral anticoagulant therapy with factor-Xa
inhibitors (i.e., rivaroxaban, apixaban, dabiga-
tran) and aspirin are widely recommended. Re-
cent surveys suggest that direct oral anticoag-
ulants and aspirin have comparable efficacy.
However, there is no consensus in the literature
as to which drug is the safest. Therefore, in this
review, we shall attempt to evaluate the com-
parative efficacy between direct oral anticoag-
ulant drugs and aspirin in patients undergoing
total joint arthroplasty. To compare risk of ve-
nous thromboembolism complications between
use of direct oral anticoagulant drugs and aspi-
rin in patients undergoing total knee and hip ar-
throplasty.

MATERIALS AND METHODS: A sensitive and
specific analysis of the literature was performed
according to the Cochrane and written accord-
ing to PRISMA guidelines (Supplementary Table
I). Five electronic databases (Web of Science,
Embase, CENTRAL, Scopus, and Medline) were
evaluated. To compare the efficacy between the
drugs we conducted a random-effect meta-anal-
ysis according to the outcome (bleeding com-
plications, venous thromboembolism or pulmo-
nary embolism) and overall mortality in patients
undergoing total knee and hip arthroplasty.

RESULTS: Overall, 993 studies were found
of which 117 had their full texts evaluated.
A total of 161,463 patients undergoing total
joint arthroplasty with mean age equal 66.2 +
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5.0 years were identified in 14 studies. High-
er risks of venous thromboembolism (OR: 1.56
95% CIl 1.21-2.01), pulmonary embolism (OR:
1.63, 95% CI: 1.31 -2.04) and overall mortali-
ty (OR: 1.35, 95% CI 1.04-1.74) for patients re-
ceiving aspirin were verified as compared to
direct oral anticoagulant drugs. Subsequent-
ly, we further observed that the risks of bleed-
ing complications (OR: 0.89 95% CI 0.67-1.18)
were insignificant.

CONCLUSIONS: The study reports higher
risks of venous thromboembolism, pulmonary
embolism, and overall mortality for the patients
receiving aspirin before undergoing total joint
arthroplasty.
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Introduction

Total knee and hip arthroplasty are one of the
most successful surgeries in orthopedics in the
world'.

According to the American Society of He-
matology, the risk of venous thromboembolism
after a knee arthroplasty is aggravated by the
following factors: post-surgical transient increase
in hypercoagulability; prolonged post-surgical
bed rest; previous history of thromboembolism
or coexistence of chronic health conditions**.
Incidence between 0.6% to 2.0% of postopera-
tive venous thromboembolism among the patients
undergoing hip and knee joint arthroplasty has
been observed®’. Venous thromboembolism is
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one of the most common reasons for unplanned
hospital readmission and higher postoperative
complications®’.

Specifically, prophylactic management of pa-
tients undergoing a total joint arthroplasty is
widely recommended with anticoagulant and
antiplatelet drugs (i.e., aspirin) to mitigate the
high risks of postoperative venous thromboem-
bolism*!°. Direct oral anticoagulant agents in-
cluding factor Xa inhibitors (i.e., rivaroxaban,
apixaban, fondaparinux, edoxaban, betrixaban)
as per their class of action are suggested to func-
tion primarily by binding selectively to factor X
in which eventually inhibits thrombin production
by blocking its interaction with its substrate''2.
The use of these drugs is also preferred over the
warfarin, because of their improved safety pro-
files and fixed-dose administration'?>. Likewise,
antiplatelet agents such as aspirin are reported to
act primarily by causing irreversible inhibition
of prostaglandin-H synthase (i.e., in the mega-
karyocytes and platelets) and complete inhibition
of cyclooxygenase 1-dependent thromboxane A,
synthesis causing a reduced vasoconstriction®.
Although the use of aspirin as a prophylactic
agent is largely driven because of its larger avail-
ability and cost-effectiveness recent evidence
has questioned its implementation as a routine
drug for the prevention of venous thromboem-
bolism especially after total knee and hip arthro-
plasty'>'.

Few randomized controlled trials'>'"" and ret-
rospective cohorts?*?* had as objective to evaluate
the influence of direct oral anticoagulant drugs
and of aspirin in morbidity and mortality-related
in patients undergoing total knee and hip ar-
throplasty. However, a lack of consensus exists
regarding the outcomes concerning the influence
of these drugs on the overall events of venous
thromboembolism.

For all we know one systematic review has
aimed to comparatively evaluate the prophylactic
efficacy between direct oral anticoagulant drugs
and aspirin in patients undergoing total knee and
hip arthroplasty?®. Nevertheless, the findings of this
review are limited in two important ways. First, it
performed comparative analyses on studies only
evaluating the prophylactic efficacy between aspi-
rin and rivaroxaban. Therefore, the interpretability
of these findings on the other drugs of direct oral
anticoagulant’s class (i.e., apixaban, dabigatran) is
difficult. Secondly, it has failed to include a range
of recently published high quality randomized
controlled trials'®, and cohort trials*->*,
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Therefore, an updating of the existing state of
evidence is strongly warranted. In this system-
atic review and meta-analysis, we will attempt
to bridge the gap in the current state of evidence
by evaluating the comparative prophylactic influ-
ence between direct oral anticoagulant drugs and
aspirin on the overall morbidity and mortality-re-
lated aspect in patients undergoing total knee ar-
throplasty. The findings from this study will help
deduce best practice guidelines for clinicians and
nursing to effectively modulate thromboembolic
outcomes in patients undergoing total knee and
hip arthroplasty.

Materials and Methods

We followed the methods describe by Co-
chrane Handbook and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
guideline (Moher et al?, 2015) for writing this
systematic review and meta-analysis.

Data Search Strateqgy

The literature search was performed in five
electronic scientific databases (Web of Science,
Medline, CENTRAL, Embase, and Scopus)
from inception until May 30", 2021. The search
was performed across a combination of MeSH
terms including “Anticoagulants”, “antiplate-
lets”, “rivaroxaban”, “apixaban”, “dabigatran”,
“aspirin”, “arthroplasty”, “joint arthroplasty”,
“bleeding complication”, “venous thromboem-
bolism”, “pulmonary embolism”, and “mortali-
ty”. The reference part of the included studies
was also manually screened to find any relevant
studies. The inclusion criteria were (1) stud-
ies evaluating the comparative post-operative
outcomes between patients consuming aspirin
and factor Xa inhibitors after joint arthroplasty;
(2) researches that evaluating the events of ve-
nous thromboembolism, pulmonary embolism,
bleeding complications, and overall mortality
in patients undergoing knee arthroplasty; (3)
studies realized in human participants; (4) stud-
ies with design of randomized controlled tri-
als, case-control, prospective or retrospective
cohort; (5) studies published in peer-reviewed
scientific journals.

The studies were independently screened by
two different reviewers. In the situation of dis-
agreement discussions with a third reviewer was
conducted.
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Quality Assessment

The risk of bias was done by Cochrane’s risk of
bias assessment tool for randomized controlled tri-
als®. This tool evaluates the outcomes for selective
reporting, confounding bias, measurement of out-
comes, and incomplete data availability as threats
that can instigate instigating. For cohort studies the
risk of bias was supported by Newcastle Ottawa
scale”. This tool evaluates the outcomes for se-
lective reporting, confounding bias, measurement
of outcomes, and incomplete data availability as
threats that can instigate instigating.

The methodological quality was performed
independently by two reviewers and in case of
disagreements a third reviewer intervened to ar-
bitrate.

Data Analysis

Statistical evaluations were performed using
Comprehensive Meta-Analysis software version
2.0°°. Meta-analysis of proportions was carried
out using double arcsine transformation and nor-
malization of presented data. In addition, utiliz-
ing the quality effects models approach (QE),
pooled proportions and 95% confidence intervals
(CI) were calculated as the random effect model
is not statistically adequate to analyze high het-
erogeneity data®. We computed the odds ratio to
two groups of drugs. Heterogeneity was assessed
by Cochrane’s Q test considering a statistically
significant value for p < 0.1, and Higgins 1°>25%
and <75% as moderate heterogeneity and >75%
of substantial heterogeneity®?>. Subgroup analyses
were evaluated to examine the potential sources
of between-study heterogeneity. In case there
are fewer than 10 studies in a meta-analysis, we
constructed a funnel plot to investigate the poten-
tial for publication bias for the primary outcome
by visual inspection for asymmetry. Duval and
Tweedie’s trim and fill analysis were conducted if
the publication bias becomes evident*. The pub-
lication bias was characterized by the imputation
of studies from either side of the plotted graph
to identify any unbiased effect. The significance
level for this review was determined at 5%.

Results

Overall, 993 studies were found of which 117
had their full texts evaluated. A total of 161,463
patients undergoing total joint and hip arthro-
plasty with mean age equal 66.2 = 5.0 years
were identified in 14 studies. Five of the included

studies''""*¥ were randomized controlled trials,
nine were retrospective cohort studies?’-253%,
The data were extracted and summarized in Ta-
ble I. After detailed analysis, 14 individual stud-
ies (trials and cohort studies) met the inclusion
criteria, and all of them reported adequate data to
be meta-analyzed.

Participant Information

Data from a total of 161,463 (161,463w,
66428M) patients were included in 14 studies
(Figure 1). A total of 84779 (49353w, 35113M)
patients received aspirin, and 76684 (45027w,
31315M) patients received direct oral anticoag-
ulants. Three studies'®*-7 did not define the sex
distribution of their sample.

The mean age of the participants was 66.2 +
5.1 years old and the groups were 66.3 + 4.6 years
for patients receiving aspirin and 66.0 £ 5.6 years
for patients receiving direct anticoagulants was
66.0 + 5.6 years. Three studies****7 did not report
the age of their sample.

Quality Assessment for Randomized
Controlled Trials Studies

We analyzed the risk of bias in the method-
ology of the randomized controlled trials with
Cochrane’s risk of bias assessment tool for ran-
domized controlled trials and the results of this
tool have been demonstrated in Table II. The
overall risk in the included studies was low. We
observed that allocation of concealment, blinding
of outcome assessment and other biases were the
aspects for which bias was observed within most
of the included studies (Table II).

Quality Assessment for Cohort Studies

The overall risk was found to be low in the
cohort studies. The overall risk of bias has also
been demonstrated in Table II1.

Publication Bias

We used Duval and Tweedy’s trim and fill
method to determine missing studies according
to the random effect model on either side of
the mean effect of the funnel plot. The method
observed that three studies were missing on the
right side of the mean effect. The overall random
effect models determined the point estimates and
the 95% confidence intervals for all the combined
studies as 1.56 (95% CI 1.21-2.01), after using the
trim and fill the imputed point estimates were
estimated as 1.62 (95% CI: 1.25-2.10). The publi-
cation bias is reported in Figure 2.
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Table I. Characteristics of included studies in systematic review.

Sample Age Venous Pulmonary Bleeding
Type of descriptive | (mean x S.D | Type of |Follow-up |thromboembolism | embolism | complication| Mortality
Reference | Country study by sex in years-old) | surgery (days) (n) (n) (n) (n)
Ren et al”® China  |Randomized | Aspirin: 34 Aspirin: 54.5 |THA 90 Aspirin: 3 - Aspirin: 1 -
(2021) controlled 21W, 13M) Factor Xa Factor Xa Factor Xa inhibitor: 3 Factor Xa
trial Factor Xa inhibitor: 50  |inhibitor: 3 inhibitor: 3
inhibitor: 36
(25W, 11M)
Matharu et al* UK Retrospective | TKA TKA TKA, THA NI TKA TKA TKA TKA
(2020) cohort study | Aspirin: 42590 | Aspirin: Aspirin: 160 Aspirin: 168 Aspirin: 76 Aspirin: 64
(24059W, 70.2+9.2 Factor Xa Factor Xa Factor Xa Factor Xa
18531M) Factor Xa inhibitor: 72 inhibitor: 79 inhibitor: 46 | inhibitor: 27
Factor Xa inhibitor: THA THA THA THA
inhibitor: 69.9+9.1 Aspirin: 226 Aspirin: 107 Aspirin: 42 Aspirin: 95
30697 THA Factor Xa Factor Xa Factor Xa Factor Xa
(17362W, Aspirin: inhibitor: 102 inhibitor: 54 inhibitor: 32 | inhibitor: 63
3335M) 69.5+10.5
THA Factor Xa
Aspirin: 35904 | inhibitor:
(21773W, 69.2+104
14131M)
Factor Xa
inhibitor: 29522
(17883W,
Kim et al”! South Retrospective | Aspirin: 2071 | Aspirin: THA 90 Aspirin: 33 - Aspirin: 43 -
(2019) Korea |cohortstudy | (1215W, 856M) | 66.2 + 15.8 Factor Xa Factor Xa
Factor Xa Factor Xa inhibitor: 12 inhibitor: 39
inhibitor: 2071 | inhibitor:
(1234W, 837M) | 65.5+15.2
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Table | (Continued). Characteristics of included studies in systematic review.

Sample Age Venous Pulmonary Bleeding
Type of descriptive | (mean = S.D | Type of |Follow-up | thromboembolism | embolism | complication| Mortality
Reference Country study by sex in years-old) | surgery (days) (n) (n) (n) (n)
McHale et al® UK Retrospective | TKA TKA TKA, THA 90 TKA TKA - TKA
(2019) cohort study | Aspirin: 95 Aspirin: Aspirin: 0 Aspirin: 0 Aspirin: 0
Factor Xa 71.5+94 Factor Xa Factor Xa Factor Xa
inhibitor: 123 Factor Xa inhibitor: 2 inhibitor: 1 inhibitor: 2
THA inhibitor: THA THA
Aspirin: 110 [71.5£10.8 Aspirin: 0 Aspirin: 0
Factor Xa THA Factor Xa Factor Xa
inhibitor: 139 | Aspirin: inhibitor: 3 inhibitor: 1
704+ 11.1
Factor Xa
inhibitor: 7
1.8+ 11.1
Richardson USA Retrospective | Aspirin: 548 49->90 TKA 90 Aspirin: 16 Aspirin: 11 - -
et al* (2019) cohort study | (334W, 214M) Factor Xa Factor Xa
Factor Xa inhibitor: 110 inhibitor: 37
inhibitor: 6524
(3958W, 2566)
Yuenyongviwat| Thailand |Retrospective | Aspirin: 79 Aspirin: TKA 42 Aspirin: 0 Aspirin: 0 Aspirin: 0 -
et al* (2019) cohort study | (69W, 10M) 70.0+5.2 Factor Xa Factor Xa Factor Xa
Factor Xa Factor Xa inhibitor: 0 inhibitor: 0 inhibitor: 0
inhibitor: 76 inhibitor:
(67W, M) 71.4+6.1
Colleoni etall5| Brazil |Randomized | Aspirin: 14 Aspirin: TKA 90 Aspirin: 1 - Aspirin: 1 Aspirin: 0
(2018) controlled (13W, IM) 712+6.3 Factor Xa Factor X Factor X
trial Factor Xa Factor Xa inhibitor: 2 inhibitor: 0 inhibitor: 0 1
inhibitor: 18 inhibitor:
(14W, 4M) 671+7.6

Continued
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Table | (Continued). Characteristics of included studies in systematic review.

Sample Age Venous Pulmonary Bleeding
Type of descriptive | (mean = S.D | Type of |Follow-up | thromboembolism | embolism complication| Mortality
Reference | Country study by sex in years-old) | surgery (days) (n) (n) (n) (n)
Anderson Canada |Randomized | TKA TKA TKA, THA 90 TKA TKA TKA TKA
et all7 (2018) controlled Aspirin: 805 Aspirin: Aspirin: 7 Aspirin: 3 Aspirin: 11 Aspirin: 1
trial TKA 64.6 87 Factor Xa Factor Xa Factor Xa Factor Xa
(487W, 318M) |Factor Xa inhibitor: 7 inhibitor: 4 inhibitor: 10 | inhibitor: 0
Factor Xa inhibitor: THA THA THA THA
inhibitor: 815 |64.7+8.4 Aspirin: 4 Aspirin: 2 Aspirin: 11 Aspirin: 0
(462W, 353M) |THA Factor Xa Factor Xa Factor Xa Factor Xa
THA Aspirin: inhibitor: 5 inhibitor: 2 inhibitor: 7 inhibitor: 0
Aspirin: 902 [61.3 £ 11.1
(416W, 486M) |Factor Xa
Factor Xa inhibitor:
inhibitor: 902 |60.9+ 11.0
(422W, 480M)
Lindquist etal®**| USA Retrospective | Aspirin: 366 Aspirin: 65.8 | TKA, THA 30 - - Aspirin: 11 -
(2018) cohort study | (223W, 143M) | Factor Xa Factor Xa
Factor Xa inhibitor: 65.4 inhibitor: 30
inhibitor: 440
(285W, 182M)
Garfinkel etal®®| USA Retrospective | Aspirin: 27 Aspirin: 62.8 | TKA, THA 270 Aspirin: 0 - Aspirin: 0 -
(2018) cohort study | (16W, 11M) Aspirin: 0 Factor Xa Factor Xa
Factor Xa Factor Xa inhibitor: 0 inhibitor: 1
inhibitor: 32 inhibitor: 69.3
(20W, 12M)
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Table | (Continued). Characteristics of included studies in systematic review.

Sample Age Venous Pulmonary Bleeding
Type of descriptive | (mean = S.D | Type of |Follow-up | thromboembolism | embolism | complication| Mortality
Reference | Country study by sex in years-old) | surgery (days) (n) (n) (n) (n)

Bala et al® USA Retrospective | Aspirin: 1016 45-84 TKA 90 Aspirin: 30 Aspirin: 12 Aspirin: 12 -
(2017) cohort study | (645W, 371M) Factor Xa Factor Xa Factor Xa

Factor Xa inhibitor: 149 inhibitor: 45 inhibitor: 70

inhibitor: 5.080

(3.225W,

1.855M)
Miao et al*’ China  |Retrospective | Aspirin: 48 48-76 TKA NI Aspirin: 5 Aspirin: 1 Aspirin: 2 -
(2015) cohort study | Factor Xa Factor Xa Factor Xa Factor Xa

inhibitor: 47 inhibitor: 3 inhibitor: 0 inhibitor: 11
Jiang et al'® China  |Randomized | Aspirin: 60 Aspirin: TKA 42 Aspirin: 0 - Aspirin: 1 Aspirin: 0
(2014) controlled Factor Xa 65.1+75 Factor Xa Factor Xa Factor Xa

trial inhibitor: 60 Factor Xa inhibitor: 0 inhibitor: 2 inhibitor: 0
Zou et al** China  |Randomized | Aspirin: 110 Aspirin: 62.7 | TKA 28 Aspirin: 18 - Aspirin: 2
(2014) controlled (82W, 28M) Factor Xa Factor Xa Factor Xa
trial Factor Xa inhibitor: 63.5 inhibitor: 3 inhibitor: 5
inhibitor: 102
(70W, 32M)

M: Mean: S.D: Standard deviation, TKA: Total knee arthroplasty, THA: Total hip arthroplasty; NI: Not informed; W-woman; M-men.
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Figure 1. Illustrating the PRISMA
= flowchart.
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Meta-Analysis Report Pulmonary Embolism

Venous Thromboembolism

The venous thromboembolism in patients re-
ceiving direct oral anticoagulant drugs and aspi-
rin was evaluated at 10 studies'>!7121243435:37 We
observed an increased odds ratio (OR) suggest-
ing higher risks of venous thromboembolism for
patients receiving aspirin as compared to direct
oral anticoagulants (Figure 3) (OR: 1.56, 95%
C.I: 1.21-2.01, p =0.001), with negligible hetero-
geneity (1% 14.1%).

The pulmonary embolism in patients receiving
direct oral anticoagulant drugs and aspirin was
reported by six studies'’?>23243537 We observed
an increased OR suggesting a higher risk of pul-
monary embolism for patients receiving aspirin
as compared to direct oral anticoagulants (Figure
4) (OR: 1.63, 95% C.I: 1.31-2.04, p<0.001), with
negligible heterogeneity (1% 3.1%).

Bleeding Complication
The bleeding complications in patients re-
ceiving direct oral anticoagulant drugs and aspi-

Table II. Risk of Bias of randomized controlled trials included in this systematic review.

Random Blinding of  Blinding of Incomplete
sequence Allocation Selective  Other participants outcome outcome
Reference generation concealment reporting bias & personnel assessment data
Ren et al” + ? + - + ? +
(2021)
Colleoni et al'® + ? + - + ? +
(2018)
Anderson et al'’ + + + ? + + +
(2018)
Jiang et al'® + ? + - + ? +
(2014)
Zou et al** + + + + + + +
(2014)
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Table Ill. Risk of bias for individual studies based on the Newcastle Ottawa scale.

Selection Comparability Outcome
Representative Selection Ascertainment Outcome of Assessment Adequacy
of the of of interest does Main Additional of Sufficient of Tota
Study exposed cohort | external cohort exposure not present at start factor factor outcome | follow up | follow up |(9/9)
Matharu et al* (2020) + + 0 + + + 0 + + 7
Kim et al*' (2019) + + 0 0 0 + 0 + + 5
McHale et al* (2019) + + 0 + + + 0 + + 7
Richardson et al** (2019) + + 0 0 + 0 + + 6
Yuenyongviwat et al*® + + 0 + + + 0 + + 7
(2019)
Lindquist et al*® (2018) + + 0 0 + + 0 + + 6
Garfinkel et al*® (2018) + + 0 0 0 + 0 + + 5
Bala et al*® (2017) + + 0 0 + + 0 + + 6
Miao et al*’ (2015) + + 0 0 + + 0 + + 6
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Figure 2. Publication bias evaluated by Duval & Tweedy’s trim and fill method.

rin were reported in eleven studies'>'2437. We
observed a decreased OR suggesting a higher
risk of bleeding complications for patients re-
ceiving direct oral anticoagulants as compared
to aspirin (Figure 5) (OR: 0.89, 95% C.I: 0.67-
1.18, p =0.440), with negligible heterogeneity
(I: 9.70%).

Mortality

The total mortality in patients receiving di-
rect oral anticoagulant drugs was reported by
four studies'*'7*>?*, We observed an increased
OR suggesting a higher risk of mortality for
patients receiving direct oral anticoagulants as
compared to aspirin (Figure 6) (OR: 1.35, 95%

Study name Statistics for each study Odds ratio and 95%CI
Odds Lower Upper

ratio limit limit Z-Value p-Value
Ren et al. (2021) THA 1.065 0.200 5676 0.073 0.942 B
Matharu et al. (2020) TKA 1604 1214 2119 3.325 0.001 '..i
Matharu et al. (2020) THA 1.827 1445 2309 5.042 0.000
Kim et al. (2019) THA 2778 1431 5395 3.018 0.003 —
McHale et al. (2019) TKA 0.254 0.012 5.363 -0.880 0.379 =
McHale et al. (2019) THA 0.176 0.009 3453 -1.143 0.253 K
Richardson et al. (2019) TKA  1.754 1.030 2.985 2.070 0.038 ——
Colleoni et al. (2018) TKA 0.615 0.050 7.569 -0.379 0.705 =
Anderson et al. (2018) TKA 1.013 0354 2900 0.023 0.981 T
Anderson et al. (2018) THA 0799 0214 2986 -0.333 0.739 =
Bala et al. (2017) TKA 1.007 0.676 1499 0.034 0.973 —*—
Miao et al. (2015) TKA 1.705 0.384 7.581 0.701 0.483 =
Zou et al. (2014) TKA 6.457 1.841 22.643 2913 0.004

1.567 1.216 2018 3.476 0.001 ’[

01 02 05 1 2 5 10

Figure 3. Forest plot for studies evaluating venous thromboembolism in patients receiving aspirin or factor Xa inhibitors
after total joint arthroplasty. The odds ratio is presented as black boxes whereas 95% confidence intervals are presented as
whiskers. A reduced odds ratio represents higher risks of venous thromboembolism in patients receiving factor Xa inhibitors
and a positive odds ratio represents higher risks of venous thromboembolism in patients receiving aspirin (TKA: total knee
arthroplasty, THA: total hip arthroplasty).

6254



Comparison between use of direct oral anticoagulants and aspirin

Study name Statistics for each study Odds ratio and 95% ClI
Odds Lower Upper
ratio limit limit Z-Value p-Value
Matharu et al. (2020) TKA 1535 1.174 2.006 3.136 0.002 ﬂ
Matharu et al. (2020) THA 1631 1.176 2263 2928 0.003

McHale et al. (2019) TKA 0428 0.017 10614 -0.518 0.604
Richardsonetal. (2019) TKA 3591 1.822 7.081 3.692 0.000 —&
Anderson et al. (2018) TKA 0.758 0.169 3.399 -0.361 0.718
Anderson et al. (2018) THA 1.000 0.141 7.115 0.000 1.000

Bala et al. (2017) TKA 1337 0.705 2537 0.890 0.374 —
Miao et al. (2015) TKA 3.000 0.119 75519 0.668 0.504
1637 1312 2.042 4365 0.000 q
01 02 05 1 2 5 10

Figure 4. Forest plot for studies evaluating the risks of pulmonary embolism in patients receiving aspirin or factor Xa
inhibitors after total joint arthroplasty. The odds ratio is presented as black boxes whereas 95% confidence intervals are
presented as whiskers. A reduced odds ratio represents higher risks of pulmonary embolism in patients receiving factor Xa
inhibitors and a positive odds ratio represents higher risks of pulmonary embolism in patients receiving aspirin (TKA: total
knee arthroplasty, THA: total hip arthroplasty).

C.I: 1.04- 1.74, p =0.02) with no heterogeneity thromboembolism, pulmonary embolism, and over-
(I%: 0.00%). all mortality for the patients receiving aspirin when
Di . compared patients receiving direct oral anticoag-
ISCUssion e
ulants before total knee and hip joint arthroplasty.
In this systematic review and meta-analysis Studies have widely reported a high incidence
was observed a significantly higher risk of venous of venous thromboembolism especially after low-
Study name Statistics for each study Odds ratio and 95% Cl
Odds Lower Upper
ratio  limit limit ZValue p-Value
Ren et al. (2021) THA 0333 0033 3372 -0931 0352 .
Matharu et al. (2020) TKA 1191 0826 1718 0936 0.349
Matharu et al. (2020) THA 1079 0681 1710 0325 0.745
Kim et al. (2019) THA 1105 0713 1711 0446 0.656
Colleoni et al. (2018) TKA 4111 0155 108.885 0846  0.398 .
Anderson et al. (2018) TKA 1115 0471 2641 0248 0804 L
Anderson et al. (2018) THA 1578 0609 4000 0940 0347 =
Lindquist et al. (2018) TKA+THA 0423 0209 0857 2388  0.017 ——
Garfinkel et al. (2018) TKA*THA 0382 0015 9761 0582  0.560 -
Balaet al. (2017) TKA 085 0462 1584 -0497 0619 ——
Miao et al. (2015) TKA 0142 0030 0683 2437 0015 (=
Jiang et al. (2014) TKA 0492 0043 5570 -0573 0566 -
Zouet al. (2014) TKA 035 0068 184 -1207 0228 -
0897 0678 1188 -0759 0448 <
01 02 05 1 2 5 10

Figure 5. Forest plot for studies evaluating the risks of bleeding complications in patients receiving aspirin or factor Xa
inhibitors after total joint arthroplasty. The odds ratio is presented as black boxes whereas 95% confidence intervals are
presented as whiskers. A reduced odds ratio represents higher risks of bleeding complications in patients receiving factor Xa
inhibitors and a positive odds ratio represents higher risks of bleeding complications in patients receiving aspirin (TKA: total
knee arthroplasty, THA: total hip arthroplasty).
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Statistics for each study

Study name

Odds Lower Upper

ratio  limit  limit
Matharu et al. (2020) TKA 1710 1.090 2681
Matharu et al. (2020) THA 1241 0902 1.706
McHale et al. (2019) TKA 0.254 0.012 5.363
McHale et al. (2019) THA 0418 0.017 10.356
Colleoni etal. (2018) TKA  0.402 0.015 10.642
Andersonetal. (2018) TKA 3.041 0.124 74.760

1.351 1.045 1.746

Z-\Value p-Value

Odds ratio and 95% CI

2335  0.020 ;i—
1325 0.185
0880 0379
0533 0594
0545 0586

0681 0496

2295 0022 <

01 02 05 1 2 5 10

Figure 6. Forest plot for studies evaluating the risks of overall mortality in patients receiving aspirin or factor Xa inhibitors
after total joint arthroplasty. (TKA: total knee arthroplasty, THA: total hip arthroplasty).

er limb joint arthroplasties (i.e., total knee and
hip arthroplasties)**. Fisher (2011)*® attributed
the pathogenesis for the increased incidence of
venous thromboembolism after joint arthroplasty
to onset of Virchow’s triad hypothesized that per-
haps an inadvertent trauma to the soft tissue (i.e.,
vascular structures) during the radical procedure
might aggravate coagulation due to excess pro-
duction of thrombin. The mechanical resection of
the bone marrow during the procedure might also
dislodge parts of marrow in the circulation ulti-
mately precipitating the onset of venous thrombo-
embolism**. To manage this increased risk of ve-
nous thromboembolism, direct oral anticoagulant
drugs (i.e., factor Xa inhibitors) and antiplatelet
drugs (i.e., aspirin) are commonly prescribed to
the patients undergoing total joint arthroplasty™.
Recent studies have suggested that the adminis-
tration of these direct oral anticoagulants is supe-
rior in terms of improving not only the morbidity
outcomes but also reduce the overall mortality
burden in patients undergoing total joint and
hip arthroplasty®'*#*34, Despite surplus evidence
suggesting the beneficial influence of direct oral
anticoagulants over aspirin for managing venous
thromboembolism, a consensus in terms of direct
oral anticoagulant’s efficacy for improving mor-
bidity and mortality outcomes post total joint and
hip arthroplasty is missing.

In this research, it was observed that included
studies had reported a differential prophylactic
outcome between direct oral anticoagulants and
aspirin in terms of reducing the events of venous
thromboembolism and pulmonary embolism.
On the other hand, Matharu et al (2020)** in
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retrospective cohort observed significant reduc-
tion in incidence of venous thromboembolism in
patients receiving direct oral anticoagulants as
compared to aspirin for both knee joint (direct
oral anticoagulant: 0.49% vs. aspirin: 0.68%)
and hip joint arthroplasty (0.37% vs. 0.59%).
The authors also reported a reduction in inci-
dence of pulmonary embolism with direct oral
anticoagulants as well for patients undergoing
both knee (0.26% vs. 0.39%) and hip (0.18%
vs. 0.30%) joint and hip arthroplasty. Similarly,
studies?**** have also reported higher events of
venous thromboembolism in patients receiving
aspirin and that contrary to the conventional
notion that direct oral anticoagulants have a
poorer safety profile*®, direct oral anticoagulant
drugs in their large cohort did not account for a
longer duration of hospital stay or readmission
as compared to the group consuming aspirin. On
the other hand, McHale et al (2019)* observed
that patients consuming dabigatran as a prophy-
lactic agent observed higher events of venous
thromboembolism as compared to aspirin (total
hip arthroplasty: 2.15% vs. 0.00%, total knee ar-
throplasty: 1.62% vs. 0.00%). The authors, how-
ever, cautioned of possible bias in their results
perhaps due to either the observational nature
of their study and/or due to medical error by
surgeons in their study who wrongly prescribed
dabigatran. In our present meta-analysis, we
nonetheless support the findings of the former
and report significantly higher risks of both
venous thromboembolism (OR: 1.56, CI 95%,
p: 0.001) and pulmonary embolism (OR:1.63,CI
95%, p <0.001) in patients receiving prophylaxis
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by aspirin as compared to direct oral anticoag-
ulants in patients undergoing total joint arthro-
plasty.

Besides, we also attempted to develop a con-
sensus regarding the prophylactic impact of these
drugs on the risks of bleeding complications and
overall mortality outcomes in patients undergo-
ing total joint arthroplasty. Firstly, we observed
in our meta-analysis that direct oral anticoagulant
drugs accounted for insignificantly higher inci-
dence (0.89, p =0.440) of bleeding complications
as compared to aspirin in patients undergoing
total joint arthroplasty. Garfinkel et al (2018)* for
instance reported higher events of bleeding com-
plications for patients receiving direct oral antico-
agulant prophylaxis as compared to aspirin. The
authors reported that delayed wound healing was
the most commonly occurring complication for
patients receiving direct oral anticoagulants, fol-
lowed by hematoma and postoperative cellulitis.
In our opinion, we presume that one important
factor that could have influenced the result of
Garfinkel et al (2018)* is the differential age and
body mass index distribution of their cohort re-
ceiving direct oral anticoagulants (i.e. mean age:
69.3 years, BMI: 29.4 kg/m?) as compared to as-
pirin (i.e. 62.8 years, BMI: 26.9 kg/m?). Similarly,
Ren et al (2021)", Miao et al (2015)*, and Zou et
al (2014)** too reported similar outcomes in terms
of higher risks of bleeding complications in the
cohort receiving direct oral anticoagulant prophy-
laxis as compared to aspirin. In terms of overall
mortality, on the contrary, we observed that pa-
tients receiving prophylactic aspirin had signifi-
cantly higher risks (OR:1.35, 95% CI, p =0.020)
of overall mortality as compared to patients re-
ceiving direct oral anticoagulants. Matharu et al
(2020)* reported higher risks of overall mortality
in patients receiving aspirin prophylaxis as com-
pared to direct oral anticoagulants for both hip
joint (aspirin: 0.26% vs. direct oral anticoagulant:
0.21%) and knee joint (0.15% vs. 0.09%) arthro-
plasty. This reduced fatality outcomes for direct
oral anticoagulants could perhaps be attributed
to the findings of Chai-Adisaksopha et al (2015)*
and Frenkel Rutenberg et al (2018)** in which re-
duced events of intracranial bleeding with direct
oral anticoagulants have been documented.

Despite being a novel study, few limitations
existed in the present systematic review and
meta-analysis. Primarily,~we observed different
follow-up in studies included in this review (see
Table I, Ren et al” 90 days, Garfinkel et al?® 270
days). This factor could be an important source of

heterogeneity in the analyses we conducted and
could possibly incur bias in our results. For this,
we therefore strongly recommend future studies
to address this limitation by replicating these
findings in multi-center randomized controlled
trials. The evaluation of these outcomes would
be highly beneficial for orthopedic surgeons and
nursing staff alike to determine best practice
guidelines to reduce post-operative thromboem-
bolic complications associated with total joint and
hip arthroplasty.

Conclusions

In conclusion, we provide preliminary evi-
dence regarding the stronger negative influence
of aspirin on the outcome of venous thromboem-
bolism, pulmonary embolism, and overall mor-
tality in patients undergoing total joint and hip
arthroplasty. We also provide evidence regarding
slightly higher events of bleeding complications
for the patients receiving direct oral anticoagu-
lant drugs as compared to aspirin. This finding
can have implications in developing best practice
guidelines for reducing postoperative thrombo-
embolic complications in patients undergoing to-
tal joint and hip arthroplasty.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) Varacallo M, Luo TD, Johanson NA. Total Knee
Arthroplasty Techniques. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2021
[cited 2021 Jul 7]. Available from: http://www.nc-
bi.nlm.nih.gov/books/NBK499896/

2) Anderson DR, Morgano GP, Bennett C, Denta-
li F, Francis CW, Garcia DA, Kahn SR, Rahman M,
Rajasekhar A, Rogers FB, Smythe MA, Tikkinen
KAO, Yates AJ, Baldeh T, Balduzzi S, Brozek JL,
Ikobaltzeta IE, Johal H, Neumann |, Wiercioch W,
Yepes-Nufiez JJ, Schiinemann HJ, Dahm P. Amer-
ican Society of Hematology 2019 guidelines for
management of venous thromboembolism: preven-
tion of venous thromboembolism in surgical hospi-
talized patients. Blood Adv 2019; 3: 3898-3944.

3) Kreutzer L, Minami C, Yang A. Preventing Venous
Thromboembolism After Surgery. JAMA 2016;
315: 2136.

4) Ortel TL, Neumann I, Ageno W, Beyth R, Clark
NP, Cuker A, Hutten BA, Jaff MR, Manja V, Schul-

6257



J.-Y. Cai, C.-M, Cui, J.-K. Min, Y.-Q. Cao, L.-Y. Zhang

5)

6)

10)

11)

12)
13)

14)

15)

16)

man S, Thurston C, Vedantham S, Verhamme
P, Witt DM, D Florez |, l1zcovich A, Nieuwlaat R,
Ross S, J Schiinemann H, Wiercioch W, Zhang Y,
Zhang Y. American Society of Hematology 2020
guidelines for management of venous thrombo-
embolism: treatment of deep vein thrombosis and
pulmonary embolism. Blood Adv 2020; 4: 4693-
4738.

Warren JA, Sundaram K, Kamath AF, Molloy RM,
Krebs VE, Mont MA, Piuzzi NS. Venous Throm-
boembolism Rates Did Not Decrease in Lower
Extremity Revision Total Joint Arthroplasty From
2008 to 2016. J Arthroplasty 2019; 34: 2774-2779.

Won M-H, Lee G-W, Lee T-J, Moon K-H. Prev-
alence and risk factors of thromboembolism af-
ter joint arthroplasty without chemical thrombo-
prophylaxis in an Asian population. J Arthroplas-
ty 2011; 26: 1106-1111.

Zhang Z, Shen B, Yang J, Zhou Z, Kang P, Pei F.
Risk factors for venous thromboembolism of to-
tal hip arthroplasty and total knee arthroplasty: a
systematic review of evidences in ten years. BMC
Musculoskelet Disord 2015; 16: 24.

CDC. Data and Statistics on HA-VTE | CDC [In-
ternet]. Centers for Disease Control and Pre-
vention. 2015 [cited 2021 Jul 6]. Available from:
https://www.cdc.gov/ncbddd/dvt/ha-vte-data.htmi

Merkow RP, Ju MH, Chung JW, Hall BL, Cohen
ME, Williams MV, Tsai TC, Ko CY, Bilimoria KY.
Underlying reasons associated with hospital re-
admission following surgery in the United States.
JAMA 2015; 313: 483-495.

Falck-Ytter Y, Francis CW, Johanson NA, Curley C,
Dahl OE, Schulman S, Ortel TL, Pauker SG, Col-
well CW Jr. Prevention of VTE in orthopedic sur-
gery patients: Antithrombotic Therapy and Preven-
tion of Thrombosis, 9th ed: American College of
Chest Physicians Evidence-Based Clinical Prac-
tice Guidelines. Chest 2012; 141: e278S-e325S.

Cabral KP, Ansell JE. The role of factor Xa inhibi-
tors in venous thromboembolism treatment. Vasc
Health Risk Manag 2015; 11: 117-123.

Yeh CH, Fredenburgh JC, Weitz JI. Oral direct fac-
tor Xa inhibitors. Circ Res 2012; 111: 1069-1078.

Vane JR, Botting RM. The mechanism of action
of aspirin. Thromb Res 2003; 110: 255-258.

Cuzick J, Thorat MA, Bosetti C, Brown PH, Burn
J, Cook NR, Ford LG, Jacobs EJ, Jankowski JA,
La Vecchia C, Law M, Meyskens F, Rothwell PM,
Senn HJ, Umar A. Estimates of benefits and
harms of prophylactic use of aspirin in the gener-
al population. Ann Oncol 2015; 26: 47-57.

Colleoni JL, Ribeiro FN, Mos PAC, Reis JP, OI-
iveira HR de, Miura BK. Venous thromboem-
bolism prophylaxis after total knee arthroplasty
(TKA): aspirin vs. rivaroxaban. Rev Bras Ortop
2018; 53: 22-27.

Hood BR, Cowen ME, Zheng HT, Hughes RE,
Singal B, Hallstrom BR. Association of Aspirin
With Prevention of Venous Thromboembolism in
Patients After Total Knee Arthroplasty Compared

6258

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

With Other Anticoagulants: A Noninferiority Anal-
ysis. JAMA Surg 2019; 154: 65-72.

Anderson DR, Dunbar M, Murnaghan J, Kahn
SR, Gross P, Forsythe M, Pelet S, Fisher W,
Belzile E, Dolan S, Crowther M, Bohm E, Mac-
Donald SJ, Gofton W, Kim P, Zukor D, Pleasance
S, Andreou P, Doucette S, Theriault C, Abianui
A, Carrier M, Kovacs MJ, Rodger MA, Coyle D,
Wells PS, Vendittoli PA. Aspirin or Rivaroxaban
for VTE Prophylaxis after Hip or Knee Arthroplas-
ty. N Engl J Med 2018; 378: 699-707.

Jiang Y, Du H, Liu J, Zhou Y. Aspirin combined
with mechanical measures to prevent venous
thromboembolism after total knee arthroplasty:
a randomized controlled trial. Chin Med J (Engl)
2014; 127: 2201-2205.

Ren Y, Cao SL, Li Z, Luo T, Feng B, Weng XS.
Comparable efficacy of 100 mg aspirin twice dai-
ly and rivaroxaban for venous thromboembolism
prophylaxis following primary total hip arthroplas-
ty: a randomized controlled trial. Chin Med J (En-
gl) 2021; 134: 164-172.

Garfinkel JH, Gladnick BP, Roland N, Romness
DW. Increased Incidence of Bleeding and Wound
Complications With Factor-Xa Inhibitors After To-
tal Joint Arthroplasty. J Arthroplasty 2018; 33:
533-536.

Kim HA, Lee JY, Park SH, Kang J, Choi KS, Rhie
SJ. Clinical outcomes and risk factors of throm-
boprophylaxis with rivaroxaban versus aspirin in
patients undergoing hip arthroplasty in low-inci-
dence population: A nationwide study in Korea.
Pharmacoepidemiol Drug Saf 2019; 28: 507-514.

Matharu GS, Garriga C, Whitehouse MR, Rangan
A, Judge A. Is Aspirin as Effective as the Newer
Direct Oral Anticoagulants for Venous Thrombo-
embolism Prophylaxis After Total Hip and Knee
Arthroplasty? An Analysis From the National
Joint Registry for England, Wales, Northern Ire-
land, and the Isle of Man. J Arthroplasty 2020; 35:
2631-2639.€6.

McHale S, Williams M, O’Mahony C, Hockings M.
Should we use dabigatran or aspirin thrombopro-
phylaxis in total hip and knee arthroplasty? A nat-
ural experiment. J Orthop 2019; 16: 563-568.

Richardson SS, Schairer WW, Sculco PK, Bos-
trom MP. Comparison of pharmacologic prophy-
laxis in prevention of venous thromboembolism
following total knee arthroplasty. The Knee 2019;
26: 451-458.

Yuenyongviwat V, Tuntarattanapong P, Chuay-
choosakoon C, lemsaengchairat C, lamthanap-
orn K, Hongnaparak T. Aspirin versus rivarox-
aban in postoperative bleeding after total knee
arthroplasty: a retrospective case-matched study.
Eur J Orthop Surg Traumatol Orthop Traumatol
2019; 29: 877-881.

Hu B, Jiang L, Tang H, Hu M, Yu J, Dai Z. Rivar-
oxaban versus aspirin in prevention of venous
thromboembolism following total joint arthroplas-
ty or hip fracture surgery: a meta-analysis. J Or-
thop Surg 2021; 16: 135.



Comparison between use of direct oral anticoagulants and aspirin

27)

28)

29)

30)

31)

32)

33)

34)

35)

Moher D, Shamseer L, Clarke M, Ghersi D, Libe-
rati A, Petticrew M, Shekelle P, Stewart LA;
PRISMA-P Group. Preferred reporting items for
systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev 2015; 4: 1.

Sterne JA, Hernan MA, Reeves BC, Savovi¢
J, Berkman ND, Viswanathan M, Henry D, Alt-
man DG, Ansari MT, Boutron |, Carpenter JR,
Chan AW, Churchill R, Deeks JJ, Hrobjartsson
A, Kirkham J, Juni P, Loke YK, Pigott TD, Ram-
say CR, Regidor D, Rothstein HR, Sandhu L,
Santaguida PL, Schinemann HJ, Shea B, Shri-
er |, Tugwell P, Turner L, Valentine JC, Wadding-
ton H, Waters E, Wells GA, Whiting PF, Higgins
JP. ROBINS-I: a tool for assessing risk of bias in
non-randomised studies of interventions. BMJ
2016; 355: 14919

Stang A. Critical evaluation of the Newcastle-Ot-
tawa scale for the assessment of the quality of
nonrandomized studies in meta-analyses. Eur J
Epidemiol 2010; 25: 603-605.

Bax L, Yu L-M, lkeda N, Moons KGM. A system-
atic comparison of software dedicated to me-
ta-analysis of causal studies. BMC Med Res
Methodol 2007; 7: 40.

Higgins JPT, Thompson SG, Spiegelhalter DJ. A
re-evaluation of random-effects meta-analysis. J
R Stat Soc Ser A Stat Soc 2009; 172: 137-159.

Higgins JPT, Thompson SG. Quantifying hetero-
geneity in a meta-analysis. Stat Med 2002; 21:
1539-1558.

Duval S, Tweedie R. Trim and fill: A simple fun-
nel-plot-based method of testing and adjusting
for publication bias in meta-analysis. Biometrics
2000; 56: 455-463.

Zou Y, Tian S, Wang Y, Sun K. Administering as-
pirin, rivaroxaban and low-molecular-weight hep-
arin to prevent deep venous thrombosis after total
knee arthroplasty. Blood Coagul Fibrinolysis Int J
Haemost Thromb 2014; 25: 660-664.

Bala A, Huddleston JI, Goodman SB, Maloney
WJ, Amanatullah DF. Venous Thromboembolism

36)

37)

38)

39)

40)

41)

42)

Prophylaxis After TKA: Aspirin, Warfarin, Enoxa-
parin, or Factor Xa Inhibitors? Clin Orthop 2017;
475: 2205-2213.

Lindquist DE, Stewart DW, Brewster A, Waldroup
C, Odle BL, Burchette JE, EI-Bazouni H. Compar-
ison of Postoperative Bleeding in Total Hip and
Knee Arthroplasty Patients Receiving Rivarox-
aban, Enoxaparin, or Aspirin for Thromboprophy-
laxis. Clin Appl Thromb Hemost 2018; 24: 1315-
1321.

Miao S, Zhang X, Lu J, Yang Y, Lu N. [Case-con-
trol study on three antithrombotic agents for the
prevention of venous thromboembolism after uni-
lateral total knee arthroplasty]. Zhongguo Gu
Shang China J Orthop Traumatol 2015; 28: 893-
896.

Fisher WD. Impact of venous thromboembolism
on clinical management and therapy after hip and
knee arthroplasty. Can J Surg J Can Chir 2011;
54: 344-351.

Lieberman JR, Heckmann N. Venous Thrombo-
embolism Prophylaxis in Total Hip Arthroplas-
ty and Total Knee Arthroplasty Patients: From
Guidelines to Practice. J Am Acad Orthop Surg
2017; 25: 789-798.

Pow RE, Vale PR. Thromboprophylaxis in pa-
tients undergoing total hip and knee arthroplas-
ty: a review of current practices in an Australian
teaching hospital. Intern Med J 2015; 45: 293-
299.

Chai-Adisaksopha C, Hillis C, Isayama T, Lim W,
lorio A, Crowther M. Mortality outcomes in pa-
tients receiving direct oral anticoagulants: a sys-
tematic review and meta-analysis of randomized
controlled trials. J Thromb Haemost 2015; 13:
2012-2020.

Frenkel Rutenberg T, Velkes S, Vitenberg M,
Leader A, Halavy Y, Raanani P, Yassin M, Spectre
G. Morbidity and mortality after fragility hip frac-
ture surgery in patients receiving vitamin K antag-
onists and direct oral anticoagulants. Thromb Res
2018; 166: 106-112.



