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a b s t r a c t

Background: Tranexamic acid (TXA) is effective in reducing blood loss in total joint arthroplasty (TJA), but
concerns still remain regarding the drug's safety. The purpose of this direct meta-analysis was to evaluate
and establish a basis for the safety recommendations of the combined clinical practice guidelines on the
use of TXA in primary TJA.
Methods: A search was completed for studies published before July 2017 on TXA in primary TJA. We
performed qualitative and quantitative homogeneity testing and a direct comparison meta-analysis. We
used the American Society of Anesthesiologists (ASA) score of 3 or greater as a proxy for patients at
higher risk for complications in general and performed a meta-regression analysis to investigate the
influence of comorbidity burden on the risk of arterial thromboembolic event and venous thrombo-
embolic event (VTE).
Results: Topical, intravenous, and oral TXA were not associated with an increased risk of VTE after TJA. In
addition, meta-regression demonstrated that TXA use in patients with an ASA status of 3 or greater was
not associated with an increased risk of VTE after total knee arthroplasty.
Conclusion: Although most studies included in our analysis excluded patients with a history of prior
thromboembolic events, our findings support the lack of evidence of harm from TXA administration in
patients undergoing TJA. Moderate evidence supports the safety of TXA in patients undergoing total knee
arthroplasty with an ASA score of 3 or greater. The benefits of using TXA appear to outweigh the po-
tential risks of thromboembolic events even in patients with a higher comorbidity.
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Over the past several years, antifibrinolytic drugs have been
used extensively to reduce blood loss and the risk of transfusion
after both total hip and total knee arthroplasties (THA and TKA),
with numerous randomized trials supporting their efficacy [1e4].
One antifibrinolytic drug, aprotinin, was found to be more effective
at reducing blood loss than both tranexamic acid (TXA) and
ε-aminocaproic acid (EACA), but was removed from the market in
2008 because of an association with a significant increase in car-
diovascular complications and death among cardiac surgery pa-
tients [5]. As TXA is significantly more potent than EACA and
achieves higher synovial concentrations, its use has become more
popular in orthopedic surgery [6].

TXA works by competitively inhibiting the activation of plas-
minogen to prevent fibrin degradation [7,8]. Given the clot-
stabilizing properties of antifibrinolytic drugs, there is concern
about the potential of these drugs to increase the risk of an arterial
or venous thromboembolic event (ATE or VTE). Retrospective in-
vestigations of the safety regarding TXA administration in patients
undergoing lower extremity total joint arthroplasty (TJA) has not
demonstrated an increased risk of thromboembolic events with or
without a prior history of a thromboembolic event [9e12]. How-
ever, the scientific literature lacks high-level evidence to allow
evaluation of the safety of TXA with a sufficient population size to
exclude an increased risk of thromboembolic events associated
with the administration of TXA.

The American Association of Hip and Knee Surgeons (AAHKS),
American Academy of Orthopaedic Surgeons (AAOS), Hip Society,
Knee Society, and American Society of Regional Anesthesia and Pain
Medicine (ASRA) have collaborated in the development of a clinical
practice guideline on the use of TXA in TJA. We performed a sys-
tematic review and meta-analysis of randomized clinical trials to
evaluate the safety of TXA administration in THA and TKA to sup-
port the clinical practice guideline. The aim of our study was to
compare the risk of VTE and ATE for patients undergoing primary
TJA treated with TXA, compared with those not treated with TXA.

Materials and Methods

The systematic review and meta-analysis was designed and
performed in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines [13].

Search Methodology

A research librarian was used to assist with the completion of
the literature search of the Ovid MEDLINE, EMBASE, Cochrane Re-
views, Scopus, and Web of Science databases. Initially, the search
strategy established the primary search themesd“arthroplasty”
and “tranexamic acid” followed by the use of Exploded Medical
Subjection Headings terms and Boolean operators. We developed
search strategies that were individualized for each database
(Appendix B). Because of a limitation of access to all databases,
searches for EMBASE and Web of Science included all published
articles before October 2016, whereas Ovid MEDLINE, Cochrane
Reviews, and Scopus included all published articles before July
2017. In addition, the bibliographies of relevant publications such as
reviews and meta-analyses were evaluated for supplementary
publications and to help validate the quality of our search
methodology.

Study Selection Criteria

The inclusion and exclusion criteria were altered based on the
thromboembolic outcome being investigated in the meta-analysis.
Overlapping inclusion criteria for VTE and ATE were the following:
(1) All study participants must have undergone either a primary
TKA or THA and (2) At least one of the treatment arms of the study
must have compared the use of TXA with a control group that
received no antifibrinolytic agent. Publications that had multiple
treatment arms with other antifibrinolytic agents like EACA were
acceptable, but only the treatment arms with TXA or placebowould
be included in the analysis. No exclusions were made regarding
dosing route (ie, intra-articular/topical vs intravenous [IV]),
administered dose (dosage amount and bolus vs continuous infu-
sion), or timing of administration (preoperative, intraoperative, or
postoperative) as none of these variables are considered to mate-
rially alter the risk of VTE.

The inclusion criteria specific to the investigation of VTE re-
ported outcomes related to VTE including symptomatic deep
venous thrombosis (proximal lower extremity deep venous
thrombosis) or pulmonary embolism. As for the investigation of
ATE, the study must have reported outcomes related to ATE
including cerebrovascular accident (CVA) or myocardial infarction
(MI). In addition, no limitations were imposed based on the form of
postoperative VTE chemoprophylaxis used in the study.

The exclusion criteria for both VTE and ATE investigations were
the following: (1) Patients undergoing a revision hip or knee
arthroplasty or arthroplasties of any other joint; (2) Study subjects
undergoing simultaneous or staged bilateral primary TKA or THA;
(3) Secondary source articles including review articles, systematic
reviews, meta-analyses, expert opinions; and (4) Published ab-
stracts from the proceedings of a scientific meeting, unless an
accompanying published manuscript was also available.

Data Collection

Two authors independently completed the title and abstract
screening to eliminate duplicate publications and studies meeting
any exclusion criteria. Any doubt regarding the inclusion or exclu-
sion status of a study meant that it was included for full manuscript
review. Two authors independently performed a full manuscript
review to assess the inclusion or exclusion status of the remaining
publications from the title and abstract screening.

The AAOS Department of Research, Quality, and Scientific Affairs
completed the assessment of the quality and data extraction for all
the publications from the full manuscript review following the
process outlined in the AAOS Clinical Practice Guidelines and Sys-
tematic Review Methodology [14]. The quality assessment of the
publications was performed based on an appraisal of the
randomization, allocation concealment, blinding, completeness of
outcome data, selective reporting, and conflict of interest. Because
of the significant amount of published literature on the use of TXA
in TJA, we further limited the pool of publications to only include
randomized clinical trials of high quality and a single moderate
quality study.

Study outcomes were monitored to investigate for consistency
in the reporting of outcomes between the publications. VTE and
ATE were all confirmed with various imaging modalities including
ultrasound and computed tomography scan; however, no limita-
tions were applied based on the method of screening for deep
venous thrombosis in the randomized clinical trials of the meta-
analyses.

Statistical Analysis

STATA 12.1 software (StataCorp, College Station, TX) was used to
run direct meta-analysis when 4 or more authors provided data
regarding VTE or ATE from a single treatment comparison. To mini-
mize qualitative heterogeneity, articles examining equal treatment
comparisons with consistent dosing and timingwere included in the



Table 1
VTE Investigation Study Inclusions and Quality Assessment.

Study Random Sequence
Generation

Allocation
Concealment

Blinding Incomplete
Outcome Data

Selective
Reporting

Other
Bias

Inclusion Strength

Alipour, M., 2013 C C C C C C Include High quality
Alshryda, S., 2013(a) I C C B C B Include Moderate quality
Alshryda, S., 2013(b) C C C C C C Include High quality
Alvarez, J., 2008 I C C C C B Include High quality
Antinolfi, P., 2014 C C C C C C Include High quality
Barrachina, B., 2016 C C C C C C Include High quality
Benoni, G., 2001 C C C C C I Include High quality
Benoni, G., 2000 C C C C C C Include High quality
Bidolegui, F., 2014 C C C C C C Include High quality
Bradshaw, A., 2012 C C C C C I Include High quality
Carvalho, L. H., Jr., 2015 C C C C C C Include High quality
Claeys, M., 2007 I C C C C C Include High quality
Digas, G., 2015 C C C C C B Include High quality
Drosos, G., 2016 C C C C C C Include High quality
Ekback, G., 2000 I C C C C C Include High quality
Emara, W. M., 2014 I C C C C C Include High quality
Engel, J., 2001 I C C C C C Include High quality
Fraval, A., 2016 C C C C C C Include High quality
Garneti, N., 2004 C C C C I I Include High quality
Gautam, V., 2013 I C C C C C Include High quality
Georgiadis, A. G., 2013 C C C C C C Include High quality
Good, L., 2003 C C C C C C Include High quality
Guzel, Y., 2016 I C C C C C Include High quality
Hiippala, S., 1995 C C C C C C Include High quality
Hsu, C., 2015 C C C C C C Include High quality
Husted, H., 2003 C C C C C C Include High quality
Jaszczyk, M., 2015 C C C C C C Include High quality
Johansson, T., 2005 C C C C C C Include High quality
Kakar, P., 2009 I C C C C C Include High quality
Kazemi, S., 2010 I C C C C C Include High quality
Keyhani, S., 2016 I C C C C C Include High quality
Kim, T., 2014 C C C C C C Include High quality
Kundu, R., 2015 C C C C C C Include High quality
Lee, S., 2013 C C C C C C Include High quality
Lee, Q. J., 2018 C C C C C C Include High quality
Lee, Y., 2013 C C C C C C Include High quality
Lemay, E., 2004 I C C C C C Include High quality
Levine, B. R., 2014 C C C C C I Include High quality
Lin, P.-C., 2011 I C C C C C Include High quality
Lin, P., 2012 C C C C C C Include High quality
Lin, S.-Y., 2015 C C C C C I Include High quality
Liu, W., 2017 C C C C C C Include High quality
Malhotra, R., 2011 C C C C C C Include High quality
Maniar, R., 2012 C C C C I C Include High quality
Martin, J., 2014 C C C C C I Include High quality
Molloy, D., 2007 C C C C C I Include High quality
Motififard, M., 2015 C C C C C C Include High quality
Orpen, N., 2006 C C C C C C Include High quality
Ozta, S., 2015 I C C C C C Include High quality
Rajesparan, K., 2009 I C C C C C Include High quality
Roy, S. P., 2012 C C C C C C Include High quality
Sa-Ngasoongsong, P., 2011 C C C C C C Include High quality
Sa-Ngasoongsong, P., 2013 I C C C C B Include High quality
Sarzaeem, M. M., 2014 C C C C C C Include High quality
Seo, J., 2013 C C C C C I Include High quality
Seviciu, A., 2016 C C C C C C Include High quality
Shen, P., 2015 C C C C C C Include High quality
Shinde, A., 2015 C C C C C I Include High quality
Song, E., 2016 C C C C C C Include High quality
Sun, Q., 2016 C C C C C C Include High quality
Sun, Q., 2017 C C C C C C Include High quality
Tanaka, N., 2001 C C C C C C Include High quality
Tzatzairis, T. K., 2016 C C C C C C Include High quality
Ugurlu, M., 2016 C C C C C C Include High quality
Veien, M., 2002 C C C C C C Include High quality
Wang, C.-G., 2015 C C C C C C Include High quality
Wang, C., 2016 C C C C C C Include High quality
Wang, G., 2015 I C C C C C Include High quality
Wei, W., 2014 C C C C C C Include High quality
Wong, J., 2010 C C C C C B Include High quality
Xu, X., 2015 C C C C C C Include High quality
Yamasaki, S., 2004 C C C C C C Include High quality

(continued on next page)
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Table 1 (continued )

Study Random Sequence
Generation

Allocation
Concealment

Blinding Incomplete
Outcome Data

Selective
Reporting

Other
Bias

Inclusion Strength

Yang, Y., 2015 C C C C C C Include High quality
Yi, Z., 2016 C C C C C C Include High quality
Yuan, X., 2017 C C C C C C Include High quality
Yue, C., 2014 C C C C C C Include High quality
Zhang, Y., 2016 C C C C C C Include High quality
Zohar, E., 2004 C C C C C C Include High quality

Filled circle represents free of flaws, empty circle represents significant flaws and partial filled circle represents moderate flaws.
VTE, venous thromboembolic event.
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analysis. Quantitative heterogeneity coefficients for VTE and ATE
outcomes were reported for all treatment comparisons. Many
included data points did not have a risk ratio (RR) generated because
of there being zero events for both treatment groups. However, these
data were still used in the overall RR calculation.

Ninety-two percent of the studies in the meta-analysis
comparing TXA administration with placebo excluded patients
with a prior history of a thromboembolic event [15e92]. Because
the results of the meta-analysis would not be applicable to patients
with comorbidities associated with a higher risk of a thromboem-
bolic event, metaregression analysis was used to assess the influ-
ence of comorbidity burden on the risk of thromboembolic events
and the administration of TXA. Because individual comorbidities
such as prior MI, CVA, peripheral vascular disease, VTE, or vascular
stent placement were not commonly reported in publications, the
American Society of Anesthesiologist (ASA) status was used as a
proxy for the presence of comorbidities associated with an
increased risk of a thromboembolic event. Consistent with prior
publications, an ASA status of 3 or greater was considered to
represent “high-risk” for a thromboembolic event [9e11]. Metare-
gression analysis was performed using the publications reporting
ASA status among the study participants. We compared study
populations of patients with more than 50% ASA status of 3 or
greater with study populations of patients with more than 50% ASA
status of 1 or 2. Because of the limited number of publications
reporting both ASA status and the outcome of ATE, metaregression
analysis was only performed for VTE. Metaregression analysis was
run in STATA 12.1 software to investigate for any influence of the
quality appraisal fields and ASA status of the patient populations on
the risk of VTE. A P value >.05 was considered significant.

Using the data on the rates of VTE, the number needed to harmwas
calculated as the inverse of the attributable risk per patient. Because
additional sister studies were performed on the efficacy of TXA, we
used the data on the rates of transfusion to calculate the number
needed to treat as the inverse of the absolute risk reductionper patient.
Results

The search strategy resulted in 2113 publications that under-
went title and abstract screening. As a result of the initial screening,
1463 publications were a duplicate or met the exclusion criteria.
Among the remaining 650 publications that underwent a full
manuscript review, 361 publications met the exclusion criteria,
whereas the remaining 289 publications underwent data extrac-
tion and quality assessment. After completion of the quality
assessment, only randomized clinical trials representing the high-
est quality of evidence remained, leaving 79 publications with 7164
patients to be included for our meta-analysis of VTE or ATE.
Meta-Analysis of VTEs

After the quality assessment, 78 randomized clinical trials were
available for the meta-analysis of VTE encompassing 7044 patients
(Table 1) [15e92]. Published randomized clinical trials included
comparisons between placebo and IV, topical, oral, combined IV/
topical, or combined IV/oral TXA. Direct comparisons of VTE for
meta-analysis were performed with THA or TKA publications when
4 or more publications investigated the same TXA intervention. The
resulting THA comparisons were between placebo and IV or topical
TXA. In the TKA publications, the analysis was performed for
comparisons between placebo and IV, topical, or oral TXA. In
addition, a combined analysis of all hip and knee arthroplasty
studies was performed to provide a larger study population for IV
and topical TXA compared with placebo.

Total Hip Arthroplasty
Among 22 randomized clinical trials comparing IV TXA with a

placebo, the rates of VTE were 2.8% and 2.1%, respectively (RR 1.20;
95% confidence interval [CI], 0.62-2.33; I2 ¼ 0%; Fig. 1A). Similarly,
topical TXA demonstrated no difference in the rates of VTE
compared with a placebo at 1.2% and 1.5%, respectively (RR 1.0; 95%
CI, 0.21-4.89; I2 ¼ 0%; Fig. 1B).

Total Knee Arthroplasty
Among the 35 randomized clinical trials comparing IV TXAwith

a placebo, the rates of VTE were 2.8% and 3.1%, respectively (RR
0.87; 95% CI, 0.58-1.32; I2 ¼ 0%; Fig. 2A). Likewise, the meta-
analysis of 25 studies on topical TXA had a similar rate of VTE
compared with placebo at 2.6% and 2.9%, respectively (RR 0.89; 95%
CI, 0.54-1.48; I2 ¼ 0%; Fig. 2B). Only 5 studies were analyzed to
compare VTE rates between oral TXA and placebo, but no difference
was observed at 3.3% and 3.6%, respectively (RR 0.88; 95% CI, 0.38-
2.04; I2 ¼ 0%; Fig. 2C).

Combined THA and TKA
Among the 58 randomized clinical trials comparing IV TXAwith

a placebo, the number of patients in each group was 2131 and 2137,
respectively. The rates of VTE were equivalent at 2.8% for both IV
TXA and placebo (RR 0.98; 95% CI, 0.69-1.39; I2 ¼ 0%; Fig. 3A). The
31 randomized studies comparing topical TXA and placebo had
1509 and 1502 patients per group, respectively. Like the results of
IV TXA, topical TXA had a similar rate of VTE compared with pla-
cebo at 2.2% and 2.5%, respectively (RR 0.89; 95% CI, 0.56-1.41; I2 ¼
0%; Fig. 3B).

Meta-Analysis of ATEs

ATEs were rarely reported as a complication in the randomized
clinical trials. After the quality assessment, 9 randomized clinical
trials encompassing 817 patients were available for the meta-
analysis (Table 2) [16,30,37,38,65,67,68,90,93]. Published random-
ized clinical trials included comparisons between placebo and IV,
topical, oral, or combined IV/oral TXA. Direct comparisons of ATE
for meta-analysis were not performed for THA or TKA studies
because of a lack of 4 or more studies investigating the same TXA
intervention. Therefore, direct meta-analysis was performed as a



Fig. 1. (A) Forest plot of total hip arthroplasty (THA) venous thromboembolic event (VTE) for IV TXA vs control. (B) Forest plot of THA VTE for topical TXA vs control. CI, confidence
interval; IV, intravenous; RR, risk ratio; TXA, tranexamic acid.
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Fig. 2. (A) Forest plot of total knee arthroplasty (TKA) VTE for IV TXA vs control. (B) Forest plot of TKA VTE for topical TXA vs control. (C) Forest plot of TKA VTE for oral TXA vs
control.
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Fig. 2. (continued).
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combined analysis of all hip and knee arthroplasty studies for IV
and topical TXA.

TJA Results
Six randomized clinical trials compared IV TXA with a placebo,

with equivalent rates of ATE reported of 0.9% and 0.5%, respectively
(RR 1.40; 95% CI, 0.23-8.60; I2 ¼ 0%; Fig. 4A). Similarly, the meta-
analysis of 5 randomized clinical trials that studied topical TXA
showed the rate of ATE was 0.8% for both groups (RR 1.0; 95% CI,
0.18-5.71; I2 ¼ 0%; Fig. 4B).

Metaregression of VTE and ATE

The designation ASA status of 3 or higher among patients un-
dergoing TKA had no significant impact on the risk of VTE; an
analysis of the THA publications was not performed because of
insufficient literature (Table 3). In addition, metaregression was
performed for the subgroups of THA and TKA to assess for an in-
fluence on the VTE results based on the quality of the randomiza-
tion, data reporting, and other biases of the included studies. None
of these quality assessment appraisals had any significant impact
on the target outcome of VTE, which helps provide validity to the
quality of the studies included within the metaregression analysis
(Table 3).

Discussion

TXA is frequently used during THA and TKA to reduce blood loss
and the need for allogeneic transfusion [3]. Although the efficacy of
TXA has been well documented with numerous randomized clin-
ical trials and subsequent meta-analyses, many anesthesiologists
and orthopedic surgeons continue to have concerns regarding the
safety of TXA. We performed a direct meta-analysis and metare-
gression analysis of 79 randomized clinical trials to investigate the
risk of VTE and ATE complications in TJA patients receiving TXA to
establish a basis for the combined clinical practice guidelines of
AAHKS, AAOS, Hip Society, Knee Society, and ASRA. We found ev-
idence demonstrating a lack of increased risk of VTE among pa-
tients administered TXA, even in patients whowould be considered
higher risk.
Although the systematic review and meta-analysis was limited
primarily to the inclusion of only high-quality, level-I evidence
studies, our research nonetheless has several limitations. First,
investigation of an infrequent outcome that results in a conclusion
of no statistical difference raises concern regarding the statistical
power. When two populations of patients, despite a large sample
size, have similar complication rates, a post-hoc power analysis will
always demonstrate a lack of statistical power. When an examiner
assumes two populations to be identical, it is not possible to obtain
a statistically powered sample size. Therefore, we must imply that
the aggregate of a large number of level-I evidence studies
consistently presenting the same result suggests a limited possi-
bility of stating that there is no statistical difference when in reality
a difference does exist (type II error). Second, we performed anal-
ysis using combined patient populations of hip and knee arthro-
plasties, which provides the opportunity to introduce additional
heterogeneity. However, the combination of hip and knee arthro-
plasties does not appear to have influenced the observed hetero-
geneity, because all individual and combined analyses have no
statistical evidence of heterogeneity on I-squared testing. Third, we
had insufficient data to perform subgroup analysis based on the
type of surgery and the risk of ATE. However, we were able to
perform a combined analysis of hip and knee arthroplasties. Fourth,
we did not account for the type of postoperative VTE chemopro-
phylaxis because of the variable not consistently reported in all
randomized clinical trials. Because other large institutional data-
base investigations have demonstrated no effect on the risk of VTE
with TXA use regardless of the type of VTE chemoprophylaxis, we
do not believe it presents bias to alter the conclusions [2,9]. Lastly,
the interpretation of the results regarding the safety of TXA is
limited by the inclusion and exclusion criteria used in the published
literature. Because of concerns about the administration of TXA in
high-risk patients, such as those with a history of thromboembolic
and ischemic events as well as vascular stents, these patients were
commonly excluded from randomized clinical trials. Because not all
studies used the same inclusion and exclusion criteria, only a small
number of the studies included in the current direct meta-analysis
had higher-risk patients in their study population. Because we did
not have the granularity to provide analysis of individual medical
conditions, we attempted to perform a metaregression analysis to



Fig. 3. (A) Forest plot of total joint arthroplasty (TJA) VTE for IV TXA vs control. (B) Forest plot of TJA VTE for topical TXA vs control.
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help draw conclusions regarding the risk of VTE in high-risk pa-
tients using ASA status as a proxy for comorbidity burden that
would potentially be associated with an increased risk of a
thromboembolic event. However, the use of ASA status is still not a
precise tool for isolating patients with risk factors for a thrombo-
embolic event.

In patients undergoing a hip or knee arthroplasty, IV, topical,
and oral TXA lack any observed influence on the risk of VTE.
Concern has typically existed over the small sample sizes of indi-
vidual randomized clinical trials and retrospective studies to
accurately represent the lack of a difference between VTE rates of
TXA administration and placebo. Prior investigation of the efficacy
and safety of TXA, with a meta-analysis by Wei and Liu [94], pro-
vided no evidence for an increased risk of VTE with the use of IV
TXA in a population of 2720 hip and knee arthroplasty cases. To
provide a larger patient population, hip and knee arthroplasty



Fig. 3. (continued).

Table 2
ATE Investigation Study Inclusions and Quality Assessment.

Study Random Sequence
Generation

Allocation
Concealment

Blinding Incomplete
Outcome Data

Selective
Reporting

Other
Bias

Inclusion Strength

Alshryda, S., 2013(b) C C C C C C Include High quality
Castro-Menendez, M., 2016 B C C C C C Include High quality
Emara, W. M., 2014 I C C C C C Include High quality
Guzel, Y., 2016 I C C C C C Include High quality
Hiippala, S., 1995 C C C C C C Include High quality
Sa-Ngasoongsong, P., 2013 C C C C C C Include High quality
Seo, J, 2013 C C C C C I Include High quality
Seviciu, A., 2016 C C C C C C Include High quality
Zohar, E., 2004 C C C C C C Include High quality

Filled circle represents free of flaws, empty circle represents significant flaws and partial filled circle represents moderate flaws.
ATE, arterial thromboembolic event.
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Fig. 4. (A) Forest plot of TJA arterial thromboembolic event (ATE) for IV TXA vs control. (B) Forest plot of TJA ATE for topical TXA vs control.
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Table 3
THA and TKA Metaregression for VTE and ATE.

Outcome Randomizationa Data Reportinga Other Biasa ASA Status >2a

THA
VTE .524 .812 .92 N/Ab

ATE N/Ab N/Ab N/Ab N/Ab

TKA
VTE .826 N/Ac .956 .876
ATE N/Ab N/Ab N/Ab N/Ab

ASA, American Society of Anesthesiologist; ATE, arterial thromboembolic event;
THA, total hip arthroplasty; TKA, total knee arthroplasty; VTE, venous thrombo-
embolic event.

a Reported as P value, whereby a P value >.05 signifies no influence of the factor.
b Metaregression not performed because of insufficient literature/data.
c All studies are consistently unflawed thus create no need for metaregression

analysis.
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populations were combined in our study to give a population of
4268 cases for IV TXA and 3011 cases for topical TXA. When the
populations of hip and knee arthroplasties are combined, the
relative risk of VTE becomes closer to 1.0 than for the individual hip
and knee arthroplasty meta-analyses. As a result, it provides strong
evidence that the administration of TXA in patients without a
history of thromboembolic events is not associated with an
increased risk of VTE.

Currently, safety concerns regarding administration of TXA to
patients thought to be at “high-risk” of a thromboembolic event
(eg, prior history of VTE, MI, CVA, or placement of a vascular stent)
have limited the broad adoption of TXA among this patient popu-
lation. Because of the limitations presented by the inclusion and
exclusion criteria applied to each individual randomized clinical
trial, a metaregression analysis was performed using ASA status as a
proxy for patients at higher risk of VTE and ATE. Because patients
with medical conditions placing them at a higher risk for throm-
boembolic events would typically be considered an ASA status 3 or
4, the demarcation of ASA status 3 or greater was used to classify a
“high-risk” patient. In this study, we could only perform a meta-
regression analysis on the effects of ASA status on VTE for TKA
patients. Our results suggest that patients with a higher ASA status
do not carry an increased risk of VTE with TXA administration. To
put this in perspective, the number of patients needed to poten-
tially attribute a single VTE event to the administration of TXA was
983 patients. Alternatively, using the same patient population, the
number needed to treat with IV TXA to prevent an allogeneic
transfusion after a THA or TKA was only 4 and 3 patients, respec-
tively. As a result, we would advocate for a multidisciplinary
approach that considers each patient’s individual risk profile along
with the potential benefits of administering TXA.

As part of a broader investigation regarding the risk of VTE and
mortality associated with the administration of TXA in the setting
of TJA, Duncan et al [10] used the same demarcation for ASA status.
Their retrospective database study of more than 13,000 TJA pa-
tients demonstrated no increased risk of symptomatic VTE with the
administration of TXA in patients with an ASA status of 3 to 5 [10].
More recently, the results of a smaller, yet more focused, retro-
spective matched cohort database study on the use of TXA in pa-
tients with a history of VTE did not demonstrate an increased risk of
VTE compared with the control group [9]. Similar to the current
metaregression analysis, Whiting et al [11] in an institutional
database study, demonstrated that utilization of TXA in patients
with severe comorbidities (ASA status 3 or 4) did not increase the
risk of VTE. Whiting et al [11] also noted that patients with severe
comorbidities and additional risk factors for thromboembolic
events were more likely to experience a symptomatic VTE; how-
ever, they were unable to show that the concomitant administra-
tion of TXA was associated with the increased risk of VTE.
In the case of ATE, no meta-analysis could be performed in the
THA or TKA subgroups because of a lack of the requisite number of
4 or more studies investigating the same comparison within each
subgroup. However, it is worth noting that all individual studies did
not demonstrate significant difference in ATE rates between the
administration of TXA and placebo. Because we were unable to
performmeta-analysis of the individual subgroups, a combined TJA
patient population underwent meta-analysis. Similar to VTE, the
combined meta-analysis of hip and knee arthroplasties, regardless
of the route of administration, showed no difference in the rates of
ATE.

Conclusion

Based on this meta-analysis of 78 high-level randomized clinical
trials, we conclude that the administration of TXA does not increase
the risk of VTE in TJA patients. In addition, we did not observe a
difference in the results between TKA and THA. However, based on
the limited number of high-quality trials and gaps in the inclusion
of “high-risk” patients within the available literature, we can only
moderately support the same conclusion for TJA patients with an
ASA score of 3 or higher, which was used as a proxy for higher-risk
patients with increased comorbidity burden. Although limited data
exists on the administration of TXA in “high-risk” patients, it should
be considered that patients with a higher comorbidity burden may
benefit the most from the reduction in blood loss associated with
the administration of TXA. In light of the lack of evidence for harm,
it seems prudent to consider its use on a more regular basis after
evaluation of each patient’s characteristics.
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Appendix B. Formal Database Search Strategies

Database: Complete Ovid MEDLINE
Dates covered: 1946-2017
Date of search: July 5, 2017 (most recent search)
Librarian: Tom Mead, MLS
Filters: None

Database: Scopus
Dates covered: 1823-2017
Date of search: July 10, 2017 (most recent search)
Librarian: Tom Mead, MLS
Filters: None
Search Order Search Parameters

1 exp arthroplasty/
2 (arthroplast$ or “hip replacement$” or total knee or total hip).af.
3 1 or 2
4 exp tranexamic acid/
5 (tranexemic acid or tranexamic acid).af.
6 exp antifibrinolytic agents/
7 (antifibrinolytic agent$ or aminocaproic acid).af.
8 4 or 5 or 6 or 7
9 3 and 8

Search
Order

Search Parameters

1 (arthroplast* OR “HIP REPLACEMENT” OR “TOTALL KNEE” OR
“TOTAL HIP”)

2 (“TRANEXAMIC ACID” OR “AMINOCAPROIC ACID” OR
“ANTIFBRINOL*)

3 1 AND 2
Database: EMBASE (Excerpta Medica dataBASE)
Dates covered: 1947-2016
Date of search: October 3, 2016 (most recent search)
Librarian: Tom Mead, MLS
Filters: None

Filters: None

Search Search Parameters
Search Order Search Parameters

1 exp arthroplasty/
2 (arthroplast$ or “hip replacement$” or total knee or total hip).af.
3 1 or 2
4 exp tranexamic acid/
5 (tranexemic acid or tranexamic acid).af.
6 exp antifibrinolytic agents/
7 (antifibrinolytic agent$ or aminocaproic acid).af.
8 4 or 5 or 6 or 7
9 3 and 8

Order

1 (arthroplast* OR “HIP REPLACEMENT” OR “TOTALL KNEE” OR
“TOTAL HIP”)

2 (“TRANEXAMIC ACID” OR “AMINOCAPROIC ACID” OR
“ANTIFBRINOL*)

3 1 AND 2
Database: Web of Science (WOS)
Dates covered: 1964-2017
Date of search: October 5, 2017 (most recent search)
Librarian: Tom Mead, MLS
Filters: Exclude MEDLINE database
Search
Order

Search Parameters

1 (arthroplast* OR “HIP REPLACEMENT” OR “TOTALL KNEE” OR
“TOTAL HIP”)

2 (“TRANEXAMIC ACID” OR “AMINOCAPROIC ACID” OR
“ANTIFBRINOL*)

3 1 AND 2
4 Refined by: [excluding] Databases: (MEDLINE)
Database: Cochrane Library (DARE)
Dates covered: 1994-2017
Date of search: July 5, 2017 (most recent search)
Librarian: Tom Mead, MLS
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