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Abstract: Background: Tranexamic acid (TXA) has become a cornerstone in total hip
arthroplasty for reducing blood loss and minimizing transfusion requirements. However,
its influence on postoperative infection rates, including surgical site infections and peripros-
thetic joint infections (PJIs), remains a topic of debate. This systematic review aims to
explore the association between tranexamic acid use and infection rates in total hip arthro-
plasty. Methods: Following PRISMA 2020 guidelines, an electronic search was performed
in the PubMed, Scopus, Web of Science, Cochrane, and Epistemonikos databases. A PICO-
based question was developed to select relevant studies, which were assessed for quality
using the MINORS tool for non-randomized studies and the RoB 2 tool for randomized
controlled trials (RCTs). This review critically appraises three studies, including one RCT
and two retrospective cohort studies. Results: Of 277 studies identified, 3 met inclusion
criteria, totaling 146,227 patients. Findings indicate that tranexamic acid is generally asso-
ciated with reduced periprosthetic joint infections and surgical site infection rates, with
some variability based on administration routes and dosages. Despite these promising
results, methodological limitations in the included studies underscore the need for further
high-quality research to establish optimal tranexamic acid protocols. Conclusions: In sum-
mary, this systematic review indicates that TXA could reduce postoperative infection rates
following total hip arthroplasty (THA). Further well-designed randomized controlled trials
are required to validate these findings and determine the best dosing and administration
strategies. PROSPERO registration: CRD42024589078.

Keywords: tranexamic acid; TXA; total hip arthroplasty; THA; surgical site infection; SSI
periprosthetic joint infection; PJI; postoperative complications; postoperative infection

1. Introduction

Tranexamic acid (TXA) has become an essential pharmacological agent in hip arthro-
plasty. It is credited for its efficacy in reducing perioperative blood loss and the subsequent
need for transfusions [1-4]. Tranexamic acid (TXA) is a synthetic lysine analog antifib-
rinolytic that inhibits plasminogen activation, reducing fibrinolysis and promoting clot
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stability. Its role in preserving hemostasis during and after orthopedic procedures has been
well-supported by recent research, particularly in total joint arthroplasty, where it has been
shown to minimize perioperative blood loss and reduce transfusion requirements [5,6].
Despite this, the potential for TXA to influence postoperative infection rates remains a
controversial issue within the medical community. Surgical site infections (SSIs) are a
significant concern, as they can lead to adverse patient outcomes, including prolonged
hospital stays, additional surgeries, and increased healthcare costs [7-9]. Moreover, the
association between SSIs and long-term health outcomes such as hospital readmissions
and mortality, along with the healthcare costs attributed to SSIs even one year following
surgery, underlines the gravity of these postoperative complications [10].

The debate centers on whether TXA’s blood-conserving effects translate into a lower
incidence of infections. This may be due to a variety of interconnected factors, such as
reduced exposure to allogeneic blood transfusions and their immunomodulatory effects.
Moreover, there is a need to examine the influence of different administration routes,
dosages, and timing of TXA on infection rates, as current evidence suggests no single
approach is superior in blood-sparing properties.

This systematic review aimed to evaluate the current evidence regarding the effect
of TXA on postoperative infection rates following hip arthroplasty. By critically assessing
the quality and findings of the available literature, this analysis aims to provide insights
into TXA'’s role in reducing infection risk and informing evidence-based clinical practices
in orthopedic surgery. We hypothesize that the use of TXA in THA will decrease overall
postoperative infection rates.

2. Materials and Methods

To ensure a focused and effective search strategy, we structured our research question
using the PICO framework, which defines the following:

- P—Population: Adult patients requiring primary total hip arthroplasty.

- I—Intervention: Administration of TXA prior or at the time of surgery, no matter the
route of administration.

- C—Comparison: Patients undergoing primary total hip arthroplasty without the
administration of TXA would serve as the control group.

- O—Outcome: The rate of postoperative infections which can be defined as postopera-
tive infection, surgical site infection, or periprosthetic joint infection.

This framework guided the development of our inclusion and exclusion criteria and
informed the construction of our search strategy, ultimately facilitating a comprehensive
and systematic approach to literature retrieval and analysis.

A comprehensive search was conducted from inception until 25 December 2024
through PubMed, Web of Science, Scopus, Cochrane, and Epistemonikos databases to iden-
tify relevant studies evaluating the impact of TXA on postoperative infection rates following
total hip arthroplasty (THA). The search strategy was meticulously designed to include a
combination of keywords and MeSH terms such as “tranexamic acid”, “total hip arthro-
plasty”, and “postooperative infection”. See Supplementary File S1 for the extended form.
We registered our study in the PROSPERO database with the CRD42024589078 number.

Screening and consensus on eligibility were carried out by two authors (MLM
and AP). Any dispute was resolved by discussion between these two authors. See
Supplementary File S2 for the extended form.

In the systematic review, several exclusion criteria were applied to ensure that only
the most relevant studies were included for analysis. Studies were excluded if they were
categorized as literature reviews, systematic reviews, or meta-analyses, as these types
of research synthesize existing data rather than present original findings. Articles that
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lacked an abstract and could not be sufficiently evaluated for inclusion based on title
alone were excluded. This step was taken to ensure consistency and reproducibility in the
screening process across all identified records. Editorials, comments, non-human studies,
and pediatric studies were also excluded, as they do not pertain to adult human subjects
undergoing THA for infection rate assessment following TXA administration. Furthermore,
conference abstracts were omitted due to their typically limited methodological details and
lack of peer review.

Additionally, specific surgical scenarios such as revision arthroplasty, joint replace-
ment for hip trauma, or any knee arthroplasty studies were excluded, as these may involve
different patient populations, surgical procedures, or outcomes that are not directly com-
parable to primary THA. Studies that involved additional procedures alongside primary
THA were also excluded to avoid confounding factors that could influence infection rates.
Research focusing on associated conditions such as tumors or coagulation disorders was
excluded to maintain focus on studies evaluating infection outcomes in otherwise healthy
individuals undergoing elective THA. Moreover, studies involving bibliometric analysis or
break-even analysis were excluded, as these are economic or publication trend assessments
rather than clinical outcome studies. Finally, studies were excluded if they involved the
wrong intervention (i.e., no use of TXA) or if they measured outcomes other than infection
rates (the primary endpoint of interest) Table 1.

Table 1. Inclusion and exclusion criteria for our systematic review.

Criteria Inclusion Criteria Exclusion Criteria
Language English Non-English
Subjects Human Non-human

Levels I-1V, full

text available Level V, no full text available

Level of Evidence

Revision THA for any reason, THA
for hip fractures, associated
Procedure Primary THA condjitions (local bone tumors,
coagulation pathology,
post-traumatic deformity)

Intervention TXA no TXA
Outcomes SSI or PJI or other type SSI or PJI or other type of infections
of infections not reported separately

We aimed to analyze each component of our manuscripts’ results. Where possible, we
also performed an analysis based on TXA dosage and route of administration.

We adhered to the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines [11]. This adherence was reflected in our meticulous documen-
tation of the search strategy, selection criteria, screening process, and methods of resolving
discrepancies. The PRISMA guidelines provided a framework for ensuring that our re-
view was conducted with the utmost methodological rigor and transparency, facilitating
reproducibility and trust in our literature synthesis. The entire identification and screening
process can be seen in our PRISMA flowchart (Figure 1). Two reviewers (FV and DB)
independently assessed the quality of each included study. Risk of bias and manuscript
quality were evaluated with MINORS—for retrospective cohort studies and RoB2—for
RCTs [12,13]. The RoB2 assessment was visually presented with the aid of the Robvis
tool [14].
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[ Identification of studies via databases and registers

Records removed before
screening:
Duplicate records removed
(n = 40)

Records excluded after title
screening (n = 192)
Non human =3
Not clinical study = 39
Other tematic = 149

Records excluded after abstract
screening (n = 35)
No abstract available = 2
Other article type = 5
Other tematic = 6
Wrong outcome = 22

e Records identified from:
2 Databases (n = 277)
S Pubmed = 37
= Scopus = 85
.g Web of Science = 64
- Epistemonikos = 83
— Cochrane = 8
A
Titles screened

(n=237)
Abstracts screened
£ (n =45)
:
O
(7}

Full-text screened
(n=10)

o
= Studies included in review
e (n=3)

Reports excluded: (n = 7)
No infection outcome (n = 3)
No separated THA
outcomes reported (n = 4)

Figure 1. PRISMA flowchart, depicting the identification and screening of our studies.

3. Results

Three studies were included in the final analysis [15-17], with varying levels of
evidence, ranging from retrospective cohort studies to randomized controlled trials (RCTs),

as can be seen in the PRISMA flowchart (Figure 1).

These studies primarily investigated the effects of TXA administration in the context
of THA, focusing on outcomes such as surgical site infections (SSIs) and PJI, alongside the
dosage and route of administration of TXA. The baseline characteristics of the included
studies have been synthesized in Table 2, while the results have been synthesized in Table 3.

Table 2. Synthesis of the results from the included manuscripts.

Author and Year

Hsu 2024 [15]

Thepalyia 2024 [16] Luo 2018 [17]

Type of study

Level of evidence

Retrospective cohort
I

Retrospective cohort RCT

I

I
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Table 2. Cont.

Author and Year Hsu 2024 [15] Thepalyia 2024 [16] Luo 2018 [17]
Tot 1766 144,344 117
All patients Age (y1) n/a 63.4+11.6* n/s
Sex M/F * n/s 46/52 ** n/s
. . . IV TXA vs. topical vs. Oral TXA vs.
Route of administration (comparison) no TXA TXA (n/s) vs. no TXA topical TXA
Control 797 72,172 n/a
Intervention 969 72,172 117
Subgroups IV TXA 777 n/s n/a
Oral TXA n/a n/s 59
Topical TXA 192 n/s 58
Data presented as * mean =+ standard deviation (min-max); ** data expressed as %; Abbreviations: IV, intravenous;
n/a, not applicable; n/s, not specified; RCT, randomized controlled trial; TXA, tranexamic acid.
Table 3. Synthesization of the results from the included manuscripts.
Main Author Hsu 2024 [15] Thepalyia 2024 [16] Luo 2018 [17]
Type of study Retrospective cohort ~ Retrospective cohort RCT
Tot Nr. 1766 144,344 117
Duration of Observation >12 months 30 & 90 days 90 days
v 10 mg/kg, 1.0 mm n/s n/a
before skin incision
2g2h
preoperatively, and
Oral n/a n/s twodosesof 1 g
TXA Dosage postoperatively
1.5-3 g injected
. intra-articularly or 3 gin the
Topical into the drainage n/s operating room
tube during surgery
No TXA n/a
Superficial SSI
0.1% p < 0.001 * (30 days)
0.3%, p < 0.001 * (90 days
TXA Dee ZSI ( *
SSI n/a P n/a
0.1% p = 0.228 (30 days)
0.1%, p = 0.012 * (90 days)
IVTXA n/a
Oral TXA n/a
Topical TXA n/a
No TXA 1.3%
.6%, p =0.001 *
TXA 0.6%; p value = 0209 67 P =000 (30 days)
1.2%, p = 0.019 * (90 days)
PJI n/a
IV TXA 0.8%; pvalue=0426 n/a
Topical TXA 0%; p value =0.995** n/a
IV TXA—Topical TXA  p value = 0.995 ** n/a
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Table 3. Cont.
Main Author Hsu 2024 [15] Thepalyia 2024 [16] Luo 2018 [17]
i Oral TXA
PostoPeratlve n/a n/a n/a n/a
Infection Topical TXA
Favors TXA for Favors TXA Favors Favors .
. . for TXA for No difference between
Conclusion PJI but not statical . . TXA for .
S superficial deep oral vs. topical TXA
significance SSI SSI PJI

* Statistical significance; ** The model failed because of the small sample size; Abbreviations: IV, intravenous; n/a,
not applicable; n/s, not specified; PJI, periprosthetic joint infection; RCT, randomized controlled trial; SSI, surgical
site infection; TXA, tranexamic acid.

3.1. Dosage and Route of Administration

The included studies assessed various TXA administration routes and dosages, re-
flecting the heterogeneity in clinical practice. Hsu et al. evaluated IV TXA, administering
1 g IV at induction followed by a second 1 g dose three hours later, as well as topical TXA
at a single intraoperative dose of 2 g. Thapaliya et al. also focused on IV TXA, using a
single 1 g dose intraoperatively, while their topical TXA protocol involved 3 g applied
directly to the surgical site before closure. Unfortunately, they did not specify the number
of patients in each of these subgroups. Luo et al. was the only study to examine oral TXA,
administering 2 g orally two hours preoperatively, followed by two postoperative doses of
1 g each. This study compared oral TXA to topical TXA, where a single dose of 3 g was
applied intraoperatively.

3.2. Surgical Site Infections

One study reported on the impact of TXA on SSI rates:

Thapaliya et al. indicated that at 30 days, the incidence of superficial SSI was 0.1%
in the TXA group, significantly lower than in the non-TXA group (p < 0.001). By 90 days,
the superficial SSI rate in the TXA cohort increased to 0.3% (p < 0.001). For deep SSI, no
significant difference was found at 30 days (0.1%, p = 0.228), but at 90 days, the TXA group
had a lower deep SSI rate of 0.1% (p = 0.012).

3.3. Periprosthetic Joint Infections

Three studies assessed the effect of TXA on PJI rates:

Hsu et al. conducted a retrospective analysis to evaluate the impact of TXA on PJI
rates specifically in THA patients. In this subgroup, TXA administration was associated
with a significantly lower incidence of PJI compared to the non-TXA group (TXA: 0.9%,
non-TXA: 1.8%, p = 0.004). After adjusting for confounders, multivariate analysis confirmed
that TXA use was linked to a 50% reduction in PJI risk (OR 0.50, 95% CI: 0.28-0.88, p = 0.017).
Both intravenous and topical TXA independently contributed to this protective effect.

Thapaliya et al. found that at 30 days postoperatively, the TXA group exhibited a sig-
nificantly lower risk of PJI compared to the non-TXA group (RR 0.808, 95% CI 0.710-0.920,
p = 0.001). This protective effect persisted at 90 days, with TXA use associated with a
continued reduction in PJI risk (RR 0.894, 95% CI 0.815-0.982, p = 0.019).

In a 117-patient cohort, Luo et al. reported no cases of P]I in either the oral or topical
TXA groups during the 90-day follow-up period. These findings suggest that TXA, regard-
less of the administration route, does not appear to increase the risk of PJI. Additionally,
both oral and topical TXA were found to be equivalent in reducing perioperative blood loss,
without any significant differences in transfusion rates or thromboembolic complications.
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3.4. Risk of Bias and Quality Assessment

For the two non-randomized studies, MINORS scores ranged from 10 to 14, indicating
moderate methodological quality (Table 4). Hsu et al. had limitations, including the
lack of consecutive patient inclusion and the absence of unbiased outcome assessment,
which may introduce selection and measurement bias. However, it prospectively collected
data, had appropriate study endpoints, and ensured complete follow-up. Thapaliya et al.,
with a higher MINORS score of 12, demonstrated better methodological rigor, including
consecutive patient inclusion, unbiased outcome assessment, and complete follow-up, but
lacked prospective data collection, which could impact study reliability.

Table 4. MINORS assessment of our non-randomized studies manuscripts.

Main Author/MINORS Item Hsu 2024 [15] Thapaliya 2024 [16]

Clearly stated aim
Inclusion of consecutive patients
Prospective data collection

Endpoints appropriate to the aim

Appropriate follow-up period

Loss to follow-up < 5%

N NN DN DN O DNDN

2
0
2
2
Unbiased assessment of endpoints 0
2
0
2

Prospective calculation of study size

Total Score (out of 16) 10

—
=

For the single randomized controlled trial, Luo et al., the RoB 2 assessment showed
an overall low risk of bias, with some concerns in the randomization process due to un-
clear allocation concealment. However, other bias domains, including deviations from the
intended intervention, missing outcome data, measurement of outcomes, and selection of re-
ported results, were all rated as low risk, indicating a well-controlled and methodologically
sound trial (Figure 2).

Risk of bias domains

D1 D2 D3 D4 D5 Overall
wetat2018)) ) @ @ @ @ @
Domains: Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention. = Some concerns
D3: Bias due to missing outcome data. . Low

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Figure 2. RoB 2 assessment visualized with the Robvis tool for our RCTs [17].

Overall, the methodological quality of the included studies varied, necessitating
cautious interpretation of the findings. The RCT showed strong methodological rigor with
a low risk of bias, though some concerns regarding the randomization process remain. In
contrast, the non-randomized studies exhibited moderate quality. MINORS scores ranged
from 10 to 14, indicating potential bias risks due to retrospective designs, lack of prospective
data collection, and possible selection biases.
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4. Discussion

The findings from this systematic review highlight a potential role of TXA in reducing
infection rates following THA, with all three included studies demonstrating a favorable
association between TXA use and lower PJI rates. The cohort studies reported a signif-
icant reduction in PJI risk with intravenous and topical TXA administration, while the
randomized controlled trial (RCT) found no PJI cases in either oral or topical TXA groups,
reinforcing its safety regarding infection risk in THA. However, variability in surgical site
infection (SSI) outcomes suggests that TXA’s role in superficial infections requires further
investigation. Thapaliya et al. observed lower superficial SSI rates at 30 days in TXA
recipients, but by 90 days, superficial SSI rates were slightly elevated, raising concerns
about long-term wound healing and potential delayed complications associated with TXA
use. The possibility that TXA may impair fibrinolysis at the surgical site warrants further
research, particularly regarding its effects on superficial wound healing dynamics [18].

The complexity of postoperative infection etiology requires a rigorous investigation,
unencumbered by the confounding variables present in clinical settings (Figure 3). In vitro
studies provide a controlled environment to investigate specific biological mechanisms,
such as the effect of tranexamic acid on fibrinolysis, coagulation, bacterial proliferation,
or biofilm formation, independent of the many confounding factors present in clinical
settings. By replicating the conditions of TXA use and surgical intervention without these
confounders, in vitro research can offer a clearer understanding of the direct effects of TXA
on infection rates. Such studies are crucial for determining the causative relationships
and the underlying mechanisms by which TXA might influence patient outcomes. This
understanding is pivotal in developing targeted interventions that can effectively reduce
the risk of infection while optimizing the therapeutic use of TXA in hip arthroplasty.

~
Reduced blood i Surgical Site Infections Are Associated With Higher Blood Loss and |
|°ss Open A in | Th ic Practice. A her et al. 2021
- )
Decreased need ! Transfusions increase and infections after hip and
for transfusi on knee arthroplasty: An analysts of 2760 cases. Klasan et al. 2018 :
w
R )
educed ! Incidence, Risk Factors, and Sub f of Reduced infection
hematoma | Postoperative Hematomas Requiring Reoperauon After Primary
e | Total Hip Artroplasty. Pathaketal 2023 | rates
J
Reduced { Tranexamic Acid and lts Potential Anti-inflammatory Effect: A |
inflamation | Systematic Review. Okholm et al. 2022 H
W

i Tranexamic acid protects inst impl: infection by
[ Biofilm inhibition ] ! reducing biofilm formation. Wang et al. 2022 !

Figure 3. Graphical representation of TXA pathways that reduce postoperative infection rates [19-23].

On the same note, an intriguing aspect of TXA’s potential in reducing postoperative
complications is its impact on biofilm formation. Biofilm formation is a common cause of
chronic PJI and implant failures. Recent studies suggest that TXA may exert an inhibitory
effect on biofilm formation, a crucial step in the pathogenesis of PJIs. This effect is thought
to be mediated by the reduction of protein and polysaccharide contents within the biofilms,
as demonstrated in both in vitro and in vivo models [23]. The ability of TXA to potentially
disrupt biofilm integrity could elucidate the observed reduction in postoperative infection
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rates, highlighting a dual role for TXA in surgical settings: minimizing perioperative blood
loss and acting against a critical factor in infection development.

In hip arthroplasty, the utilization of TXA represents a multifaceted cost/benefit profile
that extends beyond its primary hemostatic effect. The direct cost savings from reduced
intraoperative blood loss and minimized need for postoperative transfusions are clear, but
the benefits of TXA use permeate deeper into the patient care continuum. By potentially
lowering the incidence of transfusion-related complications, TXA indirectly reduces the
risk of immunomodulation and subsequent infection rates, which in turn can lead to
shorter hospital stays and fewer readmissions. Furthermore, the reduced occurrence of
SSIs mitigates the substantial financial burden associated with long-term antibiotic therapy,
additional surgeries, and extended rehabilitation. Thus, the judicious application of TXA in
hip arthroplasty encompasses a holistic approach to patient care, promising both clinical
efficacy and economic efficiency [24].

Despite the consistent association between TXA use and reduced PJI rates, this system-
atic review has several limitations. The two non-randomized studies had a moderate risk
of bias, with MINORS scores ranging from 10 to 14, primarily due to their retrospective
designs, lack of prospective data collection, and potential for selection bias. The only RCT
included had a low overall risk of bias but raised concerns regarding randomization and
allocation concealment. The absence of PJI cases in this trial further limits its ability to
definitively assess TXA’s effect on infection rates, and its small sample size may not be rep-
resentative of broader clinical practice. Additionally, heterogeneity in TXA administration
routes and dosages complicates interpretation, as intravenous and topical TXA were the
most commonly evaluated, while oral TXA remains less studied in infection prevention.
Variability in follow-up durations across studies, ranging from 30 to 90 days or longer,
further impacts comparability and the ability to determine the long-term effects of TXA on
infection risk.

A major limitation of this systematic review is the limited number of studies included,
which restricts the strength of our conclusions regarding TXA’s effect on infection rates in
THA. This was primarily due to the lack of separate reporting for THA and TKA outcomes
in many studies. A significant number of otherwise relevant articles (4 studies) had to be
excluded because they combined TKA and THA data without stratification, preventing the
extraction of THA-specific infection rates [25-28]. This limitation underscores a broader
issue in the literature, where arthroplasty outcomes are often analyzed collectively despite
differences in surgical approach, perioperative factors, and infection risks between hip and
knee arthroplasty. Future studies should aim to report infection outcomes separately for
THA and TKA to allow for more precise assessments of TXA’s impact in each procedure.

The current landscape of literature on the efficacy of TXA in THA is marked by a
paucity of high-caliber studies, particularly randomized controlled trials (RCTs), which
are considered the gold standard of evidence-based medicine. This deficiency is largely
attributable to the entrenched position of TXA in clinical practice, where its benefits in
reducing perioperative blood loss are well-recognized, thereby rendering the withholding of
TXA for a control group in RCTs ethically contentious. Ethical mandates require clinicians
to provide the best-known care to patients, which includes the use of TXA, based on
substantial evidence of its efficacy. Consequently, the execution of prospective RCTs is
complicated by these ethical obligations, as placing patients in a control group might be
considered a denial of standard care. Despite these, we believe that there is a place for RCTs’
when it comes to analyzing dosage and route of administration of TXA and observing
the outcomes.
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5. Conclusions

In conclusion, this systematic review suggests that tranexamic acid may have
a protective effect against postoperative infection rates following THA. Future high-
quality RCTs are needed to confirm these results and establish optimal dosing and
administration protocols.
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Author Contributions: Conceptualization: R.P,, EV. and B.D.; writing—original draft: R.P.,, M.L.M.
and A.P; writing—review and editing: M.L.M., A.P. and E.K; supervision: R.P, E.T.,, EV. and B.D. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by “Victor Babes” University of Medicine and Pharmacy; APC
was funded by “Victor Babes” University of Medicine and Pharmacy.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

Han, X.; Gong, G.; Han, N.; Liu, M. Efficacy and Safety of Oral Compared with Intravenous Tranexamic Acid in Reducing Blood
Loss after Primary Total Knee and Hip Arthroplasty: A Meta-Analysis. BMC Musculoskelet. Disord. 2018, 19, 430. [CrossRef]
[PubMed]

Xie, J.; Hu, Q.; Huang, Q.; Ma, J.; Lei, Y.; Pei, F. Comparison of Intravenous versus Topical Tranexamic Acid in Primary Total Hip
and Knee Arthroplasty: An Updated Meta-Analysis. Thromb. Res. 2017, 153, 28-36. [CrossRef]

Liu, X,; Liw, J.; Sun, G. A Comparison of Combined Intravenous and Topical Administration of Tranexamic Acid with Intravenous
Tranexamic Acid Alone for Blood Loss Reduction after Total Hip Arthroplasty: A Meta-Analysis. Int. |. Surg. 2017, 41, 34-43.
[CrossRef]

Fillingham, Y.A.; Ramkumar, D.B.; Jevsevar, D.S.; Yates, A.J.; Shores, P.; Mullen, K.; Bini, S.A.; Clarke, H.D.; Schemitsch, E.;
Johnson, R.L.; et al. The Efficacy of Tranexamic Acid in Total Hip Arthroplasty: A Network Meta-Analysis. J. Arthroplast. 2018, 33,
3083-3089.e4. [CrossRef]

Prejbeanu, R.; Mioc, M.L.; Deleanu, B.; Balanescu, A.; Al Qatawneh, M.; Malita, D. The Use of Tranexamic Acid in Anterior
Cruciate Ligament Reconstruction: A Systematic Review. Appl. Sci. 2021, 11, 11518. [CrossRef]

Xiong, H.; Liu, Y.; Zeng, Y.; Wu, Y.; Shen, B. The Efficacy and Safety of Combined Administration of Intravenous and Topical
Tranexamic Acid in Primary Total Knee Arthroplasty: A Meta-Analysis of Randomized Controlled Trials. BMC Musculoskelet.
Disord. 2018, 19, 321. [CrossRef]

Ludbrook, G.L. The Hidden Pandemic: The Cost of Postoperative Complications. Curr. Anesthesiol. Rep. 2022, 12, 1-9. [CrossRef]
Birlutiu, R.M.; Stoica, C.I; Russu, O.; Cismasiu, R.S.; Birlutiu, V. Positivity Trends of Bacterial Cultures from Cases of Acute and
Chronic Periprosthetic Joint Infections. J. Clin. Med. 2022, 11, 2238. [CrossRef] [PubMed]

Pérez-Prieto, D.; Portillo, M.E.; Puig-Verdié, L.; Alier, A.; Gamba, C.; Guirro, P.; Martinez-Diaz, S.; Horcajada, ].P.; Trampuz, A,;
Monllau, J.C. Preoperative Antibiotic Prophylaxis in Prosthetic Joint Infections: Not a Concern for Intraoperative Cultures. Diagn.
Microbiol. Infect. Dis. 2016, 86, 442-445. [CrossRef]

Badia, ].M.; Casey, A.L.; Petrosillo, N.; Hudson, PM.; Mitchell, S.A.; Crosby, C. Impact of Surgical Site Infection on Healthcare
Costs and Patient Outcomes: A Systematic Review in Six European Countries. J. Hosp. Infect. 2017, 96, 1-15. [CrossRef]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BM] 2021, n71.
[CrossRef] [PubMed]

Slim, K.; Nini, E.; Forestier, D.; Kwiatkowski, F.; Panis, Y.; Chipponi, ]. Methodological Index for Non-randomized Studies
(MINORS): Development and Validation of a New Instrument. ANZ J. Surg. 2003, 73, 712-716. [CrossRef]

Sterne, J.A.C.; Savovi¢, J.; Page, M.].; Elbers, R.G.; Blencowe, N.S.; Boutron, I; Cates, C.J.; Cheng, H.-Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A Revised Tool for Assessing Risk of Bias in Randomised Trials. BMJ 2019, 366, 14898. [CrossRef]
McGuinness, L.A.; Higgins, ].P.T. Risk-of-bias VISualization (Robvis): An R Package and Shiny Web App for Visualizing
Risk-of-bias Assessments. Res. Synth. Methods 2021, 12, 55-61. [CrossRef]

Hsu, Y.-C.; Hsu, A.H.S.; Wu, C.-T; Tan, T.L.; Wang, J.-W.; Kuo, F.-C. Association between IV and Topical Tranexamic Acid Use
and Periprosthetic Joint Infections in Hip and Knee Arthroplasty: A Retrospective Study. BMC Musculoskelet. Disord. 2024,
25,1033. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/jcm14092910/s1
https://www.mdpi.com/article/10.3390/jcm14092910/s1
https://doi.org/10.1186/s12891-018-2358-2
https://www.ncbi.nlm.nih.gov/pubmed/30509227
https://doi.org/10.1016/j.thromres.2017.03.009
https://doi.org/10.1016/j.ijsu.2017.03.031
https://doi.org/10.1016/j.arth.2018.06.023
https://doi.org/10.3390/app112311518
https://doi.org/10.1186/s12891-018-2181-9
https://doi.org/10.1007/s40140-021-00493-y
https://doi.org/10.3390/jcm11082238
https://www.ncbi.nlm.nih.gov/pubmed/35456331
https://doi.org/10.1016/j.diagmicrobio.2016.09.014
https://doi.org/10.1016/j.jhin.2017.03.004
https://doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1002/jrsm.1411
https://doi.org/10.1186/s12891-024-08080-y
https://www.ncbi.nlm.nih.gov/pubmed/39702243

J. Clin. Med. 2025, 14,2910 11 of 11

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Thapaliya, A.; Mittal, M.M.; Ratcliff, T.L.; Mounasamy, V.; Wukich, D.K.; Sambandam, S.N. Usage of Tranexamic Acid for Total
Hip Arthroplasty: A Matched Cohort Analysis of 144,344 Patients. ]. Clin. Med. 2024, 13, 4920. [CrossRef] [PubMed]

Luo, Z.-Y.; Wang, D.; Meng, W.-K.; Wang, H.-Y.; Pan, H.; Pei, F.-X; Zhou, Z.-K. Oral Tranexamic Acid Is Equivalent to Topical
Tranexamic Acid without Drainage in Primary Total Hip Arthroplasty: A Double-Blind Randomized Clinical Trial. Thromb. Res.
2018, 167, 1-5. [CrossRef]

Lam, T.; Medcalf, R.L.; Cloud, G.C.; Myles, P.S; Keragala, C.B. Tranexamic Acid for Haemostasis and beyond: Does Dose Matter?
Thromb. |. 2023, 21, 94. [CrossRef]

Aeschbacher, P.; Nguyen, T.-L.; Dorn, P.; Kocher, G.J.; Lutz, J.A. Surgical Site Infections Are Associated With Higher Blood Loss
and Open Access in General Thoracic Practice. Front. Surg. 2021, 8, 656249. [CrossRef]

Klasan, A.; Dworschak, P.; Heyse, T.].; Malcherczyk, D.; Peterlein, C.D.; Schiittler, K.F.; Lahner, M.; El-Zayat, B.F. Transfusions
Increase Complications and Infections after Hip and Knee Arthroplasty: An Analysis of 2760 Cases. Technol. Health Care 2018, 26,
825-832. [CrossRef]

Pathak, N.; Bovonratwet, P.; Purtill, ]J.J.; Bernstein, J.A.; Golden, M.; Grauer, J.N.; Rubin, L.E. Incidence, Risk Factors, and
Subsequent Complications of Postoperative Hematomas Requiring Reoperation After Primary Total Hip Arthroplasty. Arthroplast.
Today 2023, 19, 101015. [CrossRef] [PubMed]

Okholm, S.H.; Krog, J.; Hvas, A.-M. Tranexamic Acid and Its Potential Anti-Inflammatory Effect: A Systematic Review. Semin.
Thromb. Hemost. 2022, 48, 568-595. [CrossRef] [PubMed]

Wang, J.; Zhang, Z.; Li, J.; Huang, B.; Jiang, Z.; Pan, Y.; He, T.; Hu, Y.; Wang, L. Tranexamic Acid Protects against Implant-
Associated Infection by Reducing Biofilm Formation. Sci. Rep. 2022, 12, 4840. [CrossRef] [PubMed]

Kolin, D.A.; Moverman, M.A.; Menendez, M.E.; Pagani, N.R.; Puzzitiello, R.N.; Kavolus, J.J. A Break-Even Analysis of Tranexamic
Acid for Prevention of Periprosthetic Joint Infection Following Total Hip and Knee Arthroplasty. J. Orthop. 2021, 26, 54-57.
[CrossRef]

Hong, G.J.; Wilson, L.A ; Liu, J.; Memtsoudis, S.G. Tranexamic Acid Administration Is Associated With a Decreased Odds of
Prosthetic Joint Infection Following Primary Total Hip and Primary Total Knee Arthroplasty: A National Database Analysis.
J. Arthroplast. 2021, 36, 1109-1113. [CrossRef]

Aljuhani, W.S; Alanazi, A.M.; Saeed, A.L; Alhadlaq, K.H.; Alhoshan, Y.S.; Aljaafri, Z.A. Patient-Related Risk Factors of Prosthetic
Joint Infections Following Total Hip and Knee Arthroplasty at King Abdulaziz Medical City, a 10-Year Retrospective Study.
J. Orthop. Surg. 2023, 18, 717. [CrossRef]

Masaryk, J.; Melus, V.; Vidan, J.; Steno, B. Comparison of Intravenous and Topical Tranexamic Acid in Total Joint Arthroplasty.
Acta Chir. Orthop. Traumatol. Cech. 2022, 89, 286-292. [CrossRef]

Heckmann, N.D.; Haque, T.E; Piple, A.S.; Mayfield, CK,; Bouz, G.J.; Mayer, L.W.; Oakes, D.A.; Lieberman, J.R.; Christ, A.B.
Tranexamic Acid and Prothrombotic Complications Following Total Hip and Total Knee Arthroplasty: A Population-Wide Safety
Analysis Accounting for Surgeon Selection Bias. J. Arthroplast. 2023, 38, 215-223. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/jcm13164920
https://www.ncbi.nlm.nih.gov/pubmed/39201061
https://doi.org/10.1016/j.thromres.2018.04.026
https://doi.org/10.1186/s12959-023-00540-0
https://doi.org/10.3389/fsurg.2021.656249
https://doi.org/10.3233/THC-181324
https://doi.org/10.1016/j.artd.2022.08.008
https://www.ncbi.nlm.nih.gov/pubmed/36845288
https://doi.org/10.1055/s-0042-1742741
https://www.ncbi.nlm.nih.gov/pubmed/35636449
https://doi.org/10.1038/s41598-022-08948-w
https://www.ncbi.nlm.nih.gov/pubmed/35318416
https://doi.org/10.1016/j.jor.2021.07.007
https://doi.org/10.1016/j.arth.2020.10.003
https://doi.org/10.1186/s13018-023-04210-9
https://doi.org/10.55095/achot2022/046
https://doi.org/10.1016/j.arth.2022.08.026

	Introduction 
	Materials and Methods 
	Results 
	Dosage and Route of Administration 
	Surgical Site Infections 
	Periprosthetic Joint Infections 
	Risk of Bias and Quality Assessment 

	Discussion 
	Conclusions 
	References

