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Abstract

Objectives Perioperative bleeding poses a significant issue during thoracic surgery. Tranexamic acid (TXA)
is one of the most commonly used antifibrinolytic agents for surgical patients. The purpose of the current study
was designed to investigate the efficacy and safety of TXA in patients undergoing thoracic surgery.

Methods An extensive search of PubMed, Web of Science (WOS), Cochrane Library (trials), Embase, OVID, China
National Knowledge Infrastructure (CNKI), Wanfang, and VIP electronic databases was performed to identify studies
published between the inception of these databases and March 2023. The primary outcomes included periopera-
tive blood loss and blood transfusions. Secondary outcomes of interest included the length of stay (LOS) in hospital
and the incidence of thromboembolic events. Weighted mean differences (WMDs) or odds ratios (OR) with 95% confi-
dence intervals (Cl) were used to determine treatment effects for continuous and dichotomous variables, respectively.

Results Five qualified studies including 307 thoracic surgical patients were included in the current study. Among
them, 65 patients were randomly allocated to the group receiving TXA administration (the TXA group); the other 142
patients were assigned to the group not receiving TXA administration (the control group). TXA significantly reduced
the quantity of hemorrhage in the postoperative period (postoperative 12h: WMD = -81.90 ml; 95% Cl:-139.55

to -24.26; P = 0.005; postoperative 24h: WMD = -97.44 ml; 95% Cl: -121.44 to -73.44; P< 0.00001); The intraoperative
blood transfusion volume (WMD = -0.54 units; 95% Cl: -1.06 to -0.03; P = 0.04); LOS in hospital (WMD = -0.6 days; 95%
Cl:-1.04 t0 -0.16; P = 0.008); And there was no postoperative thromboembolic event reported in the included studies.
Conclusions The present study demonstrated that TXA significantly decreased blood loss within 12 and 24 hours
postoperatively. A qualitative review did not identify elevated risks of safety outcomes such as thromboembolic
events. It also suggested that TXA administration was associated with shorter LOS in hospital as compared to control.
To validate this further, additional well-planned and adequately powered randomized studies are necessary.

Keywords Tranexamic acid, Thoracic surgery, Bleeding, Transfusion

*Correspondence:

Yun-tai Yao

yuntaiyao@126.com

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13019-024-02716-9&domain=pdf

Gao et al. Journal of Cardiothoracic Surgery (2024) 19:195

Introduction
Massive bleeding remains a serious and common com-
plication in patients undergoing thoracic surgery. Perio-
perative bleeding increases not only the risk of allogenic
blood transfusion but also the mortality and morbidity
incidences. It has been reported that the overall mor-
tality rate in thoracic surgical patients was 17.3%, while
bleeding-related mortality reached up to 15.7% [1]. Addi-
tionally, perioperative bleeding and blood transfusions
increase resource utilization and medical costs [2, 3].

Surgical injury caused the release of plasminogen acti-
vator from the cytoplasmic membrane, which resulted
in an increase in the local fibrinolytic processes and thus
excessive bleeding [4]. Antifibrinolytic agents are com-
monly used during surgery to minimize bleeding and
reduce exposure to blood products. Tranexamic acid
(TXA) has become the most commonly used antifibrino-
lytic agent in clinical settings. TXA inhibits fibrinolytic
activity by interacting with the lysine-binding site of plas-
minogen and preventing its conversion to plasmin [5].
TXA was first approved to treat menorrhagia and oral
bleeding in hemophilia patients [6]. In addition, TXA has
been widely administered by patients with bleeding dis-
orders, traumatic injuries, and undergoing various types
of surgery, such as cardiovascular surgery, hepatic sur-
gery, orthopedic surgery, and obstetrics surgery [7-10].
However, accumulated evidence has suggested that TXA
administration might be associated with an increased
risk of thromboembolic complications [11].

The current systemic review and meta-analysis was
conducted to systematically evaluate the efficacy and
safety of TXA in patients undergoing thoracic surgery.

Methods

Search strategy

We conducted a systemic review according to the Pre-
ferred Reporting Items for Systemic Reviews and
Meta-Analysis Quality of Reporting of Meta-Analysis
(PRISMA) Guidelines [12]. The protocol of the present
meta-analysis had been submitted to the International
Prospective Systematic Reviews Registry (PROSPERO:
CRD42022383262). A comprehensive and systematic
search of PUBMED, Web of Science(WOS), Cochrane
Library (trials), EMBASE, OVID, China National Knowl-
edge Infrastructure (CNKI), Wanfang Data, and VIP
Data from database inception to March 2023, relevant
MeSH terms and keywords pertaining to tranexamic acid
and thoracic surgery were combined as shown below:
((“tranexamic acid”) OR (TXA)) AND ("Thoracotomy"
OR “Thoracoscope” OR “Pleuroscope” OR “VATS” OR
“Video-Assisted Thoracic Surgery” OR “Esophagectomy”
OR “Segmentectomy” OR “Lobectomy” OR “Thymec-
tomy” OR “Lung” OR “Pulmonary”) AND (“randomized
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controlled trial” OR “controlled clinical trial” OR rand-
omized OR randomised OR placebo OR randomly OR
trial). There was no language limitation. The search strat-
egies for all databases were described in the Supporting
Information (Appendix).

Inclusion and exclusion criteria

We included all randomized controlled trials (RCTs) in
which thoracic surgery patients were randomly allocated
to receive either TXA or a placebo. Among the outcomes
of interest were the following: perioperative bleeding vol-
ume, intraoperative blood transfusions, the length of stay
(LOS) in hospital, and the incidence of thromboembolic
events. Studies released as review articles, meta-analyses,
case reports, or abstracts, animal or cell studies, cardiac
surgery studies, duplicate publications, or studies miss-
ing details about outcomes of interest were all excluded
from consideration. Two authors (GB and LY) separately
assessed the suitability of the titles as well as the abstracts
of all identified papers, excluding those that were clearly
ineligible. By reading the complete text, it was possible to
ascertain whether the remaining works qualified for the
final addition.

Study quality assessment

The Cochrane Handbook for Systematic Reviews of
Interventions and modified Jadad score were used inde-
pendently by two authors (GB and LY) to evaluate the
risk of bias and methodologic quality of each included
trial [13, 14].

Data abstraction

Two authors (GB and LY) extracted information from
the included papers separately and created a data gath-
ering form: (1) author, publication year, and country
of included studies; (2) total number of patients, num-
ber of patients in TXA and control groups; (3) surgical
procedure; (4) both groups contain results of interest.
Disagreements during the data abstraction process were
settled through conversation among all authors, who
eventually reached a consensus.

Statistical analysis

RevMan 5.4 (Cochrane Collaboration, Oxford, UK) was
used to evaluate the pooled statistics. Dichotomous data
effects were summarized as odds ratios (OR) with cor-
responding 95% confidence intervals (CI). While the
results for continuous data were shown as the weighted
mean difference (WMD) and 95% CI. Each outcome
was examined for heterogeneity, and randomized-
effects or fixed-effects model was used in the presence
or absence of significant heterogeneity (Q-statistical test
P <0.05). Sensitivity analyses were done by examining
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Fig 1 PRISMA flow diagram

the influence of statistical model on estimated treat-
ment effects, and analyses that adopted the fixed-effects
model were repeated again using the randomized-effects
model and vice versa. Publication bias was not assessable
in the current study, as tests for funnel plot asymmetry
was usually only performed when at least 10 studies were
included in the meta-analysis. There were only 5 articles
in the current study; therefore, tests for asymmetry was
not performed. All P values were two-sided, and statisti-
cal significance was defined as P <0.05.

Results

Search results

Consistent with the flowchart (Fig. 1), the literature
search found 1296 papers that were required to be
reviewed. Finally, this meta-analysis included 307 indi-
viduals from the 5 trials [15—19] that satisfied the inclu-
sion criteria and were examined. Descriptive analyses of
these articles were presented in Table 1. Of the five litera-
tures, three were written in English (1 from Italy, 1 from
Egypt, and 1 from Israel) [15-17], and the other two were
in Chinese [18, 19].

Included trials characteristics

According to the results shown in Table 1, among the five
trials, one included patients receiving pulmonary resec-
tion [15], one included patients undergoing lung decor-
tication surgery [16], one included patients undergoing
bronchoscopy and transbronchial lung biopsies (TBLB)
[17], one included only patients undergoing lobectomy
[18], and one included patients undergoing lobectomy
and esophagectomy [19]. The 5 eligible trials involved
307 patients, of whom 165 were allocated to the TXA
group and 142 to the control group (placebo). In sepa-
rate studies, TXA was delivered at varying dosages. The
research conducted by Wang et al. examined two dosages
of TXA administration [18]; hence, it was divided into
two distinct groups.

Risk of bias in included studies

The quality analysis of the included RCTs was illustrated
in Fig. 2. There was some concern about selection bias
due to the fact that some trials did not clearly describe
the details of the random generation process and alloca-
tion concealment. In addition, a graphical overview of
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Table 1 Characteristic of included studies
Study Year Country Design Surgery Study size Groups Outcomes
performed
TXA Control
DellAmore 2012 Italy RCT pulmonary 87 5gTXA; Tho-  Saline OODBD
Aetal resection racic topical N=43
administration
N=44
Sabry MM etal 2018 Egypt RCT decortica- 70 3gTXA;Tho-  Saline OORAGD
tion surgery racic topical N=35
for chronic tho- administration
racic empyema, N=35
encysted effu-
sion, or clotted
hemothorax
Kuint R et al 2020 Israel RCT bronchoscopy 50 0.5gTXA, Saline ®D
and TBLB instilled N=24,
in the target
lobar bron-
chus
N=26
Wang LTetal 2021 China RCT lobectomy 60 2gTXA; Tho-  Saline OB
racic topical N=20
administration
N=20
3gTXA; Tho-
racic topical
administration
N=20
HuYetal 2006 China RCT lobectomy 40 10mg/ kg Saline @®
and esophagec- as a bolus; N=20
tomy Tmg-kg
"h™con-
tinuous infu-
sion during
the surgery
N=20

RCT randomized controlled trial, TXA tranexamic acid, TBLB transbronchial lung biopsies

(D= The blood loss on post-operative 12h
@=The blood loss on post-operative 24h
@=Blood transfusion

®= Post-operative thromboembolic events
(®= Hospital stay

®= Operative blood loss

(D= Thromboembolic events

the evaluations made on each item of methodological
quality for each of the included trials was shown in Fig. 3.
As indicated in Table 2, three of the five included trials
had Jadad scores greater than 3 and were deemed high-
quality RCTs [15-17].

Perioperative bleeding volume

We investigated the effect of TXA on intraoperative
and postoperative hemorrhage. As shown in Table 1,
2 trials (2 comparisons, 90 patients) reported intraop-
erative blood loss in patients undergoing bronchos-
copy [17, 19], TBLB, lobectomy, and esophagectomy
surgery, respectively. Meta-analysis demonstrated that

the amount of intraoperative blood loss did not differ
between TXA and control groups [(WMD = -111.62
ml; 95% CI -341.00 to -117.75; P = 0.34) with heteroge-
neity (I> = 98%, P <0.00001)]. As shown in Fig. 4.

Three trials (4 comparisons, 217 patients) reported
postoperative 12-hour bleeding volumes in patients
undergoing pulmonary resection, lobectomy, and
decortication surgery [15, 16, 18], respectively. Accord-
ing to the meta-analysis, TXA dramatically reduced
the amount of postoperative hemorrhage for 12 hours
[(WMD = -81.90 ml; 95% CI: -139.55 to -24.26; P =
0.005) with heterogeneity (I*> = 87%, P < 0.0001)]. As
shown in Fig. 5.
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Fig 2 Risk of bias of studies

Fig 3 Risk of bias graph
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Table 2 Quality assessment of included studies
Study Sample size Jadad score
Randomization Blindness Withdrawals Total
Dell’Amore 2012 87 2 2 1 5
Sabry 2018 70 2 2 0 4
Kuint 2020 50 2 2 1 5
Wang 2021 60 1 1 2
Hu 2006 40 1 1 2
TXA Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Hu Yi2006 178.4 51.13 20 409.7 149.23 20 48.9% -231.30[-300.43,-162.17] -0
Rottem Kuint2020 77.65 12.75 26 74.83 17.04 24  51.1% 2.82 [-5.58, 11.22]
Total (95% CI) 46 44 100.0% -111.62 [-341.00,117.75]
T 2 _ . Chi2 — - 12 = [ + T t J
?eterfogeneltyi[T?: = ;6—7(7)49!8;2,"C_hlo ;443.41, df = 1 (P < 0.00001); I> = 98% 1000 500 0 560 1000
est for overall effect: Z = 0.95 (P = 0.34) Favours [experimental] Favours [control]
Fig 4 Intraoperative bleeding volume
TXA Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, d 95% CI 1V, Rand 95% CI
Andrea Dell’Amore 2012 298.2 73 44 458.1 89 43 26.9% -159.90 [-194.15, -125.65] —
Mohab M Sabry 2018 179.5 65.01 35 258.5 62.01 35  27.5% -79.00 [-108.76, -49.24] —=
Wang2021(1) 274.25 63.21 20 309.25 117.32 20 22.7% -35.00 [-93.40, 23.40] —T
Wang2021(2) 268.75 58.8 20 309.25 117.32 20 22.9% -40.50 [-98.01, 17.01] —
Total (95% CI) 119 118 100.0% -81.90 [-139.55, -24.26] ~—
Heterogeneity: Tau? = 2915.71; Chi? = 22.39, df = 3 (P < 0.0001); I*> = 87% t t + 1
. -200 -100 0 100 200
Test for overall effect: Z = 2.78 (P = 0.005) Favours [experimental] Favours [control]
Fig 5 Postoperative 12h bleeding volume
TXA Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Andrea Del’Amore 2012  589.5 109.6 44 633.72 184.4 43 14.1% -44.22 [-108.15, 19.71] —
Mohab M Sabry 2018 267.5 86.93 35 385 87.21 35 34.6% -117.50[-158.29, -76.71] —a
Wang2021(1) 449.5 98.76 20 479.5 142.03 20 10.0% -30.00 [-105.82, 45.82] I
Wang2021(2) 384.5 81.75 20 479.5 142.03 20 11.2% -95.00[-166.82, -23.18] e —
Hu Yi2006 158.1 61.03 20 280.75 78.99 20 30.1% -122.65[-166.40, -78.90] —
Total (95% Cl) 139 138 100.0% -97.44 [-121.44, -73.44] <>
ity Chi2 — _ _ 2o v + t +
Heterogeneity: Chi®* = 7.91, df = 4 (P = 0.09); I* = 49% 200 100 ) 100 260

Test for overall effect: Z = 7.96 (P < 0.00001)

Fig 6 Postoperative 24h bleeding volume

Four trials (5 comparisons, 257 patients) reported
postoperative 24-hour bleeding volumes in patients
undergoing  pulmonary  resection, lobectomy,
esophagectomy, and decortication surgery, respectively
[15, 16, 18, 19]. According to the meta-analysis, TXA
dramatically dropped the amount of postoperative
hemorrhage for 24 hours [(WMD = -97.44 ml; 95% CI:
-121.44 to -73.44; P < 0.00001) with heterogeneity (I* =
49%, P = 0.09)]. As shown in Fig. 6.

Favours [experimental] Favours [control]

Intraoperative blood transfusion

As illustrated in Table 1, in 2 trials (2 comparisons,
157 patients), the intraoperative blood transfusion
volume was reported in patients undergoing pulmo-
nary resection and decortication surgery, respectively
[15, 16]. Meta-analysis revealed that TXA substantially
decreased the volume of intraoperative blood transfu-
sion [(WMD = -0.54 units; 95% CI: -1.06 to -0.03; P
= 0.04) with heterogeneity (I*> = 75%, P = 0.05)]. As
shown in Fig. 7.
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LOS in hospital

Three studies reported the LOS in hospital [15, 16,
18]. Meta-analysis demonstrated that the TXA group
significantly reduced the LOS in hospital compared to
the control group [(WMD = -0.6 days; 95% CI: -1.04
to -0.16; P = 0.008) with heterogeneity (> = 0%, P =
0.47)]. As shown in Fig. 8.

The incidence of thromboembolic events

The outcomes of thromboembolic events were reported
in four studies [15-18], and none of them occurred
postoperatively.

Discussion

To our knowledge, this is the first study dedicated to sys-
tematically evaluate the efficacy and safety of TXA in
patients undergoing thoracic surgery.

It is well known that the lungs contribute to plate-
let biogenesis [20]. As a result of the platelet shortage
brought on by lung resection, blood clotting becomes
defective, which is the most frequent reason for hem-
orrhage after cardiothoracic surgical procedures [21].
TXA, a lysine analogue, became the most frequently pre-
scribed antifibrinolytic drug following the withdrawal of
aprotinin from the market [22]. It binds to plasminogen
and blocks the release of active plasminogen mediated
by tissue-type plasminogen activator (t-PA). By blocking
the binding of fibrinogen to fibrin at the lysine binding
site, fibrin polymers have greater resistance to fibrinolysis
[23]. TXA is administered in a variety of ways, including
oral, topical, and intravenous [24]. Through the afore-
mentioned methods of administration, TXA has been
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shown to be effective in reducing bleeding and the need
for blood transfusions in patients undergoing surgical
procedures [25-27].

This is a comprehensive evaluation of five studies of
TXA topical administration. Katharine Ker et al. sug-
gested that topical application of TXA could reduce sur-
gical blood loss by about one-third in a series of surgical
procedures [28]. However, the effects may vary with dif-
ferent types of surgery. We can conclude from these stud-
ies that TXA does not significantly reduce intraoperative
blood loss, but it does significantly reduce postoperative
(postoperative 12h and postoperative 24h) bleeding as
measured by total thoracic drainage. However, there is a
practical situation that needs to be considered. The blood
loss during thoracoscopic major pulmonary resections
ranges from 10 to 400 mL [29], while the blood loss dur-
ing thoracotomy is even greater. Whether the difference
in blood loss between the two groups has clinical signifi-
cance is still debatable and needs to be verified by more
clinical trials.

At 12 hours after surgery, Dell’ Amore et al. and Sabry
et al. reported that the blood loss was significantly
decreased through thoracic drainage in the TXA group
[15, 16], while Wang et al’s results were less significant
[18]. It could be argued that the high heterogeneity cal-
culated for hemoglobin drop (I*> = 87%) could be related
to unreliable results. The direction and magnitude of
the effects, the P value (P < 0.00001), and the 95% CI
dictate that the presented results are reliable. Conse-
quently, this meta-analysis showed that the postoperative
blood loss in patients undergoing thoracic surgery with
the administration of TXA was significantly lower than
in the patients who did not receive the drug. TXA had

TXA Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Andrea Dell’Amore 2012 1.13 0.39 44 1.45 0.65 43 57.8% -0.32[-0.55,-0.09] —i—
Mohab M Sabry 2018 0.69 0.9 35 1.54 1.09 35 42.2% -0.85[-1.32,-0.38] — @ —
Total (95% CI) 79 78 100.0% -0.54 [-1.06, -0.03] e
Heterogeneity: Tau? = 0.11; Chi? = 3.99, df = 1 (P = 0.05); I = 75% —=1 _0¢ 5 ) OQS i
Test for overall effect: Z = 2.08 (P = 0.04) Favours [experimental] Favours [control]
Fig 7 Intraoperative blood transfusion
TXA Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Andrea Dell’Amore 2012 8.5 2.6 44 8.7 27 43  15.6% -0.20[-1.31,0.91] ——
Mohab M Sabry 2018 6.11 1.51 35 6.4 1.59 35 36.7% -0.29[-1.02, 0.44] —
Wang2021(1) 5.23 1.42 20 6.1 1.56 20 22.7% -0.87[-1.79, 0.05] e —
Wang2021(2) 5.05 1.27 20 6.1 1.56 20 24.9% -1.05[-1.93,-0.17] e —
Total (95% CI) 119 118 100.0% -0.60 [-1.04, -0.16] L =
Heterogeneity: Chi? = 2.52, df = 3 (P = 0.47); I> = 0% _=2 _:1 3 1 2

Test for overall effect: Z = 2.66 (P = 0.008)

Fig 8 Length of stay in hospital

Favours [experimental] Favours [control]
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a statistically significant lesser amount of postoperative
blood loss up to 24 hours. These results were consistent
with Mieke et al. [30], whose meta-analysis indicated the
perioperative estimated blood loss was lower in patients
receiving a single dose of intravenous TXA.

Tranexamic acid application is gaining widespread
acceptance in the field of cardiac surgery. Habbab et al.
suggested that intrapericardial use of TXA decreased
postoperative bleeding without raising the danger of
postoperative complications [31]. Additionally, thoracic
operations should receive similar consideration. TXA
is rarely administered intravenously in thoracic surgery
and is predominantly administered locally, which may be
related to the pleura, a natural barrier that minimizes the
absorption of TXA into systemic circulation and avoids
harmful side effects. TXA is an inexpensive and effective
way to reduce the incidence of postoperative bleeding
compared to the frequently used, expensive local throm-
bosis inhibitors.

Additional factors associated with the treatment of the
patients, such as the LOS in hospital was also evaluated
in this meta-analysis. According to Henry A. Pitt et al.
[32], reducing LOS in hospital is an effective cost-cutting
strategy that may improve patient satisfaction. Although
an assessment of cost-effectiveness was outside the scope
of this study and TXA shortened the LOS, it could ulti-
mately reduce overall healthcare costs in combination
with the reduction in blood transfusion volume.

Although many studies had shown that intravenous
administration of TXA reduced postoperative bleed-
ing, Gomez-Barrena et al. reported that topical admin-
istration of TXA showed non-inferiority and no safety
concerns compared to intravenous administration [33].
The major conclusions of this meta-analysis are consist-
ent with those of previous research and comprehensive
reviews. The TXA group experienced less blood transfer,
less blood loss, and a shorter LOS in hospital than the
control group.

This meta-analysis had certain limitations. Firstly, the
amount of TXA used in various studies varies (Table 1).
The most appropriate dosage for intravenous or topical
delivery was not presently agreed upon. Therefore, more
research was required to determine the ideal TXA dos-
age. Secondly, given few studies by intravenous admin-
istration, we were unable to perform subgroup analyses
that may explain differences in responses to TXA. Larger
trials are needed to validate these findings. Thirdly, there
was no standard technique for evaluating postoperative
bleeding, which was measured by chest drainage, and
the computation of chest drainage differed between
studies. For example, Sabry et al. calculated the amount
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of bleeding by visually differentiating between serosan-
guinous pleural fluid drainage and blood [16], whereas
Dell Amore et al. did not describe in detail the calcula-
tion of chest tube drainage to estimate the amount of
blood loss [15]. Lastly, despite the fact that our litera-
ture search was comprehensive, including eight data-
bases, there were only five trials ultimately included for
analysis. As a result, this research may be affected by the
"small study effect,” whereby small trials have a tendency
to exaggerate therapy effects because of methodological
differences. Larger, well-designed clinical trials are still
required to evaluate the use of TXA in patients undergo-
ing thoracic surgery.

Conclusions

The present study demonstrated that TXA significantly
decreased blood loss within 12 and 24 hours postopera-
tively. A qualitative review did not identify elevated risks
of safety outcomes such as thromboembolic events. It
also suggested that TXA administration was associated
with shorter LOS in hospital as compared to control. To
validate this further, additional well-planned and ade-
quately powered randomized studies are necessary.
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