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Inconclusive evidence for the efficacy of
tranexamic acid in reducing transfusions,
postoperative infection or hematoma
formation after primary shoulder
arthroplasty: A meta-analysis with trial
sequential analysis

Jorge Rojas1,2 , Uma Srikumaran1 and Edward G McFarland1

Abstract
Background: Tranexamic acid efficacy on clinically relevant adverse outcomes in patients undergoing shoulder arthro-

plasty has been contradictory. The aim of this review was to analyze whether tranexamic acid administration could

decrease transfusions, infection and hematoma formation in patients undergoing shoulder arthroplasty.

Methods: PubMed, EMBASE, and the Cochrane Library were searched up to May 2019 for randomized controlled trials

comparing tranexamic acid to placebo in shoulder arthroplasty. Random-effect models were performed to meta-analyze

the evidence. Trial sequential analysis was used to calculate and to establish the conclusiveness of the evidence derived

from the meta-analysis.

Results: Four randomized controlled trials comprising 375 patients were included. Meta-analysis showed no effect of

tranexamic acid on transfusion rate (RR¼ 0.48 (adjusted 95% CI 0.05 to 3.85)). The possible effect of tranexamic acid on

hematoma formation or infection rates after shoulder arthroplasty is non-estimable with the current evidence.

The sample size necessary to reliably determine if tranexamic acid decreases transfusions, infection rates and hematoma

formation is not available from the current literature as determined by the trial sequential analysis.

Discussion: While tranexamic acid has proven its efficacy in decreasing blood loss in shoulder arthroplasty, this

meta-analysis of randomized controlled trials clarifies that there is currently no conclusive evidence for a positive

effect of tranexamic acid upon transfusion rate, infection rates or hematoma formation in patients undergoing primary

shoulder arthroplasty.
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Introduction

Patients undergoing shoulder arthroplasty (SA) may
experience variable degrees of perioperative blood loss,
which in the most severe cases, may result in hematoma
formation,1 acute symptomatic anemia, and the need for
allogenic blood transfusions.2–4 Although hematoma
requiring intervention is a very rare event after SA with
a reported rate of 0.3%,1 the need for blood transfusion is
more common with an incidence of 4.3% to 11.3%.3–8

Besides the costs, allogeneic blood transfusion can be
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associated with rare but serious complications including
allergic and immune-mediated reactions, hemodynamic
overload, and risk of blood borne infections.9

Therefore, strategies to decrease the need for allogenic
blood transfusion and prevent infection or hematoma
formation after SA are warranted.

Tranexamic acid (TXA) is a synthetic analog of the
amino acid lysine that serves as an antifibrinolytic agent
by reversibly binding to lysine receptor sites on plas-
minogen reducing the conversion of plasminogen to
plasmin and thus preventing fibrin degradation.10

TXA has been used in the prevention and treatment
of excessive bleeding in several clinical settings.10

Previous studies and meta-analyses of the use of TXA
in total hip arthroplasty (THA) and total knee arthro-
plasty (TKA) have shown that TXA is a safe and
cost-effective perioperative method of reducing blood
loss and transfusion requirements during or after the
procedure.11,12 The current evidence from several meta-
analyses of the efficacy of TXA in SA13–18 demonstrate
that TXA is effective in decreasing blood loss as mea-
sured by drain output, change in hemoglobin (Hb) or
total calculated blood loss. However, the results of the
efficacy of TXA on clinically relevant adverse outcomes
such as transfusions or postoperative infection in SA
have been contradictory.

When evaluating the cost-effectiveness of TXA
and when generating recommendations regarding
the routine administration of TXA in SA the most
critical endpoints are whether its use reduces clinically
relevant events such as transfusions, delayed recovery,
hematoma formation or subsequent infection rate.
Therefore, the aim of this study was to synthesize and
clarify the conclusiveness of the evidence regarding the
efficacy of TXA on blood transfusion, postoperative
infection and hematoma formation in patients undergo-
ing SA. These findings may aid to guide future research
and may be helpful when generating recommendations
upon the adoption of the perioperative use of TXA
in SA.

Methods

The methodology described in in the Cochrane
Handbook for Systematic Reviews of Interventions19

was followed to conduct this review and is reported in
accordance to the PRISMA statement.20

Eligibility criteria

Randomized controlled trials (RCTs) with no restric-
tions on language, or publication status comparing
the efficacy of TXA irrespective of the dose or route
of administration with placebo or no intervention,
in patients who underwent primary or revision total

SA (anatomic or reverse) irrespective of the patient’s
age or indication for SA.

Outcome measures

Primary outcome was blood transfusion. Secondary
outcomes were postoperative infection, hematoma for-
mation, and hematoma formation requiring surgical
intervention.

Information sources and search strategy

Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE, and EMBASE were
searched up to May 2019 through the strategy
described in Supplementary File 1. To identify ongoing
clinical trials and unpublished trials the U.S. National
Institutes of Health trials registry and the World Health
Organization International Clinical Trials Registry
Platform were searched. A manual search of references
of all included trials, pertinent reviews, and previous
meta-analyses was performed for additional references.

Data collection and analysis

Selection of the studies. Two independent review authors
screened all abstracts identified by the search strategy
and excluded those clearly irrelevant. Then the full texts
of all potentially relevant trials were formally assessed
for eligibility against the criteria outlined above. All
disagreements were resolved by discussion with a
third review author.

Data extraction. Using prepared data-extraction spread-
sheet forms, two of the review authors extracted data in
duplicate according to Cochrane guidelines.19 Review
authors resolved disagreements by consensus.

Risk of bias assessment. The methodological quality of
the included trials was assessed independently by any
two of the review authors using the Cochrane Risk of
bias tool and the results were reported in a ‘‘Risk of
bias’’ table.21

Grading quality of evidence. The GRADE approach was
used to rate the quality of evidence of each outcome as
‘‘high’’, ‘moderate’, ‘low’, or ‘very-low’.

Data analysis and synthesis. Meta-analysis was performed
using the DerSimonian-Laird random-effect model to
calculate the relative risks (RRs) and corresponding
95% CI. Random model was selected a priori due to
the clinical heterogeneity across the included RCTs.
Heterogeneity among trials was quantified with
inconsistency factor (I2).22 A constant continuity
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correction of 0.523 was applied in both-armed zero-
events trials (i.e. trials with no events in either the
TXA arm or the control arm) to include them in the
analysis. Meta-analysis was performed using Stata 14
(StataCorp. 2015. Stata Statistical Software: Release
14. College Station, TX: StataCorp LP).

Trial sequential analysis. Meta-analyses are prone to
random errors resulting in statistically significant treat-
ment effects that do not truly exist (type I error) or
overlooking clinically important treatment effects that
do (type II error). Trial sequential analysis is a cumu-
lative random-effect meta-analysis methodology24,25

to control for the risk of random errors in meta-
analyses.26 This methodology enables the estimation
of the required meta-analysis sample size–optimal
information size (OIS) to obtain sufficient statistical
power and adjusts the thresholds for statistical signifi-
cance when the OIS has not been reached.25 Trial
sequential analysis was performed in the present
meta-analysis by using the Trial Sequential Analysis
software 0.9 (Copenhagen Trials Unit, Denmark).
Assumptions made to estimate the OIS for each out-
come are described in Table 1.

Results

Search results

Figure 1 shows the study flow diagram. From the 27
studies reviewed after duplicate removal, we considered
six studies eligible. Two ongoing trials (NCT01937559,

KCT0002073) were identified and were not included
because partial results were not available at the moment
of development of this review. Four published RCTs’
patients underwent full-text review and were
included.27–30

Included studies

Overall the included trials recruited 375 patients: 188
randomized to TXA and 187 to placebo. Only primary
total SA cases were included (118 anatomic and 257
reverse). Of note, while these trials had blood loss as
the primary outcome, none included as a primary out-
come blood transfusion, hematoma formation or post-
operative infection. The characteristics of the included
studies are summarized in Table 2 and the description
of the protocols of transfusion utilized by each trial is
presented in Table 3.

Study quality

Overall the included studies had a low risk of bias.
Risk-of-bias assessments are presented in Figure 2.
Detailed authors’ judgements for the risk of bias are
presented in the ‘‘Risk of bias’’ tables available in
Supplementary File 2.

Primary outcome

Blood transfusion. Data on transfusion were provided in
the four trials (375 patients). Conventional meta-analysis

Table 1. Assumptions for optimal information size estimations.a

Outcome

Assumptions

Minimally

important effect

Control

event proportion

Measure of

heterogeneity

Amount of

heterogeneity Power

Transfusion rates 60% RRRb 3.57%c D2 20% 80%

Infection rates 25% RRRd 4%e D2 20% 80%

Hematoma formation 25% RRRd 30%f D2 20% 80%

Hematoma formation

requiring surgery

25% RRRd 0.30%g D2 20% 80%

aAll the estimations were derived to yield ‘‘moderate’’ meta-analytic evidence ensuring a maximum type I error (�) of 5%, and a

maximum type II error of 20% (i.e. 80% power) and assuming that 20% of the total variation in the meta-analysis would be

explained by variation across trials (heterogeneity measured with D2).
b60% relative risk reduction (RRR) was selected based on previous literature that suggest this number as the threshold where

routinely TXA use turns into a cost-effective intervention.37

cMean value of control arms of the included RCTs.
d25% RRR selected a priori. This is a reasonable expectation of acute treatments if they are to translate into patient-important

benefits.
eSelected a priori based on the literature.
fMean value of the control arms of the included RCTs and values reported in the literature.
gSelected a priori based on the literature.1
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showed no significant difference in the total number of
participants transfused with blood between those trea-
ted with TXA and those given placebo (RR 0.48; 95%
CI 0.15 to 1.62, p¼ 0.239, I2¼ 0%; Figure 3). Trial
sequential analysis estimated that 1646 patients would
be required to reliably assess the evidence of the effect
of TXA on transfusions in SA. The current evidence
has accrued 23% (375/1646) of that OIS. Adjusted 95%
CI of the trial sequential analysis was 0.05 to 3.85,
which is wider than that of conventional meta-analysis
to account for the sparse available sample size. The
estimate of the effect of TXA on transfusions did not
cross either of the trial sequential analysis monitoring

boundaries (Figure 4). These findings suggest that the
current evidence for the efficacy of TXA on transfu-
sions in SA is neither reliable nor definitive, leaving
the meta-analysis inconclusive. Trial sequential analysis
estimated that a new RCT would have to include
approximately 700 patients (350 randomized to TXA,
and 350 randomized to placebo) for the meta-analysis
to cross the efficacy monitoring boundary for moderate
evidence (Figure 5). The quality of the evidence for this
outcome in accordance with the GRADE approach
was judged to be low owing to the small number of
participants and the inconclusive results found with
the trial sequential analysis.

Figure 1. Study selection flow diagram.
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Secondary outcomes

Postoperative infection. Two of the included trials27,30

(210 patients) reported data on this outcome. No infec-
tion events occurred in any of the trials and therefore
the effect of TXA on postoperative infection was non-
estimable. Trial sequential analysis estimated that 2856
patients would be required to reliably assess the effect
of TXA on postoperative infection. The accrued sample
size in the literature for SA so far is only 7% (210/2856)
of that estimation.

Hematoma formation. Only one trial28 (54 patients)
reported data on this outcome and therefore meta-
analysis was not conducted. Trial sequential analysis
estimated that the required sample size for reliable evi-
dence of the effect of TXA on hematoma formation
after SA was 893 patients, of which 6% (54/893) has
been accrued so far.

Hematoma requiring surgical intervention. No data was
found for this outcome in any of the trials. Trial
sequential analysis estimated that 39,156 patients
would be required to reliably assess the effect of TXA
on this outcome.

Discussion

In the present meta-analysis, we did not find a differ-
ence in transfusion rates between patients undergoing
primary SA receiving TXA versus placebo. However,
trial sequential analysis highlighted that the required
sample size (1646 patients) to reliably assess the effect
of TXA on transfusions in SA had not been reached,
indicating that the present meta-analysis is underpow-
ered to be conclusive. Using trial sequential analysis, it
was estimated that approximately 700 patients would
need to be randomized in future trials to have a con-
clusive result of the efficacy of TXA on transfusions in
primary SA. For the secondary outcomes of hematoma
formation or postoperative infection the current data in
the literature was also insufficient to conduct a meta-
analysis of the effects of TXA upon these variables.

The small sample size and low number of events in
the outcomes of interest of the present meta-analysis
can be explained by several factors. First, none of the
included RCTs considered clinically relevant events
such as transfusion, postoperative infection or hema-
toma formation as primary outcomes and thus their
sample sizes were not calculated to detect differences
in those events. Second, in all included RCTs restrictive

Figure 2. Risk of bias summary: review authors’ judgements

about each ‘‘Risk of bias’’ item for each included trial. ‘‘þ’’ rep-

resents low risk of bias; ‘‘?’’ represents unclear risk of bias; ‘‘�’’

represents high risk of bias.

Table 3. Protocol of transfusion of the included trials.

Study Transfusion trigger

Gillespie et al.29 Hb level< 7.0 g/dL or

Hb level> 7.1 g/dL and< 9.0 g/dL

with accompanying signs and symp-

toms of acute blood loss anemia, as

demonstrated by tachycardia

(heart rate> 100 beats/min),

hypotension (systolic blood

pressure< 100 mm Hg), or subjective

complaints of light-headedness or

dizziness that did not resolve after

administration of intravenous fluids.

Pauzenberger

et al.28
Hb level< 8.0 g/dL or

Hb level> 8.0 g/dL and< 10.0 g/dL with

on-going blood loss

or symptoms related to anemia.

Vara et al.30 Hb level< 7.0 g/dL or

Hb level> 7.1 g/dL and< 9.0 g/dL with

symptoms of anemia, other than low

Hb, including fatigue, palpitation,

pallor, tachycardia, or tachypnea.

Cvetanovich

et al.27
Hb level< 7.0 g/dL or

higher Hb values only for specific medical

indications specified by the consulting

hospitalist attending
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transfusion thresholds were utilized and patients at
higher risk of transfusion (e.g. revision SA, low pre-
operative hemoglobin/hematocrit, ischemic heart dis-
ease) were excluded. As a result, the number of events
of transfusion was very low with a transfusion rate in the

control group of the RCTs (0% to 3.7%) much lower
than that reported in the literature for the general popu-
lation of patients undergoing SA (4.3% to 11.3%).2–8,31

All the RCTs included in this meta-analysis used
blood loss as the primary endpoint. While some authors

Figure 4. Trial sequential analysis for moderate evidence (�¼ 5%, �¼ 20%) of the effect of TXA on blood transfusions. Z-curve

(black solid line) represents the cumulative effect of the included studies. Z-scoreþ 1.96 (red solid line) represents the ‘‘conventional’’

efficacy boundary (i.e. p< 0.05) and it was not crossed by the Z-curve. The monitoring boundaries (green dotted lines) were based on

the estimated required sample size of 1646 patients. The cumulative Z-curve does not cross either of the two monitoring boundaries

(i.e. efficacy and futility boundaries), and thus, there is no statistical evidence to support or reject a treatment effect of TXA on

transfusions and more evidence is needed.

Figure 3. Forest plot from conventional random effects meta-analysis. Relative risk< 1 favors the conclusion that TXA reduces risk

of transfusion compared with placebo; relative risk> 1 favors the conclusion that TXA increases risk of transfusion compared with

placebo. M-H: Mantel-Haenszel; CI: confidence interval; df: degrees of freedom.

44 S Shoulder & Elbow 13(1)



argue that blood loss may be considered as the most
valid and clinically significant outcome for assessment
of the efficacy of antifibrinolytic therapy,32 there are
recognized limitations of the use of blood loss as the
only primary clinical endpoint. Firstly, perioperative
bleeding is a natural continuous variable and although
there is general agreement that less bleeding is better,
all patients bleed after surgery and it remains unclear at
what point bleeding becomes clinically significant.
Second, it has been proven that there is no lineal rela-
tionship between bleeding and clinically relevant
adverse outcomes and that even relatively large differ-
ences in bleeding (e.g. 150mL vs. 300mL) are not
necessarily accompanied by a clinically relevant differ-
ence in outcome.33 Third, the relevance of bleeding
does not depend only in its amount but also in its loca-
tion and in patient-related factors. For example, a rela-
tively limited amount of bleeding that leads to
hematoma formation may be a determinant of an
adverse outcome. Similarly, patients’ tolerance to the
anemia resulting from the bleeding is variable and may
partially depend on the preoperative Hb level.

Given these limitations, it is required a standardized
definition of perioperative bleeding after SA which con-
siders not only the amount of blood loss but the pres-
ence of clinically relevant events such as transfusion,
hematoma formation, infection, fatigue, pain, and
delayed recovery. Since to date there is no such defin-
ition, the assessment of the efficacy of antifibrinolytic
therapy requires the direct evaluation of the impact on
clinically adverse relevant outcomes.

Relation to other meta-analyses

Previous meta-analyses have consistently shown a signifi-
cant effect of TXA in decreasing blood loss and Hb
change after primary SA. Pooled mean differences
reported in those meta-analyses ranged between 172 and
267mL for total blood loss, between 95 and 133mL for
drain output and between 0.5 and 0.9 g/dL for Hb change
(Table 4). However, the clinical significance of these dif-
ferences is arguable considering that the magnitude of the
effect sizes is less than 50% of those reported in THA and
TKA,11 but more importantly, considering that the effect
of such decreases in blood loss on the decrease of trans-
fusion requirements has been contradictory.

Three meta-analyses14,16,18 reported significant
reduction of blood transfusions after SA with TXA,
whereas other three13,15,17 did not find significant
differences on transfusions after SA between TXA
and placebo (Table 4). Possible reasons for these
contradictory results include the inclusion of retro-
spective non-randomized studies, the use of different
pooling methodologies to produce a combined estimate
(i.e. random vs. fixed meta-analytical models), the selec-
tion of different measures of the effect (e.g. risk ratio,
odds ratio, risk difference), the exclusion of studies with
no events of transfusion when pooling the combined
effect and the lack of methods to controlling the risk
of random errors given the scarce data and repetitive
testing on accumulating data.

The present meta-analysis clarifies these contradict-
ory results, showing that the current evidence of the

Figure 5. Trial sequential analysis monitoring boundaries for moderate evidence (�¼ 5%, �¼ 20%) after adding a ‘‘hypothetical trial’’

with 700 patients. The cumulative Z-curve (black solid line) crossed the monitoring efficacy boundary after adding a ‘‘hypothetical

trial’’ with an intervention effect estimate of a 60% relative risk reduction, a transfusion rate of 3.57% in the control group and

700 patients (350 in each group). This result demonstrates that under the event rate assumptions made for the sample size calcu-

lation, a new trial would need to include 700 patients (350 in each group) to make the meta-analysis conclusive with moderate

statistical support.
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effect of TXA in transfusion rates in SA is inconclusive
and the OIS to have firm evidence is far from reached.
These findings illustrate how the conclusiveness and
credibility of statistically significant meta-analyses
with too few participants or events is poor, and as a
result intervention effects are often spuriously overesti-
mated (type I errors).

Strengths and limitations of this review

This is the first systematic review and meta-analysis of
RCTs on perioperative TXA in SA focused only on
high-quality RCTs and clinically relevant adverse out-
comes. This meta-analysis is unique in the use of trial
sequential analysis which accounts for sparse data and
repetitive testing on accumulating data. Applying
Cochrane and PRISMA methodologies is another
strength of this systematic review. Limitations of our
review include the clinical heterogeneity which could
have resulted from different transfusion thresholds
and TXA regimes between trials, and the limited or
inexistent data on the secondary outcomes in the avail-
able trials. Although random models were performed to
account for this variation, clinical heterogeneity may
increase the risk of type II error.

The estimations of the OIS made with trial sequen-
tial analysis are only reliable to the extent that the
assumptions (i.e. control group incidence rate and
intervention effect) are a good approximation of the
‘‘truth’’. Control group incidence rate and intervention
effect assumed in the present analysis were presented
transparently and represent what it might realistically
be expected given the current data. Despite these
limitations, trial sequential analysis represents one of
several new developments in interpreting the utility of
meta-analyses24,25,34,35 and is more informative than
subjective assessments of the conclusiveness of the
evidence.

Unanswered questions and future perspectives

Whether TXA should be used routinely in all patients
undergoing SA is still debatable. While the results of
this review show that the effect of TXA in transfusion
rates, hematoma formation or infection rates in pri-
mary SA is inconclusive, an absence of evidence is
not evidence of absence of effect. It is possible that
TXA shows a conclusive beneficial effect on the clinic-
ally relevant outcomes when a meta-analysis would
eventually reach the OIS.

A population-based retrospective study using
national claims data from 82,512 patients undergoing
SA reported that TXA was associated with a 36%
decrease in transfusion risk (OR, 0.64; 95% CI, 0.52

to 0.77; p< 0.05) after adjustment for relevant covari-
ates.36 However, retrospective studies may have severe
limitations to adjust for all the confounding effects of
pre- and intraoperative variables and even the most
complete databases do not include a number of poten-
tially important variables. The most important variable
among these is the clinical judgement of the attending
physician making the decision regarding the transfu-
sion. In addition, a positive statistically significant find-
ing such as a RR reduction does not alone provide
sufficient evidence that the intervention should be uni-
versally adopted or that it will be cost-saving.37

Baseline event rates need to be carefully considered
when evaluating a new intervention effect.38 In THA
and TKA, cost-analysis have shown that TXA will be
cost-saving only if it reduces transfusions and if the
baseline risk of blood transfusion is larger than
25%37 which are conditions not fulfilled in SA.

The results of this meta-analysis demonstrate that in
a subgroup of patients undergoing SA such as those
selected in the included RCTs (i.e. primary SA without
risk factors for transfusions), transfusions rates are very
low ranging from 0% to 3.7%. Other recent studies on
primary total SA and shoulder surface replacement
have also reported transfusion rates lower than
4%.39,40 As a result, the effectiveness and cost-effective-
ness of TXA in terms of decreasing the need of trans-
fusions would be marginal in this specific subgroup of
patients, as it would be required to treat a very high
number of patients with TXA for preventing only one
event of transfusion. These conclusions may not apply
to patients with a higher baseline risk of transfusion
such as revision arthroplasty, arthroplasty for fractures
or patients with preoperative anemia, in whom TXA
may be more effective. Further studies would be neces-
sary to evaluate the clinical efficacy of TXA in these
subgroups of patients. A recent retrospective study
evaluated the efficacy of TXA in SA patients with pre-
operative anemia.41 These authors found that the trans-
fusion rate in this group of patients was 25% and TXA
was associated with a reduction of 80% in transfusion
rates. If the main aim with perioperative use of TXA is
decreasing transfusions, it is possible that TXA in SA
is a cost-effective intervention only in selected sub-
groups of patients.

On the other side, TXA may be beneficial for
patients undergoing SA even if it has no or minimal
effect in transfusion or infection rates. Decreased bleed-
ing could possibly lead to lower rates of hematoma
formation, which can theoretically also improve out-
comes by decreasing pain and improving postoperative
therapy. Nevertheless, there is no evidence of the effect
of TXA on pain, range of motion or postoperative ther-
apy after SA. In order to evaluate other benefits of
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TXA in SA it is recommended that future investiga-
tions of the efficacy of TXA in SA collect data on clin-
ical outcomes including pain, postoperative
rehabilitation, and patient-reported outcomes.

The question of whether TXA is effective in decreas-
ing blood loss in SA is already resolved.13–18 However,
whether TXA remains as a cost-effective intervention
even if it has no or minimal effect on transfusion rates,
the best dose and route of administration of TXA in SA
and the effect of TXA on subpopulations of SA patients
with differential risks are still unanswered questions.
There is a need for large multicenter pragmatic RCTs
to examine the effectiveness of TXA on clinically rele-
vant outcomes in a heterogeneous group of patients
undergoing SA, including patients with a higher base-
line risk of transfusion (e.g. revision SA, SA for frac-
tures, preoperative anemia). Similarly, there is a need
for a consensus to define and validate an evaluation
system for assessing hematoma formation after SA
and to delineate a universal definition of perioperative
bleeding in SA which precisely describe and quantify
bleeding in SA.

Conclusions

The currently available RCTs on the perioperative
administration of TXA do not answer whether its use
yields better, worse, or equivalent results compared
with placebo in terms of blood transfusions, hematoma
formation, and postoperative infection in SA. A much
larger number of patients would be required to answer
the effect of TXA upon these important clinical out-
comes. Until more evidence becomes available, centers
considering routine use of TXA in SA use should con-
sider their costs, baseline risk of transfusion, hematoma
formation, and infection rates and monitor the impact of
TXA use on these outcomes to determine the cost-
effectiveness of TXA in their own clinical environments.
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