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Introduction Perioperative blood transfusion (BT) is often required in radical cystectomy (RC) due  
to significant blood loss. Tranexamic acid (TXA), an antifibrinolytic agent, reduces bleeding, but concerns 
about thromboembolic risks persist. This systematic review and meta-analysis evaluate TXA’s efficacy 
and safety in RC.
Material and methods A systematic search was conducted in PubMed, Embase, and Cochrane Central 
databases. Randomized controlled trials (RCTs) and retrospective studies comparing TXA versus controls 
in RC were included. Primary outcomes were perioperative, intraoperative, and postoperative BT rates. 
Secondary outcomes included estimated blood loss (EBL) and thromboembolic events (PROSPERO; 
CRD420251013502).
Results Four studies totaling 1,656 patients were included. TXA significantly reduced perioperative  
transfusion rates (OR = 0.40; 95% CI: 0.30–0.51; p < 0.00001). However, intraoperative (OR = 0.87;  
95% CI: 0.50–1.52; p = 0.63) and postoperative transfusion rates (OR = 0.51; 95% CI: 0.21–1.23;  
p = 0.13) were not significantly different. No significant difference was found in EBL (MD = –9.31; 95% CI: 
from –82.50 to 63.87; p = 0.80). Safety analysis showed no increased risk of deep vein thrombosis  
(OR = 1.14; 95% CI: 0.54–2.41; p = 0.72) or pulmonary embolism (OR = 1.49; 95% CI: 0.69–3.24; p = 0.31).
Conclusions TXA reduces perioperative transfusion needs in RC without significantly affecting intraop-
erative or postoperative transfusion rates, EBL, or thromboembolic risk. Further RCTs are needed  
to optimize TXA use in RC.
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Introduction

Bladder cancer (BC) is projected to be the fourth 
most prevalent malignancy among males in the 
United States in 2025, based on modeled esti-
mates [1]. Radical cystectomy (RC) plays an estab-
lished role in the treatment of muscle-invasive BC 
and of non-invasive BC refractory to intravesical 
therapies, and it remains a cornerstone of curative-
intent management aimed at reducing disease-

specific mortality in this population [2]. Beyond its 
medical and oncological significance, RC is a highly 
complex surgical procedure that demands advanced 
expertise from urological surgeons [3].
Among the most frequently discussed perioperative 
concerns in contemporary literature are intraoper-
ative blood loss and the consequent need for blood 
transfusion (BT) [4], especially in RC [5]. In this 
regard, perioperative BT is sometimes an essential 
strategy to manage severe bleeding [6]; and, more 
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critically, may be associated with worse oncologic 
outcomes [7] and potential risks, despite the use 
of modern blood screening protocols [8]. In this con-
text, tranexamic acid (TXA) has emerged as a valu-
able and effective strategy to reduce bleeding and 
minimize the need for hemodynamic interventions, 
such as perioperative BT [9].
TXA is a lysine synthetic analogue that inhibits 
fibrinolysis by blocking plasminogen binding to fi-
brin, preventing its activation into plasmin and 
subsequent fibrin degradation [10]. This antifi-
brinolytic action enhances hemostasis and limits 
perioperative blood loss [10]. A previous study [11] 
has shown that even at high concentrations of plas-
minogen activators, TXA continues to inhibit clot 
formation, which could provide increased safety in 
patients with hypercoagulable conditions or those 
with different hemodynamic profiles who require 
surgery. However, one major concern regarding the 
administration of TXA is the risk of thrombosis, 
particularly in complex surgeries, such as emergen-
cy or trauma-related procedures [12]. Under these 
circumstances, the administered dose may play 
a crucial role in balancing the benefits of clot pre-
vention with the potential risk of thrombosis [12].
Although most urological surgeries are elective 
and minimally invasive, and therefore associated 
with a  lower risk of thrombosis [13], RC is still 
characterized by persistently significant morbidity 
and mortality rates [14, 15], as well as high post-
operative complication rates [16]. In this context, 
the use of TXA presents considerable potential 
in  the  field of  urologic surgery [13]. A previously 
published meta-analysis [13] evaluated the benefits 
of  TXA in  urological procedures such as percuta-
neous nephrolithotomy, transurethral resection 
of the prostate, and radical prostatectomy, demon-
strating reductions in blood loss and transfusion 
requirements. However, it did not specifically focus 
on RC and included an insufficient number of stud-
ies dedicated to this procedure.With the emergence 
of new clinical research addressing this issue, this 
investigation has become crucial, systematically an-
alyzing its efficacy and safety in this specific context 
and providing a comprehensive evaluation of  its 
clinical outcomes.

MATERIAL AND METHODS

This systematic review and meta-analysis were con-
ducted and reported following the Cochrane Col-
laboration Handbook of Systematic Review of Inter-
ventions and the Preferred Reporting Items for the 
Systematic Reviews and Meta-analysis (PRISMA) 
statement guidelines [17, 18]. The study proto-

col was prospectively registered with the Interna-
tional Prospective Register of Systematic Reviews  
(PROSPERO; CRD420251013502).

Search strategy

We systematically searched PubMed (MEDLINE), 
Embase, and Cochrane Central Register of Con-
trolled Trials from inception to February 2025. 
With the aim of minimizing the risk of missing rele-
vant studies, our search strategy included the terms 
“tranexamic acid”, “cystectomy”, and their varia-
tions, combined using both “AND” and “OR” op-
erators to maximize the number of results obtained 
and avoid unnecessary restrictions. The complete 
search strategy is detailed in Suppl. Table 1. Two 
authors (F.R.C.S. and V.S.A) independently screened 
titles and abstracts and fully evaluated the studies 
for eligibility. Discrepancies were settled in a dis-
cussion panel with a third author (F.J.A-N.). 

Eligibility criteria

We restricted the inclusion in this study to articles 
that met all the following eligibility criteria: (I) ran-
domized clinical trials (RCTs) or retrospective stud-
ies; (II) studies evaluating the use of TXA in RC, com-
paring it with control groups; and (III) reported any 
outcomes of interest. Studies published solely as con-
ference abstracts, reviews, case reports or studies not 
written in English were excluded from the analysis. 

Data extraction 

Data extraction was performed independently 
by two authors (F.R.C.S. and V.S.A.), adhering to es-
tablished search parameters and quality evalua-
tion standards. The extracted data included article 
characteristics (publication year, inclusion crite-
ria, authors, country, follow-up duration, and type 
of study), population characteristics (age, sex, body 
mass index (BMI), perioperative BT requirement, 
and intervention used), intervention characteris-
tics (dose and timing of application), and outcomes,  
as specified below. 

Outcomes and definitions

The prespecified efficacy outcomes were the require-
ment for intraoperative BT, the requirement for 
postoperative BT, the requirement for perioperative 
BT, the mean number of units transfused intraop-
eratively, and the mean number of units transfused 
postoperatively, and estimated blood loss (EBL). 
Intraoperative BT referred to transfusions admin-
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istered during the surgical procedure. Postopera-
tive BT referred to transfusions administered after 
surgery, with the postoperative period defined as 
either up to 30 days after surgery or limited to the 
duration of the postoperative hospital stay, depend-
ing on the study. Perioperative BT encompassed any 
transfusion administered intraoperatively or post-
operatively, according to the parameters described 
above. The safety outcomes analyzed included deep 
vein thrombosis (DVT); pulmonary embolism (PE); 
concurrent DVT and PE; and either DVT or PE. 
The analyses were stratified by comparison between 
the TXA group and control groups. In retrospective 
studies [9, 19, 20], the control group consisted of 
patients who did not receive additional antifibrino-
lytic treatment. In the RCT study [21], it included 
those who received 0.9% sodium chloride as placebo, 
matching TXA in infusion volume and schedule.

Statistical analysis

Statistical analyses were conducted using Review 
Manager 5.4.1. Binary outcomes were reported us-
ing odds ratios (OR) with 95% confidence intervals 
(CI) as the effect size measure. Mean differences 
(MD) with 95% CI were used for continuous out-
comes. Heterogeneity was assessed with the Co-
chran Q test and I2 statistics. I2 ≥ 50% was consid-
ered substantial heterogeneity [17]. The Restricted 
Maximum Likelihood random-effects model was ap-
plied. We also conducted a subgroup analysis based 
on medication dose: patients receiving 1 g preopera-
tively; patients receiving 10 mg/kg preoperatively, 
followed by 2 mg/kg/h intraoperatively; and pa-
tients receiving 10 mg/kg preoperatively, followed 
by 5 mg/kg/h intraoperatively.

Quality Assessment 

The risk of bias and quality assessment in non-
randomized studies were evaluated with the Risk 
of Bias in Non-randomized Studies of Interventions 
(ROBINS-I) tool [22]. Randomized studies were as-
sessed using the Risk of Bias 2 (RoB 2) tool [23]. 
This evaluation was conducted independently by 
two blinded reviewers (P.A.S.C and F.E.B.M). Dis-
agreements were resolved through a consensus 
with a third reviewer (F.J.A-N.).

RESULTS

Study selection and characteristics

After a search of the literature, 215 studies were 
found. From these, 196 studies were eligible for ti-

tle and abstract screening after duplicate removal. 
Out of these, 18 studies were eligible for full-text 
screening. Finally, as a direct consequence of our 
well-defined inclusion criteria, only 4 studies met 
the eligibility requirements and were included 
in this meta-analysis (Figure 1) [9, 19–21].
A total of 1,656 patients underwent RC, with 
781 (47,16%) receiving TXA and 875 (52,84%) 
not receiving TXA. The mean age was approxi-
mately 69.05 ±2.82 years in the TXA group and  
66.71 ±3.38 years in the non-TXA group. The most 
commonly administered TXA regimen consisted 
of  a  preoperative intravenous bolus of 10 mg/kg 
followed by a  continuous intraoperative infusion 
at  2  mg/kg/hour. A  detailed summary of baseline 
characteristics across the included studies is pre-
sented in Table 1.

Blood transfusion 

In the broad analysis, the requirement for peri-
operative BT was significantly lower in patients 

Figure 1. Diagram showing the study selection process ac-
cording to PRISMA guidelines. The diagram illustrates the 
identification, screening, eligibility and inclusion of studies 
for the meta-analysis, resulting in 4 included studies.
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who received TXA compared to the control group  
(OR = 0.40; 95% CI: 0.30–0.51; p < 0.00001;  
I² = 9%; Figure 2A). Subgroup analysis also demon-
strated that, among patients who received 10 mg/kg  
preoperatively followed by 2 mg/kg/hour intra-
operatively, the use of TXA was associated with 

a decreased requirement for perioperative BT  
(OR = 0.41; 95% CI: 0.33–0.52; p < 0.00001;  
I² = 0%; Figure 2A – subgroup analysis 1.1.2). 
The requirement for intraoperative BT (OR = 0.87; 
95% CI: 0.50–1.52; p = 0.63; I² = 43%; Figure 2B) 
showed no difference between groups. Likewise, 

Figure 2. Forest plot of the requirement for perioperative BT and the requirement for intraoperative BT. Forest plot comparing: 
A) requirement for perioperative BT, and B) requirement for intraoperative BT between patients undergoing radical cystectomy 
who did or did not receive tranexamic acid. 
CI – confidence interval; TXA – tranexamic acid
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Figure 3. Forest plot of the requirement for postoperative BT, the mean number of units transfused intraoperatively,  
and the mean number of units transfused postoperatively. Forest plot comparing: A) the requirement for postoperative BT,  
B) the mean number of units transfused intraoperatively, and C) the mean number of units transfused postoperatively be-
tween patients undergoing radical cystectomy who did or did not receive tranexamic acid.  
CI – confidence interval; TXA – tranexamic acid
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Safety

In our safety analysis, overall, no difference was 
found in DVT events (OR = 1.14; 95% CI: 0.54–2.41;  
p = 0.72; I² = 3%; Figure 5A) and PE (OR = 1.49;  
95% CI: 0.69–3.24; p = 0.31; I² = 0%; Figure 5B). Like-
wise, the subgroup analysis of patients who received 
10 mg/kg preoperatively followed by 2 mg/kg/hour 
intraoperatively demonstrated no significant differ-
ences between the groups regarding DVT (OR = 1.05;  
95% CI: 0.32–3.44; p = 0.94; I² = 51%; Figure 5A  
– subgroup analysis 1.7.1) or PE events (OR = 1.56; 
95% CI: 0.63–3.85; p = 0.34; I² = 0%; Figure 5B – sub-
group analysis 1.8.1). The subgroup analysis for DVT 
also demonstrates substantial heterogeneity.
We also analyzed composite safety outcomes  
in the general analysis, such as concurrent DVT 

the requirement for postoperative BT also revealed 
no significant difference (OR = 0.51; 95% CI:  
0.21–1.23; p = 0.13; I² = 73%; Figure 3A), with  
this analysis exhibiting substantial heterogeneity. 
There was substantial heterogeneity and no sig-
nificant differences in the mean number of units 
transfused intraoperatively (MD –0.09; 95% CI: 
from –0.57 to 0.38; p = 0.70; I2 = 65%; Figure 3B)  
or postoperatively (MD = 0.18; 95% CI: from –0.40 
to 0.77; p = 0.54; I2 = 76%; Figure 3C).

Estimated blood loss

Our analysis of EBL revealed no statistical dif-
ference between intervention and control groups  
(MD = –9.31; 95% CI: from –82.50 to 63.87;  
p = 0.80; I2 = 0%; Figure 4A). 

Table 1. Baseline characteristics of included studies (TXA/Control)

Author, 
year Country Type  

of study
Surgical 

indication Sample Dose

Perioperative 
BT 

requirement 
(%)

Male sex 
no. (%)

Mean age 
±SD BMI ±SD

Mean 
months 
Follow-

up

Zaid et al. 
2016 [20] USA Retrospective

RC for 
bladder 
cancer

103 / 200
Patients receiving 10 mg/kg 

preoperatively, followed  
by 2 mg/kg/h intraoperatively

32 (31.1)  
/ 115 (57.5)

91 (88.3)  
/ 161 (80.5)

68.8 ±2.7  
/ 68.6 ±2.6

27.4 ±1.3  
/ 27.4 ±1.2 1

Ahmed  
et al. 2024 
[19]

USA Retrospective
RC for 

bladder 
cancer

468 / 468
Patients receiving 10 mg/kg 

preoperatively, followed  
by 2 mg/kg/h intraoperatively

144 (30.8)  
/ 235 (50.2) NA 68.9 ±1.8  

/ 65 ±1.9 NA 3

Breau  
et al. 2024 
[21]

Canada RCT
RC for 

bladder 
cancer

178 / 175
Patients receiving 10 mg/kg 

preoperatively, followed  
by 5 mg/kg/h intraoperatively

NA 132 (74.2)  
/ 131 (74.9)

69.8 ±2  
/ 68.2 ±2.5 27.3 ±1  

/ 27.9 ±1.2 1

Egen  
et al., 
2024 [9]

Germany Retrospective 
with PSM

RC for 
bladder 
cancer

32 / 32 Patients receiving 1 g  
preoperatively

6 (18.75)  
/ 15 (46.88)

27 (84.4)  
/ 21 (65.6)

68 ±10  
/ 72 ±9

28 ±5  
/ 27 ±5 1

BMI – body mass index; BT – blood transfusion; NA – not available; PSM – propensity score matching; RC – radical cystectomy; RCT – randomized clinical trial;  
SD – standard deviation; TXA – tranexamic acid

Figure 4. Forest plot of EBL. Forest plot comparing EBL between patients undergoing radical cystectomy who did or did not 
receive tranexamic acid. 
CI – confidence interval; TXA – tranexamic acid
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Quality assessment 

We analyzed the potential bias in the studies 
conducted by Ahmed et al. [9], Egen et al. [19],  
and Zaid et al. [20] using the ROBINS-I tool, as-
sessing it across seven domains. The general risk  
for the first two studies was deemed moderate, while 
the last one was considered serious. Furthermore, 
the RoB 2 tool was utilized to examine the study  
by Breau et al. [21], which was evaluated across 

and PE (OR = 1.49; 95% CI: 0.74–3.01; p = 0.26;  
I² = 0%; Figure 6A) and either DVT or PE  
(OR = 1.58; 95% CI: 0.92–2.72; p = 0.10; I² = 0%; 
Figure 6B), but there were no significant differ-
ences between groups. In our subgroup analysis 
of patients who received 10 mg/kg preoperatively 
followed by 2 mg/kg/hour intraoperatively, neither 
group showed significantly fewer events of either 
DVT or PE (OR = 1.68; 95% CI: 0.90–3.14; p = 0.10; 
I² = 0%; Figure 6B – subgroup analysis 1.10.2). 

Figure 5. Forest plot of DVT, and PE. Forest plot comparing: A) DVT, and B) PE between patients undergoing radical cystectomy 
who did or did not receive tranexamic acid. 
CI – confidence interval; TXA – tranexamic acid
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findings were as follows: (I) Overall analyses of TXA 
patients showed a significantly lower requirement 
for perioperative BT; (II) There was no significant 
difference between the experimental and control 
groups regarding postoperative or intraoperative 
BT; (III) The mean number of units transfused re-
vealed no difference between groups and subgroups, 
both in the intraoperative and postoperative periods; 
(IV) Our analysis revealed no difference between 
groups of EBL; (V) None of the analyses, including 
subgroup analyses, of the safety outcomes showed  

five domains. This study was identified as low risk 
regarding overall bias. These ratings are depict-
ed in the Summary Plot (Suppl. Figures 1 and 2)  
and the Traffic Light Plot (Suppl. Figures 3 and 4).

DISCUSSION

In this systematic review and meta-analysis com-
prising 4 studies and 1,656 patients we compared 
the efficacy and safety of TXA groups versus control 
groups of patients who underwent RC. Our main 

Figure 6. Forest plot such as concurrent DVT and PE, and either DVT or PE. Forest plot comparing A) concurrent DVT and PE, 
and B) either DVT or PE between patients undergoing radical cystectomy who did or did not receive tranexamic acid. 
CI – confidence interval; TXA – tranexamic acid
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as well as subgroup analyses based on different ad-
ministration methods for each outcome.
In our analysis, the number of patients requiring 
perioperative BT was significantly higher in the con-
trol group compared to the TXA group during RC, 
regardless of the TXA dose administered [9, 19, 20].  
However, when analyzed separately for intraopera-
tive [9, 20, 21] or postoperative [9, 20, 21] BT, this 
difference did not reach statistical significance, ex-
cept for postoperative BT with a dose of 10 mg/kg 
+ 2 mg/kg/h, which significantly favored the TXA 
group but was based on a single study [20]. This 
discrepancy between the significant perioperative 
result and the nonsignificant intraoperative and 
postoperative findings may stem from inconsisten-
cies in how the postoperative period was defined 
across studies. While two studies limited it to the 
hospital stay [9, 20], others extended it to 30 days 
[19, 21], creating variability in outcome measure-
ment. This variation likely reduced the consis-
tency of the postoperative analysis. In contrast, 
the perioperative outcome, by combining intraop-
erative and postoperative data, reflected a broader 
and more uniform timeframe, which may have im-
proved the ability to detect the transfusion sparing  
effect of TXA.
Furthermore, when examining the mean number  
of units transfused, some studies indicate that indi-
viduals undergoing RC received a mean of two units 
in the perioperative setting [28, 29]. Our analysis  
of the mean number of units transfused in both  
intraoperative and postoperative periods revealed 
no statistically significant difference specific to RC. 
A significant result was observed in the postopera-
tive setting, based on a single study with a preop-
erative dose of 1 g [9], favoring the control group. 
Additionally, although previous literature has 
shown that TXA use in urological surgeries is asso-
ciated with reduced EBL [13, 34], the present EBL 
analysis showed no significant differences between 
the groups. This result conflicts with our analysis 
of perioperative BT, which favored the TXA group, 
especially considering that the need for transfusion 
is commonly associated with EBL, as demonstrated 
in a previous meta-analysis [13] that found TXA  
to be associated with lower transfusion rates and 
reduced EBL. However, it is important to highlight 
that our perioperative BT analysis included three 
observational studies [9,19,20], whereas the EBL 
analysis was based on only two studies [20,21], one 
of which was not part of the perioperative BT anal-
ysis [21]. This difference in study composition may 
help explain the apparent inconsistency, reinforcing 
the need for further studies to clarify the impact  
of TXA in the context of cystectomy.

a statistically significant difference between the use 
of TXA groups and the control groups.
RC is the standard treatment for clinically local-
ized muscle-invasive BC [24]. Despite its curative 
potential, RC remains a complex and challenging 
procedure, consistently associated with significant 
morbidity and mortality [14, 15]. Complications 
are common, with wound-related, infectious, and 
gastrointestinal events being the most frequently 
reported, and overall complication rates exceeding 
60% in some series [16, 25]. A cross-sectional study 
from The American College of Surgeons, analyzing 
data from over six million patients, indicated that 
individuals undergoing urological cancer surger-
ies are at a higher risk for perioperative BT [26].  
In addition, current evidence indicates that periop-
erative BT in patients with BC who underwent RC 
may be linked to unfavorable oncologic outcomes 
[7], including reduced survival, higher risk of dis-
ease recurrence, and increased all-cause mortal-
ity [7, 27, 28]. Perioperative BT has been reported  
in up to 60% of RC patients and is associated with 
an increased risk of cancer recurrence and mor-
tality [5, 29]. While further validation is needed, 
implementing strategies to minimize blood product 
utilization remains essential [29].
The use of TXA to mitigate intraoperative blood 
loss and subsequently reduce the need for periop-
erative BT has been evaluated in multiple studies 
[30–33]. A previous meta-analysis [30] examining 
the impact of TXA in surgical procedures across 
multiple subspecialties reported a significant re-
duction in blood loss. In the context of urological 
surgeries, a recent meta-analysis [13] found that, 
although there were insufficient data on RC at the 
time, TXA use was associated with decreased blood 
loss, lower transfusion rates, shorter hospital stays, 
and reduced operative duration.
The present meta-analysis included four stud-
ies with three different TXA dosing regimens  
in RC: 10 mg/kg of TXA before surgery followed  
by a continuous infusion of either 2 mg/kg/h [19, 20]  
or 5 mg/kg/h [21], or a single 1 g dose [9] admin-
istered preoperatively, following a protocol previ-
ously described for patients undergoing noncardiac 
surgery [33], to facilitate practical implementation. 
Notably, this variability in dosing strategies likely 
contributed to the increased heterogeneity observed  
in some pooled analyses. Although evidence sug-
gests that administration methods varied across 
studies, these differences, along with dose varia-
tions, did not have a significant impact on blood 
loss [30]. Accordingly, our meta-analysis included 
all dosing regimens and conducted both an over-
all analysis across all studies, regardless of dose,  
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(I) there is significant heterogeneity in the dos-
ing regimens of TXA across the included studies, 
which complicates direct comparisons and may ex-
plain the increased heterogeneity in some analyses;  
(II) variation in how the postoperative period was 
defined across studies may have affected the con-
sistency of outcome reporting, particularly for post-
operative transfusion data; (III) the limited num-
ber of RCTs among the included studies represents  
a significant limitation, as observational and ret-
rospective cohort designs are more susceptible  
to bias; (IV) furthermore, the criteria for allocating 
participants to the TXA and control groups varied 
among the included studies, potentially influencing 
reported outcomes; (V) three of the included studies 
implemented postoperative thromboprophylaxis, 
typically for approximately four weeks, which may 
influence the interpretation of the safety outcomes.

CONCLUSIONS

This systematic review and meta-analysis demon-
strated that TXA significantly reduces the need  
for perioperative BT in patients undergoing RC, 
without increasing the risk of thromboembolic 
events. While no significant differences were ob-
served in intraoperative or postoperative transfu-
sion rates, EBL, or mean number of transfused 
units, the reduction in overall perioperative trans-
fusion requirements highlights TXA’s potential  
as a hemostatic adjunct in this high-risk surgical 
population. Nonetheless, the heterogeneity in dos-
ing regimens and the predominance of non-ran-
domized studies underscore the need for further 
high-quality RCTs to establish standardized pro-
tocols and confirm long-term safety and efficacy  
of TXA in RC.
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The perioperative use of TXA as an antifibrinolytic 
therapy is supported by solid pharmacological and 
clinical evidence [35]. There are various discus-
sions in the medical literature regarding the safety 
of TXA and its potential role in increasing the risk 
of thromboembolic events. Some studies suggest  
a possible correlation between TXA and an indepen-
dent increase in venous thromboembolism (VTE) 
risk among trauma patients [12, 36], while others 
report uncertain effects [6, 35]. Moreover, several 
studies have found no association between TXA use 
and a heightened risk of thrombotic adverse events 
[37, 38].
In the urological context, a study identified RC as 
having the second-highest incidence of postopera-
tive VTE among all analyzed cancer types, under-
scoring the need for thorough risk assessment [39]. 
Two previous meta-analyses evaluating TXA use  
in urological surgeries, which lacked a sufficient 
number of cystectomy studies, suggested that TXA 
does not increase the risk of thromboembolic events 
[13, 34]. In our analysis, no significant differences 
were observed between the control and intervention 
groups regarding the development of DVT [19–21] 
or PE [19–21], including concurrent DVT and PE, 
or either DVT or PE [9, 19–21] across the included 
studies. These findings support the potential safety 
of TXA use in the context of RC.
Therefore, the use of TXA in RC may be a useful 
strategy to reduce perioperative transfusion require-
ments. While our findings demonstrated statistically 
significant results in this regard, clinical interpre-
tation should consider the heterogeneity in study 
designs, dosing regimens, and outcome definitions. 
Still, the consistency of the effect in the overall analy-
sis supports its potential benefit. TXA administration 
should be guided by individual patient risk profiles 
and institutional protocols, with clinical judgment 
considering the patient’s current condition, history  
of thromboembolic events, and the treatment setting’s  
capacity for intervention and transfusion. Future tri-
als with standardized dosing regimens and outcome 
reporting are essential to strengthen the current evi-
dence base and optimize clinical applicability.
This systematic review and meta-analysis have 
several limitations that should be acknowledged: 
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SUPPLEMENTARY MATERIAL

Suppl. Table 1. Details of the search strategy according to the database

Database Search strategy

PubMed/MEDLINE (“cystectomy”[mh] OR “radical cystectomy” OR “cystectomies” OR “urologic surgical procedures”[mh] OR “urologic surgical” OR 
“urologic surgical procedure”) AND (“tranexamic acid”[mh] OR “transamin” OR “antifibrinolytic”)

Embase (“cystectomy” OR “radical cystectomy” OR “cystectomies” OR “urologic surgical procedures” OR “urologic surgical” OR “urologic 
surgical procedure”) AND (“tranexamic acid” OR “transamin” OR “antifibrinolytic”)

Cochrane (“cystectomy” OR “radical cystectomy” OR “cystectomies” OR “urologic surgical procedures” OR “urologic surgical” OR “urologic 
surgical procedure”) AND (“tranexamic acid” OR “transamin” OR “antifibrinolytic”)

Suppl. Fig. 1. Risk Of Bias In Non-randomised Studies of Interventions (ROBINS-I) – assessment of non-randomized studies: 
summary plot.

Suppl. Fig. 2. Risk of Bias 2 (ROB2) – assessment of randomized studies: summary plot.
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Suppl. Fig. 3. Risk Of Bias In Non-randomised Studies of Interventions (ROBINS-I)  – assessment of non-randomized studies: 
traffic light plot.

Suppl. Fig. 4. Risk of Bias 2 (ROB2) – assessment of randomized studies: traffic light plot.
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