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ABSTRACT

Introduction: Tranexamic acid (TXA) is an antifibrinolytic agent widely used in surgery to
decrease bleeding and reduce the need for blood product transfusion. The role of TXA in urology
is not well summarized. We conducted a systematic review of studies reporting outcomes of
TXA use in urological surgery.

Methods: A comprehensive search was conducted from the following databases: PubMed,
Embase, Cochrane Library, and Web of Science. Two reviewers performed title and abstract
screening, full text review, and data collection. Primary outcomes included estimated blood loss
(EBL), decrease in hemoglobin, decrease in hematocrit, and blood transfusion rates. Secondary
outcomes included TXA administration characteristics, length of stay, operative time, and
postoperative thromboembolic events.

Results: A total of 26 studies consisting of 3201 patients were included in the final analysis.
These included 11 studies on percutaneous nephrolithotomy, 10 on transurethral resection of the
prostate, three on prostatectomy, and one on cystectomy. Estimated blood loss (EBL),
transfusion rate, hemoglobin drop, operative time, and length of stay were significantly improved
with TXA administration. In addition, the use of TXA was not associated with an increased risk
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of venous thromboembolism (VTE). The route, dosage, and timing of TXA administration varied
considerably between included studies.

Conclusions: TXA use may improve blood loss, transfusion rates, and perioperative parameters
in urological procedures. In addition, there is no increased risk of VTE associated with TXA use
in urological surgery; however, there is still a need to determine the most effective TXA
administration route and dose. This review provides evidence-based data for decision-making in
urological surgery.

INTRODUCTION

Tranexamic acid (TXA) is a synthetic lysine derivative with antifibrinolytic properties is used in
the management of traumatic and surgical bleeding.!? It exerts its primary mechanism of action
through its competitive interactions with the lysine binding sites on plasminogen to inhibit
plasmin formation and fibrin degradation, thereby suppressing fibrinolysis, promoting
hemostasis, and reducing blood loss.® TXA has found widespread use in the medical
management of heavy menstrual bleeding, postpartum hemorrhage, coagulopathy disease, and
trauma.r However, its hemostatic properties have also led to the use of TXA being explored in
the setting of surgery.

Aside from the direct negative consequences of surgical bleeding, excessive blood loss
during surgery can indirectly impact patient morbidity and mortality.* In the intraoperative
setting, excessive bleeding can impair surgeon visibility, increasing the risk of tissue injury,
prolonged operative times, and further bleeding. Postoperatively, the need for blood product
transfusion can lead to rare but harmful immunologic and infectious adverse events.>® Certain
patient populations, such as those with religious objections to blood transfusions and patients
preparing for renal transplant, my place special interest in avoiding blood transfusions.” Finally,
in cases of severe bleeding, patients may require additional procedures, including
angioembolization and reoperation, to limit bleeding, which can further complicate recovery.
Overall, the potential of TXA to limit these adverse events makes its use an attractive prospect
for surgeons of all specialties.

One major concern that tempers widespread surgical use of TXA is its potential to
promote thrombosis.®® For example, Myers et al. (2018) found that the administration of TXA in
trauma patients was associated with an increased risk of venous thromboembolism (VTE).1°
However, other studies have found no such association between TXA use and VTE in the setting
of trauma.**3 In the context of surgery, most studies have shown no association between TXA
use and thrombotic adverse events.!*> Even in oncologic surgery, in which the patient
population is at a heightened risk of VTE, studies suggest no increase in thrombotic events.6:’
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The utility of TXA in urology remains open-ended, with multiple ongoing randomized controlled
trials (RCTs) investigating its application in a variety of urologic surgeries. This may be due to
the relatively low risk of clinically significant bleeding associated with common urologic
procedures.’®1® In order to characterize the use of TXA in urology, we aimed to conduct a
systematic review of studies reporting outcomes of TXA use in urologic surgery.

METHODS

This review was conducted in accordance with the Cochrane Handbook for Systematic Reviews
of Intervention and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA).? Prior to implementing our search strategy, this study was prospectively registered
in Prospero (CRD42021231304).

Search strategy

A comprehensive literature search of medical databases was conducted for studies assessing the
postoperative outcomes of patients receiving TXA and urologic surgery. The search strategy was
developed in consultation with a medical librarian and is outlined in Supplemental Table 1. The
literature search was conducted on January 13, 2021, and databases searched included Ovid
MEDLINE, Embase, CENTRAL, and Web of Science. We also performed a manual search on
PubMed and Google Scholar and reviewed references of included articles to identify any
published or unpublished studies that may have been missed in the initial search. The inclusion
criteria were any English-language comparative study examining blood loss and transfusion rate
after TXA administration in adults undergoing urological surgery.

Data extraction

Studies identified via the search strategy were independently screened by two reviewers utilizing
Covidence systematic review software (Veritas Health Innovation, Melbourne, Australia).
Conflicts were resolved by a third reviewer.

Two reviewers, independently and in duplicate, performed title and abstract screening, full text
review, and data collection. Primary outcomes included estimated blood loss (EBL) in mL, rates
of blood transfusion, and postoperative drop in hemoglobin in g/dL. Secondary outcomes
included TXA administration characteristics, perioperative outcomes, and postoperative
complications.

Statistical analysis

Extracted study data were summarized using descriptive statistics and analyzed using RevMan
(Review Manager v5.4, The Cochrane Collaboration, London, United Kingdom). Meta-analysis
of RCTs was carried out using a random effects model and resulting mean differences (MD) for
continuous variables and risk ratios (RR) for dichotomous variables were presented with 95% CI.
Heterogeneity was assessed using a x? test with N-1 degrees of freedom, with o. = 0.05 for
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statistical significance. The I? test was used to evaluate variability across studies, with an 12 value
>50% indicating high heterogeneity. Subgroup analysis was performed according to procedure
type. Missing data were excluded from analysis. A p-value of <0.05 was considered statistically
significant.

Risk of bias was evaluated with the Cochrane risk-of-bias tool for RCTs.?! and the
methodological index for non-randomized studies (MINORS) tool for non-randomized studies.??
The maximum MINORS score is 16 for non-comparative studies and 24 for comparative studies,
with higher scores indicating lower risk of bias. For this review, a study’s risk of bias was
categorized as high (MINORS score of 0-8 for non-comparative studies and 0-12 for
comparative studies), moderate (score of 9-12 for non-comparative studies and 13-18 for
comparative studies), or low (score of 13-16 for non-comparative studies and 19-24 for
comparative studies). The average MINORS score was presented as mean + standard deviation.

RESULTS

Study identification

The initial database search retrieved 21111 articles. After removal of duplicates, abstract review,
full text review, and application of inclusion and exclusion criteria, a total of 15 studies,
published between 2004 and 2020, were identified for inclusion.?-3" Our manual search
identified an additional 11 studies in our manual search and subsequently included in our
study.®47 Figure 1 summarizes the search in a PRISMA flow diagram.

Study and population characteristics

Of the 26 included studies, 19 were RCTs, five were retrospective cohort studies, and two were
prospective cohort studies. Of these studies, ten evaluated transurethral resection of prostate
(TURP), three evaluated radical prostatectomy (RP), twelve evaluated percutaneous
nephrolithotomy (PCNL), and one evaluated radical cystectomy (RC). Risk of bias for included
RCTs is outlined in Supplemental Figure 1. The average MINORS score for the seven included
non-randomized studies was 17.9 + 2.3, indicating moderate risk of bias.

The pooled population included 3261 patients, with 1578 patients receiving TXA and 1683
patients acting as controls. The average age of included patients was 43.6 years and there was no
significant difference in age between groups (MD 0.15 years, 95% CI -0.83 to 1.13; p = 0.02, I?
= 48%) (Supplemental Figure 2). 73% of patients in included studies were male. A summary of
study characteristics, primary outcomes, and secondary outcomes is depicted in Table 1.

Tranexamic acid characteristics

The methods of TXA administration, including the route, dosage, and timing administration,
varied considerably between studies and types of procedure (Table 2). The most common route
of administration was intravenous injection alone, which was utilized in 17 studies.
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Administration involving oral TXA alone was used in only one study. In three studies, initial
preoperative administration of TXA was via the intravenous route and subsequent TXA
administration was oral. Four articles involved local administration of TXA; Pourfakhr et al.
(2016)?° sprayed TXA dissolved in normal saline directly onto the surgical site while three
studies included TXA in the irrigation fluid.

In 19 studies, all patients received the same dose of TXA, ranging from 0.5-1.5g, while
five utilized a weight-based dosing regimen, ranging from 10-15mg/kg intravenously; similarly,
Rani et al. (2018) administered 15-30mg/kg of TXA dissolved in irrigation fluid.®® Three papers
administered an 1V TXA infusion intraoperatively, at rates ranging from 1-2mg/kg/h.

In regard to the timing of TXA administration, ten studies involved a single intravenous
administration of TXA immediately prior to surgery, with the dose ranging from 1-1.5g. Twelve
studies included an initial loading dose of TXA given preoperatively, with subsequent
maintenance doses being given throughout surgery and up to one week postoperatively.

Blood loss and transfusion rate

Overall, TXA use was associated with decreased EBL (MD -102.59 mL, 95% CI -157.77 mL to -
47.40 mL; p < 0.00001; I2 = 99%) (Figure 2A) and hemoglobin decrease (MD -0.48 g/dL, 95%
CI1-0.80 to -0.16; p <0.00001, 1> = 96%) (Figure 2B) in patients undergoing urological surgery.
Subgroup analysis demonstrated that, in PCNL, the use of TXA was associated with decreased
EBL (MD -93.37 mL, 95% CI -157.78 mL to -28.96 mL; p <0.00001, 1> =88%) and hemoglobin
drop (MD -.077 g/dL, 95% CI -1.20 g/dL to -0.34 g/dL; p < 0.00001, 1> = 98%). In contrast,
patients receiving TXA and undergoing TURP also demonstrated reduced blood loss (MD -94.53
mL, 95% CI -182.37 mL to -6.68 mL; p < 0.00001, I> = 100%) but showed no difference in
hemoglobin decrease (MD -.022 g/dL, 95% CI -0.74 g/dL to 0.30 g/dL; p = 0.0002, I> = 88%).
TXA administration during urological surgery was also associated with reduced risk of requiring
transfusion (RR 0.46, 95% CI 0.36 to 0.59; p = 0.30, 1% = 14%) (Figure 2C). In our subgroup
analysis, this finding was preserved in PCNL (RR 0.31, 95% CI 0.21 to 0.46; p = 0.88, 1> = 0%),
but not in TURP (RR 0.56, 95% CI 0.25 to 1.25; p = 0.33, 12 = 13%) or RP (RR 0.40, 95% CI
0.08 to 2.04; p = 0.18, 12 = 44%).

The most common method of TXA administration was at least 1g IV, which was the
regimen utilized in 14 of our included papers. In order to investigate whether differences in
administration method may have impacted our results, we performed a sensitivity analysis by
removing all papers that did not utilize this regimen from our meta-analysis. We found that the
association between TXA administration and decreased EBL (MD -131.5mL, 95% CI -211.61
mL to -51.40 mL; p < 0.00001, 12 =93%), reduced hemoglobin decrease (MD -0.52 g/dL, 95%
Cl1-0.67 g/dL to —0.37 g/dL; p < 0.09, 12 =58%), and decreased transfusion risk (RR 0.34, 95%
0.21 t0 0.56; p < 0.35, 1> =11%), were preserved.

Perioperative outcomes
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The use of TXA during urological surgery was associated with shorter operative duration (MD -
10.88 min, 95% CI -21.37 min to -0.38 min; p < 0.00001, 1> = 98%) (Figure 3A). When
assessing surgical procedures individually, this finding remained true for PCNL (MD -14.85
min, 95% CI -21.73 min to -7.97 min; p < 0.04, 12 = 77%) but not for TURP (MD -14.55 min,
95% CI -32.56 min to 3.47 min; p < 0.00001, 1> = 98%). Length of stay following urological
surgery was also shorter in the by TXA group (MD -0.73 days, 95% CI -1.15 to -0.31 days; p <
0.00001, 1% = 94%) (Figure 3B). This finding was again preserved in the PCNL subgroup (MD -
1.05 days, 95% CI -1.53 to -0.56 days; p < 0.00001, 1> = 96%).

Thromboembolic events and other complications

Ten studies described rates of thrombotic adverse events in patients undergoing urological
surgery. In seven studies, there were no thrombotic adverse events reported in either group.
Meta-analysis of the three studies that reported >0 thrombotic adverse events in either group
found the risk of VTE was not significantly different in the TXA group compared to patients
receiving placebo (RR 0.86, 95% Cl1 0.31 to 2.41; p = 0.31, 12 = 14%) (Figure 4).

When examining the pooled complication rate, including VTE, we found that TXA use during
urological surgery was associated with fewer complications (RR 0.66, 95% 0.54 to 0.79; p =
0.34, 12 = 11%) (Supplemental Figure 3). When assessing the complication rate by type of
procedure, this finding was consistent in PCNL (RR 0.61, 95% 0.46 to 0.82; p = 0.10, |2 = 51%)
but not in RP (RR 0.55, 95% 0.21 to 1.48; p = 0.62, |12 = 0%).

DISCUSSION
The use of TXA to limit perioperative bleeding has been explored in numerous surgical
specialties. A meta-analysis by Ker et al. (2013) found that the use of TXA reduced blood loss
by an average of 34% among surgeries of all specialties, including urology; in addition, while the
method of administration varied between studies, these variation in technique did not
significantly impact blood loss.? Another meta-analysis by the same author found that the use of
TXA did not impact the rates of postoperative thrombotic events, including myocardial
infarction, stroke, deep vein thrombosis, or pulmonary embolism.*®

Our systematic review and meta-analysis found that the use of TXA was associated with
reduced EBL, hemoglobin decrease, and transfusion rates. Furthermore, TXA administration was
associated with decreased operative times and shorter hospital stay duration. TXA administration
in PCNL was associated with improved EBL, hemoglobin drop, transfusion rate, operative time,
and length of stay. In contrast, TXA use in TURP was only associated with improved EBL, with
transfusion rates, hemoglobin drop, operative times, and length of stay being similar between the
TXA and control groups. This discrepancy is likely due to TURP being associated with a lower
baseline risk of bleeding and complications when compared to PCNL.

Excessive bleeding in PCNL most often results from injury to the renal parenchyma or
perinephric vessels, though more rarely it can result from injury to nearby organs, such as the
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spleen and liver.*** Previously published studies assessing the bleeding risk associated with
PCNL have reported transfusion rates ranging widely from <1% to 55%.51°2 Indeed, Rosette et
al. (2011) found that bleeding requiring transfusion was the most common complication of
PCNL. As a result, the application of TXA specifically in PCNL may improve surgical
outcomes, both by reducing blood loss and decreasing operative time, which is a known risk
factor for excessive bleeding during PCNL.>!

In comparison, in modern transurethral prostatic surgery, the risk of bleeding requiring
transfusion is much lower at 0.4-3.8%.°%° Rates of postoperative bleeding and transfusion
associated with TURP has decreased significantly over the last several decades, with more recent
studies showing decreased rates of postoperative bleeding and transfusion.>*> A number of
different factors, including preoperative administration of 5-alpha reductase inhibitors, changes
to resection technique, and the advent of bipolar cautery, may be contributing to this
improvement over time. In addition, the increased adoption of newer transurethral procedures for
prostate resection such as green light photovaporization and holmium laser enucleation have also
improved blood loss associated transurethral prostatic procedures.®->° Despite this, the utility of
TXA in transurethral prostate surgery should not be minimized, particularly in low resources
settings, where the specialized equipment and training required for these newer procedures may
not be readily available.®®

Our finding that, suggest that TXA can help reduce costs associated with urological
surgery, particularly in PCNL. Excessive postoperative bleeding can place heavy financial
burdens on healthcare systems due to the increased use of blood products, prolonged hospital
stay, need for further procedures, and management of complications associated with hemorrhage
and transfusions.5%2 One major advantage of TXA is its relative cost-effectiveness; this has been
best demonstrated in orthopedic surgery, where multiple studies have demonstrated that the use
of TXA was associated with reduced healthcare costs.®*®” A similar economic benefit has been
demonstrated in other surgical specialties as well as in trauma medicine.®®"° This financial
advantage may be more pronounced in low resource environments, where the costs associated
blood transfusion can be significantly greater than in developed countries, both due to decreased
availability of blood products and the higher risk of bloodborne infections.”

We also found that rates of VTE did not increase significantly with TXA administration.
This aligns with previous studies, which have demonstrated that TXA administration in prostate
surgery did not increase the risk of VTE.”> While this may reflect the relatively benign safety
profile of low dose TXA, considering that six included studies reported that there were no VTE
in either group, one potential confounder is the low baseline rate of VTE associated with
urologic surgery.

Our study is not without its limitations. As there was also only a single paper assessing
the use of TXA in reducing bleeding in RC, we were unable to compare outcomes of TXA
administration in RC, though we were able to identify at least one RCT in progress examining

7
© 2023 Canadian Urological Association



CUAJ - Review Kim et al
Impact of TXA on urological surgeries

the utility of TXA in preventing blood loss during RC.” In addition, only three studies
examining TXA administration in RP were able to be included in our systematic review. There is
a clear lack of studies examining the use of TXA to limit bleeding in high-risk urologic surgeries
and further prospective and controlled studies are required to better assess the role TXA can play
in these types of procedures.

Another limitation was that the route, dosage, and timing of TXA administration differed
significantly between papers, making it unclear how these differences might surgical outcomes
(Table 2). However, the majority of included studies involved the pre- or intraoperative IV
administration of at least 1g of TXA. Given that pharmacokinetic studies suggest that a 1g of IV
TXA provides an adequate plasma concentration for inhibition of fibrinolysis for 5-6 hours, the
overall effect of reducing bleeding may not be substantially influenced by the differences in
administration amongst our included studies.”* Indeed, our meta-analysis found that the use of
TXA improved blood loss in both TURP and PCNL regardless of these variations. Similarly,
sensitivity analysis found that the improvement in overall EBL, hemoglobin drop, and
transfusion risk associated with TXA was preserved when including only studies using an 1V
dose of 1g or more.

Previous studies have demonstrated that TXA use results in reduced blood loss regardless
of route in the setting of trauma, postpartum hemorrhage, and orthopedic surgery.”> 8
Additionally, multiple studies examining the use of TXA in total hip arthroplasty found no
difference in the risk of thrombotic adverse events when comparing oral to intravenous routes of
TXA administration.”®®° This suggests that, while further investigation is needed into the optimal
strategy of TXA administration, the use of TXA is relatively safe and effective regardless of
dosing strategy or route of administration. Nevertheless, it would be interesting to compare
differences in outcomes with differing modalities of TXA administration, such as the oral route
or via the irrigation fluid.

In addition, many of the comparisons in our meta-analysis showed high heterogeneity,
suggesting a high degree of variability between studies. Of our outcomes, only transfusion rate
and VTE incidence demonstrated low heterogeneity. Given the inherent differences between
different urological procedures, it is difficult to compare outcomes between them. It is clear that
further studies are needed to elucidate the impact of TXA use on bleeding risk, transfusion rates,
and perioperative outcomes.

CONCLUSIONS

Our systematic review and meta-analysis found that TXA administration was associated with
decreased blood loss, transfusion rate, length of stay, and operative duration. TXA was not
associated with an increased risk of VTE, further suggesting that TXA is a cost-effective
medication for management of surgical bleeding. Further comparative studies are required to
assess the utility of TXA in reducing blood loss and improving perioperative outcomes in

8
© 2023 Canadian Urological Association



CUAJ -

Review Kim et al
Impact of TXA on urological surgeries

urological surgery. Future studies that explore the risk of VTE and economic impact associated
with TXA administration will also help further elucidate the role of TXA in urological surgery.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram.
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Figure 2. Forest plot comparing (A) estimated blood loss, (B) decrease in hemoglobin, and (C)
transfusion rate between patients undergoing urological surgery who did or did not receive

tranexamic acid.
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Figure 3. Forest plot comparing (A) operative duration and (B) length of hospital stay between
patients undergoing urological surgery who did or did not receive tranexamic acid.
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Figure 4. Forest plot comparing the rate of venous thromboembolism between patients
undergoing urological surgery who did or did not receive tranexamic acid.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Baliketal. 2020 0 50 1 50 10.0% 0.33[0.01, 7.99]
Crescentietal. 2011 2 100 5 100 337% 0.40[0.08, 2.01) T
Zaid etal. 2016 5 103 6 200 56.3% 1.62 [0.51,5.18] ——
Total (95% CI) 253 350 100.0% 0.86 [0.31, 2.41] e
Total events 7 12
Heterageneity: Tau= 0.1-4; Chi*= 2.34, df= 2 (P=0.31); F=14% f t t {
Testfor overall effect: Z=0.28 (P=0.78) el 2 1d 14

Favours [experimental] Favours [control]
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Table 1. Primary and secondary outcomes of included studies

Group characteristics Primary outcomes Secondary
outcomes
i Mean Blood Change in Length Operative
Surgical Sample | age+ | Male | EBL = . .| of stay i
Author (year) Study type Groups | . transfusions | hemoglobin time £ SD
procedure size (n) | SD (n) SD (mL) (n) + 5D (g/dL) +SD (minutes)
(years) a g (days)
TXA | NR NR |NR |NR NR NR NR NR
Alfredo etal (2020) | PCNL | RCT Placebo |[NR  |NR__|NR | NR NR NR NR NR
TXA | 200 | 33+14 | 116 |155+47 |10 1.7+0.9 21409 | 69+3
Bansal etal (2017) | PCNL ) RCT Placebo | 200 | 35¢15 | 109 | 2138 |25 2712 3414 | 88+29
Retrospective | A1 23 NR |NR |NR 1 1.1+NR NR 73
Barbilian et al (2017) | PCNL cohort No 24 NR NR | NR 5 2 4+NR 76
TXA
. Retrospective | TXA 51 NR NR NR NR 1.1+NR NR 72+NR
Caunietal (2017) | PCNL 1 hont Control | 53 NR |NR | NR NR 23tNR | NR 83+NR
Retrospective | TXA | 82 4714 |35 | NR 2 114002 | 9.1+0.3 | 107454
Iskakov et al (2016) | PCNL
skakovetal (2016) | PC cohort Control | 82 46+15 |47 |NR 10 23404 10£05 | 119453
Retrospective | DA | 98 34+10 |54 |NR 6 1.0+0.3 2.0+05 | 44+4.2
3h tal (2016) | PCNL
anwar et al (2016) cohort ?';’( A 102 |35:11 |58 |NR 15 1.4+0.4 3.3+0.4 | 53452
TXA |100 | 38+11 |58 |NR 2 1.4+NR 27+11 | 48+NR
Kumaretal (2013) | PCNL | RCT $f( A 100 |40812 |54 | NR 11 23tNR | 47+31 |71NR
Mohammadi et al SONL et TXA |30 41+13 |25 |298+95 |NR NR 4306 |NR
(2019) Placebo | 30 42+¢13 |21 | 500+121 | NR NR 4506 |NR
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Mohammadi Sichani | o~ | oot TXA |60 42414 | 76.65 | 7512523 | NR 15tNR | 43*NR | NR
et al (2018) Placebo | 60 43:14 |75 | 8253526 | NR 27tNR | 41=NR | NR
rospective | XA_| 69 NR _|NR |NR 3 11tNR | NR NR
Prakasheetal (2017) | PCNL— ' oot _';'f( A |7 NR |NR [NR 18 2.4+NR NR NR
. TXA | 25 48%14 |16 | 74460 |1 05+04 | NR 48+ 18
Rashidetal (2018) | PCNL | RCT Placebo | 25 49+16 |17 | 117+88 |3 1.0+05 NR 62+16
- TXA |120 |41=NR |82 | NR 4 13tNR | 40¢NR | 85¢NR
Siddigetal (2017) | PCNL RCT Placebo | 120 | 40+NR |72 |NR 12 16tNR | 40tNR | 90=NR
Retrospective | A | 108 | 69:NR |91 | 650:NR_| 32 NR NR 278+NR
Zaid e al (201 R
aideal (2016) C (OpeM) | conort _';';’( A 200 | B9ENR 161 | 650¢NR | 115 NR NR 302+NR
. RP (robot- TXA |50 64159 |50 |93tNR | NR 23tNR | NR NR
Balik et al (2020 . RCT
alik et al (2020) assisted) Placebo | 50 655.7 |50 | 97tNR | NR 2.4+NR NR NR
TXA | 100 | 64%7.4 | 100 | 1103501 | 34 20tNR | 9.0t43 | 166+44
Crescenti et al (2011) | RP (open) | RCT
tetal (2011) | RP (open) Placebo | 100 | 64+7.8 | 100 | 1335687 | 55 31tNR | 9.0t43 | 15940
Pourfakhr et al TXA 93 68+9.9 | 93 340tNR | O 1.9+1.0 NR 75+NR
RP (open) | RCT
(2016) Placebo | 93 6589 |93 | 515tNR |5 2.0+1.3 NR 80+NR
TXA | 26 NR |26 |NR NR 12tNR | NR NR
Abdullah etal (2012) | TURP R°T Placebo | 26 NR |26 |NR NR 19tNR | NR NR
Karkhanei et al TURP RCT TXA 35 66+7.9 | 35 NR 0 0.3tNR NR 54+16
(2020) Placebo | 35 7097 |35 |NR 3 12tNR | NR 121248
TXA |35 65 35 | NR NR 13tNR | LOXNR | 49NR
Khanetal 2017) | TURP RCT $; NEE: 62 35 | NR NR 13tNR | 1L.O+NR | 49+NR
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+
TXA |20 67 20 | NR NR 0.7+ NR il"g‘ 47+NR
Kumsar et al (2011) | TURP RCT NG
+ + +
oA |20 65 20 | NR NR 1.0¢NR 3.0tNR | 64+NR
TXA |30 71254 |30 | 102¢11 | NR 14=NR 15.045.2 | 102+8.9
Meng et al (2019 TURP RCT
getal (2019) Placebo | 30 71285 |30 | 304%25 |NR 2. =NR 13.0£3.9 | 90%5.2
U, TXA |40 NR |40 |NR 4 NR NR NR
TURP RCT No
(2016) oa |0 NR |40 |NR 12 NR NR NR
TXA |40 5761 | 40 | 12485 13513 NR NR
Pravin etal (2016) | TURP RCT _';')C’( L |0 57454 | 40 | 141+ 12 1.140.2 NR NR
TXA |30 67+53 |30 | 145213 |0 08+04 | 3.0tNR | 50453
Rani et al (2018 TURP RCT
ani et al (2018) Placebo | 30 6447 |30 | 198x18 |0 15104 3.0tNR | 50£4.2
TXA |70 71zNR | 70 | 1282NR |6 1.2¢NR 3.0tNR | 36:NR
Rannikko et al (2004) | TURP RCT $§A 66 68+NR | 66 | 250+NR |5 1.74NR 3.0tNR | 48+NR
. TXA |50 NR |50 |NR 1 NR NR NR
Vezhaventhan et al TURP Prospective NG
(2018) cohort on |50 NR |50 |NR 1 NR NR NR

EBL.: estimated blood loss; NR: not recorded; PCNL.: percutaneous nephrolithotomy; RC: radical cystectomy; RCT: randomized
controlled trial; RP: radical prostatectomy; SDL.: standard deviation; TURP: transurethral resection of prostate; TXA: tranexamic acid
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Table 2. Tranexamic acid administration characteristics of included studies
Study details TXA characteristics
Author Year | Surgery Study design | Dose Route
Alfredo et al 2020 PCNL RCT 19 preop v
Bansal et al 2017 PCNL RCT 19 _|n _|rr|gat|0n Irrigation
fluid intraop
Barbilian etal | 2017 | PCNL Retrospective | 1g intraop, 1g 12h 1\,
Cohort postop
Cauni et al 2017 PCNL Retrospective | 1g intraop, 1g 12h v
Cohort postop
Iskakov et al 2016 PCNL N g 10 mL preop v
Cohort
Retrospective
Jhanwar etal | 2016 PCNL Cohort 19 preop v
Kumaretal |2013 | PCNL RCT 1 preop, 500mg | 1V, then
q8h x3 doses oral
Mohammadi 2019 PCNL RCT 19 preop, 1g q8h IV, then
etal x48h oral
Mohammadl 2018 PCNL Prospective 1g preop, 1g 12h v
Sichani et al Cohort postop
Prakash et al 2017 PCNL RCT 19 preop v
Rashid et a 2018 PCNL RCT 19 preop v
Siddigetal | 2017 | PCNL RCT Lgover 12 hours, | 1V, then
1g orally x 7 days | oral
. Retrospective | 10 mg/kg preop, 2
Z I 201 R . v
aldeta 016 \ Cohort mg/kg/h intraop
Balik et al 2020 RP RCT 1.5 g preop v
Crescentietal | 2011 | RP RCT 500 mg preop, 230 |,
mg/h intraop
Pourfakhr et al | 2016 RP RCT 500 mg preop Spray
500 mg in
Abdullah et al | 2012 TURP RCT irrigation fluid Irrigation
intraop
. 15 mg/kg preop, 1
:arkha”e' ® 12020 |TURP RCT mg/kg/h intraop | IV
and until 5h postop
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Khan et al 2017 TURP RCT 19 preop v
Kumsar et al 2011 TURP RCT 10 mg/kg preop v
Meng et al 2019 TURP RCT 1g preop v
. . 15 mg/kg preop, 1

Mirmansourt | 5516 | TURP RCT mg/kg/h intraop | IV
etal .

and until 5h postop

500 mg preop, 500
Pravin et al 2016 TURP RCT mg immediately v

postop
Rani et al 2018 TURP RCT 15-30 mg/kg preop | Irrigation
Rannikko etal | 2004 | TURP RCT 2gpreop, 29 TID 1 iy

X 2 days

. 10 mg/kg preop, 10

Vezhaventhan 2018 TURP Prospective mglkg q8h x 2 v
et al Cohort fooes

IV: intravenous; PCNL.: percutaneous nephrolithotomy: RC: radical cystectomy; RCT:
randomized controlled trial; RP: radical prostatectomy; TURP: transurethral resection of

prostate.
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