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Background: Aquablation is a robotic-assisted, water
jet-based transurethral therapy for benign prostatic
hyperplasia (BPH). Concerns about postoperative hema-
turia led to the practice of limited transurethral resection
(TUR) with cauterization. This study aimed to assess the
impact of tranexamic acid (TXA) on hematuria outcomes
when combined with limited TUR after Aquablation.
Methods: We retrospectively analyzed men undergo-
ing Aquablation at our institution (October 2020–July
2024). Demographic, prostate, surgical, and hematuria
outcomes were extracted from electronic medical records.
Kruskal-Wallis test compared medians.
Results: Of 131 patients, 113 (86%) had limited TUR;
31 (27%) received 1 g TXA perioperatively. TXA

patients had larger prostates (86 g vs. 70 g, p = 0.003).
No TUR patients, with or without TXA, required trans-
fusion. Among TUR patients, TXA did not significantly
affect preoperative, postoperative, or postoperative day-
one hemoglobin. Patient-initiated communications and
emergency visits for hematuria were minimal and similar
between groups. Hematuria outcomes were independent
of prostate size, TUR volume, or TUR-to-prostate ratio.
Subgroup analysis (<80 g vs. ≥80 g) showed no TXA
effect. No TXA recipient had a thromboembolic event
within 30 days. At one month, median urinary flow
increased by 12.8 mL/sec interquartile range [IQR]: 8.7–
18.8, and median International Prostate Symptom Score
(IPSS) decreased by 7 (IQR: 3–12).
Conclusions: Limited TUR during Aquablation pro-
vides effective hemostasis. TXA had minimal impact on
bleeding and was not associated with thromboembolic
events. Routine TXA use should be reconsidered when
limited TUR is performed.
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Introduction

Benign prostatic hyperplasia (BPH) is a leading
cause of lower urinary tract symptoms (LUTS) in
aging men, significantly impacting quality of life
and often necessitating surgical intervention when
medical management fails.1

Aquablation, a robotic-assisted waterjet ablation
technology, has emerged as a minimally invasive
treatment option for BPH. Using real-time ultrasound
guidance and precise tissue targeting, Aquablation
reduces operator dependence while preserving func-
tional outcomes.2 Unlike transurethral resection of
the prostate (TURP) and other thermal-based pro-
cedures, it minimizes the risk of thermal injury to
surrounding structures, resulting in lower rates of
ejaculatory dysfunction—an important consideration
for many patients.2,3 Comparative studies, such as
the WATER trial, have shown that Aquablation pro-
vides symptom relief and urinary flow improvement
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comparable to TURP but with a more favorable side
effect profile.3,4 These advantages, along with stan-
dardized procedural outcomes, make Aquablation an
appealing option for men seeking effective symptom
management with fewer functional side effects.

Postoperative hematuria remains one of the
most common complications following surgical
BPH interventions,1 with potential downstream
effects on catheter duration,5 hospital stay,6 and
patient anxiety.7 Even when clinically insignificant,
visible bleeding often triggers patient-initiated
communications and emergency department
visits. In resource-constrained settings, this can
result in unnecessary testing, catheter reinsertion,
and increased healthcare utilization.8 Therefore,
strategies to proactively minimize hematuria—even
if transfusion is not required—remain a key target
for quality improvement.

Since its inception, post-operative bleeding
following Aquablation for enlarged prostate
has significantly decreased with the adoption
of standardized techniques, particularly routine
focal bladder neck cautery in addition to limited
transurethral resection (TUR) with adjunctive
cauterization is often applied to improve hemostasis.9

While larger prostates still carry a higher bleeding
risk, improved hemostasis techniques have
substantially mitigated this concern. Antifibrinolytic
agents, including aprotinin, tranexamic acid (TXA),
and epsilon aminocaproic acid (EACA), have been
proposed for use in complex surgeries to minimize
bleeding.10 Tranexamic acid (TXA) is the most
extensively studied antifibrinolytic agent and the
most widely used worldwide.

TXA is a synthetic lysine derivative which inhibits
plasminogen activation, stabilizing fibrin clots.
Intravenous TXA has been demonstrated to improve
surgical outcomes by reducing intraoperative
bleeding and subsequently decreasing postoperative
irrigation volume, catheterization time, and length of
hospital stay.11–13 However, TXA’s role in Aquablation
has not been reported.

This study evaluates the impact of TXA on hema-
turia outcomes in Aquablation with limited TUR,
comparing patients with and without antithrombotic
therapy to provide further guidance on bleeding
management in this setting. Antithrombotic therapy
status was included due to prior work demonstrating
that the use of oral antiplatelet and anticoagula-
tion (APAC) may have an independent effect on
increasing morbidity among patients who received
TURP, even if APAC was held prior to surgery.14 We

hypothesized that patients who received TXA periop-
eratively would have decreased postoperative blood
loss and decreased need for blood transfusion.

Methods

Study design and data collection
Four surgeons performed all Aquablation proce-
dures at UT Southwestern Medical Center. Surgeons
A–D performed 6, 8, 25, and 74 surgeries, respectively.
Preoperative management for patients on anticoag-
ulation and antiplatelet therapy (APAC) involved
discontinuing medication based on type: Cyclooxy-
genase (Cox) inhibitors and antiplatelet agents were
held for 7 days prior to surgery, while factor Xa
inhibitors were held for 3 days. Surgeons A and
B did not administer TXA to any of their patients,
while Surgeon C and Surgeon D administered TXA
to 8 of 25 patients (32%) and 23 of 74 patients
(21%), respectively. When TXA was administered,
1 g of intravenous TXA was given perioperatively.
Upon completion of surgery, hemostasis was verified
by cystoscopic inspection of the bladder neck and
prostatic fossa following limited TUR and selective
cauterization before catheter placement. All patients
received a 22 Fr three-way catheter with a 30 mL
balloon placed in the bladder and initiated on con-
tinuous bladder irrigation. Antithrombotic agents
were held based on current perioperative guidelines.
Patients were admitted for overnight observation.

A retrospective analysis was conducted on men
who underwent Aquablation from October 2020 to
July 2024 at UT Southwestern Medical Center. Data
on demographics (age at surgery, body mass index
[BMI], medical comorbidities, American Society of
Anesthesiologists Physical Status Classification Sys-
tem [ASA]) score, antithrombosis status), prostate
characteristics (prior prostate surgeries for BPH,
catheter dependent urinary retention status, prior
pelvic radiation, prostate size, presence of median
lobe, preoperative and post-operative International
Prostate Symptom Score [IPSS]), operative details
(pre-operative Hemoglobin, pre-operative noninva-
sive urodynamics, number of Aquablation passes,
total Aquablation time, transurethral resection vol-
ume, estimated blood loss, TXA administration), and
postoperative outcomes were extracted from elec-
tronic medical record (EMR) system. Postoperative
data that was queried was postoperative hemoglobin
obtained several hours after surgery, postoperative
day one hemoglobin, need for blood transfusion,
number of post-operative patient-initiated communi-
cations (either messages via patient EMR portal or
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calls to the clinic) and emergency department presen-
tations regarding hematuria and other post-surgical
concerns within 30 days of surgery. We also collected
data on post-operative noninvasive urodynamics and
IPSS scores, which were typically assessed at the first
post-operative clinic visit, typically between 4 and 6
weeks after surgery.

This study was approved by the Institutional
Review Board at the University of Texas South-
western Medical Center (STU-2024-0834). Informed
consent was waived due to the retrospective nature
of the study.

Statistical analysis
Descriptive statistics were calculated for the entire
cohort, with subgroup analyses based on TXA
administration and antithrombotic status. The
Kruskal-Wallis test was used for comparison of
medians, a two-tailed t-test to compare averages,
and univariate regression analyses were employed
to assess relationships between continuous variables.
Statistical significance was set at p < 0.05. Data
analysis was done with Version 25 of the IBM SPSS
Statistics software package (IBM Corp., Armonk,
NY, USA).

Results

Demographics
A total of 113 patients underwent Aquablation fol-
lowed by limited transurethral resection (TUR) at
the end of the procedure to promote hemostasis.
The median age at surgery was 68 years (interquar-
tile range [IQR] 62–72), and the median BMI was
27 kg/m2 (IQR 25–31). Most patients (79%) were
Caucasian. Comorbidities included hypertension in
48%, diabetes in 17%, atherosclerotic cardiovascular
disease in 14%, and chronic obstructive pulmonary
disease in 4% of patients.

Hematologic outcomes
Patients who received TXA had a median prostate
size of 86 g (IQR 69–103 g) compared to 70 g (IQR 51–
90 g) in those not receiving TXA (p = 0.003, Table 1),
but no significant differences were observed in esti-
mated blood loss (median 25 mL in both groups,
IQR 20–30 mL, p = 0.847), transfusion rates, or
hematuria-related emergency department visits. Sub-
group analysis of patients with prostate volume
<80 g and ≥80 g was only significant for a

TABLE 1. Patient outcomes stratified by TXA status

All patients (n = 113) TXA given (n = 31) TXA not given (n = 82) p-value

Demographic data
Age at surgery (years) 68 (62–72) 68 (65–72) 68 (62–73) 0.921

Ethnicity 0.016
Caucasian 89 24 (77.4%) 65 (79.3%)

African american 11 3 (9.7%) 8 (9.8%)
Hispanic 6 1 (3.2%) 5 (6.1%)

Asian 5 1 (3.2%) 4 (4.9%)
Other/Not reported 2 2 (6.5%) 0

Comorbidities
Hypertension 54 15 (48.4%) 39 (47.6%) 0.938

Diabetes mellitus 19 3 (9.7%) 16 (19.5%) 0.212
Atherosclerotic cardiovascular disease 16 3 (9.7%) 13 (15.9%) 0.401

Chronic obstructive pulmonary disease 4 2 (6.5%) 2 (2.4%) 0.303
BMI (kg/m2) 27 (25–31) 26 (23–30) 28 (25–31) 0.025

Smoking status 0.178
Current 6 2 (6.5%) 4 (4.9%)
Former 37 13 (41.9%) 24 (29.3%)
Never 69 16 (51.6%) 54 (65.9%)

Blood thinner 0.061
Cox inhibitor 5 1 (3.2%) 4 (4.9%)

Antiplatelet medication 7 2 (6.5%) 5 (6.1%)
Factor Xa inhibitor 6 5 (16.1%) 1 (1.2%)
Pre-operative data

Catheter dependent 14 3 (10%) 11 (13%) 0.591
Prostate size (grams) 76.5 (57.5–95.8) 86 (69–103) 70 (51–90) 0.003

Median lobe 75 21 (68%) 54 (66%) 0.849
History of pelvic radiation 2 1 (3%) 1 (1%) 0.470

(Continued)
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TABLE 1. Patient outcomes stratified by TXA status

All patients (n = 113) TXA given (n = 31) TXA not given (n = 82) p-value

Pre-operative Qmax(mL/sec) 9 (7–13) 12.3 (8.4–15.9) 9 (6–12) 0.097
Pre-operative IPSS 19 (14–24) 17 (12–21) 20 (15–25) 0.541
Intra-operative data

ASA score 0.207
1 4 0 4 (4.9%)
2 62 18 (58.1%) 44 (53.7%)
3 47 13 (41.9%) 34 (41.4%)

Number of aquablation passes 0.027
1 21 2 (6.5%) 19 (23.2%)
2 75 23 (74.2%) 52 (63.4%)
3 15 6 (19.4%) 9 (10.9%)

Total aquablation time (minutes) 7.83 (6.78–9.79) 9.53 (8.17–10.89) 7.66 (6.29–9.03) 0.002
Transurethral resection volume (grams) 7 (3–11) 9.4 (5.9–12.9) 6 (3–10) 0.061

TUR to prostate size ratio (percent) 9.44 (5.22–13.66) 12.19 (7.56–16.82) 8.10 (4.52–11.68) 0.154
Estimated blood loss (mL) 25 (20–30) 25 (20–30) 25 (18–32) 0.847

Post-operative data
Change in Pre-Op to Post-Op hemoglobin

(g/dL)
−0.8 (−1.2–−0.2) −0.6 (−0.9–−0.4) −0.85 (−1.31–−0.39) 0.593

Change in Post-Op to Post-Op Day 1
hemoglobin (g/dL)

−0.9 (−1.7–−0.4) −1.2 (−1.6–−0.8) −1.1 (−1.6–−0.6) 0.132

Change in Pre-to Post-Op Day 1 hemoglobin
(g/dL)

−1.5 (−2.2–−0.8) −1.55 (−2.25–−0.85) −1.5 (−2.3–−0.8) 0.801

Post-operative Qmax(mL/sec) 12.8 (8.7–18.8) 12.9 (7.6–18.3) 13 (9–16) 0.975
Post-operative IPSS 7 (3–12) 4 (2–6) 8 (3–13) 0.006

30-day patient-initiated communication
regarding hematuria

0 (0 −1) 0 (0–1) 0 (0–1) 0.155

30-day emergency department presentation for
hematuria

0 (0–0) 0 (0–0) 0 (0–0) 0.938

30-day patient-initiated communication
regarding hematuria AVG (SD)

0.37 (0.67) 0.45 (0.62) 0.34 (0.69) 0.405

30-day emergency department presentation for
hematuria AVG (SD)

0.05 (0.23) 0.03 (0.18) 0.06 (0.24) 0.485

Note: TXA, tranexamic acid; BMI, body mass index; Cox, cyclooxygenase; Qmax, maximum urinary flow rate; IPSS,
International Prostate Symptom Score; ASA, American Society of Anesthesiologists Physical Status Classification System;
TUR, transurethral resection; AVG, average; SD, standard deviation.

smaller transurethral resection volume (4 g, IQR
3–8) obtained from the patients with prostates <80 g
who did not receive TXA (n = 53) compared to those
who did receive TXA (n = 11) (9.4 g, IQR 6–11)
(p = 0.026). Across all patients, TXA recipients had
a median Aquablation procedure time of 9.53 min
compared to 7.66 min in those who did not receive
TXA (p = 0.002) and required three Aquablation
passes in 6 out of 31 TXA patients compared to
9 out of 82 non-TXA patients (p = 0.027). Median
hemoglobin change from baseline to post-op day one
was −1.55 g/dL (IQR −2.25–−0.85 g/dL) in the TXA
group and −1.5 g/dL (IQR −2.25–−0.75 g/dL) in
the non-TXA group (p > 0.05). No thromboembolic
events were reported in any patient receiving TXA
within 30 days of surgery.

Functional outcomes
On postoperative day one, 47 of 113 patients (42%)
underwent a void trial, of which 40 (85%) success-
fully voided and were discharged without a catheter.
The remaining 66 patients were discharged with
a catheter and a scheduled outpatient void trial.
One month after Aquablation, functional outcomes
improved in all patients. The median urinary flow
rate was 12.8 mL/sec (IQR 8.7–18.8 mL/sec), and
the median International Prostate Symptom Score
(IPSS) was 7 points (IQR 3–12). Patients receiving TXA
demonstrated a lower median post-operative IPSS
score of 4 (IQR 2–6), while those not receiving TXA
had a median score of 8 (IQR 3–13) (p = 0.006). There
was no significant postoperative change in median
urinary flow rates between groups.
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Patient-initiated communication
Patient-initiated communications (e.g., EMR mes-
sages or clinic calls) and emergency department (ED)
visits for hematuria-related concerns remained low
in both TXA and non-TXA groups. Hematuria-related
communications occurred in 14 out of 31 patients
(45%) in the TXA group, compared to 28 out of 82
patients (34%) in the non-TXA group (p = 0.405).

Stratification by prior antiplatelet or
anticoagulant use
42 patients were on antiplatelet or anticoagulation
therapy prior to surgery. TXA was administered to 10
of 42 (23.8%) on blood thinners and 21 of 71 (29.6%)
patients not on blood thinners (p = 0.506). Among
patients on anticoagulation therapy, no significant
differences were observed in postoperative hema-
turia, hemoglobin changes, or estimated blood loss

(Table 2). Median estimated blood loss was 25 mL in
both anticoagulation and non-anticoagulation groups
(p = 0.935), transfusion rates (0% in both groups),
or emergency department visits related to hematuria.
Patients on anticoagulation had similar postopera-
tive hemoglobin regardless of TXA administration
(−1.4 g/dL vs. −1.5 g/dL, p = 0.801, Figure 1). When
patients on 81 mg aspirin were excluded from the
blood thinner group in a separate subgroup anal-
ysis, there were similarly no significant differences
observed in post-operative hematuria, hemoglobin
changes, or estimated blood loss.

Discussion

The role of TXA in reducing blood loss during
TURP is well documented; however, its application in

TABLE 2. Patient outcomes stratified by antiplatelet or anticoagulation status

Blood thinner (n = 42) No blood thinner (n = 71) p-value

Demographic data
Age at surgery (years) 69 (65–72) 67 (62–72) 0.196

Ethnicity 0.167
Caucasian 36 (85.7%) 53 (75%)

African american 1 (2%) 10 (14%)
Hispanic 1 (2%) 5 (7%)

Asian 3 (7%) 2 (3%)
Other/Not reported 1 (2%) 1 (1%)

Comorbidities <0.001
Hypertension 24 (57%) 30 (42%) 0.172

Type 2 Diabetes mellitus 9 (21%) 10 (14%) 0.435
Atherosclerotic cardiovascular disease 13 (31%) 3 (4%) <0.001

Chronic obstructive pulmonary disease 4 (10%) 0 0.017
BMI (kg/m2) 28 (25–31) 27 (25–31) 0.290

Smoking status <0.001
Current 24 (57%) 5 (7%)
Former 1 (2%) 20 (28%)
Never 17 (41%) 46 (65%)

Blood thinner
Aspirin 36 (83%) -

Clopidogrel 6 (14%) -
Ticagrelor 1 (2%) -

Rivaroxaban 1 (2%) -
Apixaban 5 (12%) -

Pre-operative data
Catheter dependent 7 (17%) 7 (10%) 0.288
Prostate size (grams) 74 (51–88) 79 (61–102) 0.085

Median lobe 27 (64%) 48 (68%) 0.718
History of pelvic radiation 0 2 (3%) 0.273

(Continued)
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TABLE 2. Patient outcomes stratified by antiplatelet or anticoagulation status

Blood thinner (n = 42) No blood thinner (n = 71) p-value

Pre-operative Qmax(mL/sec) 10.8 (9.1–13.1) 8.6 (6.5–13) 0.122
Pre-operative IPSS 20 (14–24) 19 (12–24) 0.365

Intra-operative Data
Total aquablation time (minutes) 7.9 (6.8–9.5) 7.93 (6.85–9.97) 0.482

Transurethral resection volume (grams) 7 (3–11) 9 (3–11) 0.811
TUR to prostate size ratio (percent) 8.64 (5.45–14.12) 8.5 (5.3–14.0) 0.793

Estimated blood loss (mL) 25 (20–30) 25 (20–30) 0.935
Administration of TXA (number of

patients)
10 (24%) 21 (30%) 0.506

Post-operative data
Change in Pre-to Post-Op Hemoglobin −0.8 (−0.9–−0.2) −0.8 (−1.4–−0.3) 0.178

Change in Post-Op to Post-Op Day 1
Hemoglobin

−0.8 (−1.6–−0.6) −1.0 (−1.6–−0.3) 0.712

Change in Pre-to Post-Op Day 1
Hemoglobin

−1.4 (−2.1 to −1) −1.5 (−2.5 to −0.7) 0.803

Duration of hospital stay (days) 1 (1–1) 1 (1–1) 0.918
Post-operative Qmax(mL/sec) 12 (8–18) 15.3 (10.0–18.8) 0.218

Post-operative IPSS 9 (3–14) 7 (2–12) 0.574
30-day patient-initiated communication

regarding hematuria
0 (0–1) 0 (0–1) 0.520

30-day emergency department presentation
for hematuria

0 (0–0) 0 (0–1) 0.674

Note. TXA, tranexamic acid; BMI, body mass index; Qmax, maximum urinary flow rate; IPSS, International Prostate Symptom
Score; TUR, transurethral resection; AVG, average; SD, standard deviation.

FIGURE 1. Impact of tranexamic acid (TXA) on
median hemoglobin levels among patients on antico-
agulation following Aquablation (p = 0.801)

Aquablation is less extensively reported. Aquablation
has been associated with a 10% risk of bleeding15 and
a 6% transfusion rate.16 Several methods, including
traction and selective cautery, have been developed to

mitigate perioperative bleeding risks.9,16 In our study,
Aquablation combined with limited TUR provided
adequate bleeding control, even among patients on
antithrombotic agents. The addition of TXA in cases
with increased bleeding did not significantly impact
bleeding outcomes.

Our surgeons favored TXA use in patients with
larger prostates, likely due to an increased trans-
fusion risk among these patients when undergoing
TURP.17 However, the subgroup analysis shows that
prostate size did not significantly affect postoperative
hematuria outcomes. Beyond prostate size, neither
TUR volume nor TUR-to-prostate size ratio influ-
enced postoperative hematuria outcomes, regardless
of TXA administration. These findings align with
a systematic review outlining TXA’s limited effect
in altering hemostatic parameters including trans-
fusion rates, postoperative hemoglobin, operative
time, and length of stay among patients undergoing
transurethral resection of the prostate (TURP).18,19

In contrast, patients undergoing percutaneous
nephrolithotomy (PCNL) demonstrated improve-
ment in all hemostatic parameters after receiving
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TXA.20 This may be explained by the innate dif-
ference in bleeding risk between TURP and PCNL
procedures. TURP, having a lower baseline risk
of bleeding and complications when compared to
PCNL, may achieve adequate hemostasis without
additional agents such as TXA.16,17 This discrepancy
may support why our findings yielded little effect
of TXA on hemostatic outcomes in Aquablation
patients, as Aquablation has been shown to have
further decreased bleeding risk than TURP five years
after surgery.21

However, given that there were significantly
fewer patients on antithrombotic agents that received
TXA compared to those that did not, the lack of
TXA’s benefit in reducing postoperative bleeding
in this population may be underestimated. Patients
on anticoagulants and antiplatelet agents are at an
inherently higher risk of perioperative bleeding,
even when these medications are temporarily held
before surgery. Current guidelines recommend hold-
ing aspirin for at least 5 to 7 days,22 clopidogrel
for 5 days, and ticagrelor for 3 to 5 days before
surgery.23 Direct oral anticoagulants such as apixaban
and rivaroxaban are typically held for 24 to 48 h,
depending on renal function, while warfarin requires
5 days for full reversal.24 Despite these precautions,
residual anticoagulant effects can still contribute to
increased bleeding risk. While TXA could theoreti-
cally provide additional hemostatic support in these
patients, our findings suggest that Aquablation with
limited TUR provides effective bleeding control even
among those on blood thinners.

The lack of venous thromboembolic events
(VTE) among TXA recipients in our cohort aligns
with a large-scale systematic review concerning
prostate procedures that reported no VTE in either
TXA or control groups.19 However, this may be
due to lower baseline rates of VTE associated with
shorter endoscopic urologic procedures (<2 h) when
compared to more complex urologic surgeries such
as radical cystectomy, prostatectomy, or oncologic
procedures, which typically have longer operative
times and higher VTE risk.25–27 Despite concern
for postoperative hematuria among patients on
anticoagulation, patient-initiated communication
and emergency department visits related to bleeding
remained low and were not mitigated by TXA
administration. Most patient inquiries were related
to routine postoperative concerns. Common topics
included guidance on continuing BPH medications
and symptoms such as urinary urgency, dysuria,
bladder spasms, and rectal bleeding—typically
attributed to the ultrasound probe used during
surgery. These concerns could be more effectively

addressed through improved discharge instructions
and preoperative education, ensuring patients are
informed about expected postoperative side effects
during their recovery.

This study has several limitations. It is a retro-
spective, single-center study with a predominantly
healthy population, where the most common comor-
bidity was hypertension (48%) and no patients had
significant medical conditions that prevented dis-
continuation of anticoagulation. TXA administration
was subjective and based on the surgeon’s assess-
ment of bleeding, with no correlation between higher
estimated blood loss (EBL) and TXA use. Addi-
tionally, TXA was administered intraoperatively to
patients who were thought to have increased blood
loss, introducing selection bias. Hematuria outcomes
were only assessed within 30 days, and longer-
term outcomes were not evaluated. Additionally,
data on volume of post-operative continuous bladder
irrigation (CBI) use and catheter irrigation due to
hematuria were unavailable.

Conclusion

This study demonstrates that Aquablation with lim-
ited TUR is a safe and effective treatment for BPH,
minimizing reliance on TXA for hemostasis, even
among patients who take blood thinners or those with
larger prostates. Further prospective studies could
enhance understanding of these findings, specifically
focusing on identifying patient characteristics that
may predict the need for TXA.
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