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Benign prostatic hyperplasia (BPH) is the most prevalent
urological condition in aging men and often requires
surgical treatment. While traditional procedures such
as open simple prostatectomy (OSP) and transurethral
resection of the prostate (TURP) have been widely used,
newer modalities, including holmium laser enucleation
of the prostate (HoLEP)/anatomic endoscopic enucle-
ation of the prostate (AEEP), initially described in 1997,
and Aquablation robotic waterjet therapy (RWT) with
FDA approval in 2018, have emerged as modern con-
tenders as a new gold standard. This review study aimed
to compare HoLEP and Aquablation RWT across vari-
ous clinical domains, including symptom relief, quality
of life (QoL), sexual function, perioperative outcomes,
durability, and learning curves, to guide evidence-
based surgical decision-making for BPH treatment. A

comprehensive analysis of published randomized trials,
registry data, and institutional experience was con-
ducted and outcomes were compared. Both techniques
result in significant improvements in LUTS and QoL.
HoLEP remains a durable treatment, especially for large
prostates, with <2% retreatment rates; however, it is
associated with a steep learning curve, temporary or
permanent stress urinary incontinence (SUI), and high
rates of ejaculatory dysfunction. In comparison, Aquab-
lation RWT is associated with a shorter learning curve,
comparable improvements in LUTS, minimal SUI, and
superior preservation of antegrade ejaculatory function.
Same-day discharge is feasible for both techniques. Both
HoLEP and Aquablation offer superior urinary out-
comes compared to TURP for prostates of all volumes.
However, given the low learning curve, minimal risk of
stress incontinence and ejacultory function preservation,
Aquablation is an increasingly attractive option for both
physicians and patients.

Key Words: Aquablation, holmium laser enucle-
ation of the prostate (HoLEP), anatomic endoscopic
enucleation of the prostate (AEEP), waterjet, laser,
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Introduction

Benign prostatic hyperplasia (BPH), a common cause
of lower urinary tract symptoms (LUTS), remains
the most prevalent urological condition that affects
men’s quality of life (QoL) and therefore motivates
men to seek urologic care in the United States and
globally.1 Notably, BPH ranks as the second leading
source of years lived with disease worldwide, con-
tributing to an annual global treatment cost exceeding
$78 billion.2 While pharmacological therapy is often
prescribed to men as initial therapy, its overall effec-
tiveness and long-term compliance remain low.3,4

Therefore, surgery to remove bladder outlet obstruc-
tion (BOO) from BPH remains the most definitive
and durable treatment for men with moderate to
severe LUTS.

Open simple prostatectomy (OSP), as well as
laparoscopic and robotic multi- and single-port sim-
ple prostatectomy, still play an important role in the
surgical treatment of BPH, and, in particular, it is
recommended as a standard surgical treatment for
large and very large prostates with volume ≥80 mL.5,6

There are also benefits for concurrent management
of large bladder stones and/or those men with large
bladder diverticula. OSP has been associated with
significant and durable improvements in LUTS in
multiple studies techniques.7–10 However, it has also
been linked to various complications intra-, peri-, and
post-operative, even with less invasive laparoscopic
or robotic.11–13

Transurethral resection of prostate (TURP) has
offered a more minimally invasive approach to treat
BPH,14,15 and has been considered the gold standard
surgical treatment.16,17 However, its association with
significant sexual side effects and limited efficacy
in larger prostates has prompted the development
of alternative procedures with improved safety and
broader applicability. Among these, laser enucle-
ation of the prostate (holmium; HoLEP, or thulium;
ThuLEP; also sometimes labeled anatomical endo-
scopic enucleation of the prostate [AEEP] as an
energy-source independent name) has emerged as a
leading contender, offering comparable or superior
outcomes to TURP and OSP with a more favorable
safety profile and size-independent applicability.18,19

Despite these advantages, HoLEP’s technical com-
plexity and steep learning curve, with case volumes
of proficiency and expertise reported at 50 and >200,
respectively, have limited its widespread adoption, as
reflected in stable, low overall usage rates over the
past decade.20–22

In contrast, Aquablation, or robotic waterjet treat-
ment (RWT), represents a novel, ultrasound-guided,

robot-executed technique that utilizes a computer-
automated, programmed high-velocity saline jet to
precisely remove obstructing prostate adenoma.23

Gaining momentum in the US and world over the
past decade, Aquablation has been associated with
comparable symptom relief to TURP, while poten-
tially offering advantages such as reduced sexual
dysfunction and incontinence—especially in patients
with larger prostate volumes.23–25 In addition, it has
been shown to have efficacy among men with intrav-
esical prostatic protrusion/median lobes, bladder
stones, prior BPH surgeries, and among men in uri-
nary retention.26–30 Though currently recommended
for prostates under 80 mL by the European Urology
Association and American Urological Association
guidelines,6,31 clinical data supports use in prostates
up to and above 150 mL,32–35 the Canadian Urological
Association guidelines support use in prostates up
to 150 mL,36 and additional data in large prostates
remains forthcoming. As such, Aquablation is a
size and shape-independent, efficacious technique for
removing BOO secondary to BPH.

Given the increasing demand for individualized
treatment selection and shared decision-making, a
robust comparison is needed. The results of recent
randomized trials comparing these techniques have
been presented. In this context, we conducted a com-
parison of HoLEP/AEEP and Aquablation/RWT,
aiming to provide urologists and patients with
evidence-based guidance to inform surgical decision-
making for BPH treatment.

Comparison of Available Evidence-Based
Literature

While HoLEP/AEEP is widely considered a techni-
cally superior surgical approach, its evidence base
reflects the regulatory era in which it was developed.
Unlike modern BPH therapies that require rigorous,
centrally adjudicated FDA pivotal trials for market
approval, HoLEP was established largely through
investigator-initiated research. Consequently, many
of these studies are retrospective in nature, lack blind-
ing or standardized methodologies throughout the
trial, and/or do not measure continence, limiting
applicability in guiding evidence-based practice.37–39

Even some of the prospective trials, such as those
by Kuntz et al.,40 Wilson et al.,41 and Montorsi
et al.,42 while valuable, do not consistently meet the
standards of contemporary, multi-institutional ran-
domized controlled trials (RCTs), particularly when
considering long-term follow-up, standardized out-
come reporting, and enrollment across varied practice
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settings.40–43 Additionally, the literature reflects a
limitation in HoLEP studies regarding external valid-
ity due to the steep and prolonged learning curve
required for surgical proficiency. For example, in the
RCT of TURP vs. greenlight vapo-enucleation vs.
HoLEP by Elshal et al.,44 each surgeon had experi-
ence with ≥300 cases before the start of the trial.
As such, the pool of participating surgeons in trials
has often been limited to a small number of high-
volume, highly specialized academic centers. Such
limitations in surgeon and site diversity somewhat
hamper the ability to generalize HoLEP outcomes to
broader clinical practice.45

In contrast, Aquablation RWT has been subjected
to several regulatory studies with a higher level of
scientific scrutiny through multiple well-designed,
prospective, multi-institutional RCTs, most notably
the WATER and WATER II trials.23,46 These studies
were double-blind, multicenter trials with rigorous
inclusion criteria and robust long-term follow-up.
The WATER trial, for example, demonstrated not
only non-inferior urinary symptom relief compared
to TURP at five years but also superiority in some
domains such as reduced ejaculatory dysfunction and
lower rates of early post-operative complications.

WATER III represents one of the first multi-
institutional prospective RCTs evaluating the
outcomes of AEEP.47 The WATER III trial is a
multicenter, prospective, RCT designed to compare
Aquablation with AEEP (HoLEP or ThuLEP) for the
treatment of men with large prostates (80–180 mL).
Conducted across five sites in Germany and the
United Kingdom, the study required participating
surgeons to have performed a minimum of 30
procedures to ensure baseline proficiency. Primary
endpoints included the change in International
Prostate Symptom Score (IPSS) and the rate
of Clavien-Dindo adverse events at 3 months.
Secondary endpoints included changes in QoL
scores, sexual function, and urinary flow (Qmax), with
follow-up extending up to 5 years.

Taken together, HoLEP’s status as a “platinum
standard” is supported by decades of clinical suc-
cess, yet its evidence base differs structurally from
that of emerging BPH technologies. Because HoLEP
predates modern FDA pivotal trial requirements, it
was never subjected to the rigorous, multi-center reg-
ulatory studies mandated for newer devices. Thus,
the dichotomy in the level of evidence between AEEP
and RWT should be carefully considered by clinicians
and guideline committees when weighing treatment
recommendations and should be considered when
interpreting data.

Comparison of Surgeon Learning Curve

There have been many variations of techniques that
have been developed for HoLEP. Most recently, a
majority of surgeons incorporate en-bloc resection
techniques with early apical release in an effort to
reduce the incidence of incontinence.48,49 The num-
ber of cases above with a surgeon who can perform
HoLEP/AEEP safely with satisfactory efficiency and
good outcomes has been estimated at 50 cases, albeit
requiring careful case selection.50,51 In this learning
curve, avoidance of large volume prostate glands or
unusual anatomic variants is recommended, coupled
with fellowship training or close mentorship dur-
ing those initial 50–100 cases. Procedures performed
during this learning curve have been consistently
reported to be associated with longer operative times,
higher complication rates, incontinence rates, and
re-treatment rates.20,51–53 As such, there is a cost to
patient outcomes during this period of apprentice-
ship. Furthermore, more than half of HoLEP trainees
reported >50 cases to master laser enucleation.54

However, any hard cutoff of a “learning curve” is
artificial, as we are continually learning from our
patients and experiences. For example, continued
learning and efficiency continue to occur during the
first 500 HoLEP cases.21 In support of this, a report
of a single surgeon’s HoLEP experience demon-
strated a significant decrease in operative time from
an average of 64.05 min in the first 100 cases to
42.02 min in the last 100 cases performed. Many
experts call for specialized training programs or fel-
lowships to aid in this learning curve, and while
independent learning of this technique is possible, it
can be challenging.54 In addition, the learning curve
and associated complications cause many surgeons
to abandon performing the procedure, and likely
inhibit the widespread adoption of this technique.53 A
prospective, multi-center observational study, involv-
ing surgeons experienced in TURP and OSP but
naïve to HoLEP, evaluated the learning curve of
HoLEP. The main judgment criterion was the ability
of the surgeon to perform four consecutive success-
ful procedures. The authors concluded that despite
mentored training, HoLEP still has a steep learning
curve, causing almost half of the programs to aban-
don or not continue with the technique.53 Therefore,
although the prevalence of men with symptomatic
LUTS related to BPH is the main motivation for seek-
ing urologic care and spans across all demographics
and geographies, until this challenge is overcome
via training programs, HoLEP/AEEP surgeons will
largely remain at academic institutions centralized
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in urban centers, and HoLEP overall will remain
utilized infrequently.22,55–59

The Aquablation RWT technique utilizes skillsets
that are already a part of the fundamental basis
of all urologic training programs and most urolo-
gists utilize in their daily practices: cystoscopy and
transrectal ultrasound. Because of the familiarity of
these basic urologic techniques, most urologists can
learn Aquablation RWT rather quickly, with such
technologies and automated RWT execution democ-
ratizing surgical outcomes. As an example, in the
WATER study, most participating study investigators
were naïve to Aquablation prior to the trial (average
of 0.5 cases/surgeon performed before study initia-
tion).23 Despite this lack of experience, investigators
were able to achieve successful immediate and 5-
year outcomes that were non-inferior or superior
to TURP.23,25,60 A multi-institutional study evaluating
the learning curve of 3 naïve Aquablation surgeons
demonstrated that surgeons were able to achieve
at least a 50% “trifecta” (operative time <60 min,
hemoglobin reduction ≤2 mg/dL, and no 90 day
Clavien-Dindo grade ≥2 complications) frequency
within 4 cases and a “pentafecta” (the above trifecta
+ significant improvement in IPSS score and ejacu-
latory preservation) within 38 cases.61 This number
may have motivated the WATER III study design to
require participating investigators to have performed
at least 30 Aquablation cases. Our institutional expe-
rience of the first 500 cases demonstrates a slight
statistical, but not clinically significant, improvement
in total operative time with experience. Specifically,
the first 100 cases of this series performed were on
average 47.5 min, and the last 100 cases were 42.3
min in duration (unpublished data). A query of the
past 20 recently graduated urologic trainees reports
that all feel comfortable incorporating Aquablation
into their future practices without further fellowship
training (unpublished data). Furthermore, there are
currently no specialized training programs or multi-
year fellowships dedicated to learning Aquablation,
emphasizing its short learning curve.

Comparison of Operative Times

Both HoLEP and Aquablation procedures require
two stages for successful completion. The first stage
of HoLEP involves the laser enucleation of the
prostate adenoma, whether en-bloc or as enucleation
of separate lobes. The second stage involves tissue
morcellation of the enucleated adenoma within the
bladder. The two stages of Aquablation involve abla-
tion of the adenoma with the waterjet and then

focal bladder neck cautery with either a bipolar or
monopolar resectoscope to validate hemostasis.62,63

Operative times for HoLEP are influenced by
many factors, including but not limited to sur-
geon experience, laser type, morcellator type, and
size, as well as tissue composition of the prostate
gland. Occasional dense stromal nodules may plague
the morcellation device and require conversion to
a transurethral resection or open retrieval of enu-
cleated tissue. Unintended injury to the bladder
has occurred during morcellation and subsequent
procedures. Operative times for total HoLEP oper-
ative times have ranged from 59 to 135 min.64–66

Among these enucleation times range between 40.4 to
80 min.65,66 Improved laser technology, including the
incorporation of the MOSES 2.0 holmium laser, can
improve enucleation times.65 Morcellation times can
increase total operative time by over 50 min and can
range up to 260 min.66,67

Aquablation operative times are less dependent
on surgeon experience and prostate volume. Total
median (IQR) operative time in the WATER and
WATER II clinical trials was 37 (17) and 51 (22),
respectively.23,46,68 In these two clinical trials, total
resection time with the Aquabeam waterjet was on
average 3.9 (range 2–11) and 8.0 (range 2.5–17) min,
respectively. Additional contributions to total oper-
ative time include setup, ultrasound alignment,
irrigation, and hemostasis. In a retrospective study of
greenlight photovaporization of the prostate (PVP),
greenlight enucleation (greenLEP), ThuLEP, HoLEP,
Aquablation RWT, procedure time was longest for
PVP, intermediate for HoLEP/AEEP, and lowest for
Aquablation.69

In direct modern comparisons, operative times
appear similar between the two modalities. There
was no significant difference in operative times in
the WATER III trial between Aquablation and HoLEP
(58.1 ± 19.6 vs. 61.8 ± 25.8 min, p = 0.27), where sur-
geons had 30–200 case experience compared to >2000
case volume experience, respectively.47 Furthermore,
in a prospective multi-center non-randomized study
of HoLEP vs. Aquablation, Justo Quintas et al.70 found
no difference in operative times between HoLEP vs.
Aquablation (43.9 ± 26.8 min vs. 49.1 ± 15 min;
p = 0.052).

Transfusion Rate Comparison

The prostate receives its blood supply primarily from
the inferior vesical artery, with additional contribu-
tions from the middle rectal and internal pudendal
arteries. Based upon this robust blood supply, it is
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no surprise that many prostate surgeries have been
associated with significant blood loss requiring trans-
fusions.

In its early development, Aquablation RWT was
associated with clinically significant bleeding rates in
the WATER and WATER II (where no prostate cautery
was used and only catheter traction devices, such as
the continuous traction device, were utilized) trials.
Specifically, post-operative bleeding rates requiring
peri-operative transfusion varied from 0.9% to 5.9%
for prostates 30–80 cc and 80–150 cc, respectively.23,24

Unfortunately, because of this, societal guidelines
caution about bleeding risk associated with Aquab-
lation. With further experience and introduction of
focal bladder neck cautery, Elterman et al.62 demon-
strated that Aquablation transfusion rates depended
on the method of hemostasis and the size of the
prostate, ranging from 0.86% to 6.7%. There is ongo-
ing debate and technical refinement with regard
to the optimal method for achieving hemostasis in
these patients. Options range from standard traction,
robust bladder neck traction, balloon tamponade in
the prostatic fossa, and selective electrocautery.62,63,71,72

However, contemporary data suggest that in men
where focal bladder neck cautery was utilized fol-
lowing RWT, transfusion rates were as low as 0.8%.63

Contemporary analysis from the Manufacturer and
User Facility Device Experience (MAUDE) database
of over 36,000 men who underwent Aquablation
demonstrates a transfusion or take-back for ful-
guration rate of 0.4%.73 MAUDE data should be
interpreted with caution, however, as this is a volun-
tary post-marketing surveillance system, and events
could be under-reported. In the International Col-
laborative Aquablation Research Urology Society
(ICARUS) real-world, multi-institutional, interna-
tional retrospective series of over 2000 patients
undergoing Aquablation, the use of focal bladder
neck cautery showed an overall transfusion rate of
0.75%.28 For such reasons, the standard operating
technique of Aquablation includes at least 2 passes
of the Aquabeam RWT, followed by focal bladder
cautery.74

More recently, in a retrospective comparison study
of 167 men undergoing Aquablation RWT versus
215 men undergoing HoLEP from Germany, there
was no difference in transfusions, postoperative
hemoglobin changes, or takebacks for cystoscopy
with clot evacuation between groups.75 Similarly,
in another single-center comparative trial of 75
Aquablations versus 75 HoLEPs, the mean post-
operative hemoglobin drop was significantly higher
in the Aquablation cohort vs. HoLEP (2.6 ± 1.33 vs.
0.4 ± 0.67 g/dL, p < 0.001), however, there was no

difference in clinically significant outcomes, particu-
larly with regard to the need for blood transfusion (1
in each group).70 Justo Quintas et al.’s70 prospective
non-randomized study of Aquablation vs. HoLEP
showed no difference in transfusion rates between
the two procedures. Finally, the results of the WATER
III trial also demonstrated no significant difference in
bleeding complications or transfusion rates between
Aquablation (0%) and HoLEP (2.3%; p = 0.13).47

Comparison of Outcomes on
Anticoagulation and Antiplatelet Therapy

As stated above, LUTS secondary to BPH is common
in elderly and aging men. Concomitantly, increasing
age is also related to many other chronic conditions,
including cardiac and vascular pathologies, which
require anti-platelet or anticoagulation medications.
Lasers have gained great popularity and interest over
the past two decades for such patients.

The holmium laser emits energy at a wavelength
(2100 nm) that is strongly absorbed by water. The
holmium laser causes coagulation through a pho-
tothermal effect, where the laser’s energy, highly
absorbed by water in tissues, converts to heat, lead-
ing to tissue vaporization and superficial coagulation
for hemostasis. As mentioned above, HoLEP/AEEP
is associated with excellent hemostasis and minimal
blood loss, and transfusion rates among men are
rare. It therefore, is not surprising that many pre-
vious studies have reported the safety and efficacy
of HoLEP in men taking anti-platelet medications or
anticoagulation.76–79 Newer laser technology, includ-
ing MOSES 2.0, may improve this further.65,80 An
analysis of factors influencing blood loss among 963
men undergoing HoLEP suggested that prolonged
operative time, but not antithrombotic therapy, may
influence the risk of bleeding.81 While procedures
can safely be performed on anticoagulation, holding
anticoagulants when feasible may be associated with
less bleeding, shorter operative times, shorter length
of hospital stays, and a higher likelihood of same-day
catheter removal.82,83 In a retrospective study of 139
men on anticoagulation with clopidogrel, warfarin,
or a direct oral anticoagulant (DOAC) undergoing
HoLEP, transfusion rates were similar between men
who held anticoagulation (N = 82, 4.9% transfu-
sion rate) and men who continued anticoagulation
(N = 57, 5.3%; p > 0.99).83

With regards to RWT, one of the contraindi-
cations to performing Aquablation would be the
inability to stop anticoagulation medications peri-
operatively. As mentioned above, in WATER II, no
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cautery or hemostasis was performed after treat-
ment with the Aquabeam; rather, only traction was
used. This was unsurprisingly associated with a
5.9% transfusion rate in men with prostate vol-
umes of 80–150 cc.46 While techniques have been
employed (e.g., focal bladder neck cautery) that
almost eliminate the risk of significant bleeding,
continued use of anticoagulation through the Aquab-
lation procedure has not been reported on in the
literature and remains a contraindication for per-
forming such elective surgery. Rather, most men are
encouraged to hold their anticoagulation. Sadri et al.84

reported the risk of bleeding and post-operative
complications among 41 men taking preoperative
anticoagulation/antiplatelet medications compared
to 75 without use. Most of these patients were on
low-dose aspirin only (58%), but 37% were on dual
antiplatelet therapy, and 5% were on warfarin, and
the anticoagulant/antiplatelet start-stop time was
not standardized. Preoperative hemoglobin levels,
operative time, and post-operative hemoglobin levels
were comparable between the groups. There was no
difference in complications, return to the operating
room, or blood transfusions (2.4% vs. 0%; p = 0.35)
between groups. In the more recent ICARUS real-
world dataset, there was no significant difference in
transfusion rates or cystoscopy/clot evacuation in
patients on anticoagulation vs. those not on antico-
agulation.85 However, in subgroup analysis, men on
a DOAC or warfarin had a higher risk of transfu-
sion (6.5% vs. 1.35%; p = 0.02) and increased use
of cystoscopy with clot evacuation (8.1% vs. 2.1%;
p = 0.05) compared to men not on anticoagulation.
Thus, like in HoLEP, low-dose aspirin seems to have
minimal impact, but use of DOAC or warfarin may
be associated with a higher risk of bleeding compli-
cations. As for any procedure, risk-adjusted shared
decision making should be employed, and bleeding
risks weighed against potential cardiovascular and
thromboembolic events.

Comparison of Indwelling Catheter Time
and Same-Day Discharge

Post-operative catheterization, indwelling time, and
hospital time are variable and often driven by sur-
geon and patient preference. Average indwelling
catheter times range between 6 and 72 h for each
technology, based upon these and other variables.
In a non-randomized multicenter study of HoLEP
and Aquablation, bladder catheterization time did
not differ between the two modalities (32.4 ± 16.5 vs.
39.6 ± 26.2 h, p = 0.13).70

Same-day discharge (SDD), more specifically the
concept of being discharged from the hospital on
the same calendar day (leaving the hospital before
midnight the same day as the surgery) after surgi-
cal management of BPH is increasingly pursued to
improve patient recovery experience, reduce health-
care costs, and optimize resource use. Both HoLEP
and Aquablation have shown feasibility in outpa-
tient settings with SDD, though their pathways and
outcomes present some nuanced differences.82,86,87

For HoLEP, recent studies have demonstrated that
SDD with same-day catheter removal is both fea-
sible and safe for selected patients. A prospective
study by Carvalho et al.88 reported a 91.1% success
rate for same-day catheter removal and discharge
using a 60W holmium laser and en-bloc enucleation
techniques. Similarly, Cooley et al.82 reported a 90%
success rate in a larger cohort of 190 patients, noting
that preoperative anticoagulation use was associated
with failure of same-day voiding trials. A system-
atic review by Spinos et al.89 further supports these
findings, summarizing data from six studies show-
ing same-day catheter removal success rates ranging
from 85.5% to 90%, with very low complication and
re-catheterization rates. These outcomes suggest that
in well-selected patients, with proper selection and
perioperative protocols, HoLEP can be routinely per-
formed on an outpatient basis, being discharged with
or without an indwelling catheter.

Similarly, Aquablation may also be performed
with an SDD protocol, especially in high-efficiency
surgical environments such as ambulatory surgery
centers (ASCs). In the first global ASC-based cohort
study, Zorn et al. reported that 98% of patients under-
going Aquablation RWT for large prostates (mean
prostate volume 115 mL) were discharged the same
day, with no hospital readmissions, transfusions, or
reoperations.87 This high success rate was achieved
using a standardized Enhanced Recovery After
Surgery (ERAS) protocol, meticulous hemostasis via
bipolar cautery, and proactive post-op monitoring.
Patients reported minimal postoperative pain and
hematuria, and outcomes were comparable to inpa-
tient Aquablation procedures in terms of safety,
urinary symptom improvement, and sexual function
preservation. However, all patients in this Aquabla-
tion series were discharged home with an indwelling
catheter for an average of 2.8 days.

In summary, both HoLEP and Aquablation are
viable for same-day discharge in well-selected
patients. HoLEP has demonstrated excellent SDD
success in both retrospective and prospective
settings, though care must be taken with patients on
anticoagulation. Aquablation has shown the potential
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for similar high rates of SDD (up to 98%) with a
strong safety profile, but there is less published SDD
data at this time, and same-day catheter removal has
not yet been published. The choice of procedure may
ultimately depend on surgeon expertise, institutional
protocols, and patient comorbidities, but current
evidence supports both techniques as efficient
outpatient options for BPH surgery.

Comparison of Improvements in Overall
Lower Urinary Tract Symptoms and
Quality of Life

Both HoLEP/AEEP and Aquablation/RWT are
well-established surgical treatments for relieving
LUTS/BPH. Across the literature, both approaches
demonstrate substantial improvements in urinary
symptom scores and QoL, though they differ slightly
in onset, durability, and patient experience.

HoLEP/AEEP has consistently shown marked
improvements in voiding and storage symptoms. In
a large prospective study by Gurlen et al.90, signifi-
cant reductions were observed in IPSS total, storage,
and voiding scores just three months after surgery,
with over 85% of patients experiencing at least
a 50% reduction in symptom burden. Similarly, a
meta-analysis of transurethral procedures (excluding
Aquablation) showed that at 1 year, HoLEP was supe-
rior to monopolar TURP in terms of IPSS scores, Qmax,
and PVR, but not with regard to quality of life.18 Sim-
ilarly, a meta-analysis by Chen et al.91 confirmed that
HoLEP offers durable improvements in urinary flow
rates and symptom relief across a range of prostate
sizes, rivaling or surpassing traditional TURP and
other enucleation techniques. The long-term efficacy
of HoLEP has also been validated in multiple ran-
domized studies showing consistent improvements
in IPSS and QoL metrics over time.

Aquablation RWT, while newer, demonstrates
equally robust outcomes with the added benefit of
a shorter learning curve and preservation of conti-
nence and sexual function. The 5-year results from
the WATER trial revealed a greater mean reduc-
tion in IPSS scores compared to TURP (−14.1 vs.
−10.8; p = 0.02) for men with prostates >50 mL in
size.25 A Cochrane systematic review further sup-
ports these findings, concluding that Aquablation
provides comparable short-term improvements in
IPSS and quality of life to TURP, and likely similar
to HoLEP, although with less postoperative morbid-
ity and better ejaculatory preservation.92 This makes
Aquablation particularly appealing to younger men

or those prioritizing both urinary and sexual func-
tion outcomes.

Recent clinical trials have reported the results of
direct comparisons in regards to improvements in
LUTS, QoL, and other clinical variables after HoLEP
and Aquablation. Specifically, Justo Quintas et al.70

reported no significant difference in IPSS (7.6 ± 6.9
vs. 5.05 ± 4.9 points, p = 0.11), IPSS-QoL (1.7 ± 1.6
vs. 1.3 ± 1.6 points, p = 0.16), Qmax (28.6 ± 8.8 vs.
23.8 ± 9.3 mL/sec, p = 0.12), or PVR (7.2 ± 8.2
vs. 20.3 ± 22.6 mL, p = 0.19) between HoLEP and
Aquablation. The WATER III randomized clinical trial
confirmed these results. In WATER III, there was no
difference in postoperative IPSS scores at 1-month or
3-months, and no difference in the change in IPSS (-
13.1 ± 7.5 vs. 12.9 ± 6.9; p = 0.745 between AEEP and
Aquablation in men with large prostates (80–180 mL).
These improvements translated into significant QoL
gains, as patients reported better satisfaction with
urinary function and reduced need for reintervention
or medication post-surgery. There were also no signif-
icant differences in PVR (7.2 ± 8.2 vs.20.3 ± 22.6 mL,
p = 0.19) based upon the technique used. Qmax was
higher with AEEP (27.5 ± 11.3 vs.19.8 ± 10.6 mL/sec,
p < 0.0001). No men reported SUI after Aquablation,
while 9.1% reported stress incontinence after HoLEP
(p < 0.05).47

In summary, both AEEP and RWT significantly
improve LUTS and QoL in men with BPH. HoLEP
offers relief with excellent urinary outcomes, and
Aquablation appears to match these improvements
while offering preservation of sexual function and
urinary continence.

Comparison of Post-Operative Irritative
Symptoms and Urge Incontinence

Many men with BPH also experience OAB symp-
toms, including frequency, nocturia, urgency, and
urge urinary incontinence (UUI), mostly due to blad-
der overactivity (detrusor instability). The results of
several studies have suggested that OAB symptoms
may be exacerbated after HoLEP.93 The pathophys-
iology of post-operative OAB symptoms following
HoLEP is not well completely understood. Although
HoLEP significantly improves OAB symptoms, some
patients may require medical treatments or pro-
cedures to alleviate their OAB symptoms. In a
nationwide database including over 38,000 TURPs
and 20,000 HoLEPs, while postoperative use of alpha
blockers and 5-alpha reductase inhibitors was higher
in the TURP group than the HoLEP group, use of OAB
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medications (including anticholinergics and B3 ago-
nists) was more frequently prescribed after HoLEP
compared to TURP.93 Specifically, the rate of post-
operative OAB medication use was lower in the
TURP group than in the HoLEP group at 3 months
(8.5% vs. 13.4%, p < 0.01), but this difference was not
significant after one year (7.4% vs. 7.5%, p = 0.81).

Since HoLEP increases urinary storage symptoms
among some men after HoLEP, concurrent therapy
with intradetrusor onabotulinum toxin A (OTA) has
been studied in the setting of HoLEP.94 Among 82
men with baseline storage symptoms who underwent
HoLEP in this study, 41 received OTA, and 41 served
as controls. The authors reported no difference in
operative times, rates of same-day trial of void/rates
of discharge, or difference in post-operative urinary
retention between groups. However, patients who
received OTA injections showed a notable decrease
in Michigan-Incontinence Symptom Index (M-ISI)
scores 3 months postoperatively compared to men
who did not get OTA injections (M-ISI −8 [IQR −13
to 0]; p < 0.0001 vs. −5 [IQR −8 to −1]; p = 0.2).94

Elterman et al.27 evaluated the natural history of
OAB symptoms and UUI among men after Aquab-
lation. This study included men who underwent
Aquablation in the WATER, WATER II, FRANCAIS
WATER, and Open WATER. Based upon responses
to IPSS over time, men demonstrated significant
improvements in frequency, urgency, and nocturia
over time. Patients were also given the Incontinence
Severity Index (ISI), a two-item questionnaire to
specifically quantify UUI.95 Subjects with low baseline
ISI scores (4 or less) had modest perioperative rises
in ISI score at 1- and 3-months postoperatively, but
values reduced back to baseline in subjects with all
prostate volumes. In patients with clinically signifi-
cant baseline UUI (ISI > 4), ISI scores improved in
men with both small and large prostates.27

In the WATER III RCT of AEEP vs. Aquablation,
the rate of UUI was not different between AEEP and
Aquablation (9.1% vs. 7.2%, p = 0.70).47

Comparison of Post-Operative Stress
Incontinence

Stress urinary incontinence (SUI) is a significant post-
operative concern following surgical treatment of
BPH. Urinary incontinence is associated with wors-
ened overall urinary symptoms, bother, and quality
of life.96–98 As mentioned above, HoLEP and Aquab-
lation stand out as effective techniques for relieving
LUTS related to BPH. However, they differ notably
in their impact on post-operative incontinence. Many

early studies of AEEP did not measure urinary
incontinence with any standardized patient-reported
outcome measure, or at all (the frequently-used IPSS
has no questions about incontinence).39,99 Even some
contemporary studies, unfortunately, continue this
trend.100 However, now it is well-known that AEEP
is associated with “transient” urinary incontinence
up to about three months after surgery. When mea-
sured (for example, with M-ISI), approximately 15%
of men report “transient” urinary incontinence.101,102

Up to 2.5–3% of men will experience permanent
SUI at >12 months post-AEEP.38,70,103–106 Older age,
larger prostate, longer operative times, and preop-
erative OAB medication use have been associated
with a higher risk of postoperative urinary inconti-
nence.101,107,108 Preoperative counseling is essential as it
helps patients understand the postoperative healing
process, leading to a better alignment of expectations
regarding incontinence.103 However, there is also a
risk of permanent urinary incontinence in approxi-
mately 1–4% of men.38,70,103,104 This leakage is thought
to result from traction and mechanical manipulation
near the external urinary sphincter.

Aquablation, in contrast, uses a high-pressure
robotically-controlled waterjet under imaging guid-
ance, which allows for more consistent preservation
of the apical tissue and bladder neck, potentially
minimizing trauma to the sphincter complex. Fur-
thermore, the 24F device remains motionless in
three-dimensional space during treatment with no
fulcrum-like forces at the sphincter complex, the
treatment duration is typically shorter than AEEP
procedures, and no morcellator equipment is needed
(which, in the past and currently at currently at some
centers, utilizes a larger 26.5 French offset nephro-
scope for the required 5 Fr oscillating soft-tissue
morcellator unit). As such, there were no reports of
SUI following Aquablation in the WATER, WATER
II, or WATER III trials. In contrast, 9.1% of patients
reported stress urinary incontinence after AEEP in
WATER III.47 These findings echo those from Justo
Quintas et al., who also demonstrated that none of
the Aquablation patients required >1 pad/day at
six months, compared to 4% in the HoLEP group.
It would be expected that the HoLEP rate would
be even greater if a strict 0-pad rate definition were
utilized.70

Comparison of Post-Operative Sexual,
Ejaculatory, and Erectile Function

The importance of maintaining all aspects of sexual
function after surgeries for BPH has been highlighted
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in recent years. The impact of HoLEP and Aquab-
lation on sexual function—particularly ejaculatory
function—differs significantly, and this distinction is
critical when counseling patients, especially those
who are sexually active or concerned about preserv-
ing sexual function.

A key point of divergence between the two pro-
cedures lies in ejaculatory function. HoLEP has
consistently demonstrated a high rate of ejaculatory
dysfunction (EjD), with multiple initial studies con-
sistently reporting EjD rates of 75–90%. For instance,
Gild et al.38 reported EjD in 92.5% of men following
HoLEP, Justo Quintas et al.70 reported a 89.3% rate of
EjD with HoLEP, and the WATER III trial reported
ejaculatory dysfunction in 77.1% of sexually-active
patients undergoing AEEP.47 In a retrospective study
of men undergoing HoLEP who completed the Male
Sexual Health Questionnaire-Ejaculatory Dysfunc-
tion (MSHQ-EjD), Roper et al.109 found significant
decreases in overall MSHQ-EjD scores after HoLEP,
as well as decreases in the quantity of fluid with
ejaculation, strength of ejaculation, and frequency of
ejaculation. Bebi et al.110 observed higher rates of early
postoperative ejaculatory pain and decreased phys-
ical pleasure during ejaculation in HoLEP patients
compared to other enucleation techniques like bipo-
lar TURP, though these symptoms tended to resolve
over time. Although using a non-validated question-
naire, data from Kim et al.111 suggests that more
than half of patients also experienced decreased
orgasmic intensity after HoLEP, further compound-
ing dissatisfaction for those in whom sexual function
is a priority. Recent modifications to the HoLEP
technique (e.g., en-block and bladder neck preserva-
tion technique, verumontanum sparing procedures)
may significantly reduce the rate of ejaculatory dys-
function.112 However, these newer techniqus are not
performed uniformly at most institutions. Although
properly counseled men tolerate these effects due
to the improvement in voiding symptoms, a subset
report significant bother, especially those men who
are sexually active with preserved erectile function.

In contrast, Aquablation has emerged as a more
favorable option in terms of ejaculatory function
preservation. The 5-year results from the WATER
trial reported significantly lower rates of EjD with
Aquablation compared to TURP (risk difference of
−21.9%) and maintained functional outcomes over
time.23,60 The WATER II study confirmed preservation
of ejaculatory dysfunction in larger prostates, and
long-term real-world data demonstrate that Aquab-
lation can preserve antegrade ejaculation in 99.6% of
men.34,113 This remarkable preservation is attributed
to Aquablation’s precision in avoiding damage to

the ejaculatory ducts with an image-guided roboti-
cally executed “butterfly cut”, a distinct advantage
over the mechanical enucleation used in HoLEP. In
WATER III, only 14% of sexually active men reported
ejaculatory dysfunction after Aquablation, in com-
parison to 77% of men after AEEP (p < 0.0001).47

Erectile function is generally preserved in both
procedures. A recent meta-analysis compared the
results of erectile dysfunction following HoLEP or
Aquablation RWT.45 The results of de novo ED at
3 months post-operatively following HoLEP and
Aquablation were almost identical in an analysis that
was limited to randomized control trials, with Aquab-
lation causing an increase of 0.02 (95% CI: −4.42 to
7.67) compared to HoLEP for IIEF-score improve-
ment at three months. Similarly, at 12 months, HoLEP
resulted in an IIEF-score increase of 0.13 points (95%
CI: −6.21 to 8.85) compared to Aquablation. In the
single-center trial comparing HoLEP to Aquablation,
Justo Quintas et al.70 reported no significant difference
in IIEF-15 at six months in either compared to baseline
or between groups. Similarly, results of WATER III
demonstrate no de novo ED as measured by the IIEF
at 3 months. Taken together, the results suggest that
neither technique is associated with de novo ED.

Comparison of Bladder Neck Contractures
and Other Urethral Strictures

Prostate adenoma resective technologies have histor-
ically been associated with potential complications,
including bladder neck contractures (BNC) and ure-
thral strictures. Reasons for this structuring are
thought to occur because of devascularization. Estab-
lished risk factors are small prostatic size at surgery,
inflammation/prostatitis at the time of surgery,
increased resection time, and extensive resection at
the bladder outlet.114,115 Several studies have reported
the incidence of post-operative urethral strictures and
bladder neck contractures of 1.4–4.3% and 0.28%–
3.9% after HoLEP, respectively.116–119 The results of
a recent registry-based patient cohort study of 3000
men who underwent HoLEP reported a 1.0% inci-
dence rate of urethral stricture and a 0.5% incidence
rate of bladder neck contractures at 6 months post-
operatively.120

The computer-assisted planning of waterjet resec-
tion of Aquablation mandates that surgeons perform
a more limited resection of the bladder neck. Theo-
retically, this decreases the risk of vascular disruption
and undermines the bladder neck. In support of this,
there is a low risk of BNC and other strictures post-
Aquablation. Specifically, in the WATER (n = 116) and
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WATER II (n = 101) clinical trials, Aquablation ther-
apy was associated with meatal stenosis incidence
of 0% and 0.4%, 0% and 0.01% incidence of BNC or
adhesions, and 0% and 0.01% risk of urethral stricture
at 5 years.121 A recent single-center series, however,
reported a 5.3% rate of stricture after Aquablation, all
but one of which were fossa navicularis strictures.122

Although unpublished, the rates of our real-world
institutional Aquablation database of over 2100 men
demonstrate a 0.1% risk of post-operative urethral
strictures. All of these are reported as fossa navicu-
laris. In these patients, the median catheter duration
was 6.5 days vs. 1 day in men who did not develop
a stricture. Although the pathogenesis of urethral
strictures is multifactorial and definitive preventive
measures remain elusive, minimizing postoperative
catheter duration may be advisable.

Comparison of Durability

When comparing the durability of symptom relief
and the need for medical or surgical re-treatment,
both HoLEP and Aquablation demonstrate strong
long-term outcomes, though HoLEP has a longer-
established track record. HoLEP has consistently
shown low retreatment rates, with numerous stud-
ies reporting durable results for up to 10 years or
more.38,43 Its complete anatomical enucleation of the
adenoma minimizes residual tissue and reduces the
likelihood of recurrent obstruction, making repeat
procedures uncommon. In a large single-institution
series, the rate of reoperation after HoLEP was 2%
with a median of 52 months of follow-up.38 In a
systematic review, He et al. reported an overall
5-year reoperation rate of 6.6% for HoLEP, lower
than a 7.7% 5-year rate of reoperation for TURP,
7.1% for greenlight PVP, and 23.8% for prostate
artery embolization.123 Retreatment rates over the
long-term are best evaluated by large databases
that are institution- and surgeon-independent, and
in a nationwide database including over 38,000
TURPs and 20,000 HoLEPs, the rate of re-operation
was higher in TURP than HoLEP (4.5% vs. 1.27%,
p < 0.01).93

Aquablation, although a newer technique, has
shown impressive durability in medium and large
prostates. The WATER 5-year study revealed that
Aquablation had a 5% surgical retreatment rate
through 5 years of follow-up, but overall, fewer
patients required medical or surgical intervention
with Aquablation compared to TURP.60 Of note, only
one Aquabeam pass was performed in the original
WATER study, although the current standard is to

perform at least two passes, as this is associated
with improved voiding outcomes.74 Additionally, the
WATER II trial, which included prostates between
80–180 mL, showed no significant difference in re-
intervention rates between Aquablation RWT and
AEEP at early follow-up, suggesting comparable effi-
cacy in larger glands, although long-term outcomes
remain to be seen.

In summary, HoLEP sets the benchmark for long-
term durability, with minimal retreatment required
over time. Aquablation, though newer, has demon-
strated comparable mid-term durability, particularly
in the 5-year data, with retreatment rates that are
competitive with or even lower than TURP. How-
ever, it will be essential to evaluate the long-term
10- and 20-year durability of Aquablation, especially
for large prostates and through large claim-based or
national datasets.

Comparison of the Frequency of Incidental
Prostate Cancer and the Potential to Treat
Prostate Cancer

The incidence of prostate cancer is often dependent
on pre-operative prostate cancer screening proto-
cols and shared decision-making between patients
and providers. However, comparison of cT1a and
cT1b prostate cancers has been reported after both
HoLEP and Aquablation.124 Histopathology revealed
incidental prostate tumors in 60 patients (4.6%): 59
(6.03%) after HoLEP and 1 (0.3%) after Aquabla-
tion (p = 0.001). Of 60 incidental cancers, 11 had a
Gleason score ≥7 (Aquablation: 1/1 [100%]; HoLEP:
10/59 [16.9%]). The Aquablation and HoLEP study
groups differed in patient age, preoperative PSA, and
prostate volume. Therefore, matched pairs analysis
(Aquablation: 132 patients; HoLEP: 132 patients) was
conducted to improve comparability. After matching
clinical characteristics, significantly fewer incidental
prostate cancers were diagnosed after Aquablation
than HoLEP (Aquablation RWT: 0 [0%]; HoLEP: 6
[4.5%]; p = 0.015), likely reflecting that most tissue is
ablated by the Aquabeam and is not sent for patho-
logic analysis. Therefore, because Aquablation may
miss 4.5% of clinically significant incidental prostate
tumors, it is important to screen appropriate patients
both pre- and post-operatively.

The surgical capsule is not actually a capsule but
rather the potential space that delineates the transi-
tion zone of the prostate from the peripheral zone.
The vast majority of prostate adenocarcinomas are
found within the peripheral zone. The HoLEP tech-
nique is most commonly performed by using the
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laser to enucleate tissue above the surgical capsule
and therefore does not penetrate into the primary
location of most adenocarcinomas. In comparison,
the waterjet employed in Aquablation RWT has the
ability to penetrate into all zones of the prostate based
upon the resection used. As such, Aquablation has the
potential to resect areas in the peripheral zone and
has the potential to treat prostate tumors. As such,
several ongoing trials are being conducted to evaluate
Aquablation’s potential as an image-guided prostate
cancer treatment (e.g., NCT06051942, NCT06054867,
and NCT06651632: “WATER IV”).

Cost Comparison

To date, there are no formally published studies
that have performed a comprehensive cost analysis
comparing AEEP and Aquablation. Proper analy-
ses would have to account for many factors that
include: 1) hospital costs (e.g., technology acqui-
sition and reqimbursement, operating room time)
2) physician reimbursement and 3) patient costs
(e.g., time off from work, pad use, etc). Aquablation
requires a dedicated robotic platform and is asso-
ciated with substantial upfront capital investment.
Similarly, holmium or thulium laser systems, as well
as morcellators required for AEEP, also represent
significant capital expenditures. However, laser plat-
forms are often multifunctional, allowing institutions
to offset costs through their use in other procedures,
such as endourologic stone surgery. Both techniques
also incur recurring disposable costs, including the
handpiece and resection loop for Aquablation and
laser fibers for AEEP. Additional important consid-
erations include operating room time and resource
utilization. While recent studies suggest comparable
operative times between techniques, these metrics are
likely influenced by surgeon experience and institu-
tional workflow. Future studies evaluating the full
economics of these procedures should be performed.

Summary

BPH is the most common urological condition affect-
ing aging men and a major contributor to LUTS
worldwide. HoLEP/AEEP and Aquablation both
represent modern, size-independent treatments for
BPH with proven efficacy in regard to the relief of
bothersome LUTS. Both HoLEP/AEEP and Aquab-
lation have been proven superior to the previously
held “gold standard” of TURP, but several differ-
ences remain.

A summary comparison of the outcomes of the
two procedures is shown in Table 1. Briefly, HoLEP
offers proven long-term durability and significant
symptom relief, with improved IPSS values, max-
imum urinary flow rate (Qmax), and reduced PVR.
However, its widespread adoption is potentially lim-
ited by a steep learning curve, with safe and efficient
performance typically requiring over 50 cases and
refinement continuing beyond this number. HoLEP is
also associated with high rates of ejaculatory dysfunc-
tion and a modest risk of stress urinary incontinence
and irritative symptoms. Same-day discharge and
even catheter removal are feasible. While long-term
BPH retreatment remains low with AEEP, complica-
tions, including BNC and strictures, may be more
frequent than with Aquablation.

In contrast, Aquablation, a robotic-assisted,
waterjet-based ablative technique, has a shorter
and more accessible and reproducible learning
curve. Pivotal, multicenter, randomized clinical
trials (WATER, WATER II, and WATER III trials)
have shown Aquablation RWT provides comparable
improvements in IPSS, Qmax, and PVR, with
significantly better preservation of ejaculatory
and sexual function—even in large prostates.34,46,47

Transfusion and complication rates are low when
hemostasis is achieved with focal bladder neck
cautery. In well-trained ambulatory settings, SDD
rates approach 100%. While retreatment rates at the
5-year interval for Aquablation appear low, long-
term (10-year) follow-up data are pending, and AEEP
may have an advantage.

When studied head-to-head, Aquablation and
AEEP have similar operative times, transfusion rates,
and improvements in IPSS, QoL, and PVR. AEEP has
the advantage of a greater improvement in Qmax, but
is also associated with postoperative SUI, including
after 3 months, and is associated with high rates of
ejaculatory dysfunction.47,70 At 3 months, both are
associated with low re-treatment rates. The long term
durability of Aquablation remains to be determined
in comparision to AEEP.

It is important to note that this review is limited by
the heterogeneity and variable quality of the available
literature. Reported outcomes for both techniques
may differ based on surgeon experience, procedu-
ral volume, equipment platforms, and institutional
setting (academic versus community-based). Patient-
related factors including prostate volume, baseline
disease characteristics, comorbidities, and individ-
ual goals of care, further contribute to variability
across studies.

In conclusion, both HoLEP and Aquablation
have demonstrated superiority over the historical
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TABLE 1. Summary of comparison between Aquablation and AEEP (Anatomical Endoscopic Enucleation
of the Prostate)

Variable Aquablation AEEP Favored technology

Surgeon Learning
Curve

Fast learning curve Long learning curve Aquablation

Operating Room
Time

Consistent time across all
prostate sizes

Increased time based
upon surgeon experience

and prostate volume

Aquablation

Decrease in
Hemoglobin

Non-clinically significant
decrease in hemoglobin

levels

Minimal decrease in
hemoglobin levels
post-operatively

AEEP

Significant Bleeding
Requiring
Transfusion

Low rates since the
introduction of focal
bladder neck cautery

hemostasis

Low rates Equivalent

Ability to Perform
Procedure on
Anticoagulation

Patient should stop
active anticoagulation,

excluding low-dose
aspirin

Can be performed,
although higher rates of

complications

AEEP

Ability to Perform
and Discharge on
Same Day

Yes Yes Equivalent

Improvements in
Lower Urinary Tract
Infections

Significant
improvements

Significant
improvements

Equivalent

Exacerbation of
Irritative Symptoms
and UUI

Mild increase in Irritative
symptoms and UUI

Moderate increase in
Irritative symptoms and

UUI

Aquablation

De Novo SUI None Temporary and
permanent SUI

Aquablation

Urethral Strictures
and Bladder Neck
Contractures

Rare Slightly more common Aquablation

Ejaculatory
Dysfunction

Rare Very common Aquablation

Ejaculatory
Pain/Bother

Rare More common early
postop

Aquablation

Erectile Function Generally preserved Generally preserved Equivalent

Durability/Need for
Re-treatment

Low rate of re-treatment
in the first 5 years, but

10-year retreatment rates
not yet established

Established long-term
re-treatment up to 10

years

AEEP

Note. Abbreviations: UUI, urge urinary incontinence; SUI, stress urinary incontinence.
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“gold standard” of TURP in the surgical manage-
ment of BPH. In this setting of comparable safety
and improvements in voiding outcomes, the treat-
ment decision of AEEP vs. Aquablation should be
driven by surgeon familiarity, availability of tech-
nology, durability of symptom relief and shared
decision making, including additional outcomes such
as sexual function, continence, and long-term retreat-
ment rates.
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