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Article info Abstract

Article history: Background and objective: Aquablation is included in the European Association Urology
Accepted December 18, 2023 guidelines as an alternative surgical technique for prostate resection. The evidence sum-
Available online 29 December mary states that it is subjectively and objectively as effective as transurethral resection
2023 of the prostate (TURP) and enucleation, but concerns remain regarding postoperative
Associate Editor: Richard Lee bleeding. Our aim was to provide an evidence-based overview of the trials, triumphs,

and technical challenges of Aquablation.
Methods: A literature search in the PubMed, EMBASE, and Scopus databases was per-
formed to identify clinical prospective and retrospective studies and reviews on

Keywords: ) Aquablation. A total of 54 reports were included. A narrative review of current evidence
Benign prostatic hyperplasia and an overview of the surgical technique are provided.

Aquablation Key findings and limitations: Aquablation demonstrates excellent short- and long-term
Robotic water jet functional outcomes, with a good safety profile comparable to that of TURP. The proce-
Prostate ablation . dure is efficient and safe, even for very large prostates, with sustained improvements in
Minimally invasive surgical functional outcomes well maintained up to 5 yr. The unique ability to conduct roboti-
treatment cally controlled precise ablation of enlarged tissue while maintaining the sphincter

makes Aquablation a very good ejaculation-sparing BPH treatment option. Initial issues
with hemostasis have been successfully overcome with the use of gentle bladder-neck
cautery after the procedure, allowing for early catheter removal. The above features
make Aquablation an attractive minimally invasive technique and show that it is nonin-
ferior to holmium laser enucleation.

Conclusions and clinical implications: Aquablation is a valid alternative to standard
resection techniques, showing excellent long-term functional outcomes, good preserva-
tion of sexual function, a good safety profile, and good compliance for all prostate sizes
and patient ages. Aquablation is still performed in high-volume centers, but the results
can easily be emulated in other centers worldwide.
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Our review indicates that if Aquablation outcomes are emulated

globally, this technique could easily become a new benchmark in robotic treatment

for BPH.

Aquablation is a safe and effective surgical technique for treatment for
benign enlargement of the prostate, with excellent medium-term outcomes. Although
long-term studies are needed, the results are promising and challenge the current surgi-
cal and laser techniques used to reduce the size of the prostate gland.

© 2024 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Aquablation is included in the European Association of
Urology (EAU) guidelines as an alternative surgical tech-
nique for prostate ablation, and the evidence summary
states that it is subjectively and objectively as effective as
transurethral resection of the prostate (TURP), but concerns
remain about post-treatment hemostasis [1]. Aquablation is
only recommended for patients with moderate to severe
lower urinary tract symptoms (LUTS) with a prostate vol-
ume of 30-80 cm?>. Patients should be aware of the risk of
bleeding and the lack of long-term follow-up data.

Following US Food and Drug Administration approval
of the AquaBeam robotic system (PROCEPT Biorobotics,
Redwood City, CA, USA), which provides precise, roboti-
cally controlled resection of prostate tissue with a heat-
free water jet for autonomous tissue removal for the
treatment of benign prostatic hyperplasia (BPH), the
American Association of Urology (AUA) guidelines
included a statement that Aquablation therapy may be
offered to patients with LUTS attributed to BPH. This rec-
ommendation for Aquablation therapy follows the 2018
addition of Aquablation therapy to the Canadian Urolog-
ical Association guideline on male urinary tract symp-
toms and paves the way for a personalized treatment
plan for each patient [2].

The aim of this scoping review was to provide an
evidence-based overview of trials, triumphs, and technical
challenges of Aquablation and the current evidence that
supports its potential as a new benchmark in BPH manage-
ment for all prostate sizes.

2. Methods

2.1. Literature search

The aim of this scoping review was to assess the safety and efficacy of
Aquablation for clinical BPH. The literature search was performed on July
31, 2023 in the PubMed, EMBASE, and Scopus databases. The following
terms and Boolean operators were used: (BPH OR benign prostatic
hyperplasia) AND (lower urinary tract symptoms OR LUTS) and (aquab-
lation OR water jet therapy OR aquabeam OR robotic water jet ablation).

2.2. Study selection criteria

The PICOS (Population, Intervention, Comparator, Outcome, Study type)
model was used to frame and answer the following clinical question:

- Population: patients with an indication for surgical treat-
ment of clinical BPH.
- Intervention: Aquablation.

- Comparator:
procedures.
- Outcome: early (within 30 d) and late complications and

functional outcomes.
- Study type: retrospective and prospective studies, and
reviews.

no treatment or other BPH surgical

2.3. Study screening and selection

Studies were included on the basis of the PICOS eligibility criteria. Only
English papers were accepted. Preclinical studies were excluded, as were
letters, case reports, and meeting abstracts.

All the studies retrieved were screened by two independent authors
using the Covidence tool for systematic review management (Veritas
Health Innovation, Melbourne, Australia). Discrepancies were resolved
via discussion with a third author. The full text of screened papers iden-
tified as pertinent to the purpose of this review was selected for assess-
ment. The review was registered on OSF Registries (https://osf.io/3jt4p).

2.4. Literature screening

The literature search identified 373 papers, of which 122 duplicates were
automatically removed, leaving 251 papers for screening by title and
abstract. Of these, 123 papers were further excluded because they were
irrelevant to this review. The remaining 128 full-text papers were
screened for pertinence. One paper was manually retrieved. A total of
75 papers were excluded. Finally, 54 papers were accepted and included
in the review. Figure 1 shows a flow diagram of the literature search.

2.5. Study characteristics

Tables 1 and 2 show the characteristics of studies comparing Aquabla-
tion versus other BPH surgical procedures and single-arm series, respec-
tively. Table 3 shows results from published reviews on Aquablation.

Seven papers reported results from one prospective randomized
study comparing Aquablation versus TURP (the WATER study), eight
papers reported results from one prospective study including patients
with a prostate volume of 80-150 ml (the WATER II study), and two
papers reported results from another prospective study (the OPEN
WATER trial).

There were six single-arm prospective studies and five retrospective
studies. One prospective study compared Aquablation versus TURP for a
cost-analysis perspective [3]. One retrospective study compared Aquab-
lation to holmium laser enucleation of the prostate (HOLEP). Seven
papers reported pooled data from the WATER and WATER II studies.
One paper reported pooled data on blood transfusion rates from seven
studies. Finally, there were 16 reviews.

The full list of studies included in the review is available in the Sup-
plementary material.
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Fig. 1 - Flow diagram of the literature search, screening, and study selection process.

3. Results bines image guidance and robotics with rapid high-volume
injection of saline for targeted and heat-free removal of ade-
3.1. Aquablation device and surgical steps noma [4].

o ) ) ) ) The AquaBeam system comprises three parts: (1) a con-
Aquablation is an ablative therapy in which a high-pressure formal planning unit (CPU), an interface used by the sur-
water jet is applied to prostatic tissue. The technique com-
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Table 1 - Characteristics of studies comparing Aquablation to other techniques for BPH surgery

T e

(mo) E———
Aquablation COMP

Bach 2022 RCT 36 TURP  SP: 127 65 Despite larger baseline PV, the MP protocol led to better voiding outcomes and IPSS
[23] and PS MP: 90 improvements and was superior to SP Aquablation and to TURP at 3-yr FU. A second pass with
WATER the water jet may have a long-term durable efficacy benefit.
I + WATER
Il

Gilling 2018  RCT 6 TURP 117 67 The two techniques showed similar rates of major complications, with a lower risk of
[6] anejaculation with Aquablation. For PV of 50-80 ml, the latter was more effective and safer.
WATER

Gilling 2019  RCT 12 TURP 117 67 Aquablation provides similar outcomes to TURP in terms of LUTS resolution, even at 12-mo

[13] FU, with a low AE rate for men with medium PV (<80 cm?). It can be an alternative to TURP in

WATER men wishing to preserve ejaculation.

Gilling 2019  RCT 24 TURP 110 59 2-yr efficacy outcomes after TURP and Aquablation were similar, with a similar low surgical
[15] retreatment rate
WATER

Gilling 2020  RCT 36 TURP 97 55 3-yr BPH symptom reduction and urinary flow rate improvement were similar after TURP and
[16] Aquablation therapy. No subjects required surgical retreatment beyond 20 mo
WATER postoperatively.

Gilling 2022  RCT 60 TURP 116 85 Outcomes from Aquablation outweigh those offered by TURP; considering efficacy and lower

[17] risk of needing a secondary intervention and avoiding retrograde ejaculation. Following

WATER Aquablation, symptom reduction, and uroflow improvement are durable and consistent.
Larger prostates (>50 ml) have major safety and efficacy benefits for Aquablation.
Plante 2019 RCT 6 TURP 97 55 In men with larger (>50 g) prostates, Aquablation provided a greater reduction in symptom

[12] scores and a lower rate of postoperative complications (especially anejaculation) vs TURP. In

WATER men with larger prostates, the rate of Clavien-Dindo >2 complications favored Aquablation
(19% vs 29%).

Te 2023 [18] RCT 36 TURP 146 39 Functional outcomes did not differ between Aquablation and TURP at 36-mo FU. Both
WATER and PS techniques are effective in patients for whom medical therapy has truly failed, and
1 + WATER Aquablation delivered this benefit for a much broader PV range.
II

Gloger 2021 RS 1 HoLEP 215 167 The risks of perioperative blood loss, postoperative reintervention, and blood transfusion after
b,c

Aquablation followed by selective transurethral hemostasis are equivalent to those after
HoLEP.

quablation; AE = adverse event; = International Prostate Symptom Score; = lower urinary tract symptoms;
flow rate; UTI = urinary tract infection.
3 WATER inclusion criteria: men aged 40-80 yr; PV size 30-80 cm®; moderate to severe LUTS (IPSS >12); Qmax <15 ml/s; WATER exclusion criteria: history of
prostate or bladder cancer; neurogenic bladder; bladder calculus or clinically significant bladder diverticulum; active UTI; treatment for chronic prostatitis;
diagnosis of urethral stricture, meatal stenosis or bladder neck contracture; damaged external urinary sphincter; stress urinary incontinence; postvoid
residual volume >300 ml or urinary retention; use of self-catheterization; and prior prostate surgery. WATER Il inclusion criteria: age 45-80 yr; PV 80-150 ml
on transrectal ultrasound; IPSS 212; Qmax <15 ml/s; serum creatinine <2 mg/dl; history of inadequate or failed response to medical therapy; and mental
capacity and willingness to participate in the study. WATER II exclusion criteria: body mass index > 42 kg/m?; history of prostate or bladder cancer;
concomitant bladder calculus/clinically significant bladder diverticulum; active UTI; previous urinary tract surgery; indwelling catheter for 290 d; chronic
pelvic pain; history of clinically significant urethral stricture, meatal stenosis, or bladder neck contracture; use of anticholinergic agents; and other general
conditions that could prevent adequate FU.
Inclusion and exclusion criteria not reported. Reference details are provided in the Supplementary material.

= prostate volume; Qmax = maximum

o

geon to plan the treatment; (2) a console, which receives
instructions from the CPU and controls and delivers the
treatment; and (3) a robotic hand piece composed of reusa-
ble and disposable sterile parts that delivers a stream of sal-
ine to the target tissue.

The patient is placed in the lithotomy position under
general or spinal anesthesia. The bladder is accessed trans-
urethrally under vision using a custom 22-Fr rigid cysto-
scope secured in place using a bed-mounted rigid arm. A
transrectal ultrasound (TRUS) probe is inserted and fixed
to a second bed-mounted arm. Under TRUS guidance, the
surgeon maps the exact prostatic gland contours on a com-
puter console (Fig. 2) with the aim of preventing any injury
to the bladder neck, ejaculatory ducts, and urinary sphincter
(Fig. 3). A foot pedal is used to activate an orthogonally posi-
tioned jet of high-velocity sterile saline that moves from
backwards starting from bladder to verumontanum. The

entire process is monitored via TRUS to ensure smooth visu-
alized control throughout the procedure. Once the treat-
ment is complete, both the transurethral and TRUS probes
are removed, and the bladder is thoroughly irrigated to
remove any residual floating tissue particles and blood.
Specimens can be collected and sent for histological analy-
sis. The procedure is then completed with electrocautery
hemostasis and a catheter is usually inserted.

Since the launch of the first-generation machine, there
has been much focus on improving hemostasis. In the first
feasibility study conducted on a canine model in 2015 (Idea,
Development, Exploration, Assessment and Long-term
follow-up [IDEAL] stage 0), Faber and colleagues [5] per-
formed surface coagulation of the prostatic fossa using a
2-W GreenlLight laser, following the same axial and longitu-
dinal directions as the ablation. In the same year, in the first
case series reported by Gilling et al. [4] (IDEAL stage 1), cau-



Table 2 - Characteristics of single-arm Aquablation studies

udy esign S ge (yr m min min atheter omplications onclusion
(mo) removal
(h or d)°
30d >30d
Assad 2022 RCT 36 217 WI: WI: WI: NA WI: WI: 1.4 NA NA NA Aquablation seems to be safe and effective for BPH

WATER | 659+73 541+163 39.7+152 2+23 WII: 1.6 independent of PV, with good FO improvements, short

(WI) + WATER WIL: WIL: WIL: WIL: OT and LOS, and a very short LC; sustained FOs and low

11 (WII) 574+6.6 107.4+202 545 +192 39+36 ReTx rates for all PVs at 3-yr FU

Bach 2019 [23] PS 3 118 69 64.3 20 3.2 2.2 NA NA Overall: NA Aquablation is safe and efficient for a wide PV range,
(8; 88-52) (32; 20- (7.91; 9- (1.22; (0.46; 13 (8.5%) with high AJ rates. PV reduction superior to TURP and
154) 53) 1.48-7.31) 2-4) CD2: 9 comparable to endoscopic enucleation, suggesting Tx
CD3: 4 durability.
Bach 2020 PS 12 178 67.7+85 593+269 24+113 189+85 19 22+17 NA CD1: 20% 3 (urethral Real-world evidence shows that Aquablation is safe
OPEN WATER CD2: 9% stenosis) and effective for Tx of symptomatic BPH
CD3a: 4%
CD3b: 9%
Bhojani 2019 [44] PS 3 101 <100 cm?: 1209 + 15.1 <100 cm®: <100 cm®: 2 <100 NA NA NA Aquablation normalized outcomes for PVs <100 cm®

WATER I 68 7.1 3128 64+28 cm?: and >100 cm?. It is safe and effective in patients with

>100 cm?: >100 cm®:  >100 cm?: 1.5+0.7 PV >100 cm?, with a smoother LC.
67 + 6.2 41.7+149 9.1+29 >100
cm?:
1.7+1.1
Bhojani 2023 [37] PS 60 62 67.5+6.6 107.4+202 55 8 NA NA NA NA Surgical ReTx 3% At 5-yr FU, Aquablation was safe with durable efficacy
WATER II (25-111) (3-17) and low ReTx rates for large PVs (80-150 ml)
Chughtai 2018 PS 3 107 673 +6.5 994+241 356+149 7+33 NA 161 NA EJD: 7 NA Aquablation was safe and effective in patients with PV

[45] ul: 3 of 60-150 cm®. There were improvements in IPSS,

Pooled data for EJD +UI: 2 Qmax, and PVR at 3 mo in patients with LUTS due to

Americans CD2: 29% BPH.

from WATER CD3: 19%

and CD4: 1%

WATER 11

D’Agostino 2021 RS 3 53 62 (57- 55 (43-65) 60 (40-80) NA 2 (1-3) 2 (1-3) NA NA 2(3.8%) AquaBeam + Ho laser energy for HST is safe,

[11] 66) Types NR reproducible for moderate LUTS due to BPH and
preserves EJF in younger and sexually active
individuals

Desai 2018 PS 3 47 66 + 6 48 + 24 35+19 4+24 19+16 31116 NA NA CD1: AUR 3, The 2nd-generation AquaBeam system guarantees
HUT 1, INF 1 safety and short-term efficacy in patients with LUTS
CD2: UR 3, UST due to BPH
2
Desai 2019 [24] PS 6 101 67.5 6.6 107.4+22.1 37+13 8+3 94+86h 161 1% CD1: 22% NA Aquablation is a reasonable surgical alternative in
WATER II CD2: 14% patients with larger PV, with high efficacy, low OT and
CD3: 3% LOS, EJF maintenance, and acceptable complication and
CD4: 5% BT rates
Desai 2019 [8] PS 1 101 67.5+6.6 107 +20 55+19 37 +37 94+86h 161 2% CD2: 29.7% NA Aquablation is a reasonable surgical alternative in
WATER II CD3: 6% patients with larger PV with relatively low OT and LOS,
CD4b: 1% acceptable complication and BT rates, and a relatively
short LC
Desai 2020 PS 60 101 675+6.6 1074 %221 37 8 NA NA 2 BL 20, DSU 10 BL 3, DSU 2 Aquablation is safe and effective for Tx of LUTS due to
WATER II MS 3, MOF 1, MS 4, UST 1, UR BPH for PV of 80-150 cm>. with durable Tx efficacy, an
scrotal edema 2, UF 1, acceptable safety profile and a low ReTx rate
3,UST 1,UR 2, UTIL:3at3 mo,9
UF 2, Ul 5, UTI at 12 mo
5
El Hajj 2022 RS 12 175 65 (59- 70 (50-91) 39(30-52) NA NA NA 18 CD1: 8 HU,1 NA Basic urological skills in echographic interpretation

(10.3%) TEH, 5 LUTS

CD2: 1 PNP, 9

allowed for a shorter LC; with a trifecta of outcomes
achievable after 5 cases and a pentafecta of outcomes

(continued on next page)

€66-18G6 (¥202) 01 SND04d AD0T10dN NVIdOINE

G8S



Table 2 (continued)

Study® Design FU Pts  Age(yr)’ PV (ml)®  OT(min)” AT (min)’ Catheter LOS(d)” RCZ  Complications Conclusion
(mo) removal
(h or d)®
30d >30d
UTI, 1 DVT, 1 after 38 cases
CPF
CD4a: 1 sepsis

Elterman 2020 [9] PA NA 801 NR 67 NA NA NA NA NA 31(3.9%)BT NA With standard traction methods and selective bladder-
ABS, AHA I and (33; 20- neck cautery, the risk of transfusion is reduced to 1.9%
I, Water I and 280) across all prostate sizes.

II, Francais-
WATER, OPEN
WATER

Ghiraldi 2022 [39] RS 1 32 66 65 (30-200) NA NA 33141 18+14 2 CD1: 6.3% NA A combination of traction and focal bladder neck
(AUR) electrocautery should be strongly considered to
CD2: 28.1% minimize bleeding complications.

(BL, TBE)
CD3b: 3.1%

Gilling 2016 [6] PS 6 15 73+7 54 +18 483 +155 119268 14+15 1816 5 3 HU not NA Early data indicate urodynamic and symptom
requiring improvements consistent with other endoscopic
intervention strategies for BPH, with a shorter resection time
3 DSU

Gilling 2017 [13] PS 12 21 705 57.2 38 5 NA 1 3 6 patients © NA Aquablation improved symptom scores and other

(30-102) measures of obstruction at 12 mo in men with LUTS
due to BPH

Helfand 2021 RS 7 34 69 +8 209 + 56 64 +24 NA NA NA No BT NA NA Aquablation for PV >150 ml showed similar FOs to

those for smaller PVs.

Kasivisvanathan =~ RCT 12 61 645+74 542+163 27.6 3.9 NA 1.4 NA CD1: 6.7% 1 ReTx for BPH  Aquablation is a reasonable alternative with good 1-yr
2018 [14] CD2: 13.3% outcomes for men with PV of 30-80 cm?, and a
WATER (only particularly good option for men who wish to maintain
US patients their EJF.
analyzed)

Kasraeian 2020 RS 3 55 67 + 8.2 100 + 44 59 NA NA 1.8 0 5 HU, 1 BSP, 1 In community private urology practice, Aquablation
[41] DHY, 11C 1 can be considered safe and effective for BPH Tx,

DCE regardless of prostate shape or size.
Labban 2021 PS 3 59 68.3(7.9) 71.4(31.3) 485(25) NA 2.1(03) 22(01) 4 5CD1 (AUR, NA Effective Tx for BPO with limited AEs
UTI)
5 CD2 (BL)
2 CD3a, 1
CD3b
1 CD4a (USP)
Misrai 2019 [25] PS 12 30 68 (61— 60 (45-69) 30.5 NA 43 h 2 (2-4) NA NA NA Aquablation is reproducible by surgeons early in the
Francais 72) (24-35) (23-49) LC.
WATER

Miillhaupt 2022  PS 6 24 68.1+69 61.9+226 99.6+22.1 61.8+205 28+09 38+1.0 NA NA NA Similar efficacy for Aquablation and TURP, although
[3] the former has a lower cost/benefit ratio

Nguyen 2020 [42] RCT 12 217 NA NA NA NA NA <80 cm?: NA WI vs WII: NA Aquablation effectiveness is independent of PV, with
WATER 1 and PS 14 CD1: 40.5% vs. clinical normalization of outcomes for PV of 30-80 cm?
(WI) + WATER >80 cm?>: 32.7% and 80-150 cm? in men treated for LUTS due to BPH,
I (WII) 1.6 CD2: 17.2% vs with an expected increase in the risk of complications

21.8% for larger PV.
CD3: 5.2% vs
12.9%
CD3: 0.9% vs
5%
Nguyen 2021 [27] RCT 24 117 659+73 541+163 328+16.5 NA 2+23 1.4 NA NA NA Aquablation has similar efficacy for all PVs, even at 2-

98S
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Table 2 (continued)

(mo) removal
(h or d)®
30d >30d
WATER and PS yr FU
I + WATER 11
Raizenne 2022 RCT 36 <65 NA NA EM: EM: EM: EM: NA YM vs EM: YM vs EM: In the EM population, Aquablation offers similar
[43] and PS (YM): 46.9+ 16.8 6.1 £3.0 295+26 1.6+09 CD2: 4.5%vs  CD2: 4.5% vs functional and sexual outcomes compared to those for
WATER 83 YM: YM: YM: YM: 22.4% 22.4% YM.
I+ WATER 11 (38%) 454 £210 5433 284+38 14+08 CD3: 10.8% vs CD3: 10.8% vs
8.2% 8.2%
>65 CD4: 2.4% vs CD4: 2.4% vs
(EM): 3.0% 3.0%
134
(62%)
Whiting 2021 PS 12 55 641+79 582+239 269+92 NA 23+26 18+09 5 2 (3.6%) HUT; 3 Aquablation seems to be safe and well tolerated, with
OPEN WATER (9.1%) (5.5%) UTI; 2 LUTS improvements comparable to standard
CD4: 1 gross HU procedures and greater preservation of sexual function
requiring HST, 1
RPC
Yafi 2018 PS 3 82 68 £ 6.46 107.8+21.1 382 +144 7.7+33 43+38. 1.6+1.04 11% BT 10.9% Aquablation seems to be a good surgical option for
WATER II FBC 4.9% men with LUTS/BPH with larger PV, with good FOs,
relatively short OT and LOS, and acceptable
complication and BT rates
Zorn 2019 [30] PS 3 19 66 + 6.9 105.6 + 16.6 33.7+7.8 9.0+24 21+15 13+08 NA EJD 32% Aquablation seems to be a good surgical option for
WATER II CD2 31.6% men with LUTS/BPH with larger PV, with impressive
FOs, relatively short OT and LOS, and acceptable
complication and low BT rates
Zorn 2022 [26] PS 36 101 675+6.6 107.4+22.1 55 8 NA NA 1% BT 9.9% MS 3% Sustained symptom reduction at 3-yr FU and a low rate
WATER II FBC 3% UST 1% of irreversible complications after Aquablation in men
Cardiac event Ul 6.9% with LUTS due to BPH and PV of 80-150 cm®
3% UTI 5.9%
Stroke 1%
EJD 14.9%

5 = eJaculator fu ; FB eeding co ol; FO = fu onal outcome; HST = hemostasis; HU aturia; HUT = HU requ g tra usion; = olerance to catheter; INF = ection;
LC = learning curve; LOS = length of hospital stay; MOF = multisystem organ failure; MS = meatal stenosis; OT = operative time; PNP = pyelonephritis; Pts = patients; PV = prostate volume; ReTx = retreatment; RPC = rectal
perforation requiring colostomy; TBE = thromboembolism; TEH = thrombosed external hemorrhoids; Tx = treatment; UF = urinary frequency; Ul = urinary incontinence; UR = urinary retention; USP = urosepsis needing
intensive care unit admission; UST = urethral stricture; UTI = urinary tract infection

2 For studies without a reference number, details are available in the Supplementary material.

b Results are presented as the mean + standard deviation or mean (median; interquartile range).

€ Six patients had at least one grade 1 (self-resolving dysuria and hematuria, catheter reinsertion for retention) and/or grade 2 (medically treated UTI) complications.
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Table 3 - Results from previous Aquablation reviews

Review" Design  Studies Patients FU Primary outcome Secondary outcomes Conclusions

included included (mo)

Chen 2023 SRV+MA 7 551 12 Effects of Aquablation on improving Sexual outcomes (IIEF-5, Aquablation seems to improve LUTS in men with BPH while providing relatively
urinary outcomes (IPSS, QoL) MSHQ preserved sexual function. Morbidity and perioperative outcomes seem to be

scores), morbidity, acceptable.
perioperative outcomes
Elterman 2021 MA with 4 425 12 Improvements in storage and voiding None Aquablation improves symptoms and uroflowmetry measures in men with a
IPD symptoms and uroflowmetry, and small or large prostate and men with an obstructive median lobe. UI severity
impact on Ul improved in men with severe baseline Ul
Fiori 2020 SRV 6 Aquablation: 6 To summarize current evidence on None Aquablation has high clinical efficacy with an excellent safety profile. For PV of
117 Aquablation and its results in 30-80 cm?, comparative studies demonstrated that the procedure offers clinical
TURP: 67 comparison to outcomes reported for results at least comparable to those of conventional TURP. Latest evidence
TURP showed that Aquablation may be used effectively for PVs up to 150 cm>. Major
strengths are its high-speed resection time, low complication rate, and potential
for sexual function preservation.

Hwang 2019 NRV 1 181 12 To assess Aquablation for LUTS Tx in Repeat Tx, erectile function, According to short-term (up to 12 mo) FU, the effect of Aquablation on urological
men with BPH (urologic symptom ejaculatory function, minor  symptoms is probably similar to that of TURP
scores, QoL, major AEs) AEs, AUR, IDC, LOS

Mann 2019 NRV 1 Aquablation: 6 to detail and discuss the results of the  None Aquablation provides non-inferior symptom relief when compared with TURP

116 WATER study and demonstrates a significantly superior safety profile and lower risk of sexual
TURP: 65 dysfunction

Pimentel 2016 NRV NR To evaluate the mechanism of action, None Aquablation has potential for improving LUTS due to BPH. Its appeal lies in its
safety and efficacy of Aquablation precise and selective ablation capabilities, with minimal complications

Pimentel 2018 NRV NR n To describe the AquaBeam system and None Aquablation demonstrates efficacy akin to that of TURP, with a lower rate of
assess its safety and efficacy for LUTS perioperative complications.
due to BPH

Probst 2022 [36] NRV 4 NR 3 None None None

Reale 2019 SRV+MA 9 664 6 To evaluate functional outcomes after ~ Sexual outcomes, adverse Aquablation provides functional outcomes comparable to TURP. It proved to be a
Aquablation (improvement in IPSS, QoL, events safe technique, with a rate of adverse events similar to TURP with a low rate of
Qmax, PVR) retrograde ejaculation.

Saadat 2019 NRV 6 418 3 +12 To review the evolution of the None Aquablation seems to be a promising option for management of LUTS due to BPH
Aquablation system and its safety and for varying PVs. The robotic system provides reproducible ablation, independent
functional outcomes of PV, without a need for extensive training.

Sadri 2021 NRV 5 543 NR To discuss the literature on Aquablation, None Aquablation is a safe and effective alternative for BPH Tx for small to large
its limitations, and opportunities for its prostates.
use in BPE Tx

Stein 2021 [38] NRV NR NA To compare Aquablation with TURP, To highlight further Initial concerns regarding a higher risk of bleeding and transfusion for larger
transurethral laser enucleation, and developments and prostates were resolved by modification of the hemostasis technique.
simple prostatectomy modifications, particularly

for hemostasis
Suarez-Ibarrola SRV 16 446 in To summarize the literature on None Aquablation is comparable to TURP in effectively improving symptom scores and
2020 Aquablation Aquablation and evaluate its safety and functional parameters related to BPH and BOO. Evidence for procedure-related
(prospective efficacy for Tx of symptomatic BPE AEs supports the safety of Aquablation.
studies)

Taktak 2018 NRV 12 NR 12-24 To summarize the literature on None Aquablation is a novel and minimally invasive surgical technology; early studies
Aquablation and evaluate its safety and showed high clinical efficacy and a strong safety profile.
efficacy

Tokarski 2021 NRV 13 NR 12-24 To evaluate the most recent evidence None Aquablation offers OTs similar to TURP and shorter than HoLEP, with similar
from the literature levels of efficacy and safety.

Yassaie 2017 NRV 2 36 12 To evaluate improvements in functional Sexual function, Aquablation is a safe alternative to conventional surgical therapies for BOO

BPH = benign prosta
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of the prostate; NA = not available; NR
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= not reported; AE = adverse event; AUR = acute urinary retention; IDC = indwelling catheter; IIEF =
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International

Index of Erectile Function; IPSS = International Prostate Symptom Score; MSHQ = Male Sexual Health Questionnaire; PV = prostate volume; PVR = postvoid residual volume; Qmax = the maximum flow rate; QoL = quality of
life; OT = operative time; Tx = treatment; Ul = urinary incontinence.
@ Reference details for all the reviews included in this table are provided in the Supplementary material.
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tery was performed using either a roller-ball or a loop for
hemostasis. The low-powered lasers (3-5W) used in early
cases was then abandoned in favor of diathermy because
of lack of effectiveness.

The first double-blind study comparing Aquablation with
TURP was the WATER trial [6] (IDEAL stage 3), in which
hemostasis was achieved using focal, nonresection electro-
cautery or low-pressure inflation of a Foley balloon catheter
in the prostatic fossa. The hemostasis technique involves
placing a three-way inflated Foley balloon in the prostatic
fossa for up to 5 h to provide tamponade and ensure simul-
taneous slow irrigation [7].

In 2017, a catheter tensioning device (CTD, PROCEPT
Biorobotics, Redwood Shores, CA, USA) was first introduced
in the WATER II trial [8] (IDEAL stage 2b), a multicenter
prospective study exploring the feasibility of Aquablation
in large-volume prostates (80-150 ml). A CTD is a single-
use device able that can maintain and hold a calibrated ten-
sion (between 600 and 1500 g) on the catheter via the pubic
area as a support. However, the CTD was abandoned in 2020
as it showed no extra benefit over standard traction [9]. In a
large pooled analysis involving >800 patients, comparison
of different hemostatic techniques revealed that the CTD
resulted in more bleeding events because of higher levels
of bladder spasm and pain.

In 2021, Elterman et al. [ 10] described focal bladder-neck
cautery, a two-step procedure involving removal of “fluffy”
tissue (a cloud-like layer of tissue at a depth of 8-15 mm
left after treatment in the prostate cavity) and then identi-
fication and coagulation of hidden bleeding vessels. CTD is
no longer used, and combined focal bladder-neck cautery
and standard traction currently represents standard clinical
practice. Finally, a case series [11] reported that holmium
laser coagulation after Aquablation using a 550-um end-
firing holmium laser fiber (coagulation settings 60 W/2
J x 30 Hz, with a long pulse wave), was feasible and safe,
with good outcomes.

3.2 Outcomes of Aquablation versus TURP

Aquablation has been extensively compared to TURP to
determine whether it represents a valid alternative to the
current gold standard for BPH treatment.

Early postoperative outcomes were reported by Plante
and colleagues [12] from a double-blind prospective study
based on the WATER trial. The authors analyzed 6-mo out-
comes in 116 patients treated with Aquablation and 65
patients who underwent TURP. Aquablation resulted in a
significant difference in International Prostate Symptom
Score (IPSS) improvement for PV >50 cm? with a more
meaningful decrease in IPSS of 4 points (p = 0.0197), and a
better improvement in maximum flow rate (Qmax) in
patients with a median prostatic lobe (4.4 points greater
for Aquablation vs TURP; p = 0.0482). With an excellent
safety profile, Aquablation also resulted in lower complica-
tion rates (20% vs 46% in the TURP group; p = 0.011).

Gilling et al. [13] subsequently reported 1-yr outcomes
from the WATER trial. The functional outcomes were simi-
lar, with a Qmax improvement of 10.3 ml/s with Aquabla-
tion versus 10.6 ml/s with TURP (p = 0.86) and an IPSS
reduction of 15.1 points for both procedures (p = 0.99);
the rate of complications was low.

Kasivisvanathan and Hussain [14] also analyzed 12-mo
outcomes for a double-blind prospective study based on
the WATER trial, matching 90 randomized patients from
the Aquablation and TURP groups. The analysis confirmed
similar functional outcomes for the two procedures, while
Aquablation had a significantly lower rate of Clavien-
Dindo grade 1-2 complications (20% vs 47%; p = 0.0132)
and a lower rate of postoperative anejaculation (9% vs
45%; p = 0.006) versus TURP.

Gilling and colleagues [15] further evaluated 24-mo out-
comes from the WATER trial in an understandably smaller
but still representative cohort of 24 patients treated with
Aquablation and 67 patients who underwent TURP. With
similar functional outcomes, TURP showed a lower rate of
surgical retreatment at 12 mo (1.7% in the Aquablation vs
0% in the TURP group). Over a 2-yr period, the overall surgi-
cal BPH retreatment rate was 4.3% for Aquablation and 1.5%
for TURP (p = 0.4219). Sexual function, assessed using the
Male Sexual Health Questionnaire (MSHQ), was stable after
Aquablation but decreased in the TURP group.

Gilling et al. [ 16] reported 3-yr safety and efficacy results
for 65 men who underwent TURP and 116 men treated with
Aquablation in a prospective, double-blind trial. There was a
significant difference in sexual function, with a change in
ejaculatory function close to 0 with Aquablation (measured
using the MSHQ ejaculatory dysfunction domain) versus a
reduction of 2.8 points in the TURP group (p = 0.0008).
The Aquablation group also had a lower rate of postopera-
tive anejaculation (11% in Aquablation vs 29% in TURP
group, p = 0.0039). Aquablation led to better results for PV
>50 cm® at 3 yr after treatment, with a reduction in IPSS
that was 3.5 points greater than in the TURP group
(p = 0.0125).

Final 5-yr outcomes for the WATER population reported
by Gilling and colleagues [17] revealed a consistent safety
and efficacy profile and better outcomes for PV >50 cm>.
Te et al. [18] analyzed 3-yr outcomes for 146 patients
who underwent Aquablation and 39 patients treated with
TURP (data from the WATER and WATER II trials) and com-
pared the efficacy of the surgical approaches in groups on
medical therapy (o-blockers or 5a-reductase inhibitors) or
no preoperative medications. In the TURP cohort, a signifi-
cantly worse ejaculation dysfunction rate was observed
for patients with preoperative medical therapy. Urinary
outcomes were similar in the two groups for both proce-
dures. There was no significant difference in Clavien Dindo
grade >2 complications.

3.3. Aquablation learning curve

Technological advances over the years have been aimed at
simplifying and standardizing the surgical technique. This
could help in making it easier to learn the steps in the
Aquablation procedure and could shorten the learning
curve.

It has been shown that endoscopic laser procedures
reduce the occurrence of associated health issues, making
them a feasible choice regardless of prostate size [19]. Nev-
ertheless, factors such as prior surgical experience affect the
learning curve, which for HoLEP is typically 20-30 cases
[20]. However, some experts have proposed that a mini-
mum of 50 cases, coupled with fellowship training, is neces-
sary, especially when considering operative time,
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ejaculatory function, and continence function [21]. Even
GreenLight laser photovaporization of the prostate has a
substantial learning curve and extended operative time,
often requiring 20-40 cases for adequate training [22].

By contrast, Aquablation technology uses a water jet that
generates no heat for removal of prostate tissue via a speci-
fic resection path. This process ensures consistency and
reproducibility, irrespective of the surgeon’s skill or experi-
ence level. Across multiple studies, the Aquablation learning
curve appears to be notably short.

Bach and colleagues [23] reported a short learning curve,
with a significant decrease in mean operative time from
24.2 to 17 min after 50 cases in their study. Similar to the
case for the enucleation technique, this was surpassed by
Desai et al. [24] in a multicenter prospective study, in which
the average case count was only four per surgeon, highlight-
ing an exceptionally rapid learning curve even in the face of
limited previous experience. This low number of procedures
was not related to any increase in complications, with only
1% of patients requiring recatheterization and 8% experienc-
ing major complications. Thus, Aquablation seems to be
well suited for surgeons of all levels of experience.

These findings were reinforced by Misrai et al. [25], who
detailed initial use of Aquablation by three surgeons. The
rate of preservation of antegrade ejaculation was remark-
able at 73.3%, and there was a minor reintervention rate
of 3.3% for bleeding. Importantly, the improvements in
functional outcomes persisted at 12 mo after surgery, high-
lighting optimal results from the outset.

Zorn et al. [26] reported that as well as a short learning
curve, as evidenced by surgeons receiving hands-on training
before their initial procedures, Aquablation has shorter
operative times and hospital stays, and represents an
imaging-guided, precision-controlled surgery with the
potential to reduce procedure-related complications.

Finally, it is noteworthy that the learning curve seems
consistent for both small to moderately sized and large
prostates, as demonstrated by Nguyen et al. [27]. The
authors compared clinical outcomes from the WATER and
WATER II trials, which had prostate size limits of 30-80
cm® and 80-150 cm?, respectively. At 24-mo follow-up,
variance analysis revealed no significant differences
between the studies across various parameters, including
IPSS, IPSS Quality of Life, Qmax, and voided volume.

34. Aquablation costs

Medical management of BPH has helped in reducing surgi-
cal interventions. However, postponing inevitable surgical
management adds to the economic burden and can cause
unnecessary delays for patients for whom surgery might
be beneficial if performed at an earlier stage [28]. There
are other economic ramifications as well [29]. The Aquabla-
tion technology has potential for cost savings, including
shorter operative times and lower likelihood of retreatment
and adverse events, resulting in shorter hospital stays. A
therapeutic approach that uses ultrasound guidance and
robotic execution within well-defined and replicable
parameters and results in shorter operative times warrants
recognition as an established standard of care [30].

The Canadian Agency for Drugs and Technologies in
Health has highlighted that while Aquablation has potential
advantages, concrete real-world data to validate these ben-

efits and thorough, long-term assessments of cost effective-
ness are essential [31].

According to the UK National Institute for Health and
Care Excellence, the per-patient cost for Aquablation ther-
apy is £2872.42, which includes consumable costs of
£1925 per patient [32] and hemostasis achieved via a stan-
dard resectoscope. This cost is similar to those for TURP
(£3091.97), HOLEP (£3056.66), and GreenLight laser therapy
(£2782.14).

Miillhaupt et al. 3] analyzed in-hospital costs for Aquabla-
tion (including both resection and diathermy to ensure
hemostasis) and TURP. On average, total costs per patient were
lower for TURP than for Aquablation (€7445 vs €10 994), with
a significant mean difference of €3549 (95% CI €2144-4953;
p < 0.001). However, the average procedural cost increased
by approximately €41 for every additional minute of operative
time. Hence, increasing proficiency among surgeons and nurs-
ing staff, coupled with a larger patient volume, might mitigate
operative time and thus costs.

In conclusion, preliminary expert opinions suggest that
the cost of Aquablation could be comparable to those for
established laser ablation techniques, but the evidence in
the literature is insufficient to draw definitive conclusions.
Consequently, the use of Aquablation is currently confined
to specific environments.

4. Discussion
4.1. Does Aquablation qualify as MIST?

In recent years, many new minimally invasive surgical
treatments (MISTs) have been validated for the manage-
ment of BPH as alternatives to standard endoscopic tech-
niques such as TURP and laser enucleation of the prostate
[33]. The major advantage of MISTs that makes them
appealing is the ability to perform the procedures mainly
under local anesthesia in an outpatient setting.

Owing to its efficacy and effectiveness, Aquablation can
be considered a MIST for BPH according to a recent review
[34]. Moreover, results reported for Aquablation show a
clear IPSS improvement that makes it comparable to endo-
scopic techniques and superior to other MISTs, with a sig-
nificantly lower rate of anejaculation in comparison to
TURP (2% vs 41% at 6 mo; p = 0.0001) [35].

Despite being classified as a MIST by some authors,
Aquablation cannot be performed under local anesthesia
with same-day discharge, needing an admission of at least
24 h. For this reason, Aquablation can be considered a
“bridge” technique between endoscopic (resection, enucle-
ation, or ablation) and MIST procedures. Further trials com-
paring Aquablation with other MISTs will shed more light
on the differential role of these treatments.

4.2, Challenges, limitations, and future directions

The greatest challenge for Aquablation had been in achiev-
ing proper hemostasis. As it lacks the coagulative properties
of other BPH treatment techniques (eg, laser or bipolar elec-
trocautery), the water jet has poor control over postopera-
tive bleeding. This was reflected in relatively high
transfusion rates during the first trials. A nonresection cau-
tery technique was used in only 40% of patients in the
WATER I trial, and no cautery was used in WATER II. How-
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Fig. 2 - Intraoperative images of the Aquablation technique. The upper figure shows the cystoscopic view and initial ultrasound-guided contouring of the
glans. The lower figure shows the same cystoscopic and ultrasound images demonstrating the results of water jet resection. Veru = verumontanum.

ever, hemostatic techniques have changed since then, with
the use of strategies such as prostatic fossa tamponade,
hemostatic agents, and traction at the level of the bladder
neck [10]. Intraoperative cautery has been used after
Aquablation since 2020, but with controversial results.
The best way to achieve satisfactory hemostasis is to use a
resectoscope to first remove the remnant layer of ablated
prostate tissue (so-called “fluffy” tissue) and then coagulate
deeper bleeding vessels at the level of the prostatic capsule
exposed by water jet resection. Addition of cautery after
ablation does not increase the surgical time much, but does
improve hemostasis, reducing postoperative bleeding and
achieving a transfusion rate similar to that for HoLEP [36].

The WATER II trial demonstrated that even PV >150 cm?
is not a limitation for Aquablation, with optimal outcomes
and durable efficacy in improving flow rates and LUTS at
5-yr follow-up reported [37]. Results confirmed that addi-
tion of cautery after ablation also reduces the complication
rate for large-volume prostates. A large median lobe with
severe intravesical protrusion could be considered challeng-
ing for Aquablation [38]. However, thanks to biplanar
reconstruction using transverse and sagittal planes and
careful identification of the prostate contour, the median

lobe can still be completely resected without damaging
the posterior bladder wall [39].

Aquablation has been extensively compared to TURP.
Nevertheless, studies assessing the noninferiority of Aquab-
lation in comparison to HoLEP and MIST techniques such as
Urolift and Reziim could help in further defining the poten-
tial of Aquablation.

Finally, the need for an overnight hospital stay is still
considered the main limitation of Aquablation for it to truly
become a MIST.

4.3. Take-home messages for Aquablation

1. Aquablation is proving to be an innovative and success-
ful approach in BPH treatment.

2. Aquablation allows better targeting of the gland, preser-
vation of ejaculation and sexual functions, and a faster
healing process, and has virtually no contraindications
and a high acceptance rate among patients [14,40,41].

3. This size-independent procedure [27,42] is safe even in
elderly men [43] and for large prostates [37,44] and is
associated with a sustained improvement in functional
outcomes at 3-yr and 5-yr follow-up [26,27,45].



592 EUROPEAN UROLOGY FOCUS 10 (2024) 581-593

Cepth 24 3mem, Angle 120 degrees | HanDPiECE
}1Rus

| auGNMENT

TREATMENT

Veru protection start marker = 33% of the distance between
bladder neck and end marker

Fig. 3 - The combination of a cystoscopic view and precise ultrasound definition of the prostatic contour allows precise identification and protection of the

verumontanum and hence the sphincter. Veru = verumontanum.

5. Conclusions

Our scoping review shows that Aquablation is a viable tech-
nique with promising results for BPH treatment and is ready
to be included as a standard of care. Widespread diffusion
has not been achieved yet and the procedure is still only
performed in selected centers. Aquablation has good func-
tional outcomes, including optimal preservation of ejacula-
tory function and a 5-yr sustainable reduction in LUTS, with
a good safety profile and compliance for all prostate sizes
and patient ages. If these results can be emulated in a global
setting, Aquablation as a cost-effective procedure could
challenge the current gold-standard techniques for BPH
management.
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