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ABSTRACT

Introduction: To compare 2-year safety and
efficacy outcomes after Aquablation or transur-
ethral resection of the prostate (TURP) for the
treatment of lower urinary tract symptoms
related to benign prostate hyperplasia (BPH).
Methods: One hundred eighty-one patients
with BPH were assigned at random (2:1 ratio) to
either Aquablation or TURP. Patients and

follow-up assessors were blinded to treatment.
Assessments included the International Prostate
Symptom Score (IPSS), Male Sexual Health
Questionnaire (MSHQ), International Index of
Erectile Function and uroflow. The focus of
analysis was 2-year outcomes.
Results: At 2 years, IPSS scores improved by
14.7 points in the Aquablation group and 14.9
points in TURP (p = .8304, 95% CI for difference
- 2.1 to 2.6 points). Two-year improvements in
maximum flow rate (Qmax) were large in both
groups at 11.2 and 8.6 cc/s for Aquablation and
TURP, respectively (p = 0.1880, 95% CI for dif-
ference - 1.3 to 6.4). Sexual function as assessed
by MSHQ was stable in the Aquablation group
and decreased slightly in the TURP group. At 2
years, PSA was reduced significantly in both
groups by 0.7 and 1.2 points, respectively; the
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reduction was similar across groups
(p = 0.1816). Surgical retreatment rates after
12 months for Aquablation were 1.7% and 0%
for TURP. Over 2 years, surgical BPH retreat-
ment rates were 4.3% and 1.5% (p = 0.4219),
respectively.
Conclusion: Two-year efficacy outcomes after
TURP and Aquablation were similar, and the
rate of surgical retreatment was low and similar
to TURP.
Trial Registration: ClinicalTrials.gov no.
NCT02505919.
Funding: PROCEPT BioRobotics.

Keywords: Aquablation; BPH; Robotic surgery;
TURP; Urology

INTRODUCTION

Lower urinary tract symptoms (LUTS) related to
benign prostatic hyperplasia (BPH) or bladder
outlet obstruction (BOO) commonly present in
men over the age of 50 years and increases sig-
nificantly with age [1, 2]. Medical refractory
BPH patients will seek surgical options to
address their symptoms.

There are a variety of interventional treat-
ment options of BPH from that range from non-
ablative techniques to resective techniques such
as open simple prostatectomy, laser enucle-
ation, photovaporization (PVP), and monopolar
or bipolar transurethral resection of the prostate
(TURP). While these options are effective, they
typically cause sexual dysfunction [3–7]. The
most common sexual dysfunction side effect

with TURP is retrograde ejaculation occurring in
over 2/3 of men [8].

Aquablation combines real-time, multi-di-
mensional imaging, autonomous robotics and
heat-free waterjet ablation for targeted, con-
trolled and immediate removal of prostate tis-
sue for the treatment of lower urinary tract
symptoms caused by BPH. The first report of
Aquablation from a randomized study com-
pared against TURP was previously reported
with 6-month results [9].

METHODS

The WATER (NCT02505919) study is a
prospective, double-blinded, multicenter,
international, randomized trial [9]. Seventeen
sites participated, 12 in the US, 3 in the UK and
2 in Australia/New Zealand. The study, which
enrolled subjects between October 2015 and
December 2016, included men age 45–80 years
with a prostate size between 30–80 cc (measured
with transrectal ultrasound), moderate-to severe
LUTS as indicated by an International Prostate
Symptom Score (IPSS [10]) C 12 and a maxi-
mum urinary flow rate (Qmax) \ 15 ml/s. Men
were excluded if they had a history of prostate
or bladder cancer, neurogenic bladder, bladder
calculus or clinically significant bladder diver-
ticulum, active infection, treatment for chronic
prostatitis, diagnosis of urethral stricture, mea-
tal stenosis or bladder neck contracture, dam-
aged external urinary sphincter, stress urinary
incontinence, post-void residual [300 ml or
urinary retention, use of self-catheterization or
prior prostate surgery. Men taking
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anticoagulants or on bladder anticholinergics or
with severe cardiovascular disease were also
excluded. The control group, TURP using elec-
trocautery, represents the gold standard for the
surgical treatment of moderate-to-severe BPH
for patients within this volume range. All par-
ticipants provided informed consent prior to
participating.

The randomization scheme was a 2:1 ratio
(Aquablation:TURP). Stratification was done by
study site and baseline IPSS score category with
random block sizes. The assignment was gen-
erated by a web-based system prior to
treatment.

Aquablation was performed using the AQUA-

BEAM System (PROCEPT BioRobotics, Redwood
Shores, CA, USA) [11]. Following Aquablation
hemostasis was achieved using either low-pres-
sure inflation of a Foley balloon catheter in the
prostatic fossa or non-resective electrocautery
[12]. TURP was performed with either a
monopolar or bipolar loop per surgeon prefer-
ence followed by continuous bladder irrigation.

A blinded research team (physician and
coordinator) performed all follow-up assess-
ments. The visits included IPSS, uroflow mea-
surements, quality of life, adverse events and
blinding assessment. The initial protocol blin-
ded subjects through the primary end point. A
subsequent protocol modification during
enrollment had extended blinding out to 3
years. The latter asked subjects to guess (at each
visit) which treatment was received. Reasons for
perceived unblinding were collected.

The primary efficacy end point, non-inferi-
ority for the 6-month change in IPSS, was met
and previously reported [9]. The focus herein is
2-year efficacy outcomes. Repeated measures
analysis of variance was used for continuous
variable changes at postoperative time points.
The primary safety end point, the occurrence of
procedure-related complications rated as Cla-
vien-Dindo [13] grade 1 persistent or higher at
3 months, showed superiority. Events to month
12 were also reported previously. The focus of
analysis herein is events occurring between
months 12 and 24; differences in event rates
were compared using Fisher’s test. Note that per
the study protocol, adverse events occurring
after month 12 were not adjudicated by the

CEC. All study data were verified by indepen-
dent study monitors.

Compliance with Ethics Guidelines

All procedures performed to gather the data
presented here were approved by all of the

Table 1 Baseline characteristics

Characteristic Aquablation
N = 117

TURP
N = 67

Age, years, mean (SD) 66.0 (7.3) 65.8 (7.2)

Body mass index, mean

(SD)

28.4 (4.1) 28.2 (4.5)

Prostate size (TRUS)a, g;

mean (SD)

54.1 (16.2) 51.8 (13.8)

Prostate specific antigen,

g/dl; mean (SD)

3.7 (3.0) 3.3 (2.3)

Cystoscopy findings

Lobes present

Lateral lobe only 50 (42.7%) 31 (46.3%)

Middle lobe only 9 (7.7%) 3 (4.5%)

Both lateral and middle 55 (47.0%) 88 (47.8%)

Degree of middle lobe obstruction

None 23 (19.7%) 15 9 (22.4%)

Mild 25 (21.4%) 15 (22.4%)

Moderate 35 (29.9%) 22 (32.8%)

Severe 14 (12.0%) 7 (10.4%)

Bladder neck obstruction 30 (25.6%) 24 (35.8%)

Baseline questionnaires

IPSS score, mean (SD) 22.9 (6.0) 22.2 (6.1)

IPSS QOL, mean (SD) 4.8 (1.1) 4.8 (1.0)

Sexually active, N (%)

[MSHQ-EjD]

93 (80.2%) 54 (83.1%)

MSHQ-EjD mean (SD)b 8.1 (3.7) 8.8 (3.6)

IIEF-5, mean (SD)b 17.2 (6.5) 18.2 (7.0)

a Volume = prostate length 9 width 9 height 9 p/6
b Sexually active men only
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Screened, n=275

Enrolled, n=203

Not Eligible, n=72

Roll-in, n=19

Randomized, n=184

Withdrew, n=1Withdrew, n=2

Treated, n=181

Aquablation, n=116TURP, n=65

n=65

n=65

n=62
Visit Not Done, n=3

n=62
Visit Not Done, n=1

n=61

n=115
Visit Not Done, n=1

n=116

n=114
Visit Not Done, n=2

n=114
Visit Not Done, n=2

n=115

Withdrew, n=1Withdrew, n=1
Early Exit*, n=1

Week 1

Month 1

Month 3

Month 6

Month 12

Withdrew, n=1
LTFU, n=1

n=59
Visit Not Done, n=2

n=110
Visit Not Done, n=2Month 24

Withdrew, n=1
Early Exit**, n=2

Fig. 1 CONSORT diagram. Asterisk: one subject exited early because of prostate cancer. Double asterisk: two subjects
exited early because of subject expiration prior to the 24-month visit
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institutional research committees (see Supple-
mentary Material 5). They also adhered to the
relevant national research committees and with
the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.
Informed consent was obtained from all indi-
vidual participants included in the study.

RESULTS

One hundred eighty-four subjects were ran-
domized with three subjects (2 TURP, 1
Aquablation) voluntarily withdrawing before
treatment, resulting in a cohort of 181. Baseline
characteristics were balanced across treatment
assignment (Table 1). Mean prostate size was 53
cc, and 91% of the subjects were sexually active.

A 24-month follow-up was obtained in 169
subjects (93%, Fig. 1).

Blinding was preserved through 2 years. At 2
years, the proportion of subjects guessing they
underwent Aquablation was higher in the
Aquablation group compared with TURP (35%
vs. 11%, p = 0.0021). Those reporting potential
unblinding were more likely to correctly guess
their treatment; those not reporting unblinding
were not. The root cause of this is mostly due to
earlier versions of the protocol when patients
were only blinded through the primary end
point. Unblinding was associated with slightly
higher IPSS and IPSS QOL improvements;
however, there were no systematic differences
across treatment groups in subjects reporting
unblinding or not.

Fig. 2 Change in International Prostate Symptom Score (IPSS, top left), IPSS quality of life (top right), and IPSS voiding
(bottom left) and storage (bottom right) scores. Circles: Aquablation; triangles: TURP
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IPSS reduction at 2 years was 14.7 (7.1) in the
Aquablation group and 14.9 (7.3) in the TURP
group (p = 0.8304 for difference, Fig. 2); 89%
and 95% of each group had an improvement of
at least five points from baseline IPSS, respec-
tively. Repeated measures analysis showed no
statistically significant difference in postopera-
tive change scores across groups or any statisti-
cal interaction between time and treatment.
Mean 2-year IPSS quality of life score improve-
ment was also similar in both groups [3.2 (1.7)
vs. 3.3 (1.5), p = 0.7007] (see Supplementary
Tables 1, 2).

Two-year urinary flow rates increased mark-
edly within 1 month after surgery for both
groups and were maintained at 2 years, with

mean improvements of 11.2 (11) cc/s for
Aquablation vs. 8.6 (12.2) cc/s for TURP (Fig. 3,
p = 0.1880). Two-year reduction in post-void
residual was 57 (78) and 70 (101) cc
(p = 0.3894). In patients with an elevated
([100 cc) post-void residual, mean 2-year
reductions in post-void residual were 107 and
114 cc, respectively (see Supplementary
Table 3). At 2 years, PSA was reduced signifi-
cantly in both groups by 1 point (p\0.01).

Among sexually active men without the
condition at baseline, anejaculation was less
common after Aquablation (10%) vs. TURP
(36%), p = 0.0003. The rate of anejaculation
after Aquablation was somewhat lower when
post-Aquablation cautery was avoided (7% vs.

Fig. 3 Uroflow measures by treatment and time. For PVR, inset graph shows subgroup analysis of those with elevated
([ 100 cc) and not elevated (\ 100 cc) baseline PVR. Circles: Aquablation; triangles: TURP

Adv Ther (2019) 36:1326–1336 1331



16%, p = 0.1774). Ejaculatory function as
assessed by MSHQ-EjD was better in Aquabla-
tion compared with TURP through 2 years
(Fig. 4). There were no de novo erectile dys-
function events in either arm. Of note, the
Aquablation arm change scores for all IIEF-15
domains showed no changes compared with
baseline (Fig. 5).

Adverse events to 1 year have been previ-
ously reported (see Supplementary Tables 4, 5).
Between year 1 and 2, the rate of most indi-
vidual events was low (Table 2) and similar
across groups. Two Aquablation subjects (1.7%)
and zero TURP subjects underwent surgical
retreatment for BPH between 1 and 2 years of
index treatment (p = 1). Overall, 2-year retreat-
ment rates were 4.3% and 1.5% (p = 0.4219),
respectively.

DISCUSSION

Aquablation is a novel treatment for LUTS due
to BPH, and its evidence base is increasing. In
this prospective randomized trial, prospective
2-year follow-up showed continued improve-
ments in symptom scores, quality of life and
uroflow parameters after Aquablation with
effects of nearly identical size to that of TURP.
As reported previously, subjects undergoing
Aquablation had a lower risk of anejaculation
soon after the procedure compared with TURP.
We observed no adverse events related to erec-
tile function, and all other perioperative risks
were similar between the two treatments.
Between year 1 and 2, no adverse events
occurred more commonly in the Aquablation
group compared with TURP, and the overall risk
of adverse urologic outcomes was low. Impor-
tantly, the cumulative rate of surgical retreat-
ment for BPH symptoms was very low (4.3%
Aquablation, 1.5% TURP), and, as reported
previously, most men were able to stop BPH-
related medications (alpha blockers, 5-ARIs).
Combined with results of other prospective tri-
als, 2-year results from our study provide com-
pelling medium-term evidence for the safety
and effectiveness of Aquablation in men with
LUTS due to BPH.

Improvements in the objective measure of
urinary flow rate and post-void residual were
similar to those observed for other resective
surgeries, including laser enucleation [14] and
laser photovaporisation [15] Aquablation’s
symptom score improvements appeared to be
larger than those reported for non-resective
techniques, such as the convective water vapor
energy (rezum�, 3.3 points higher) [16] and
UroLift� procedure (3.7 points higher) [17].

The lower rate of anejaculation after Aquab-
lation is consistent with the procedure’s overall
design, which avoids damage to tissues involved
in ejaculation through precise, image-based
targeting and robotic execution.

Advantages of our study included prospec-
tive assessment of symptom score and urinary
function in an international, randomized
design. Subject blinding, as assessed by the
ability of subjects to guess which treatment they

Fig. 4 Change in total MSHQ (top) and MSHQ bother
(bottom) by treatment and time. Circles: Aquablation;
triangles: TURP. Numbers next to graph are p values for
one-way change from 0. Numbers at bottom of graph are
effect size (difference, Aquablation—TURP) and t test
p value for difference
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received, was preserved to year 2, when some
amount of unblinding occurred. Subgroup
analysis confirmed that this modest unblinding
did not affect symptom score changes across
treatments.

The high levels of efficacy observed in our
study were obtained by urology surgeons with

years of TURP experience but had much less, in
most cases no, experience with Aquablation,
suggesting a more abbreviated learning curve
for Aquablation.

The study’s maximum prostate size was
80 cc, which is a potential limitation to gener-
alizability. However, a similar study in large

Fig. 5 Change in International Index of Erectile Function subdomains by treatment and time. Circles: Aquablation;
triangles: TURP
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prostates (WATER II, prostate size 80–150 cc)
has shown similarly high levels of symptom
relief and a markedly lower rate of postoperative
anejaculation [18].

CONCLUSION

In summary, the study provides longer term,
durable evidence of the safety and effectiveness
of Aquablation for LUTS due to BPH in men
with prostates\ 80 cc. Aquablation may be an
alternative for men who strongly prefer main-
tenance of ejaculatory function.
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Table 2 Number of events and subjects with event occurring between 1 and 2 years by event type and treatment

Event type Treatment

Aquablation TURP

N
Events

N
Subjects

Rate (%) N
Events

N
Subjects

Rate (%) p value*

Bladder neck contracture 0 0 0.0 1 1 1.5 0.3591

Bleeding 1 1 0.9 0 0 0.0 1

Other 23 16 13.8 5 5 7.7 0.3330

Prostate cancer 1 1 0.9 0 0 0.0 1

Retrograde ejaculation 1 1 0.9 0 0 0.0 1

Stricture or adhesions 0 0 0.0 1 1 1.5 0.3591

Urinary retention 1 1 0.9 1 1 1.5 1

Urinary tract infection 2 1 0.9 0 0 0.0 1

Urinary tract stones 2 1 0.9 0 0 0.0 1

Urinary urgency/frequency/difficulty/leakage 7 5 4.3 5 4 6.2 0.4990

*Fisher test
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