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OBJECTIVE To report 12-month safety and effectiveness outcomes of the Aquablation procedure for the treat-
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ment of men with symptomatic benign prostatic hyperplasia (BPH) and large-volume prostates.

METHODS
 One hundred and one men with moderate-to-severe BPH symptoms and prostate volumes of 80-

150 cc underwent a robotic-assisted Aquablation procedure in a prospective multicenter interna-
tional clinical trial. Functional and safety outcomes were assessed at 12 months postoperatively.
RESULTS
 Mean prostate volume was 107 cc (range 80-150). Mean operative time was 37 minutes and mean
Aquablation resection time was 8 minutes. The average length of hospital stay following the pro-
cedure was 1.6 days. Mean International Prostate Symptom Score improved from 23.2 at baseline
to 6.2 at 12 months (P <.0001). Mean International Prostate Symptom Score quality of life
improved from 4.6 at baseline to 1.3 at 12-month follow-up (P <.0001). Significant improvements
were seen in Qmax (12-month improvement of 12.5 cc/sec) and postvoid residual (drop of 171 cc
in those with postvoid residual >100 at baseline). Antegrade ejaculation was maintained in 81%
of sexually active men. No patient underwent a repeat procedure for BPH symptoms. There was a
2% de novo incontinence rate at 12 months, and 10 patients did require a transfusion postopera-
tively while 5 required take back fulgurations. At 12 months, prostate-specific antigen reduced
from 7.1 § 5.9 ng/mL at baseline to 4.4 § 4.3 ng/mL.
CONCLUSION
 The Aquablation procedure is demonstrated to be safe and effective in treating men with large
prostates (80-150 cc) after 1 year of follow-up, with an acceptable complication rate and without
a significant increase in procedure or resection time compared to smaller sized glands. Clinical-
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T(TURP) was performed by Maximilian Stern in
1926. Over 90 years later, it is still considered by

some to be the gold standard treatment for benign prostatic
hyperplasia (BPH) although rarely can it be applied to all
sizes of prostate glands. The past several decades have wit-
nessed many innovative technologies developed for BPH
and incorporated into the daily practice of urology. Two of
these notable technologies are ultrasound and robotics.
Ultrasound real-time guidance is being used more and more
in the field of medicine and makes the application of inter-
ventions specific and precise. Additionally, robotic execu-
tion has become the treatment of choice for localized
prostate cancer and has demonstrated reproducible and
excellent outcomes. The Aquablation procedure is a novel
technology that integrates both real-time ultrasonic imaging
with robotically executed surgeon-guided high-velocity
waterjet ablation to precisely resect prostatic tissue. High-
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pressure water jet technology is already used in the metal,
ceramic, and glass industries and has been described for
tissue-specific liver resection1 and bladder tumors.2 In pros-
tatic disease, a blinded randomized trial (WATER) of the
Aquablation procedure vs TURP in 30-80 cc prostates
demonstrated that the Aquablation procedure has similar
efficacy when compared to TURP but with considerably
shorter resection times, lower risk of sexual dysfunction,
and overall reduced morbidity.3 In the WATER trial,
a subgroup analysis of larger prostate glands (50-80 cc),
demonstrated a superior symptom-reduction measured by
International Prostate Symptom Score (IPSS) for the
Aquablation procedure compared to TURP. Additionally,
observations during the WATER study indicated that the
Aquablation procedure time was fast (33 minutes) and
independent of prostatic volume. This prompted a prospec-
tive multicenter study to evaluate the safety and efficacy of
treating larger volume prostate glands.
The purpose of this report is to detail the12-month

safety and efficacy data from WATERII, a prospective
multicenter trial of the Aquablation procedure in men
with symptomatic BPH and prostate volumes between
80 and 150 cc.
METHODS

Trial Design and Participants
WATERII (NCT03123250) is a prospective, multicenter, inter-
national clinical trial of the Aquablation procedure for the treat-
ment of LUTS due to BPH in men 45-80 years of age with a
prostate volume between 80 and 150 cc as measured by preoper-
ative transrectal ultrasound. The study was sponsored by the
device manufacturer. Eligibility criteria were as follows: baseline
IPSS4 ≥12, a maximum urinary flow rate (Qmax) <15 mL/s, a
serum creatinine <2 mg/dL, a history of inadequate or failed
response to medical therapy and mental capability and willing-
ness to participate in the study. Men were excluded if they had
body mass index ≥42 kg/m2, a history of prostate or bladder can-
cer, clinically significant bladder calculus or bladder diverticu-
lum, active infection, previous urinary tract surgery, urinary
catheter use daily for 90 or more days, chronic pelvic pain, diag-
nosis of urethral stricture, meatal stenosis or bladder neck con-
tracture, use of anticholinergic agents, and other general
conditions that could prevent adequate study follow-up. Patients
with prior prostate surgery were not excluded. Men with urinary
retention were excluded if the catheter was in place for more
than 90 days. Institutional Review Board/Ethics Committee
approval prior to study-related consent was obtained at each
individual site. In the United States, the study was run under
investigational device exemption from US Food and Drug
Administration.

At both baseline and at selected follow-up visits, the follow-
ing questionnaires were completed: IPSS, Incontinence Severity
Index, Pain Intensity Scale, International Index of Erectile
Function (IIEF-155), the Male Sexual Health Questionnaire
(MSHQ-EjD6), uroflowmetry, and postvoid residual volume
measurements. Serum prostate-specific antigen (PSA) was per-
formed at baseline and at 6 and 12 months. Transrectal ultra-
sound prostate size measurements were performed preoperatively
and at 3 months postoperatively. Standard laboratory tests
2

(blood count/serum chemistries) were performed at baseline and
prior to hospital discharge.

The Aquablation procedure was performed using the AQUA-

BEAM System (PROCEPT BioRobotics, Redwood City, CA), as
described previously.7 Briefly, after induction of general or spinal
anesthesia, a 24F handpiece was inserted into the prostatic urethra
and secured into place using a bed-mounted arm. Under real-time
transrectal ultrasound (BK Medical, Peabody, MA) guidance, the
surgeon defined the target anatomic resection contour on a com-
puter console. Resection contours were drawn to avoid damage to
the bladder neck, ejaculatory ducts, and urinary sphincter. Tissue
was then ablated under robotic execution utilizing a high-velocity
waterjet that moves in a controlled manner from the bladder to
the verumontanum. For larger prostates, the Aquablation proce-
dure typically required 2 passes of the AQUABEAM probe.

After the Aquablation procedure, the bladder was manually
irrigated to remove residual prostate tissue and blood clots.
Hemostasis was achieved via low-pressure tamponade with a
Foley balloon catheter inflated to 40-80 cc of saline either at the
bladder neck or within the prostatic fossa, followed by continu-
ous bladder irrigation. The study’s primary safety and efficacy
endpoints were calculated at 3 months (previously reported8)
but we report herein outcomes to 12 months.
Data Monitoring
All study data were collected using an electronic data capture
system. Study data were 100% source-verified by study monitors.
Adverse events were collected throughout follow-up and evalu-
ated by an independent clinical events committee of 3 practicing
urologists.
Study Endpoints and Statistical Analysis
The study’s previously reported primary efficacy endpoint was
the change in total IPSS score from baseline to 3 months. The
study’s primary safety endpoint was the proportion of subjects
with adverse events rated as possibly, probably, or definitely
related to the study procedure classified as Clavien-Dindo (CD)
Grade 2 or higher or any Grade 1 event resulting in persistent
disability (eg, ejaculatory disorder, erectile dysfunction, or per-
manent incontinence) evidenced through 3 months post-treat-
ment. This primary safety endpoint was <65% of patients.
Longer term changes in symptom scores and uroflow measures
(all continuous outcomes) were assessed using either t tests or
repeated measures analysis of variance. The change in MSHQ-
EjD at 3 months was considered to represent relatively preserved
ejaculatory function if the decrease was noninferior to¡4 points.
Similarly, preserved erectile function was assumed if the IIEF-5
(SHIM) score decrease at 3 months was noninferior to ¡6
points. The noninferior thresholds for the sexual function out-
comes were selected as an estimate to detect a clinically mean-
ingful change. Exact binomial methods were used to calculate
confidence intervals for proportions. All statistical analysis was
performed using R.9
RESULTS
One hundred and one subjects were enrolled and treated at 16
sites (24 surgeons) between September and December 2017.
Three sites were in Canada and the remainder were in the
United States. Twelve month follow-up was completed by 97 of
101 (97%) of subjects (Supplementary Fig. 1).
UROLOGY 129, 2019



Table 1. Baseline characteristics (n = 101)

Characteristic Statistic

Age, years, mean (SD), range 67.5 (6.6), 52-79
Body mass index, mean (SD), range 28.4 (4.2), 22-41
Race
Asian 5 (5.0%)
Black 6 (5.9%)
White 88 (87.1%)
Other 2 (2.0%)

Ethnicity
Hispanic or Latino 9 (8.9%)
Non-Hispanic or Latino 92 (91.1%)

Prostate specific antigen, g/dL;
mean (SD), range

7.1 (5.9), 0.34-29

Use of catheters in 45 d prior to
enrollment

14 (14.3%)

Prostate size (TRUS), cc; mean
(SD), range

107.4 (22.1), 80-150

Middle lobe 84 (83.2%)
Intravesical component 81 (96.4%)
Intravesical protrusion, mm;
mean (SD)

1.8 (0.8)

Baseline questionnaires
IPSS score, mean (SD), range 23.2 (6.3), 12-35
IPSS QOL, mean (SD), range 4.6 (1.0), 2-6
Sexually active, N (%) [MSHQ-EjD] 77 (76.2%)
MSHQ-EjD*, mean (SD), range 8.1 (3.9), 1-15
SHIM*, mean (SD), range 15.1 (7.4), 2-25

*Sexually active men only.
Baseline patient characteristics are summarized in Table 1.
Mean age was 68 years (63-72) and baseline IPSS was 23 (12-
35). Mean prostate volume was 107 cc (80-150). A median lobe
was present in 83% of cases with an average intravesical prostatic
protrusion distance of 1.8 cm (0.7-6.8). Study procedures were
performed under general anesthesia in 18% and spinal anesthesia
in 82% of cases.

Mean operative time (handpiece placement to urinary cathe-
ter placement) was 37 minutes (15-97 minutes) and mean Aqua-
blation resection time was 7.8 minutes (2.5-17 minutes). A
single Foley balloon catheter (22Fr-24Fr) was placed in the blad-
der under mild tension for the sole means of hemostasis in 98
(97.0%) cases with bladder traction maintained for an average
of 18 hours (2.1-50 hours). In the other 3 cases, the Foley cathe-
ter balloon was deployed in the prostatic fossa for direct tampo-
nade and used for an average of 15 hours (0.55-25 hours;
Supplementary Table 1). Forty-five percent of patients required
postoperative pain medication (narcotics) and 23% required
bladder spasm medication. No subject underwent post-Aquabla-
tion cautery or treatment for hemostasis at the time of the pri-
mary procedure. Postoperatively, 59% of subjects were
discharged within 1 day and the mean length of stay was
1.6 days (0-6 days). Two patients went home the same day of
surgery. Most patients (68%) were discharged home with a cath-
eter; which was removed on average 4 days (0.7-30 days) post-
Aquablation procedure. Hemoglobin levels decreased from a
mean of 14.8 at baseline to 11.9 prior to discharge (drop of
2.9 g/dL, P <.0001). Overall bleeding requiring transfusions
occurred in 10 patients (2 of them also requiring return to the
operating room for fulguration) and 3 additional patients who
required fulguration only (no transfusions).

Mean (SD) IPSS improved from 23.2 (6.3) at baseline to 6.2
(5.0) at 12 months (a 17-point improvement, 2, P <.0001,
UROLOGY 129, 2019
Fig. 1). The 12-month IPSS scores were independent of baseline
IPSS. IPSS QOL decreased from 4.6 (1) at baseline to 1.3 (1.5)
at 12 months (P <.0001). Maximum urinary flow rate increased
from 8.7(3.4) to 21.1 cc/sec (12.1; an improvement of 12.5 cc/sec
(12.4), P <.0001) and postvoid residual urinary volume
decreased from 131 mL (125) at baseline to 51 mL (67) at 12
months. There was a 38% reduction in serum PSA from an aver-
age of 7.1 § 5.9 ng/mL at baseline to 4.4 § 4.3 ng/mL at 12
months.

At baseline, 77 (76%) subjects were sexually active. Among
subjects reporting sexual activity at baseline and at follow-up
study visits, the mean total MSHQ-EjD decreased slightly from
8.1 (95% confidence interval 7.2-9.0) at baseline to 7 (5.8-8.3)
at 3 months and 6.6 (5.4-7.9) at 12 months (Fig. 2). The 3 and
12 month decreases (¡2 points) met the study’s noninferiority
hypothesis (P =.0026).

In subjects who were sexually active at both baseline and at the
follow-up study visit, IIEF-5 (SHIM) scores were unchanged from
baseline (15.1) to 12-month follow-up (16.3), Figure 2. At
3 months, the decrease in IIEF-5 score was less than 6 points
(P <.0001), meeting the study’s predetermined threshold. IIEF-15
scores showed no major changes in any category (Supplementary
Fig. 2). No subject reported any de novo erectile dysfunction.

Sixteen subjects entered the trial using a urinary catheter rou-
tinely within 45 days prior to treatment. At the 3-month visit,
no subject was using a catheter routinely.

The primary safety endpoint, defined as CD Grade 2 or higher
or any Grade 1 event resulting in persistent disability (eg, ejacu-
latory disorder, erectile dysfunction, or permanent inconti-
nence), at 3 months occurred in 45.5% of men, which met the
study design goal of less than 65% (P <0.0001). Ejaculatory dys-
function occurred in 19% of sexually active men. Therefore,
81% of sexually active men maintained antegrade ejaculation.
Of the 5 (5%) patients with incontinence requiring the use of a
pad at 6 months, only 3 (3%) required a pad at 12 months.
There was 1 additional patient that had an artificial urinary
sphincter inserted for persistent stress incontinence (CD3). Of
the 4 incontinence subjects, 2 of them had incontinence symp-
toms at baseline. A nonhierarchical breakdown of CD events at
12 months resulted in 22% grade 2, 14% grade 3, and 5% grade
4 events (Table 2), the majority of which occurred within the
first month after the procedure. There were 5 patients that had
grade 4 events: (1) a bleeding event requiring a transfusion on
the same day as surgery, (2) a bleeding event requiring a transfu-
sion on the same day as surgery and the patient experienced bra-
dycardia, (3) a subject had a stroke the day after the procedure
(cause of the stroke was not determined) subsequently the sub-
ject went into multiorgan system failure but fully recovered, (4)
a subject had complete heart block 8 days after the procedure,
and (5) 1 subject developed chest pain and myocardial infarc-
tion from a left main coronary artery occlusion and underwent
repeated angioplasty but fully recovered. No strictures, no reten-
tion, no secondary procedures for tissue removal or late bleeding
events (>30 days postop) was otherwise required during the 12
months of follow-up.
DISCUSSION
This prospective multicenter trial demonstrates that the
Aquablation procedure of the prostate is a practical, easily
reproducible and clinically effective option for the treat-
ment of large sized prostate glands (80-150 cc) up to at
3



Figure 1. Improvement in parameters after Aquablation: (A) IPSS; (B) IPSS quality of life (QOL); (C) Maximum urinary flow
rate (cc/sec); (D) Postvoid residual (cc).
least 1 year. Furthermore, there are several noteworthy
findings. All cases 101 of 101 (100%) were successfully
completed for prostates >100 cc on average and over 80%
with a significant median lobe. Additionally, no second-
ary procedures for BPH recurrence have been required.
4

Operating room time efficiency, an important advan-
tage noticed during the first WATER study where proce-
dure (33 minutes) and resection (4 minutes) times were
only marginally impacted by prostate volume, remained
favorable in this study with larger prostate glands. Total
UROLOGY 129, 2019



Figure 2. Sexual function outcomes in sexually active men. (A)MSQH-EjD; (B) SHIM.
operative time and total resection time was 37 and
8 minutes respectively which is considerably shorter than
the average time to perform a 100 cc prostate via open
prostatectomy (95 minutes10), holmium laser enucleation
of the prostate (HoLEP; 91 minutes11), or photoselective
vaporization of the prostate (PVP; 93 minutes12).
The Aquablation procedure continued to be efficacious

in treating bladder outlet obstruction in patients with
large prostates at 12 months with an average IPSS
Table 2. Distribution of events at month 12 categorized by Cl
definitely related to the procedure/device

CD Grade* Term

2 Bleeding
Cardiac
Dysuria
Infection
Other
Pain
Urinary frequency
Urinary tract infection
Urinary urgency
Total

3 Bleeding
Dysuria
Meatal stenosis
Urethral stricture
Urinary retention
Urinary incontinence
Urinary urgency
Total

4 Bleeding
Cardiac
Cerebrovascular accident
Multisystem organ failure
Total

*CD Grade 2 = complication requiring pharmacological treatment with
blood transfusions and total parenteral nutrition. Grade 3 = complicatio
4 = life-threatening complication (including CNS complications) requiring

UROLOGY 129, 2019
reduction of 17, QoL reduction of 3, and Qmax increase
of 12 mL/s. These clinical improvements are comparable
to those found with HoLEP (IPSS decline of 14.7 and
Qmax increase of 14.3 mL/s)13 and PVP (IPSS decline of
17 and Qmax increase of 10 mL/s).12 Additionally, the
8% urinary incontinence rate at 1 month for the Aquabla-
tion procedure reduced to 4% at 12 months which is less
than that reported for HoLEP (4.9%-12.5%13-15) and
comparable to open prostatectomy (3%-9%16,17) and
avien-Dindo grades by group rated as possibly, probably, or

Events Subjects Rate

8 6 5.9%
1 1 1.0%
2 2 2.0%
2 2 2.0%
2 2 2.0%
1 1 1.0%
2 2 2.0%
7 6 5.9%
1 1 1.0%

26 22 21.8%
7 6 5.9%
1 1 1.0%
4 3 3.0%
1 1 1.0%
1 1 1.0%
1 1 1.0%
1 1 1.0%

16 14 13.9%
2 2 2.0%
2 2 2.0%
1 1 1.0%
1 1 1.0%
6 5 5.0%

drugs other than such allowed for grade I complications. Includes
n requiring surgical, endoscopic or radiological intervention. Grade
intensive care.
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TURP (2%18). Since 2 of the 4 patients had incontinence
at baseline, the de novo incontinence rate at 1 year for
Aquablation is 2%. Furthermore, the rate of dysuria was
also extremely low at only 2% due to the absence of cau-
tery and/or laser energy.
At 12 months, the PSA dropped from a baseline of 7.1

to 4.4 ng/mL (38% reduction). This PSA reduction is
slightly less than for PVP using the newer Greenlight
XPS-180 system12 which demonstrated a PSA drop of
49% in men with prostate glands between 107 and 150
cc. Although the PSA drops we observed after Aquabla-
tion were smaller than those observed after HOLEP
(>80%),19-21 rates of urge urinary incontinence and retro-
grade ejaculation are significantly higher with HOLEP
(70%-80%22-25).
After 12 months, 81% of the sexually active men in

this study maintained their antegrade ejaculatory func-
tion, the mean MSHQ-EjD score dropped by only ¡1.4,
and the SHIM score dropped by 0.1. Thus, while the
maintenance of antegrade ejaculation dropped from our
randomized trial where prostate volumes were much
smaller, this to our knowledge far exceeds the rate of ante-
grade ejaculation compared to any other surgical tech-
nique for large prostate glands (>100 cc). The reason
behind this is most likely due to the ultrasound guidance
and robotically executed nature of the procedure which
allows for precise treatment and ejaculatory duct and blad-
der neck preservation. In addition, a “butterfly” technique
is used near the ejaculatory ducts which further maintain
the ejaculatory ducts and likely helps with the mainte-
nance of antegrade ejaculation.
Finally, the safety of the procedure has been maintained

up to 12 months and no patient has undergone a second-
ary procedure for BPH. The Overall CD Grades 2-4 com-
plications were previously reported at 22%, 14%, and 5%,
respectively. Bleeding after the Aquablation procedure
and prior to discharge that required a transfusion was
observed in 10 patients. This is much lower compared to
the hemorrhage rate for a simple prostatectomy (range
12%-29%) but higher than that reported with HOLEP
(range 0%-4%).26,27 Although prostates glands in this
study were larger than the previous Aquablation trial,
bleeding was only seen in a limited number of patients.
Adequate hemostasis was achieved using manual irriga-
tion post procedure followed by catheter traction for 15-
18 hours on average.
The surgical management of BPH has undergone signif-

icant innovations since the advent of the first successful
TURP, with the introduction of numerous surgical
options and energy modalities. It was established during
the WATER trial that the Aquablation procedure was
equivalent to TURP for prostate gland sizes from 30 to 80
cc. This study demonstrates that the Aquablation proce-
dure can be applied to large prostate glands from 80 to
150 cc. For surgeons who do not perform HoLEP, the cur-
rent treatment of choice for large prostate glands (>100
grams) is open prostatectomy. Compared to open prosta-
tectomy, the Aquablation procedure may provide a
6

significantly better treatment alternative with a very short
learning curve, shorter operative time, shorter length of
stay, shorter length of catheterization, lower transfusion
rates, and reduced morbidity. Therefore, the Aquablation
procedure has the unique advantage of being applicable
to most prostate sizes with minimal impact on the length
of procedure or on the skills, experience, or technique of
the treating surgeon. In the present study, the majority of
surgeons had no prior experience (average 0.5 cases/sur-
geon) and the average number of cases in the trial was 4,
thus attesting to a very short learning curve. In compari-
son, HoLEP requires between 25 and 50 cases to become
proficient28 and PVP requires up to 100 cases to become
proficient.29 Another major advantage of the Aquablation
procedure is that it is reproducible. The ultrasound live
image guidance and robot execution significantly reduce
the variability of the procedure. Therefore, the variability
of outcomes is accordingly reduced.

Similar results using the AQUABEAM system have recently
been published in a prospective cohort from Germany,
demonstrating large improvements in IPSS, Qmax, and
postvoid residual, along with a 65% prostate volume reduc-
tion measured by TRUS and a low complication rate.30

Despite its merits to assess the Aquablation procedure
in men with BPH and with significantly larger prostates,
this study has limitations worthy of mention. The main
limitation is that WATERII trial is a single arm study
without a control group preventing direct comparisons
with those techniques. Additionally, standardized report-
ing of events categorized by CD scores was limited in the
literature. In addition, surgeon experience with Aquabla-
tion is still relatively limited and additional experience
will probably improve outcomes. Finally, while the out-
comes are promising, longer follow-up will be necessary to
confirm these results.
CONCLUSION
The Aquablation procedure is a safe surgical option in
patients with large prostate glands, with durable outcomes
at 1 year coupled with fast operative times, short hospital-
izations, and the maintenance of antegrade ejaculatory
function. There were acceptable complications and trans-
fusion rates reported. The learning curve, even in the set-
ting of large prostate volumes, is remarkably short. The
Aquablation procedure has been demonstrated to be an
effective and reproducible treatment for BPH indepen-
dent of prostate size up to 150 cc.
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