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Introduction: This study aims to assess our first clinical experience with
Aquablation in terms of perioperative and 1-year micturition outcomes, with
a focus on postoperative lower urinary tract symptoms (LUTS).

Materials and methods: From 10/2018 to 07/2021, patients referred to our center
with BPH-related LUTS, International Prostate Symptom Score (IPSS) >10,
maximum urinary flow rate (Qmax) <12 ml/s, and prostate volume <80 ml were
enrolled in this prospective study to undergo Aquablation. Demographics,
perioperative data, and complications (according to the Clavien—Dindo system)
were collected. Functional outcomes were assessed at 1, 3, 6, and 12 months with
IPSS, IPSS quality of life (IPSS Qol), uroflowmetry, and evaluation of post void
residue (PVR). The types of LUTS were classified on the basis of IPSS single question
answers in filling phase LUTS and voiding phase LUTS.

Results: Sixty patients were enrolled in the study. The mean patient age was
64.9 + 7.3 years, prostate volume was 63.5 + 16.8) ml, Qmax was 8.4 + 2.6 ml/s,
the median (IQR) IPSS was 23 (19-26), and the IPSS QoL score was 5 (4-5). The
mean Qmax at 1, 3, 6, and 12 months was 21.1 + 11, 181 + 54, 171 + 6, and
17.8 + 6.6 ml/s, respectively. The median IPSS urinary symptom score was 2 (2—
5) one year after surgery. In parallel, the median IPSS QoL score and mean PVR
reached 1 (0—-1) and 23.6 ml(25.5) in the 12th month. At 1- and 3-month follow-
up, filling phase symptoms were predominant in almost two-thirds of the study
population. Within the patients who reported a prevalence of filling phase
symptoms at 3 months, 27 of 38 (71%) reported a de novo onset of these
symptoms after surgery.
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Conclusion: Aquablation is a safe procedure for treating BPH-related LUTS,
and it has been demonstrated to be effective up to 12 months after the
procedure. LUTS of the filling phase were more prevalent than voiding phase
ones in the first 3 months following surgery, but showed a self-limited fashion.
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Introduction

As the global population progressively ages, benign prostatic
hyperplasia (BPH) associated with lower urinary tract symptoms
(LUTS) has become the most diagnosed urological condition
among men aged 45-74 years (1). Transurethral resection of the
prostate (TURP) holds the role of “gold standard” surgical
treatment for BPH, but it is not devoid of short- and long-
term complications, including perioperative and postoperative
morbidity (20%), ejaculatory dysfunction (65%), erectile
disorders (10%), and urethral strictures (7%) (2-4). Moreover,
while most patients report a marked improvement in symptoms,
up to about one-third of patients undergoing TURP complain of
postoperative LUTS (5). Patients may refer to refractory or de
novo symptoms often require to continue or switch medical
therapy postoperatively, that typically can range across all
micturition phases: filling phase (urgency, urge incontinence,
pollakiuria); voiding phase (decreased force of stream,
straining); post micturition (urinary retention) (6). Indeed, a
non-negligible percentage of patients treated with TURP will not
experience an improvement in their quality of life.

For all those reasons, in the last few decades, a tremendous
effort has been made by urologists in the search for new surgical
techniques to improve upon the results achieved by TURP. The
impressive momentum of innovation driven by the availability
of new technologies has supplied the surgical armamentarium
with plenty of new techniques using different types of energy,
such as lasers (Holmium, Thullim, photoselective vaporization
(PVP)), water vapor thermal therapy (Rezum), temporary
implantable nitinol devices (iTINDs) and prostatic urethral lift
(PUL) (7-12), among others. Besides the proven safety and
feasibility, the occurrence or persistence of filling phase
symptoms is still an open issue.

One of the most recent introductions in the field of BPH
surgery is the Aquablation system (PROCEPT BioRobotics,
Redwood Shores, CA, USA) (13). This technique relies on a
robotic system that uses a jet of high-velocity saline solution to
ablate prostate adenoma under real-time trans-rectal ultrasound
(TRUS) guidance. Since its launch in 2017, Aquablation has
demonstrated shorter operating times and superior
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postoperative ejaculatory function compared to TURP,
HoLEP, and PVP, with similar rates of short- and mid-term
adverse events (14, 15). In the ongoing WATER trial, authors
reported that there was no significant difference between
Aquablation and TURP concerning International Prostate
Symptoms Score (IPSS) reduction, improvement in quality of
life (QoL) score, increase in maximum urinary flow rate (Qmax),
and post-void residual (PVR) at the 3-year follow-up (16).

Along with these encouraging functional data, the
mechanism of action of Aquablation involving a high-velocity
low-temperature water jet raised the question of whether
postoperative LUTS (particularly filling phase LUTS) existed
in patients undergoing this procedure.

Analyzing postoperative LUTS in more depth, the authors
found no differences in terms of urgency rate, frequency, dysuria,
or incontinence between the two techniques both in the
immediate postoperative period (<3 months) and beyond (p =
0.723 and 1.000, respectively (16). Moreover, the postoperative
medical therapy discontinuation and starting rates were similar in
both groups.

With the aim of contributing to this field of research, we
report our first clinical experience as a tertiary care center with
the use of Aquablation for the treatment of BPH symptoms,
particularly focusing on perioperative and micturition outcomes
and analyzing postoperative residual or de novo LUTS.

Materials and methods
Study design

In this prospective single-arm study, we evaluated the safety
and efficacy of Aquablation for treating BPH-related LUTS. After
the approval of the local ethics committee (ethics committee of San
Luigi Gonzaga Hospital, registry number 132/2019), the study-
enrolled patients presenting with BPH-related LUTS, IPSS =10,
Qmax <12 ml/s, and prostate volume <80 ml were observed in our
department for BPH surgery between October 2018 and July 2021.

Exclusion criteria included prostate cancer diagnosis,
previous prostate surgery, indwelling catheter or self-
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catheterization, urethral stenosis, bladder stones, clinically
significant bladder diverticulum, and prostatic calcifications.
Men taking anticoagulants or on antiplatelet therapy that
could not be discontinued were also excluded.

Surgical procedure

The Aquablation system consists of three elements: the
console, the 24 Fr robotic handpiece, and the disposable probe
(Figure 1). The procedures were performed via general or spinal
anesthesia, according to the characteristics and preference of the
patient. First, with the patient in a dorsal lithotomy position, the
TRUS probe was positioned and anchored to an articulating arm
mounted to the surgical table. Next, a robotically guided
handpiece containing a sapphire nozzle is used to access the
bladder through the urethra. The handpiece was positioned with
the tip just inside the bladder before the scope was retracted to
visualize the bladder neck, placed above the verumontanum and
anchored to a second articulating arm. Once the handpiece was
correctly positioned, the TRUS probe was inserted until the
central part of the prostate was correctly visualized and could be

FIGURE 1
Aquablation system conformal planning unit, console, and
handpiece.
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used to compress the prostate and improve the ultrasound
visualization if necessary. After placement of the TRUS probe
and handpiece, the operator maps the prostate by delineating the
boundaries of the area to be treated using the dedicated software.
The software allows for changes in depth up to 25 mm and the
angle of resection up to 225°, to adapt the delineating area to the
specific anatomy of the patient. Moreover, the software allows
safety areas to be demarcated. In these areas, the water jet
reaches lower pressures and depths (Figure 2). Usually, these
areas are located at the level of the bladder neck and
verumontanum. The ablative phase could be initiated and
controlled with the aid of a foot pedal. The Aquablation
automatically adjusted the flow rate in each direction to alter
the depth of penetration and remove the tissue following the
borders outlined by the surgeon. After the first passage,
additional ablation passages could be performed if necessary,
depending on the shape and size of the prostate. At the end of
the ablative phase, hemostasis was achieved by selective
coagulation of the bleeding vessels using a bipolar resector. A
20-Fr Doufur catheter was placed at the end of the procedure
with the balloon inflated accordingly to prostate size. Bladder
irrigation was usually maintained for a mean of 48 h.

Data collection and follow-up

Demographics, use of preoperative BPH-drugs, perioperative
data, and complications (according to the Clavien-Dindo system)
were collected. For the porpoise of the study, all the patients were
told to discontinue previous BPH medical therapy at time of
discharge and no drugs (AB, 5-ARI, AC, or B3A) were prescribed
after the Aquablation procedure in order to correctly assess the
presence of postoperative LUTS.

Functional outcomes were assessed at 1, 3, 6, and 12 months
with IPSS, IPSS Quality of Life (IPSS Qol), uroflowmetry, and
evaluation of PVR.

A detailed evaluation of the answers given to the individual
questions of the IPSS questionnaire was carried out in order to
classify the type of LUTS the patients were suffering from. In
particular, the questions were grouped according to the category
of symptoms they investigated: questions numbers 1, 3, 5, and 6
(I—how often have you had a sensation of not emptying your
bladder completely after you finish urinating?; 3—how often
have you found you stopped and started again several times
when you urinated?; 5—how often have you had a weak urinary
stream?; 6—Over the past month, how often have you had to
push or strain to begin urination)? grouped under the category
LUTS of voiding phase; question numbers 2, 4, and 7 (2—how
often have you had to urinate again less than two hours after you
have finished urinating?; 4—how often have you found it
difficult to postpone urination?; 7—how many times did you
most typically get up each night to urinate from the time you
went to bed until the time you got up in the morning)? LUTS
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refers to the filling phase. Finally, we summed up the scores
expressed by each patient for each symptom category and
classified the patients as suffering from predominantly
emptying phase or filling phase symptoms at each timepoint.

Statistical analysis

Descriptive statistics included frequencies and proportions
for categorical variables and means and standard deviation or
median and interquartile range for continuous ones. The means
of continuous variables were compared using the paired
Student’s t-test after verifying that the variables to be analyzed
were approximately normally distributed. A Chi-square was
used to compare the rates of LUTS symptom categories at
each time point. A p <0.05 was considered to indicate
statistical significance. JAMOVI version 2.0 (The Jamovi
Project, 2022) was used for statistical analysis.

Results

A total of 60 patients were enrolled from October 2018 to
July 2021, with a minimum of 12 months of follow-up.
Demographic and perioperative data are summarized in Table 1.

The study population had a mean age of 64.9 + 7.3 years, a
prostate volume of 63.5 + 16.8 ml, a PSA of 3.7 + 2.7 ng/ml, a
baseline Qmax of 8.4 + 2.6 ml/s, and a PVR of 76.3 + 61.6 ml.
Fifty-five patients (91.6%) were previously on alpha-blockers
(AB) or 5-alpha reductase inhibitors (5-ARI) for BPH. No
patients reported preoperative therapy with anticholinergic
(AC) or beta3-agonists (B3A) drugs.
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TABLE 1 Demographics and perioperative variables (SD, standard
deviation; IQR, interquartile range; BMI, body mass index; PSA,
prostate specific antigen; BPH, benign prostatic hyperplasia; Qmax,
peak urinary flow; PVR, post void residual; IPSS, International
Prostate Symptoms Score; IPSS QoL, International Prostate
Symptoms Score Quality of Life).

Characteristics Overall
No. of patients 60
Age, mean, yrs (SD) 64.9 (7.3)
BMI, mean (SD) 26.0 (2.6)
Serum PSA, ng/ml, mean (SD) 3.7 (2.7)
Prostate volume, ml, mean (SD) 63.5 (16.8)
Middle lobe, n (%) 15 (25)
Previous medical therapy for BPH, n (%) 55 (91.6)
Baseline Qmax, ml/s, mean (SD) 8.4 (2.6)
Baseline PVR, ml, mean (SD) 76.3 (61.6)
Baseline IPSS score, median (IQR) 23 (19-26)
Baseline IPSS QoL score, median (IQR) 5 (4-5)
Operative time, mean (SD), min 66.1 (14.7)
Ablation time, mean (SD), min 5.6 (2.1)
Postoperative complication, number (%) 8 (13)
Clavien-Dindo I-II

—Transient AUR 3

—Fever 1

—Hematuria 1

Clavien-Dindo >II

—Anemia requiring transfusions 2

—-AUR requiring catheterization 1
Catheter removal, median (IQR), day 3 (3-3)
Hospital stay, median (IQR), day 4 (4-5)
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At enrollment, patients reported a median IPSS of 23 (19-
26), an IPSS QoL of 5 (4-5).

All the Aquablation procedures were uneventful and no
intraoperative complications were observed.

A mean operative time and ablation time of 66.1 + 14.7 and
5.6 * 2.1 min were recorded, respectively. In all the procedures,
hemostasis was achieved by focal transurethral bipolar
coagulation of bleeding vessels.

Eight (13%) postoperative complications were recorded, of
which three (5%) were classified as Clavien-Dindo >II (two
gross hematurias requiring blood transfusions and one acute
urinary retention requiring catheterization for 12 h). The
remaining five (8%) complications (three transient acute
urinary retentions, one fever, and one hematuria post catheter
removal) were self-limited and classified as Clavien-Dindo I
or IL

Median catheterization and hospitalization times were 3 (3-3)
and 4 (4-5), respectively.

Concerning functional outcomes (Table 2), the mean Qmax
recorded a peak at 1-month with 21.1 + 11 ml/s and stabilized
itself at 17.8 + 6.6 ml/s at 12 months, with an improvement from
baseline of 9.4 ml/s. PVR decreased by 52.7 ml from preoperative
evaluation, reaching a mean of 23.6 £ 25.5 ml at 1-year follow-up.
Statistically significant (p <0.001) improvements in IPSS scores
from baseline were noted at each time point. Specifically, IPSS
dropped from a preoperative median of 23 (19-26) to 2 (2-5) in 1
year. This improvement was coupled with a parallel decrease in
the QoL score, recording a median of 1 (0-1) at 1-year, with an
improvement from the baseline of 4 points. No patients reported
urinary incontinence after Aquablation.

Analyzing the IPSS symptom category (Table 2), there is a
reversal of symptom category prevalence rates between baseline
and three months after surgery (p-value of 0.003). Specifically, as
might be expected, most patients preoperatively complained
more of emptying phase symptoms, whereas at one and three
month follow-up after Aquablation, taking into account a
significantly decreased total IPSS score, filling phase symptoms
were shown to be predominant in almost two-thirds of the study
population. Moreover, 27 of 38 (71%) patients with a prevalence
of filling phase symptoms at 3 months reported a de novo onset
of these symptoms after surgery. This portion of patients
accounted for 45% (27/60) of the total study population. The
difference in prevalence between symptom categories flattens out
at longer time points, not reaching significance at 6- and 12-
month follow-up.

Discussion

The present prospective single-arm study demonstrates that
Aquablation is a safe and effective procedure for the treatment of
BPH related LUTS.
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Although this was the first clinical experience with this
technology for our institution, the postoperative complication
rate is consistent with data published in the literature for
Aquabeam and other minimally or ultra-minimally invasive
procedures (9, 17, 18). In addition, 1-year efficacy is
demonstrated with a statistically significant improvement in
urinary symptoms, quality of life, and uroflowmetry
from baseline.

Nevertheless, when analyzing in detail the LUTS reported by
patients in the postoperative period, a high prevalence of filling
phase LUTS was found at 1 and 3 months after surgery. Seventy-
one percent of patients with a higher prevalence of filling phase
LUTS reported a de novo occurrence of these symptoms.

Despite the considerable burden that BPH exerts on public
health, clinical research is still unable to offer an ideal treatment
that meets the needs of both clinicians and patients.

In the current ‘gold standard’ surgical treatment for BPH,
TURP, in 5%-35% of cases, may be followed by a persistence or
de novo onset of bothersome LUTS (5), an occurrence that has a
great impact on both the quality of life and public health of the
patient (19).

Studies have been performed to assess the permanence or
onset of de novo LUTS after surgery performed with new
techniques for BPH surgeries in comparisons with TURP.
Differences were found mainly in the case of laser enucleative
techniques, which demonstrated a higher prevalence of filling
phase LUTS than TURP in the immediate postoperative period.
In a prospective, randomized controlled trial, authors compared
10-year, long-term results of TURP, contact laser prostatectomy,
and photoselective vaporization of the prostate (20). No
differences were found between the techniques in terms of
efficacy and success rate, but patients who underwent HoLEP
reported a higher rate of filling phase LUTS than TURP 1 month
after surgery.

Despite it seeming logical to think that the administration
of medical therapy for BPH (AB, 5-ARI, AC, and B3A) may
provide further improvement in post-surgery LUTS, consensus
about the actual benefit of pharmaco-therapy after BPH
surgery is lacking (21, 22). As a result of these discordant
data in the literature, there are no recommendations from the
European Association of Urology (EAU) to guide the urologist
on the use of drug therapy following surgical treatment for
BPH. For all these reasons, patients should be thoroughly
evaluated before undergoing surgery and, above all, properly
informed about the risk of persistence or onset of de novo
postoperative LUTS.

In this study, Aquablation demonstrated a low prevalence of
bothersome postoperative LUTS, as evidenced by the
postoperative IPSS score and IPSS QoL. Nevertheless, patients
reported a prevalence of filling phase symptoms in the 3 months
following the surgical procedure, accounting for 45% (27/60) of
all the study population to be de novo filling phase symptoms.
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TABLE 2 Functional outcomes (SD, standard deviation; IQR, interquartile range; Qmax, peak urinary flow; PVR, post void residual; IPSS,
International Prostate Symptoms Score; IPSS QoL, International Prostate Symptoms Score Quality of Life; AUR, acute urinary retention).

1PSS, median (IQR)

IPSS symptoms category:

QoL, median (IQR)

Qmax (ml/s), mean (SD)

PVR (ml), mean (SD)

These data are of primary interest to the clinician and
patient, as urgency and nocturia have been referred to as the
symptoms that most impair quality of life in LUTS patients (23).

Frontiers in Urology

Preoperative

1 month

3 months

6 months

12 months

Change respect the baseline - p-value

Preoperative
Voiding phase, n (%)
Filling phase, n (%)
p-value

1 month
Voiding phase, n (%)
Filling phase, n (%)
p-value

3 months
Voiding phase, n (%)
Filling phase, n (%)
p-value

6 months
Voiding phase, n (%)
Filling phase, n (%)
p-value

12 months
Voiding phase, n (%)
Filling phase, n (%)
p-value

Preoperative

1 month

3 months

6 months

12 months

Change respect the baseline—p-value

Preoperative

1 month

3 months

6 months

12 months

Change respect the baseline—p-value

Preoperative

1 month

3 months

6 months

12 months

Change respect the baseline—p-value

06

phase at 6 months after surgery.

Overall

23 (19-26)
4 (2-6)
3 (2-5)
3 (2-4)
2 (2-5)
<0.001

47 (78.3)
13 (21.7)
< 0.001

22 (36.7)
38 (63.3)
0.003

22 (36.7)
38 (63.3)
0.003

28 (46.7)
32 (53.3)
0.465

34 (56.7)
26 (43.3)
0.144
5 (4-5)
1(0-2)
1(0-1)
1(0-1)
1(0-1)
<0.001
8.4 (2.66)
21.1 (11.0)
18.1 (5.4)
17.1 (6.0)
17.8 (6.6)
< 0.001
76.3 (61.6)
30.2 (25.7)
18.9 (20.9)
19.4 (23.6)
23.6 (25.5)
< 0.001

Of note, these symptoms were self-limited and of medium
durability, reverting to the rates of symptoms of the emptying
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The pathophysiology of the development or persistence of
LUTS following surgical therapy for BPH is a heterogeneous
and unclear field; beyond the pre-surgical presence of
overactive bladder syndrome or detrusor underactivity,
the persistence of LUTS after BPH-surgery could be the
result of a hypoxic insult (24), changes in neuroplasticity
(25), progressive detrusor hypertrophy (26), and most
importantly, it is still unclear how different energy sources
and surgical techniques may affect the development of
these symptoms.

Further studies are therefore needed to fully address the
cause—eftect relationship and allow the choice of the best surgical
approach for each patient.

This study is not devoid of limitations. Firstly, the single-arm
design of the study does not allow direct comparison with other
surgeries for BPH or “sham,” limiting the strength of
our findings.

Secondly, the duration of follow-up is short. Recruitment
of patients to this study is still on-going and a longer follow-up
will ensue to evaluate the efficacy and durability of
the procedure.

Lastly, the lack of data from the urodynamic study may not
allow the correct evaluation of the postoperative results.
However, there is evidence that there is a low correlation
between LUTS reported in the postoperative period and
urodynamic examination results. Additionally, preoperative
urodynamic investigation in patients with LUTS/BPH is only
recommended by the EAU in selected cases, which were not
included in our study population.

Conclusions

Aquablation is a safe and effective procedure for treating
BPH related LUTS, with good urinary outcomes up to 1-year
follow-up. LUTS of the filling phase were more prevalent than
voiding phase ones in the first 3 months following surgery, but
showed a self-limited fashion.
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