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2091 Material and methods Between June 2019 and July 2020, 53 consecutive patients underwent Aqua-
beam® with our modified hemostasis approach with holmium laser. The following standard preoperative
assessments were retrospectively recorded: prostate volume; International Prostate Symptom Score
(IPSS) and Quality of Life (IPSS-QolL); uroflowmetry including Qmax and post void residual volume (PVR).
Results Fifty-three patients consecutively underwent aquablation and holmium laser hemostasis.
Median age at surgery, median prostate-specific antigen (PSA) and median prostate volume were
62 years (IQR: 57-66), 2.95 ng/ml (IQR: 1.6-4.8) and 55 ml (IQR: 43—65), respectively.

Median operative time was 60 minutes (IQR: 40-80). Median catheterization time and length of hospital
stay were 2 days (IQR: 1-3) for both parameters. The median hemoglobin decrease between the preop-
erative values and those assessed on the second day was equal to 1.25 g/dl (IQR: 0.7-1.85).
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phone: 0039049822 1211 results showed a lower rate of complications; the encouraging functional results confirm that this can be
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INTRODUCTION with a troublesome impact on quality of life and

a non-negligible social burden. Bothersome lower
Benign prostatic hyperplasia (BPH) is one of the urinary tract symptoms (LUTS) affect more than
most common age-related medical disease in men, 40% of >40 years male individuals with BPH [1].
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The treatment options for male LUTS widely range
from watchful waiting to oral medications to surgical
procedures.

In terms of the surgical treatment of BPH, trans-
urethral resection of the prostate (TURP) is con-
sidered as the gold standard in patients with be-
nign prostatic enlargement with a prostate volume
<80 ml [2]. Recently, different laser techniques
have become available for surgical treatment
of BPH; and several studies, including random-
ized controlled trials, demonstrated equivalent
early- and long-term functional outcomes as com-
pared to TURP [3-6] and open prostatectomy
(OP) [7, 8], even in case of large prostate volume
(>80 ml) [9-10]. Therefore, holmium laser enu-
cleation of prostate (HoLEP) is currently defined
by the International European Guidelines [2]
as an effective alternative to TURP and open pros-
tatectomy (OP), with several advantages of the min-
imally invasive approach, including shorter cath-
eterization time and hospital stay, reduced blood
loss and lower amount of blood transfusions [3, 4, 7,
9, 11]. However, TURP and laser surgical proce-
dures (e.g. HoLEP, ThuLEP, etc.) are burdened
by a high rate of functional sequelae that negatively
impact the quality of life of patients (such as ret-
roejaculation). With this in mind, new surgical ap-
proaches have been introduced to treat BPH, which
allow to obtain excellent functional results in terms
of preservation of antegrade ejaculation and to de-
crease postoperative irritative symptoms.
Aquablation utilizes a high-velocity saline stream
to resect parenchymal tissue, a waterjet technique
having first been described in canine liver resection
[12]. Waterjet technology was then adapted for use
in human liver resection, with further experience
showing that the technique was feasible in neuro-
surgical, pulmonary and bladder tumor resections
[12, 13, 14]. This technology has been further devel-
oped for use in prostatic ablation in the Aquabeam®
(PROCEPT BioRobotics, Redwood Shores, CA, USA)
system which utilizes a minimally invasive, image-
guided, high-velocity waterjet for prostate ablation.
In the available literature, one of the limitations
of this technique is the impossibility to perform ad-
equate hemostasis following ablation of the prostate
tissue. In particular, in almost all the trials, hemo-
stasis is recommended through the use of bipolar
energy. Having a significant experience in the use
of laser technology in the treatment of BPH, the
aim of our study was to assess the short-term func-
tional outcomes and the efficacy of hemostasis per-
formed with holmium laser performed after prostat-
ic hydroablation with Aquabeam® in a single cohort
of patients.

MATERIAL AND METHODS

Patients and preoperative assessment

Between June 2019 and July 2020, 53 consecutive
patients underwent Aquabeam® with our modified
hemostasis approach with holmium laser. All the
procedures were performed by two trained urolo-
gists who have already completed their learning
curve for prostate aquablation and with a significant
experience in the use of holmium laser. The follow-
ing standard preoperative assessment were retro-
spectively recorded: prostate volume; International
Prostate Symptom Score (IPSS) and Quality of Life
(IPSS-QoL); uroflowmetry including Qmax and post
void residual volume (PVR). In suspicious cases
(of prostate cancer [increase of prostate-specific an-
tigen (PSA), digital rectal examination positive] we
discussed with the patient the possibility of magnet-
ic resonance imaging (MRI) of the prostate [15, 16],
and in presence of a radiological lesion we performed
‘in-bore’ MRI-guided prostate biopsy or fusion biop-
sy [17, 18]. The study was conducted in accordance
with the principles issued in the Helsinki Declara-
tion for Human Rights. Each patient enrolled signed
an informed consent form which described the
principles and purposes of the study, the methods
of carrying out the various diagnostic techniques
and any inherent risks. The study was not submit-
ted to an ethics committee because the two surgi-
cal techniques are not experimental and are already
used in urological surgery.

Surgical technique

Each patient underwent surgery under general
anaesthesia. Prostatic adenoma ablation was per-
formed using the Aquabeam® System. Preoperatively,
a transrectal prostatic ultrasound with a transrectal
linear probe (BK 5000°® ultrasound system) was per-
formed to assess the prostate volume, the morphol-
ogy of the gland (including the presence of calcifica-
tions, middle lobe, etc.) and, to guide the procedure.
Subsequently, a 24 Fr handpiece probe was inserted
in the prostatic urethra and locked into place using
a rigid arm fixed to the bed. The ultrasound-guid-
ed and endoscopic check allows for the placement
of the handpiece at the level of the verumontanum,
anterior to the external sphincter. Under real-time
prostate visualization with transrectal ultrasound
the operator used a console to contour the target tis-
sue (Figure 1). Under visual and ultrasound control,
the tissue ablation was performed robotically with
a high velocity waterjet while sparing verumonta-
num, ejaculatory ducts and muscle tissue.
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Figure 1. Planning of Waterjet treatment.

After aquablation, the handpiece and the ultrasound
probe were removed; the hemostasis was performed
with a continuous-flow 26 Fr resectoscope (Karl-
Storz), a distal bridge to hold the fiber, a video cam-
era, a 550 um holmium laser end-fire fiber connected
to the laser generator (Lumenis Versa Pulse 120W)
and saline irrigation. Coagulation setting was 60 W
(2 J x 30 Hz long pulse). In order to minimize the
thermal damage generated by the holmium laser,
selective hemostasis was performed only on the ma-
jor bleeding sources (Figure 2). The main sources
of bleeding were generally observed at the level
of the bladder neck (at 10 and at 2 o’clock positions)
and at the level of the anterior surface of the pros-
tate. No hemostasis was performed in the proxim-
ity of the verumontanum in order not to damage
the structures of the ejaculatory ducts. To conclude
the procedure, a 22 Fr Dufour silicon catheter was
placed (with continue bladder irrigation). Postop-
eratively, the bladder irrigation was stopped on the
first postoperative day and the catheter was removed
on the second postoperative day.

Statistical analysis

Data were analysed using Statistical Package for So-
cial Science (SPSS) version 21 for Macintosh.
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Figure 2. Effect of holmium laser hemostasis on prostatic
tissue.

Continuous variables have been reported as means,
standard deviation (SD) or medians and interquar-
tile ranges (IQR), respectively. Categorical variables
were reported as frequencies with percentages.



CENTRAL EUROPEAN JOURNAL OF UROLOGY

RESULTS

Overall, 53 patients consecutively underwent aqua-
blation and holmium laser hemostasis at our insti-
tution.

Table 1 shows patients’ characteristics. Median age
at surgery, median PSA and median prostate volume
were 62 years (IQR: 57-66), 2.95 ng/ml (IQR: 1.6-4.8)
and 55 ml (IQR: 43-65), respectively. In regards to
medical therapy for BPH, 37 patients took daily
al-blocker therapy, 6 patients the 5-ARI and 7 pa-
tients were taking combination therapy.

Median preoperative Qmax, preoperative IPSS and
preoperative IPSS-QoL were 9 ml/s (IQR: 6.2-10),
19 (IQR: 17-22) and 3 (IQR: 2-4), respectively.

The perioperative outcomes are reported in Table 2.
Median operative time was 60 minutes (IQR: 40-80).
Median catheterization time and length of hospital
stay were 2 days (IQR: 1-3) in both cases. The me-
dian hemoglobin decrease between the preoperative
values and those assessed on the second day was
equal to 1.25 g/dl (IQR: 0.7-1.85).

Continence rate was 100% at catheter removal.
Only 2 low-grade Clavien complications (3.8%)
were recorded, without any major complications
(Clavien >3).

Thirty-six patients (72%) reported preserved ejacula-
tion. IPSS (6, 3-21) and Qmax (19, 9-26) changed dra-
matically between baseline and 3 months follow-up.

DISCUSSION

The management for BPH remains complex and
comprises surgical and pharmacologic therapies.
In offering the best treatment to the patient, it is
necessary to balance therapeutic efficacy and the
possibility of adverse events or negative sequelae,
especially in choosing the appropriate surgical ap-
proach. Last but not least, it is very important
to evaluate the costs and economic impacts of sur-
gical procedures [19]. In the current guidelines
TURP is considered the gold standard therapy for
LUTS due to BPH of small/medium prostate volume
(<80 ml); in the literature it is regarded as the most
commonly performed surgical procedure for treat-
ment of BPH [20]. Actually, HoOLEP has gained wide
consensus, establishing a new size-independent
surgical gold standard for BPH treatment in large
volume prostate (>80 ml) with excellent results
in terms of LUTS and hemostasis [21].

Despite excellent long-term efficacy in terms of re-
lieving BPH symptoms, this surgical technique does
not lack its complications and sequelae. In particu-
lar, the high rate of loss of antegrade ejaculation
significantly compromises the quality of life of pa-

Table 1. Baseline patients’ characteristics

Age (years)

Median (IQR) 62 (57-66)

Range 50;81
Prostate volume (ml)

Median (IQR) 55 (43-65)

Range 25,90
Preoperative Qmax (ml/s)

Median (IQR) 9 (6.2-10)

Range 4:11.3
Preoperative IPSS

Median (IQR) 19 (17-22)

Range 14;35
Preoperative indwelling catheter [n (%)] 6(11.3)
Preoperative PSA (ng/ml)

Median (IQR) 2.95 (1.6-4.8)

Range 0.46;15
Preoperative medical treatment [n (%)]

Alpha-lytic 37 (69.8)

5-ARI 6(11.3)

Combined treatment 7 (13.2)
Operative time (min)

Median (IQR) 60 (40-80)

Range 25;168

IQR —interquartile range; IPSS — International Prostate Symptom Score;
PSA — prostate-specific antigen; n — number; 5-ARI — 5-alpha-reductase inhibitors

Table 2. Postoperative results

Catheterization time (d)

Median (IQR) 2(1-3)
1,3
Hemoglobin decrease (g/dL)
Median (IQR) 1.25 (0.7-1.85)
Range -0.6;6.1
Length of stay (d)
Median (IQR) 2 (1-3)
1,3
Overall complications, n. (%) 2(3.8)
Complication severity, n. (%)

Clavien-Dindo | 1(1.9)
Clavien-Dindo IlI 1(1.9)
Preserved ejaculation 36 (72%)

Postoperative IPSS (3 months)
Median (IQR) 6 (5-8)
Range 3;21
Postoperative Qmax (3 months)
Median (IQR) 19 (15-21)
Range 9,26

d —days; IQR — interquartile range; IPSS — International Prostate Sypmtom Score

tients. As shown in some epidemiological studies,
absence of ejaculation affects sexual activity and
global quality of life [22, 23]. Concerning the com-
plications regarding TURP, Madersbacher et al. re-
ported an overall incidence of secondary procedures
(TURE transurethral incision of prostate (1TUIP)
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or urethrotomy) after TURP of 5.8%, 12.3% and
14.7% at one, five and eight years after surgery
in a series of 20,671 men in Austria [24]. Similarly,
Wasson et al. reported a 5% re-operation rate in a se-
ries of 188,000 patients who underwent TURP during
a b-year follow-up period [25]. Also, when a particu-
lar device was used in order to improve TURP perfor-
mance, the negative impact on sexual performance
is quite high [26]. In this scenario, in recent years
we have seen the introduction of new approaches
for the surgical treatment of BPH in order to ob-
tain better results in terms of reduction of LUTS
due to BPH and satisfactory functional results (such
as maintaining antegrade ejaculation) [27, 28].
Aquablation combines real-time, multidimensional
imaging, autonomous robotics and heat-free water-
jet ablation for targeted, controlled and immediate
removal of prostate tissue for the treatment of LUTS
caused by BPH. The principal trials available in the
literature have demonstrated the non-inferiority
compared to TURP in the treatment of medium /large
prostatic adenomas and excellent functional re-
sults [29, 30, 31]. In these trials, hemostasis after
Aquabeam® was achieved using focal, non-resective
electrocautery or low pressure inflation of a Foley
balloon catheter in the prostatic fossa [32]. Cath-
eterization and bladder irrigation were left to local
investigator discretion. In the WATER I study [29],
the safety and efficacy of aquablation was compared
to TURP for the treatment of BPH; about the result
of hemostasis after the procedure, postoperative he-
moglobin decreased from 14.9 to 13.0 in the aqua-
blation group and from 14.7 to 13.7 in the TURP
group (p 174 0.0002); only a single aquablation case
required blood transfusion. Mean hospital stay was
1.4 days in each group and the urinary catheter was
removed at a median of 1 day after surgery in each
group. In their experience, Gilling et al. [33] showed
that monopolar or bipolar cautery can be used for
local hemostasis, whereas laser energy coagulation
is ineffective. In our experience, as a high-volume
centre for HoLEP, holmium laser represents a safe-
ty and effective surgical approach for treatment of
BPH in small, medium and large prostates. For this
reason, we have tested the efficacy of holmium la-
ser hemostasis performed after Aquabeam®. In our
study, the results in terms of postoperative haemo-
globin decrease are similar to the results of a study
which used the monopolar and bipolar energy for
cautery. The time of catheterization was 48 hours
and no case of blood transfusion was observed.
In terms of complications we observed 2 cases
of low-grade Clavien grade, with a case of urinary

tract infection and one of mild haematuria, which
were resolved with oral antibiotics and bladder ir-
rigation lasting less than 24 hours, respectively.
Additionally, each subjective and objective voiding
parameter (IPSS, QoL, Qmax, PVR) improved post-
operatively. No secondary procedures were recorded
during our 3 month follow up. In our study, we found
a postoperative preserved ejaculation in 72% of pa-
tients. In the literature, the ejaculatory function
rates were over 80% in patients with medium/large
prostate [34] This is lower than the 90% antegrade
ejaculation preservation reported by the WATER
trial focusing on small to moderate-sized prostate
treated with aquablation [30]. As for maintenance
of sexual quality of life, specifically antegrade ejacu-
lation, it is a major concern in many patients, the
higher probability of preserving antegrade ejacula-
tion represents a significant improvement compared
to established surgical techniques. In our series,
the slight decrease in ejaculation rate, with respect
to the literature, is probably secondary to the use
of holmium laser in coagulation; in particular the
possible thermal and mechanical damage of anatomi-
cal structures responsible of anterograde ejaculation
on the bladder neck and around the verumontanum
may be the reason; further anatomical studies are
needed to confirm this theory.

This study has some limitations predominantly re-
lated to its retrospective design. Additional limita-
tions to this study are the lack of a control group, the
short-term follow-up and the small size of the cohort.
However, our data showed an effective hemostasis
performed with holmium laser following Aquabeam®
and functional results substantially in line with the
available literature. Full data validation requires
longer follow-up and prospective randomized trials
with larger cohorts.

CONCLUSIONS

The combination of Aquabeam® and holmium laser
energy for hemostasis is a safe, reproducible tech-
nique to treat moderate LUTS in men with BPH
while preserving ejaculation in younger and sexually
active individuals. The short-term results showed
a lower rate of complications and the encouraging
functional results attest that this can be a valid sur-
gical approach for the treatment of BPH. Long-term
data and randomized trials are needed to validate
this theory.
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