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Summary

PURPOSE: To compare in-hospital treatment costs of
aquablation and transurethral resection of the prostate
(TURP) in the treatment of benign prostatic enlargement.

PATIENTS AND METHODS: Patient data and procedural
details were derived from a prospective database. In-hos-
pital costs were calculated using detailed expenditure re-
ports provided by the hospital accounts department. Total
costs including those arising from surgical procedures,
consumables, personnel and accommodation were
analysed for 24 consecutive patients undergoing aquabla-
tion and compared with 24 patients undergoing TURP dur-
ing the same period. Mean total costs and mean costs for
individual expense items were compared between treat-
ment groups with t-tests.

RESULTS: Mean total costs per patient (+ standard devi-
ation) were higher for aquablation at EUR 10,994 + 2478
than for TURP at EUR 7445 + 2354. The mean differ-
ence of EUR 3549 was statistically significant (p <0.001).
Although the mean procedural costs were significantly
higher for aquablation (mean difference EUR 3032; p
<0.001), costs apart from the procedure were also lower
for TURP, but the mean difference of EUR 1627 was not
significant (p <0.327). Medical supplies were mainly re-
sponsible (mean difference EUR 2057; p <0.001) for the
difference in procedural costs.

CONCLUSIONS: In-hospital costs are significantly higher
for aquablation than for TURP, mainly due to higher costs
of medical supplies for the procedure. This difference
should be taken into consideration, at least in patients for
whom the different side effect profiles of both treatments
are irrelevant.

ABBREVIATIONS

LUTS/BPO Lower urinary tract symptoms secondary to benign
prostatic obstruction
TURP Transurethral resection of the prostate

Introduction

Benign prostatic hyperplasia is one of the most common
diseases in men and is often associated with bladder outlet
obstruction and lower urinary tract symptoms (LUTS/
BPO). Approximately 50% of men aged 50-60 years and
~90% of men aged >85 years are affected [1]. The esti-
mated annual treatment costs were already USD 4 billion
in the United States in 2006, and EUR 858 per patient in
Europe in 2003 [2, 3]. As a result of demographic change,
the costs of treating LUTS/BPO will increase significantly
in the future, making treatment of LUTS/BPO a lucrative
market for the industry. Therefore, the high number of nov-
el treatment options entering the market in recent years
does not seem surprising.

One of these novel treatments is aquablation [4], a tech-
nique that uses real-time ultrasound imaging combined
with a robotically executed surgeon-guided high-velocity
water jet to resect prostate tissue. After the first animal trial
in 2015 in a canine model [5] by Faber and its first clini-
cal application in 2016 [4], aquablation has been routine-
ly applied in multiple urology departments worldwide and
cohort studies have confirmed its clinical safety as well
as its efficiency in relieving LUTS/BPO [6-9]. In addi-
tion, a randomised double-blind controlled trial (WATER
study) compared aquablation with transurethral resection
of the prostate (TURP) [10]. Follow-up data after 1 year
[11], 2 years [12] and 3 years [13] have been released so far
and efficacy outcomes after TURP and aquablation were
similar with advantages for aquablation in terms of short
operation time, preservation of ejaculation and short learn-
ing curve. A comparison of the costs of aquablation and
TURP, which still represents a reference standard in sur-
gical treatment of benign prostatic hyperplasia, is not yet
available.

In view of the high economic burden of LUTS/BPO treat-
ment and the considerable differences between technical
aspects of aquablation and traditional transurethral surgical
treatments such as TURP, cost analyses seem to be of par-
ticular interest.

As aquablation offers some obvious advantages compared
with TURP, the aim of this study was to perform a com-
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parison of in-hospital costs of both treatments in a Swiss
tertiary care centre.

Patients and methods

Patient data were derived from a prospective database for
the assessment of efficacy and safety of benign prostatic
hyperplasia treatment registered at ClinicalTrials.gov:
NCT03521648. This database, introduced in 2017,
prospectively collects data of patients undergoing a variety
of surgical treatments for LUTS/BPO. Clinical, patient-re-
ported and imaging data that are assessed in clinical rou-
tine are collected from all patients providing written in-
formed consent. Informed consent to data analysis (general
informed consent) was obtained from all individual partic-
ipants included in the study.

The study was performed according to the World Medical
Association Declaration of Helsinki [14] and the Guide-
lines for Good Clinical Practice [15] and was approved
by the local ethics committee (EKOS 20/042). The present
analysis included the first 24 consecutive patients treated
by aquablation at our department starting from September
2019. To compare costs, 24 patients treated with TURP
during the same period were consecutively selected from
the database; the patients had to be histologically free of
prostate cancer and TURP had to be performed by a board
certified surgeon.

Intervention

Aquablation is a minimally invasive surgical technology
for the therapy of benign prostate enlargement first intro-
duced by Gilling et al. [4] in 2016 using the AquaBeam®
device (Procept BioRobotics, Redwood Shores, CA,
USA). The AquaBeam system includes a planning unit, a
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robotic hand-piece and a surgeon console [16]. By means
of a high-pressure saline stream, parenchymal tissue of
the prostate is removed endoscopically through a heat-
free mechanism called hydrodissection. The intervention
is supported by live ultrasound guidance and the required
depth and angle of the resection is planned out prior to
the resection [16] (fig. 1). The bladder is accessed using a
24-Fr hand-piece, which accommodates the scope [5]. The
handpiece is supported by an articulating arm attached to
the operation table. Once placed in the optimal position,
the system automatically adjusts the alignment as neces-
sary [16].

Haemostasis is achieved through diathermy and after the
procedure, a threeway catheter is inserted and bladder irri-
gation is initiated.

Aquablation was performed using AquaBeam® according
to the manufacturer’s instructions for use.

To ensure treatment quality and safety, the first 18 proce-
dures were supervised by experts from the company. All
the procedures were performed by two surgeons (GM, DA)
experienced in various treatments of LUTS/BPO.

TURP was performed under spinal or general anaesthesia
by a total of seven board certified physicians using a
monopolar or bipolar technique according to the surgeon’s
preference. For monopolar and bipolar resection 24-Fr re-
sectoscopes with reusable cutting wire loops (Karl Storz
Endoskope, Binningen, Switzerland) were used. Resection
was performed according to established techniques [17]
with the surgical capsule serving as a landmark.

After both procedures, a three-way bladder catheter was in-
serted for bladder irrigation and left for at least 2 days ac-
cording to the degree of postoperative haematuria. Patients
were discharged from the hospital on the day of catheter

Figure 1: Aquablation. The AquaBeam system includes a planning unit, a robotic hand-piece and a surgeon console. By means of a high-
pressure saline stream, parenchymal tissue of the prostate (arrowhead) is removed (arrow) endoscopically through a heat-free mechanism
called hydrodissection. The intervention is supported by live ultrasound guidance and the required depth and angle of the resection is planned
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removal or the day after, according to the clinical course
and patient’s preference.

Financial data

Detailed expense reports based on work records of activ-
ities and services performed by the medical and nursing
staff, medical consumables used, medications adminis-
tered, and costs for accommodation, rooms, and equipment
were provided by the accounts department of the hospital
for each patient. These data were used to compare in-hos-
pital costs arising from aquablation and TURP. The calcu-
lations of the costs of the surgical facilities (technical staff,
premises and equipment) were based on average personnel
costs per minute, fixed charges for room costs and propor-
tionate depreciation of equipment. Fixed charges were also
applied for the calculation of administrative costs.

Costs were divided into procedural costs and costs arising
from the hospital stay. Procedural costs included profes-
sional charges of the urologist, costs of operation facilities
(technical staff, premises and equipment), medical supplies
required for the procedure (e.g., handpiece [aquablation],
resection loop, irrigation solution, tissue evacuation sys-
tem), costs for anaesthesia (anaesthesiology staff and med-
ical supplies, recovery room) and histological tissue ex-
amination if performed [18]. Costs of the inpatient stay
included physician’s professional charges, services by
nursing specialists, medical supplies (e.g., irrigation solu-
tions), medication, laboratory services, administration and
accommodation (premises, housekeeping and catering).
The latter was based on fixed sums calculated by the ac-
counts department.

Expense reports were provided in Swiss francs and con-
verted to euros as a more widely used currency based on
the average exchange rate over the period that aquablation
was performed (September 2020 to end of March 2020;
EUR 1 =1.084 Swiss francs).

Statistics

Data were summarised with descriptive statistics separate-
ly for the two treatment groups. Patient characteristics and
procedural details were compared between groups using
Wilcoxon rank sum tests for numeric (continuous or dis-
crete) variables, and Fisher's exact test for categorical vari-
ables. Mean total costs (primary endpoint) were compared
between groups with a two-sided t-test after checking for
normal distribution, and 95% confidence intervals (ClIs)
for the difference in means was derived from the test. T-
tests were also performed for individual cost items. The de-
pendence of procedural costs on effective operation time
in the aquablation group was analysed with linear regres-
sion to estimate how much total costs could potentially be
reduced if increased experience of the surgeons leads to
shorter operation time. All analyses were performed using
the R programming language (R version 4.0.2; R Founda-
tion for Statistical Computing, Vienna, Austria, 2020).

Results

Baseline characteristics of the 48 study patients, periopera-
tive data and postoperative results are summarised in table
1. Both groups were similar regarding patients’ age and co-
morbidities. However, prostate volume was larger in the
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aquablation group (61.9 £ 22.6 ml vs 50.0 £ 25.7 ml; p =
0.046).

Time for surgery was similar for both treatments, but pro-
cedural time was significantly longer for aquablation if pa-
tient positioning and technical preparations were includ-
edin the analyses. Postoperative bladder catheter
indwelling time was significantly longer after aquablation
compared with TURP. However, the difference in length of
the hospital stay was not significant. Regarding postoper-
ative outcomes, there were no significant differences be-
tween the two treatments 6 months after intervention (table
1).

Costs for aquablation and TURP are categorised in table
2 and illustrated in figure 2. Mean total costs per patient
were lower for TURP (EUR 7445 + 2354) than for aquab-
lation (EUR 10,994 + 2478). The mean difference (md) of
EUR 3549 (95% CIEUR 2144-4953) was statistically sig-
nificant (p <0.001).

Mean costs for the surgical procedure alone were EUR
5825 + 1346 for aquablation and EUR 2793 + 725 for
TURP (mean difference EUR 3032, p <0.001). The main
cost factor for the surgical procedure for TURP was anaes-
thesia (mean costs EUR 1454 + 513). In contrast, medical
supplies (EUR 2318 + 106) was the most important cost
factor for the surgical procedure of aquablation.

Mean costs of the inpatient stay were EUR 5169 + 1568 for
aquablation and EUR 4652 + 2015 for TURP (mean differ-
ence EUR 517, p= 0.327). Services provided by the nurs-
ing staff were one of the main cost factors for the hospi-
tal stay for both aquablation (EUR 2077 + 439) and TURP
(EUR 1640 + 418).

As operation time might further decrease with a higher pa-
tient volume and increasing experience of surgeons and
nursing staff, and as operation times largely vary between
different studies, we further assessed the impact of surgical
times on the procedural costs. Across all aquablation pa-
tients, mean procedural costs increased on average by EUR
41 per minute additional operation time. Mean procedural
costs at 45 and 90 minutes effective surgery time
were EUR 5131 and 6987, respectively. Predicted mean

Figure 2: Cost summary for aquablation and TURP grouped by
mean total (A), procedural (B), and inpatient stay (C). stay: inpa-
tient stay; procedure: surgical procedure; supplies: medical sup-
plies; facilities: operation facilities; physician: physician profession-
al charges; anaesthesia: anaesthesia; pathology: pathology;
laboratory: laboratory services; supplies: medical supplies and
medication; accomm: accommodation; nursing: services by nurs-
ing specialists; admin: administrative costs

A Mean total costs

12000 60008 Mean procedural costs

6000,C Mean inpatient stay costs
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procedural costs at 30 minutes effective surgery time
were EUR 4512.

Discussion

This study shows that total in-hospital costs are significant-
ly higher for aquablation than for TURP. At a Swiss centre
of tertiary care total treatment costs for TURP were 67.7%
of those arising from aquablation.

The cost breakdown shows that this difference is mainly
caused by the costs arising from the surgical procedure.
Thus, expenses for medical supplies represent the most
pronounced difference between the two treatments, fol-
lowed by costs arising from greater efforts for the op-
eration room staff. Although the postoperative costs for
services by nursing specialists, medical supplies and med-

Table 1:

ications and administrative costs were also significantly in
favour of TURP, the difference in total costs for postoper-
ative care was not statistically significant.

The prospective data collection is the main strength of this
study. All financial data used in this analysis were routine-
ly and independently assessed by the hospital accounts de-
partment. However, the study has also several drawbacks,
including its non-randomised setting with limited precision
due to the small sample size and possible selection bias,
and the fact that it is an exploratory analysis.

Moreover, the 24 aquablation procedures were the first to
be performed at our hospital, which is likely to be associat-
ed with a longer surgical procedure time and, therefore, al-
so higher costs for aquablation. Therefore, we analysed the
dependence of surgery time and costs. According to linear
regression, a reduction of the effective operation time by 1

Patient characteristics, procedural details and postoperative results by treatment group, with p-values from Wilcoxon rank sum tests or Fisher's exact tests for differences be-

tween groups.

Aquablation (n = 24) |TURP (n=24) p-value
Baseline characteristics (mean * SD)
Age (years) 68.1£6.9 68.4 + 10.1 >0.99
Prostate volume (ml) 61.9+22.6 50.0 +25.7 0.046
PSA level (ng/ml) 46+5.1 22+18 0.064
Charlson comorbidity index 32+12 39+25 0.548
IPSS 19.2+6.9 17.8+6.5 0.609
QoL 37+13 30+1.9 0.281
Qmax (ml/s) 72+46 6.0+4.38 0.481
PVR (ml) 100.2£95.9 1719+ 1513 0.149
Perioperative data (n and % or mean * SD)
Anaesthesia
— General 14 (58.3%) 11 (45.8%) 0.564
— Spinal 10 (41.7%) 13 (54.2%)
Oral anticoagulant *
— None 19 (79.2%) 20 (83.3%) >0.99
— Apixaban 2(8.3%) 1(4.2%)
— Rivaroxaban 3 (12.5%) 2 (8.3%)
— Phenprocoumon 0 (0.0%) 1(4.2%)
Need for revision (persistent gross haematuria) 2 (8.3%) 0 (0.0%) 0.490
Quantity of tissue sent for histology (g) 20+23 16.0+£11.6 <0.001
Total procedure time (min)** 99.6 + 22.1 79.8+21.0 0.001
Time until start of surgery (min)*** 194 +5.2 123+45 <0.001
Effective surgery time (min)**** 61.8 £20.5 629215 0.918
Duration aquablation cycle 1 (min) 36+£09
Duration aquablation cycle 2 (min)***** 3.3+09
Time for cystoscopy and coagulation (min) 19.5+17.2
Recovery parameters (mean * SD)
Haemoglobin decrease 24 h (g/l) 18.3+12.0 18.9+12.1 0.706
Postoperative hospital stay (days) 3.8+1.0 34+07 0.097
Bladder catheter indwelling time (days) 28+0.9 23+0.6 0.022
Follow up 6 months postoperatively (mean * SD)
IPSS decrease 84+85 109+74 0.510
QoL improvement 26+1.2 1.7+£28 0.292
Qmax increase (ml/s) 106+7.4 11.2+10.6 0.863
PVR decrease (ml) 75.9 £ 108.2 140.0+ 135.4 0.267
PSA reduction (ng/ml) 1.3+13 09+0.8 0.458

Values are reported as mean * standard deviation or number (%); IPSS: international prostate symptom score; QoL: quality of life related to IPSS; Qmax: maximum flow rate;

PSA: prostate-specefic antigen; PVR: post-void residual urine

* Oral anticoagulant drugs were stopped or bridged before the procedure in all patients

** Time from positioning and preparation of the patient to exit of the operation room

*** Positioning and preparation of the patient

**** Time from beginning of the surgery to placement of the transurethral catheter (including transrectal ultrasound setup and bipolar spot coagulation)

*xxex 23 of 24 patients (96%) had two cycles
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minute could save EUR 41. Assuming that, based on cur-
rent literature [ 19, 6, 10, 12, 20], the effective surgical time
could be reduced to 30 minutes, mean procedural costs
would be reduced from EUR 5825 to 4512, so that EUR
1313 could be saved per procedure.

However, despite these savings, the mean difference in
favour of TURP in procedural and total costs would still
be EUR 1719 and 2236, respectively. Thus, the total treat-
ment costs of TURP still would only be 76.3% of those
arising from aquablation. In this context, it also has to be
mentioned that the definition of surgical time differs wide-
ly between the available studies (e.g., inclusion of transrec-
tal ultrasound setup in surgical time or not) and that the
recommended procedure for haemostasis changed from a
catheter tensioning device to electrocautery, with the latter
being clearly more time-consuming

Prostate volumes in our study were significantly larger in
patients treated by aquablation (61.9 £ 22.6 ml vs 50.0 +
25.7 ml; p = 0.046). Although this difference would have
hardly affected the operation time for aquablation, treating
larger prostates by TURP is likely to be more time-con-
suming.

However, according to our data, reducing the procedural
costs of aquablation to those of TURP by reducing the time
of surgery would not be possible. Thus, a time reduction of
74 minutes would be required, which is above the mean ef-
fective operating time of 61.8 minutes.

Some of the costs included, such as premises and depreci-
ation of equipment, can only be estimated. The fixed sums
used for the calculations are based on standard calculations
used by the hospital accounts department. Costs that arose
from in-hospital complications (see table 1) could not be
filtered out separately by the accounts department of the
hospital and, therefore, were not available for our analysis.

As healthcare systems vary widely between different coun-
tries, our results will not be generalisable to countries with
clearly different health care structures.

TURP still represents a reference standard in the surgical
treatment of LUTS/BPO, but a variety of other treatment
options are now available. Some of these treatments have
been shown to be more expensive than TURP [21-23], but
still have their role in the treatment of LUTS/BPO due to

specific advantages. However, including various treatment
techniques was beyond the scope of the present cost analy-
sis.

Our study focused on in-hospital costs. Postoperative in-
capacity for work, management of post-hospitalization ad-
verse events, and re-interventions and medical treatment
for LUTS/BPH during long-term follow-up would have to
be included to estimate the actual economic burden for the
healthcare system and cost-effectiveness of the interven-
tion. Such data are not available yet.

On the other hand, patients’ expectations and acceptance
of specific surgical complications should not be balanced
against costs. Thus, the cost difference might be of subor-
dinate importance in patients interested in preserving ejac-
ulatory function.

Conclusions

In-hospital costs are significantly higher for aquablation
than for TURP, mainly due to higher costs of medical sup-
plies for the procedure. This difference should be taken in-
to consideration, at least in patients for whom the different
side effect profiles of both treatments are irrelevant.
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Table 2:

Cost breakdown for in-hospital costs arising from aquablation and TURP.

Expense item Mean costs per patient £ SD (EUR) p-value

Aquablation (n = 24) TURP (n = 24)

Surgical procedure (total) 5825 + 1346 2793+ 725 <0.001
— Physician professional charges 812 + 384 380+ 116 <0.001
— Operation facilities (Technical staff, premises, equipment) 880 + 397 469 + 133 <0.001
— Medical supplies 2318 + 106 261+21 <0.001
— Anaesthesia (anaesthesiology staff, medical supplies needed for anaesthesia, recovery room) 1750 + 752 1454 + 513 0.119
— Pathology 64 43 229 £ 104 <0.001
Inpatient stay (total) 5169 + 1568 4652 + 2015 0.327
— Physician professional charges 1497 + 1111 1601 + 1246 0.761
— Services by nursing specialists 2077 + 439 1640 + 418 0.001
— Medical supplies and medication 256 + 55 207 £ 78 0.017
— Accommodation (including housekeeping and catering) 850 + 333 793 + 436 0.616
— Laboratory services 263 + 88 227 + 66 0.116
— Administrative costs 227 £ 74 184 £ 75 0.050
Total in-hospital costs 10994 + 2478 7445 + 2354 <0.001
Costs are reported in euros and values reported are means + SD; p-values from two-sided t tests for differences between group means.
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