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Objective: To assess the economic impact
of Holmium laser enucleation of prostate

(HoLEP) in comparison with transurethral resection of
prostate (TURP) and open prostatectomy (OP).
Methods: Between January 2017 and January 2018, we
prospectively enrolled 151 men who underwent HoLEP,
TURP or OP at tertiary Italian center, due to bladder outflow
obstruction symptoms. Patients with prostate volume ≤ 70 cc
and those with prostate volume > 70 cc were scheduled for
TURP or HoLEP and OP or HoLEP, respectively.
Intraoperative and early post-operative functional outcomes
were recorded up to 6 months follow up. Cost analysis was
carried out considering direct costs (operating room [OR]
 utilization costs, nurse, surgeons and anesthesiologists’ costs,
OR disposable products costs and OR products sterilization
costs), indirect costs (hospital stay costs and diagnostics
costs) and global costs as sum of both direct and indirect plus
 general costs related to hospitalization. Cost analysis was
 performed comparing patients referred to TURP and HoLEP
with prostate volume ≤ 70 cc and men underwent OP and
HoLEP with prostate volume > 70 cc respectively. 
Results: Overall, 53 (35.1%), 51 (33.7%) and 47 (31.1%)
were scheduled to HoLEP, TURP and OP, respectively. Both
TURP, HoLEP and OP proved to effectively improve urinary
symptoms related to BPE. Considering patients with prostate
 volume ≤ 70 cc, median global cost of HoLEP was similar to
median global cost of TURP (2151.69 € vs. 2185.61 €,
respectively; p = 0.61). Considering patients with prostate
volume > 70 cc, median global cost of HoLEP was found to
be significantly lower than median global cost of OP
(2174.15 € vs. 4064.97 €, respectively; p ≤ 0.001).
Conclusions: Global costs of HoLEP are comparable to those
of TURP, offering a cost saving of only 11.4 € in favor of
HoLEP. Conversely, HoLEP proved to be a strong competitor
of OP because of significant global cost sparing amounting to
1890.82 € in favor of HoLEP. 
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INTRODUCTION
Benign prostatic enlargement (BPE) is one of the most
common age-related medical disease in men, with trou-
blesome impact on quality of life and a non-negligible
social burden (1-3). The wide panorama of medical
treatments developed over years has increasingly
reduced the proportion of patients scheduled to surgi-
cal treatments (4). As a consequence, the economic
impact of lower urinary tract symptoms (LUTS) is rele-
vant, with costs exceeding 3 billion $ annually in US
(5), 320 million € for pharmacological treatment and
74.834 days off work every year in Italy (6), and this
trend is increasing over time (7). Surgical and endo-
scopic techniques, such as transurethral resection of
prostate (TURP) and open prostatectomy (OP) have been
the standard of care for many years in patients with
drug-refractory disease. However, the surgical manage-
ment of BPE has been changed in the last decade while
laser prostatectomy increased in popularity (5). 
Although different laser techniques are available for surgi-
cal treatment of BPE, Holmium laser enucleation of prostate
(HoLEP) has been the most rigorously studied (8) and has
emerged as a viable minim-invasive option in patients
with symptomatic BPE regardless prostate volume (9).
Several studies including randomized controlled trials
demonstrated equivalent early- and long-term functional
outcomes as compared to TURP (10-13) and OP (14, 15),
even in case of large prostate volume (16). Therefore,
HoLEP is currently defined by International European
Guidelines (17) as an effective alternative to TURP and OP,
with several advantage of minim invasive approach
including shorter catheterization time and hospital stay,
reduced blood loss and lower blood transfusions (10, 11,
14, 15). Despite the initial non negligible costs, HoLEP
could be less expensive by shortening the hospital stay
and lowering the perioperative complications’ rate if com-
pared to TURP (18, 19) and OP (2, 16).  
Since rigorous data on comparative costs of surgical treat-
ments for BPE is limited in literature (20), we hereby
aimed to assess the economic impact of HoLEP in com-
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parison with TURP and OP performed at single tertiary
Italian center. Furthermore, we investigated and compared
the surgical and early functional outcomes of the three sur-
gical approaches. 

MATERIAL AND METHODS

Population
Between January 2017 and January 2018, we prospective-
ly enrolled 151 men who underwent surgical or endo-
scopic treatment for BPE at single tertiary Italian referral
center (S. Orsola-Malpighi Hospital). Indications for surgi-
cal treatment consisted of persistent bladder outflow
obstruction symptoms, International Prostatic Symptoms
Score (IPSS) higher than 8, independent peak urinary flow
rate (Qmax) ≤ 15 ml/s, or individuals non-responder to
medical therapies including alfa blockers and 5α-reductase
inhibitors (5-ARI). The baseline assessment of BPE consist
of digital rectal examination (DRE), transrectal ultrasound of
prostate (TRUS) reporting the overall prostate volume and
prostatic adenoma's volume, IPSS score, Quality of Life
score (QoL), Qmax, total PSA value and post void residual
(PVR) measured with suprapubic ultrasound. Patients
diagnosed with prostate cancer, those with history of pre-
vious prostatic or urethral surgery and with concomitant
surgery needed (namely, bladder diverticulum excision
and bladder stones removal) were excluded. 

Surgical techniques
Patients with prostate volume ≤ 70 cc and those with
prostate volume > 70 cc were scheduled for TURP or
HoLEP and OP or HoLEP according to surgeon attitude
and patient’s preference, respectively.
TURP was carried out with a 26Fr continuous-flow Storz
bipolar resectoscope, as previously described (21). All pro-
cedures were performed by 2 surgeons with more than ten
years’ experience with endoscopic surgery of both lower
and upper urinary collecting system. A 22 Fr three-way
catheter was positioned at the end of the procedure with
continuous irrigation. HoLEP was performed by using
Lumenis Versa Pulse® Holmium laser at 2.0 J and 50 pulses
per second with a maximum average power of 100 W and
26Fr continuous-flow Storz laser resectoscope. Laser ener-
gy was delivered with a 550-μm fiber. The enucleation of
prostatic adenoma was performed according to Gilling's
technique (22). The enucleated prostatic lobes were
removed by using Lumenis VersaCut™ Morcellator System.
All procedures were performed by a single surgeon at the
end of learning curve with three years’ experience with
HoLEP technique and more than 200 procedures per-
formed. A 22 Fr three-way catheter was positioned at the
end of the procedure with continuous irrigation.  OP was
performed though trans-vesical approach as previous
described (23). All procedures were performed by 4 sur-
geons with more than ten years’ experience within OP
techniques. A suprapubic drain and a 24Fr three-way
catheter were positioned; the catheter was inflated in the
prostatic fossa with a continuous irrigation.

Collected data 
Each patient had complete preoperative data including

IPSS and QoL scores, Qmax and PSA values, prostate vol-
ume and PVR at TRUS and suprapubic ultrasound, respec-
tively. Recorded intraoperative data were as follows: surgi-
cal time, anesthesia time, total operating room (OR) usage
time and removed tissue weight. Moreover, we measured
early post-operative outcomes: Hemoglobin (Hg) loss at 24
hours after surgery, catheterization time, hospital stay and
early complications including re-catheterization, clot irri-
gation, transfusion and urinary tract infection according to
Clavien-Dindo classification (24).
After discharge, patients were scheduled to follow up
examination at 3, 6 and 12 months including IPSS and
QoL scores, PVR and Qmax. Moreover, urge and stress
incontinence rates were recorded after discharge, at 3,6
and 12 months follow up. Urinary incontinence was
defined as usage of ≥ 1 PAD per day. At time of analyses,
all patients had complete follow up data up to 6 months
after surgery. Cost analysis was carried out thought Delta
analysis considering direct costs related to surgical proce-
dure, indirect costs related to post-surgical hospitaliza-
tions and global costs as sum of both direct and indirect
plus general costs related to hospitalization. Those data
were obtained with the collaboration of the Finance
Department with our center.
Direct costs consist of OR utilization costs (2,01 €/minute)
plus Nurse cost (0,5 €/minute, considering 3 nurses in OP
and 2 nurses in HoLEP and TURP), O.R. personnel costs
including surgeons (1,33 €/minute, considering 2 sur-
geons in OP and 1 Surgeon in HoLEP and TURP) and
anesthesiologists (1,33 €/minute), O.R. disposable prod-
ucts costs and O.R. products sterilization costs. Indirect
costs included hospital stay costs, diagnostics costs and
costs of complications (including additional drugs, trans-
fusions and medications). General costs included several
costs of different services for each patient calculated by the
hospital’s administration and related to the hospital stay
(including insurance, water and electricity).

Data analysis and statistical assessments
First, preoperative patients’ characteristics and mild-
term (≤ 6 months) postoperative data were compared
between patients referred to the three surgical approach-
es (namely, OP, TURP and HoLEP): Anova test was used
to compare continuous variables between the three
groups. Second, postoperative stress and urge inconti-
nence rates were reported at discharge, at 3 and 6
months after surgery and were compared between the
three surgical techniques using chi-square test. 
Third, intraoperative and early postoperative data as well
as intraoperative surgical times and surgical costs were
analyzed comparing patients referred to HoLEP and TURP
and those scheduled to HoLEP and OP, respectively. Since
surgical indication to TURP or OP was respectively carried
out in case of prostate volume ≤ 70 cc and > 70 cc at pre-
operative TRUS, while the indication to HoLEP was car-
ried out regardless prostate volume, individuals referred to
HoLEP with prostate volume ≤ 70 cc (HoLEP ≤ 70 cc) and
those with prostate volume > 70 cc (HoLEP > 70 cc) were
compared with men underwent TURP and OP, respective-
ly, in order to assess whenever HoLEP technique could
represent a direct competitor of both standard surgical
procedures according to prostate volume. 
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Statistical analysis was conducted with
IBM SPSS 21 with a 2-sided signifi-
cance level set at P < 0.05. 
The local institutional ethical commit-
tee approved the study (approval code
STUD-OF by the S. Orsola-Malpighi
Hospital, IRB September 11, 2012).

RESULTS
Preoperative data
Overall, 151 patients were prospec-
tively enrolled. Of them, 53 (35.1%),
51 (33.7%) and 47 (31.1%) were
scheduled to HoLEP, TURP and OP,
respectively. Among patients submit-
ted to HoLEP, 27 (50.1%) individuals
had a preoperative prostatic volume ≤
70 cc, while 26 (49.9%) had a preop-
erative prostatic volume > 70 cc.
Between patients referred to OP, TURP
and HoLEP, the preoperative clinical
characteristics including age, IPSS and QoL scores, Qmax
and PVR were found to be similar between the three

groups, except for prostate volume that was significant-
ly higher in men treated with OP and HoLEP as com-

Table 1. 
Preoperative patients’ characteristics according to the surgical techniques 
(namely, OP, TURP and HoLEP).

OP TURP HoLEP P value
Number of patients (%) 47 (31.1) 5 1(33.7) 53 (35.1) -
Age (years)
Mean ± SD (range) 71.1 ± 7.3 (56-85) 69.0 ± 9.7 (46-86) 70.2 ± 6.8 (51-84) 0.4
Prostate Volume (cc)
Mean ± SD (range) 109.8 ± 45.8 (75-280) 43.3 ± 13.1 (27-70) 75.4 ± 25.6 (32-140) < 0.001
Qmax (mL/sec)
Mean ± SD (range) 8.5 ± 4.4 (2-15) 9.5 ± 4.9 (4-15) 9.1 ± 3.6 (4-15) 0.9
IPSS
Mean ± SD (range) 15.6 ± 8.2 (8-33) 19.6 ± 7.7 (8-34) 17.2 ± 7.2 (8-30) 0.07
QoL
Mean ± SD (range) 3.6 ± 1.5 (1-6) 4.1 ± 1.3 (1-6) 3.8 ± 1.4 (1-6) 0.2
PVR (cc)
Mean ± SD (range) 96.7 ± 65.3 (10-300) 87.1 ± 55.8 (10-250) 88.7 ± 60.9 (10-220) 0.9
PSA (ng/mL)
Mean ± SD (range) 6.73 ± 3.29 (1.5-15.8) 2.55 ± 2.34 (0.5-11.0) 3.27 ± 2.46 (0.6-12.0) < 0.001
OP: open prostatectomy; TURP: transuretral resection of prostate; HoLEP: Holmium Laser Enucleation 
of Prostate; IPSS: international prostate symptoms score; PVR: post voided residual; QoL: Quality of life; SD: standard deviation.

Table 2. 
Preoperative, surgical and early post-operative outcomes according to the surgical techniques (namely, TURP vs. HoLEP 
with preoperative prostatic volume ≤ 70 cc and OP vs HoLEP with preoperative prostatic volume >70 cc).

TURP HoLEP ≤ 70 cc P value OP HoLEP > 70 cc P value
Number of patients (%) 51(33.7) 27 (17.9) - 47 (31.1) 26 (17.2) -

PREOPERATIVE CHARACTERISTICS
Age (years)
Mean ± SD (range) 69.0 ± 9.7 (46-86) 70.9 ± 6.7 (51-83) 0.3 71.1 ± 7.3 (56-85) 69.5 ± 7.03 (57-84) 0.6
Prostate volume (cc)
Mean ± SD (range) 43.3 ± 13.1 (27-70) 47.8 ± 8.3 (32-70) 0.06 109.8 ± 45.8 (75-280) 96.8 ± 18.8 (75-140) 0.06
Qmax (mL/sec)
Mean ± SD (range) 9.5 ± 4.9 (4-15) 8.7 ± 2.7 (5-15) 0.6 8.5 ± 4.4 (2-15) 9.7 ± 4.5 (3.7 – 15) 0.6
IPSS
Mean ± SD (range) 19.6 ± 7.7 (3-34) 16.1 ± 6.5 (3-27) 0.06 15.6 ± 8.2 (3-33) 18.3 ± 7.8 (3-30) 0.06
QoL
Mean ± SD (range) 4.1 ± 1.3 (1-5) 3.8 ± 1.2 (1-5) 0.2 3.6 ± 1.5 (1-5) 4.3 ± 1.5 (1-5) 0.2
PVR (cc)
Mean ± SD  (range) 87.1 ± 55.8 (10-250) 95.4 ± 72.3 (15-220) 0.3 96.7 ± 65.3 (10-300) 96.6 ± 62.8 (10-220) 0.3
PSA (ng/mL)
Mean ± SD (range) 2.55 ± 2.34 (0.5-11.0) 2.50 ± 1.80 (0.6-7.6) 0.9 6.73 ± 3.29 (1.5-15.8) 4.00 ± 2.80 (1.1-12.0) 0.9

INTRAOPERATIVE DATA
Removed Tissue Weight (gr)
Mean ± SD (range) 21.6 ± 11.1 (5-50) 26.4 ± 12.2 (20-55) 0.09 62.2 ± 32.7 (30-180) 50.2 ± 23.2 (31-90) 0.09
Intra-perioperative complications 
according to Clavien-Dindo classification (%)
Overall 5 (10) 1 (4) 0.3 11 (23) 2 (8) 0.04*
Grade 1 3 (6) 0 (0) 3 (6) 1 (4)
Grade 2 2 (4) 1 (4) 6 (13) 0 (0)
Grade 3 0 (0) 0 (0) 2 (4) 1 (4)

EARLY POST-OPERATIVE OUTCOMES
Hb loss at 24 hours (g/dL)
Mean ± SD (range) 1.1 ± 0.7 (0-3.9) 2.1 ± 3.4 (0.3-3.6) 0.1 2.1 ± 1.4 (0-6.2) 1.9 ± 1.2 (0-5.2) 0.2
Catheterization time (hr)
Mean ± SD (range) 74.4 ± 21.4 (48-144) 57.2 ± 43.9 (20-183) 0.003* 146.9 ± 55.6 (60-448) 68.1 ± 53.8 (20-200) < 0.001*
Hospital stay (hr)
Mean ± SD  (range) 84.4 ± 10.5 (60-104) 72.2 ± 37.4 (27-168) 0.01* 184.2 ± 78.7 (84-554) 83.9 ± 42.3 (47-192) < 0.001*
OP: open prostatectomy; TURP: transuretral resection of prostate; HoLEP: Holmium Laser Enucleation of Prostate; Hb: hemoglobin; SD: standard deviation.
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pared to those referred to TURP
(Table 1; p < 0.001). However, no
significant differences were found
between men referred to TURP
and those underwent HoLEP with
prostate volume ≤ 70 cc and
between patients referred to OP as
compared with those submitted to
HoLEP with prostate volume > 70
cc, concerning preoperative char-
acteristics (Table 2).

Perioperative data
Concerning mean removed tissue
weight, we found no significant dif-
ference between patients referred to
TURP as compared with those submitted to HoLEP with
prostate volume ≤ 70 cc and between patients referred to
OP as compared with those submitted to HoLEP with
prostate volume > 70 cc (Table 2). Men in TURP group
and those in OP group revealed higher catheterization and
hospital stay times as referred to individuals scheduled to
HoLEP regardless prostate volume (all p ≤ 0.01; Table 2).
In men with prostate volume ≤ 70
cc, both HoLEP and TURP
revealed to be safety procedures
with 4% and 10% overall compli-
cations, respectively (p = 0.3). On
the contrary, in men with prostate
volume > 70 cc, those referred to
OP experienced higher rates and
higher grade of complications as
referred to those underwent to
HoLEP (p ≤ 0.04).

Postoperative functional 
outcomes
Both TURP, HoLEP and OP proved
to effectively improve urinary
symptoms related to BPE at short
term follow up, since no significant
differences were found in term of
IPSS score, Qmax, QoL score and
PVR at time of discharge, at 3 and
6 months after surgery, between
the three groups (Table 3). 
Patients in HoLEP group revealed
higher stress incontinence rate at 3
months after surgery as compared
to men in TURP and OP group,
despite not significant difference
(8% vs. 4% vs. 2%; Figure 1;
p = 0.2); however, only 1 (2%)
patients referred to HoLEP and 1
(2%) men underwent OP, experi-
enced stress incontinence at 6
months follow up. Irritative symp-
toms were comparable between the
three surgical approach and only
1 patient (2%) had urge inconti-
nence at 6 months after HoLEP
(Figure 2).

Intraoperative times and costs analyses
O.R usage, anesthesiology and surgery time and dispos-
able products' costs revealed to be significantly higher in
patients referred to HoLEP ≤ 70cc, as compared to those
treated with TURP (all p ≤ 0.001). Accordingly, median
direct costs of HoLEP in men with prostate volume ≤ 70
cc were significantly higher as compared to median direct

Table 3. 
Short-term functional outcomes of the three surgical techniques (namely, OP, TURP 
and HoLEP).

3 months 6 months
OP  (47) TURP  (51) HoLEP  (53) P value OP (47) TURP  (51) HoLEP  (53) P value

IPSS
Mean ± SD 7.6 ± 4.2 9.6 ± 7.0 9.5 ± 5.8 0.3 7 ± 4.5 8.57 ± 5.7 8.3 ± 5.6 0.5
Qmax (ml/s)
Mean ± SD 23.8 ± 10.6 21.5 ± 8.5 22.8 ± 10.5 0.7 23.2 ± 10.8 22.8 ± 9.7 22.7 ± 9.6 0.2
QoL
Mean ± SD 1.2 ± 1.3 1.8 ± 1.6 1.5 ± 1.5 0.5 0.9 ± 1.0 1.4 ± 1.1 1.4 ± 1.3 0.2
PVR (cc)
Mean ± SD 3.5 ± 2.1 10.9 ± 22.8 20.8 ± 12.1 0.4 4.1 ± 2.5 10.8 ± 25.3 24.5 ± 16.6 0.4
OP: open prostatectomy; TURP: transuretral resection of prostate; HoLEP: Holmium Laser Enucleation of Prostate; IPSS: international prostate 
symptoms score; PVR: post voided residual; QoL: Quality of life; SD: standard deviation.

Figure 1. 
Postoperative stress urinary incontinence rate according to the three surgical techniques
(namely, OP, TURP and HoLEP) at discharge, 3 and 6 months follow up.

Figure 2. 
Postoperative urge urinary incontinence rate according to the three surgical techniques 
(namely, OP, TURP and HoLEP) at discharge, 3 and 6 months follow up.
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costs of TURP (866.62 € vs. 650.90 €, respectively; p ≤
0.001; Table 4). On the contrary, indirect costs were found
to be inferior in HoLEP ≤ 70 cc group as compared to
TURP group (all p ≤ 0.002), mainly due to lower hospi-
talization time. As a matter of fact, considering patients
with prostate volume ≤ 70 cc, median global cost of
HoLEP was similar to median global cost of TURP
(2151.69 € vs. 2185.61 €, respectively; p = 0.61; Table 3).
Despite significant difference in terms of O.R usage, anes-
thesiology and surgery time and disposable products'
costs between patients referred to HoLEP > 70 cc and OP
in favor of OP (all p < 0.001), median direct costs
revealed to be similar between OP and HoLEP in men
with prostate volume > 70 cc (948.89 € vs. 803.31 €;
p = 0.09; Table 4). This could be explained with higher
surgeon costs in OP which is related to the involvement
of two surgeons per procedure, although the surgical time
is lower in OP as referred to HoLEP which is a single sur-
geon procedure.  On the other side, indirect costs were
found to be significantly lower in HoLEP > 70 cc group
as compared to OP group (p < 0.001), mainly due to
lower hospitalization time and lower complications rates.
Therefore, considering patients with prostate volume
> 70 cc, median global cost of HoLEP was found to be sig-
nificantly lower than median global cost of OP (2174.15
€ vs. 4064.97 €, respectively; p ≤ 0.001; Table 4).

DISCUSSION
Thanks to unquestionable efficiency, early and long terms
functional outcomes and safety profile, TURP represents

nowadays the gold standard (17), (25) for surgical treat-
ment of patients affected by BPE. On the other hand, laser
technology has been worldwide increasingly diffused as
safe minim invasive surgical treatment for BPE. Among dif-
ferent laser adopted in urology, Holmium laser has been
the most rigorously studied (8) and HoLEP has passes the
test of the time. On the other side, OP has been the first
choice of surgical treatment in men with a substantially
enlarged prostate (namely, prostate volume > 80 cc) in the
last 50 years, despite more invasive approach and higher
operative morbidity. However, contrarily to TURP, the rate
of open procedures varies among different countries and
cultures, because of different national health systems, vari-
able economic pressure and available resources. In fact,
analysis of direct and indirect costs suggests that OP is the
most expensive surgical procedure for BPE (23). Taken
together these considerations support that OP is a tech-
nique of the past which would be progressively aban-
doned. Contrarily, HoLEP proved to be a safe alternative to
TURP (10-13) and OP (14, 15) with equivalent early and
long term functional outcomes (10, 11, 14, 15), that ren-
der HoLEP an attractive competitor of both standard tech-
niques. Despite such benefits, two main drawbacks includ-
ing a steep learning curve and the costs related to initial
laser equipment (Holmium laser, a dedicated laser resecto-
scope sheath, fibers and morcellator) could have limited
diffusion of this technique. Nevertheless, it has been pos-
tulated that HoLEP is a cost-sparing procedure since fibers
can be reused multiple times and holmium laser can be
used for several other urological procedures (26).
Moreover, previous authors showed that HoLEP is more

Table 4. 
Cost analysis including direct, indirect and total costs according to surgical procedure (namely, TURP vs. HoLEP 
with preoperative prostatic volume ≤ 70 cc and OP vs HoLEP with preoperative prostatic volume > 70 cc).

TURP HoLEP ≤ 70 cc P value OP HoLEP > 70 cc P value
Number of patients (%) 51 (33.7) 27 (17.9) - 47 (31.1) 26 (17.2) -
O.R. usage time (min)
Median (IQR) 105 (89.75-125) 140 (113.25-176) < 0.001* 110 (90-119) 140 (117-175) < 0.001*
O.R usage cost (€)
Median (IQR) 306.23 (270.14-376.25) 421.40 (332.61-535.78) < 0.001* 386.10 (315.90-417.69) 421.40 (349.91-527.50) 0.04*
Anesthesiology time (min)
Median (IQR) 88 (74.5-111) 123 (103-161.5) < 0.001* 93 (80-110) 117 (100-160) < 0.001*
Anestesiology cost (€)
Median (IQR) 117.23 (99.09-147.63) 167.58 (129.01-214.13) < 0.001* 123.69 (106.40-146.30) 154.94 (133.00-215.13) < 0.001*
Surgery time (min)
Median (IQR) 63  (47-85.25) 96 (70.5-123.25) < 0.001* 68 (58-89) 96 (72-120) 0.001*
Surgeon cost (€)
Median (IQR) 84.78 (62.51-113.38) 141.00 (89.76-161.60) < 0.001* 180.88 (154.28-236.74) 114.38 (95.76-162.26) < 0.001*
Disposable products (€) 34.80 134.04 < 0.001* 34.8 134.04 < 0.001*
Sterilization costs (€) 103.86 103.86 103.86 103.86 1.0
Direct costs (€)
Median (IQR) 650.90  (559.46-760.41) 866.62  (717.94-1040.52) < 0.001* 948.89 (813.15-1054.59) 803.31  (723.30-1074.98) 0.09
Indirect costs (€)
Median (IQR) 1218.29  (1214.36-1272.83) 889.13  (797.77-1433.61) 0.002* 2542.87  (2194.06-2885.68) 867.20  (794.12-1203.39) < 0.001*
Direct + Indirect costs (€)
Median (IQR) 1868.19 (1771.48-2058.04) 1772.33 (1418.25-2234.13) 0.37 3507.33 (3205.78-3895.28) 1905.60 (1509.39-2132.37) < 0.001*
General costs (€)
Median (IQR) 317.42 (301.15-348.17) 301.29 (241.10-379.80) 0.38  596.24 (544.98-662.19) 323.95 (256.59-362.50) < 0.001*
Total cost (€)
Median (IQR) 2185.61  (2072.64-2396.20) 2151.69  (1735.79-2618.85) 0.61 4064.97  (3636.36-4557.47) 2174.15  (1765.23-2465.19) < 0.001*
OP: open prostatectomy; TURP: transuretral resection of prostate; HoLEP: Holmium Laser Enucleation of Prostate; OR: operating room; IQR: interquartile range.
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cost-effective as compared to TURP (18, 19) and OP (2,
16), giving a cost savings of 24.5% (18) and 9.6% (2),
respectively.
Our cost-analysis attempted to evaluate and compare the
financial burden of different procedures for surgical
treatment of BPE performed at single Italian institution,
in order to define a future perspective concerning surgi-
cal management of patients with BPE. Indeed, several
findings are noteworthy.
First, HoLEP proved to be as efficient as TURP and OP in
term of removed tissue weight. Second, our study pro-
vides further evidence to support optimal functional out-
comes of HoLEP at short follow up. Moreover, HoLEP
confirmed to be a safe procedure, since similar intraoper-
ative and perioperative complications were found as com-
pared to TURP. Conversely, HoLEP proved to be a safer
approach than OP, considering lower complications rates
compared to OP (8% vs. 23%; Table 2). Precisely, no men
in HoLEP>70cc and 6 patients in OP group required
blood transfusions; moreover, only 1 HoLEP > 70 cc and
2 OP needed re-intervention in order to achieve control of
bleeding. Third, according to literature (25), patients sub-
mitted to HoLEP experienced faster recovery due to sig-
nificantly lower catheterization time and hospital stay as
compared to those underwent TURP and OP regardless
prostate volume (Table 2). 
Fourth, direct costs, including OR surgical setup, dispos-
ables, fibers and surgical staff costs (namely, unitary cost of
surgeon, anesthesiology and operating room nurses) of
HoLEP ≤ 70 cc procedures, were found to be significantly
higher as related to TURP's costs. A sub-analysis of direct
costs shows as disposable costs and sterilization costs are
similar between two techniques. Conversely, higher direct
costs within HoLEP ≤ 70 cc group, seems to be related
mainly to increased operating room usage time, that leads
to augment costs of surgeon, anesthesiologists and all staff
involved. However, indirect costs found to be significant-
ly lower in patients referred to HoLEP ≤ 70 cc as compared
to those treated with TURP, due to lower hospital stay. In
fact, laser technology allows to spare almost 1 day of hos-
pitalization, thanks to optimal hemostatic proprieties and
earlier catheter removal. Therefore, global HoLEP’s costs
found to be comparable to global TURP's costs consider-
ing patients with similar prostate volume (≤ 70 cc). This
implies an overall cost saving of 11.4 € per procedure, in
favor of HoLEP. Our findings differ from previous cost-
effectiveness analysis reported by Fraundorfer et al. (18)
comparing Holmium laser prostatectomy (namely,
Holmium laser resection of prostate) and TURP,  by sug-
gesting a net economic benefit of 24.5% (651 New Zeland
dollars) in favor of laser. However, the authors did not
include in their analysis the medical salary costs (urologist
and anesthesiologist), that could reduce the cost-saving
difference between two techniques. 
Fifth, our economic analysis shows that HoLEP could be
an attractive competitor of OP. In fact, direct costs of
HoLEP were found to be comparable to OP, considering
patients with similar prostate volume (> 70 cc). Despite
lower operating room usage time and related costs, in
favor of OP, that would reduce surgeon cost, the median
surgeon cost of OP (180.88 €) is significantly higher as
compared with those of HoLEP (114.38 €) since it is

influenced by the number of surgeons involved in each
procedure (namely, two surgeons in OP and one surgeon
in HoLEP).  Indeed, the higher costs of disposable prod-
ucts in HoLEP group, mainly related to the costs of
fibers, can be amortized during time, since a single fiber
can be re-used at least 10 times. Moreover, the main
aspect that renders HoLEP an attractive and preferable
procedure as referred to OP, consists of lower hospital
stay and faster recovery to daily life. In fact, in our
cohorts, patients treated with HoLEP > 70 cc have been
discharged more than 4 days earlier than those referred
to open surgery. It implies a significant reduction of indi-
rect cost (867.20 € in HoLEP group vs. 2542.87€ in OP
group; p < 0.001), due to lower hospitalization time and
lower complications rates, that leads to spare 1661.05€
per patients, in favor of HoLEP. Indeed, considering the
global cost of both procedures, HoLEP offers a net total
cost saving of 1890.82 € per patient as compared to OP,
that assumes an important economic impact in health
systems. These findings are even more impressive than
those reported by Salonia and colleagues (2), reporting a
significant hospital net cost savings of 9.6% in favor of
HoLEP as compared with OP. However, the medical
salary costs (including urologist and anesthesiologist),
that could increase the cost-saving difference between
two techniques, has not been included in their analyses. 
Despite several strength, our study is not avoided from
limitations. First, number of patients included in our
analyses is limited and it could affect statistical strength.
Second, our cohort consists of single Italian center popu-
lation with BPE submitted to most common surgical pro-
cedures (namely, HoLEP, TURP and OP) recognized as
standard procedures by international guidelines (17).
However, we did not include patients referred to other
diffused minim invasive techniques for surgical treatment
of BPE. As consequence, our cohort could not be repre-
sentative of the experience of other centers both in Italy
and worldwide. Third, at baseline preoperative assess-
ment of patients with BPE, we did not provide routine
urodynamic study. Fourth, our cost effectiveness analysis
did not include initial costs of laser equipment that may
consist of main limitation to start the procedure:  the ini-
tial global costs of Holmium laser and morcellator in our
department was 150.000 € and 50.000 €, respectively. Of
note, the economic impact of HoLEP could be overesti-
mated, since the amount of initial financial charge, that
would increase global cost of procedures, was not report-
ed. Moreover, we did not consider how many cases are
needed to amortize the initial costs of laser equipment. 

CONCLUSIONS
HoLEP is a safe and valuable alternative to TURP and OP.
Lower indirect costs and higher direct costs within
patients treated with HoLEP, imply that global costs of
HoLEP are comparable to global costs of TURP, offering
a cost saving of only 11.4 € in favor of HoLEP. 
Conversely, HoLEP proved to be a strong competitor of
OP because of consistent reduction of indirect cost,
mainly due to lower hospitalization time, that leads to
significant global cost sparing amounting to 1890.82 € in
favor of HoLEP. However, further evaluations including
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the initial cost of laser equipment and multicentric expe-
riences are needed to assess the real economic advan-
tages of laser prostatectomy compared with standard sur-
gical approaches.
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