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Abstract
Introduction: The workload for benign prostatic hyperplasia
(BPH) surgery is expected to rise with an increase in life
expectancy and a growing population. Surgical modalities
for BPH have evolved, shifting toward minimally invasive
transurethral procedures. This study aimed to investigate
the trends in BPH surgical procedures across medical centers
in Israel. Methods: Data from seven academic medical
centers in Israel from 2010 to 2022 were analyzed. Proce-
dures included open prostatectomy, transurethral prosta-
tectomy (TURP), holmium laser enucleation of the prostate
(HoLEP), and photovaporization of the prostate (PVP). Sta-

tistical analyses were employed, including t tests, ANOVA,
and ARIMA models. Results: Over 12 years, 13,478 BPH
procedures were performed. TURP was the most common
(72%), followed by open surgery (12%), HoLEP (12%), and
PVP (3%). Annual procedures increased by approximately
5% each year, with a cumulative surge of 63% cases by 2022.
The average patient’s age remained stable. TURP and HoLEP
showed continual growth, while open surgery declined.
HoLEP exhibited a shorter length of hospital stay compared
to other modalities. Predictive models suggest open pros-
tatectomy will cease within 2 years, while TURP and HoLEP
will continue to rise. Conclusion: This study highlights a
significant increase in BPH surgical procedures over time,
with a notable preference for TURP and HoLEP. The findings
emphasize the importance of size-independent techniques
like HoLEP for optimal healthcare management in the future.
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Introduction

Clinical benign prostatic hyperplasia (BPH) is esti-
mated to affect nearly one in four men over their lifetime
[1]. It is estimated that half of men aged 50 and older
experience lower urinary tract symptoms attributed to
BPH, with this figure escalating to 80% among men aged
70 and above [2, 3]. Symptomatic BPH can be managed
conservatively through approaches such as watchful
waiting, dietary adjustments, lifestyle modifications, and
various medications. Surgical intervention becomes
necessary when conservative and medical modalities fail
to alleviate symptoms or when absolute indications arise.
This includes urinary retention, the necessity for in-
dwelling catheterization, recurrent infections, bladder
stone formation, recurrent prostatic bleeding, and ob-
structive uropathy [4, 5].

Over the past 2 decades, surgical management options
for BPH have undergone significant refinements, marked
by introducing diverse energy sources and novel tech-
nologies. Moreover, there is a discernible trend toward
transurethral interventions, irrespective of prostate size,
while adhering to the principles of anatomical endoscopic
enucleation of the prostate [6]. Our study explored the
ongoing trends in BPH surgical procedures within aca-
demic medical institutions.

Patients and Methods

Study Design
The study received approval from the Internal Review

Board at TLVMC (TLV No. 0317-22) for the principal
investigator. Data were gathered from seven academic
medical centers across Israel from 2010 to 2022. All seven

medical centers are academic teaching hospitals, four are
large referral centers, and two of the institutions are in
rural areas. All men undergoing procedures for BPH were
included in the analysis. Forty-two cases of patients
enrolled in a clinical pilot study evaluating the safety and
efficacy of the minimally invasive “Butterfly Medical
Prostatic Retraction Device” (ClinicalTrials.gov Identi-
fier: NCT03912558 [7, 8]) were excluded. Our medical
system is served by four public and one military
healthcare provider, comprehensively covering BPH
surgeries at the medical centers included in this study.
The rate of switching between healthcare providers in our
region stands as low as 2%, while the country’s immi-
gration rate is 2% [9, 10].

Data Acquisition
Data were retrieved from electronic files using

MDClone, a data extraction and synthesis platform that
provides patient data surrounding an index event (http://
www.mdclone.com). Procedures were categorized into
open prostatectomy (comprising retropubic and supra-
pubic prostatectomy), transurethral prostatectomy
(TURP), holmium laser enucleation of the prostate
(HoLEP), green laser photovaporization of the prostate
(PVP), and other procedures. The data were then
stratified into totals by year, type of surgery, age at the
time of procedure, and length of hospital stay (LOS). We
manually verified 10% of the cases to validate our data
further, given that digital data extraction was employed.

Statistical Analysis
We used a t test and analysis of variance (ANOVA) to

assess differences in continuous variables over the study
duration between the groups. Additionally, a pooled
analysis was performed on the number of procedures

Table 1. Number of procedures,
patient age, and LOS categorized
by procedure type

Procedure Procedures, n
(N = 13,478)

Age, years (mean±SD)
(N = 13,478)

LOS, days (mean±SD)
(N = 12,163)

Overall 13,478 72.2±8.9 3.5±5.8

TURP 9,916 (73%) 72.4±9.0 3.1±4.9

Open surgery 1,644 (12%) 73.0±8.0 6.5±5.5

HoLEP 1,542 (12%) 70.4±8.4 1.6±1.4

PVP 373 (3%) 72.0±9.9 NA

HoLEP, holmium laser enucleation of prostate; LOS, length of hospital stay; PVP,
photovaporization of the prostate; SD, standard deviation; TURP, transurethral
prostatectomy.
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conducted annually by the procedure group. Changes in
the annual total number of surgeries were calculated,
along with the overall cumulative increase over the 12-
year study period. ARIMA models were performed to
predict trends in forthcoming years. All analyses were 2-
sided, and statistical significance was p < 0.05. The an-
alyses used Python 3.6.5, SPSS v. 29 (IBM, USA), and
Excel 2017.

Results

Table 1 presents the number of procedures, patient
age, and LOS for individuals who underwent surgical
interventions for BPH. Over 12 years, a total of 13,478
operations were conducted. TURP accounted for the
majority of procedures with 9,916 cases (72%), followed
by open surgery consisting of 1,644 cases (12%), HoLEP
with 1,542 cases (12%), and 373 cases (3%) of PVP. A
mere 4 cases (0.03%) fell into the “Other procedures”
category, specifically transurethral incision of the pros-
tate. Given the negligible number of cases, they were
excluded from further analysis of procedure group types.
Data on patient age were available for all patients. Age
was distributed normally (Shapiro-Wilk test, p > 0.05);

the mean and standard deviation (SD) were calculated.
The average age at the time of the procedure of the entire
cohort was 72.4 ± 8.9 years. Given the normal distribution
of patient age, we used a one-way ANOVA to compare
the average patient’s age between the years. Throughout
the study period, the average age remained relatively
stable, with no significant differences over the years (p <
0.05) (Fig. 1). Age distribution for each procedure sep-
arately was calculated and found to be distributed nor-
mally (Fig. 2). The average age among open surgery was
the oldest (73 ± 8.0), followed by TURP (72.4 ± 9.0), PVP
(72 ± 9.9), and lastly, HoLEP (70.4 ± 8.4). The average age
at the time of the procedure was significantly lower in
HoLEP compared to open prostatectomy and TURP
(p < 0.05).

Data regarding LOS of the 373 PVP cases (10%) were
missing and were available for the rest of the cases (N =
12,163, 90% of the cohort). LOS was distributed normally
(Shapiro-Wilk test, p > 0.05); the mean and SD were
calculated. The overall average LOS was 3.5 ± 5.8 days.
The average LOS of HoLEP was 1.6 ± 1.4 days, signifi-
cantly shorter (p < 0.05) compared to open surgery (6.5 ±
5.5) and TURP (3.1 ± 4.9).

Temporal trends are presented and depicted in
Figure 3. On average, the total number of procedures

Fig. 1. Average patient age for all BPH procedure types (N = 13,478) by year. BPH, benign prostatic hyperplasia.
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exhibited a 5% annual increase, leading to a cumulative
rise from 833 procedures in 2010 to 1,357 procedures in
2022, marking a 63% increase over the 12 years. The
number of TURPs increased steadily over the years, from
590 procedures in 2010 to 847 in 2022, maintaining its
status as the most common BPH procedure throughout
the study period. PVP procedures remained consistent
over the study duration, ranging from 11 to 58 procedures
per year. Open prostatectomies declined negatively
(slope = −7), starting at 189 procedures in 2010 and
decreasing to 28 in 2022. In contrast, laser enucleation
demonstrated an upward trend during the study period,
with a positive linear incline (slope = +28), beginning at
43 in 2010 and reaching 462 in 2022. Since 2019, the trend
of laser prostatectomy surpassed that of the open pro-
cedure (175 vs. 148). For each procedure (open surgery,
TURP, HoLEP, and PVP), the hospital analyzed data to
detect anomalies that could serve as confounding factors
using a two-way ANOVA. No significant differences were
found between hospitals regarding patients’ age and LOS
(p < 0.05).

Utilizing ARIMA models, we have generated fore-
casts projecting the expected trends for each procedure
type over the next decade (Fig. 4). Based on our pre-
dictive models, it is anticipated that open prostatec-
tomy will cease to be performed within the next 2 years.
Meanwhile, the frequency of PVP procedures is ex-
pected to remain stable at approximately 20 annual
procedures. Furthermore, both TURP and HoLEP
procedures are projected to experience continual
growth, reaching an estimated 1,050 and 1,400 pro-
cedures by 2032. Notably, HoLEP is anticipated to
exhibit a steeper incline, gradually closing the gap with
TURP and becoming more abundant within 6 years
(1,028 vs. 975 procedures).

Discussion

In this retrospective pooled analysis, we investi-
gated the temporal trends in the surgical modalities
for BPH across seven academic medical centers in

Fig. 2. Age distribution by procedure type, 2010–2022.
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Israel. Over 12 years, we noted a consistent average
age among patients undergoing surgery despite ob-
serving an annual increase of 5% and a cumulative
workload surge of 63% in BPH surgeries. Open sur-
gery has been largely replaced by HoLEP, which has a
significantly shorter LOS than other modalities and is
predicted to dominate among BPH procedures in less
than 10 years.

Our findings align with prior studies that have ob-
served a growing burden of BPH/LUTS globally as the
population ages [11, 12]. However, we did not observe a
trend or alteration in patient age during surgery over
the study period. The increased density of urologists
may elucidate this observation as it may improve access
to healthcare services and expand the population size

without a corresponding shift in the age at which
symptoms peak. Currently, a wide range of surgical
options exists for managing BPH, encompassing pro-
cedures such as open prostatectomy, TURP, HoLEP,
and PVP, among others. However, selecting the most
suitable treatment can pose a challenge. Guidelines
from the American Urological Association (AUA) and
the European Association of Urology (EAU) provide
recommendations based on prostate size, with TURP or
PVP being recommended for patients with prostates
ranging from 30 to 80 cc. For larger prostates exceeding
80 cc, modalities involving adenoma enucleation, such
as open prostatectomy and HoLEP, are suggested.

Despite HoLEP being associated with a relatively
steep learning curve [13, 14], our study suggests a

Fig. 3. Temporal trends of BPH procedures between 2010 and 2022, categorized by procedure type. PVP,
photovaporization of the prostate; TURP, transurethral prostatectomy.
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growing preference for HoLEP over open prostatectomy
and TURP. Several factors may account for this trend.
While open prostatectomy is typically reserved for larger
prostates, HoLEP is highlighted as a size-independent
option and has demonstrated excellent and durable

outcomes, even over a follow-up period of 20 years [15].
Furthermore, compared to open prostatectomy, HoLEP
is associated with lower rates of overall and major
postoperative complications, including reduced need for
blood transfusions and less invasive interventions

Fig. 4.Projected numbers of BPH procedures for the upcoming years in Israel. HoLEP, holmium laser enucleation
of prostate; PVP, photovaporization of the prostate; TURP, transurethral prostatectomy.

218 Urol Int 2025;109:213–220
DOI: 10.1159/000541752

Lifshitz et al.

D
ow

nloaded from
 http://karger.com

/uin/article-pdf/109/3/213/4313198/000541752.pdf by guest on 03 August 2025

https://doi.org/10.1159/000541752


[16–19]. Although HoLEP yields functional outcomes
equivalent to TURP, it has shown superior cost-
effectiveness across varying severities of BPH [20, 21],
reflected in our study by the shorter LOS. These ad-
vantages of HoLEP make it a more appealing choice for
urologists when considering treatment options for their
BPH patients.

This study is subject to certain limitations inherent in
its retrospective design. Selection bias may have been
introduced as retrospective studies rely on pre-existing
data rather than prospectively collected information.
Furthermore, our analysis did not include other mini-
mally invasive surgery techniques, such as Rezūm,
Urolift, or robotic simple prostatectomy, as they are
currently only accessible through private insurance rather
than the public-funded healthcare system fromwhich our
data were derived. Data quality and consistency from
different sources may also vary, potentially introducing
confounding variables. Despite these limitations, the
participation of seven geographically diverse teaching
hospitals enhances the robustness of our findings, re-
flecting heterogeneity in both the population and clinical
practices.

Conclusion

As the global population continues to age, the prev-
alence of BPH is anticipated to rise, highlighting the
importance of taking a proactive approach to adopt
newer surgical strategies and plan for potential strains on
healthcare resources in the future. The escalating BPH
workload underscores the need to transition toward
endoscopic size-independent surgical techniques to op-
timize resource management.
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