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INTF\’_ODUCTION _ KEY MESSAGES
Holmium laser enucleation of the prostate

.(HOLEP) Is increasingly recognized as _a SIZEN e The adoption HOLEP for BPH remains limited due
lndeperldent, durab.le RQjent fofgRnion to its perceived steep learning curve, especially
pro.statlc hyperplasia (BPH). Nearly 25% of among non-fellowship-trained urologists.

patients have large (> 80 g) prostates that ¢ We demonstrate a structured, self-directed training

would not be effectively managed by other model to enable safe and effective HOLEP
emerging interventions." However, adoption implementation by a single non-fellowship-trained
of HOLEP remains limited, due in large part surgeon.

to its perceived steep learning curve.® While e Progressive improvements in operative efficiency
fellowship training in endourology is one and complication rates were observed across 200
proposed pathway to safely acquiring HoLEP These findings provide a practical roadmap for
proficiency, there is a growing desire to HoLEP adoption outside of formal fellowship

characterize the learning process for those training for urologists.

who do not plan to undertake fellowship
training. Limited robust data is available to guide expectations for non-fellowship-trained
surgeons who wish to incorporate HOLEP into their practice.

In this research letter, we describe the implementation of a HOLEP program by a single,
non-fellowship-trained urologist at an academic center. We highlight the development of our
institution’s HoOLEP program and learning curve across the surgeon’s first 200 consecutive cases.
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Our goal is to provide a practical roadmap for established surgeons looking to safely and
effectively incorporate HoLEP into their practice without formal fellowship training.

METHODS

Program development

To prepare, the surgeon conducted an extensive literature review to better understand indications,
benefits, risks, and alternatives. He complemented this with over 20 hours of viewing publicly
available surgical atlas videos on YouTube, carefully studying each procedural step and
documenting common pitfalls. Recognizing the importance of technology in HOLEP, the surgeon
consulted with industry experts to understand the clinical and logistical considerations for
implementing the MOSES 2.0 laser platform (Boston Scientific Inc, Marlborough, MA). He
identified a regional care gap for patients with >80g prostates eligible for TURP and secured
institutional support to establish a HoLEP program at our academic center. To gain hands-on
exposure, the surgeon arranged visits to three high-volume HoLEP centers, where he observed 6
live cases. He then assembled a dedicated surgical team and led team training sessions to ensure
familiarity with equipment and procedural flow. Before performing his first live case, he
conducted dry-run simulations to identify workflow inefficiencies, plan equipment layout in
room, and improve team cohesion. The surgeon performed his first HOLEP cases in April 2019,
with industry-supported proctoring from experienced HoLEP surgeons for his initial 5 cases. He
recorded all his cases and carefully reviewed them to identify areas of strength and improvement
for subsequent cases.

Patient selection

While there was no explicit size cutoff, our surgeon aimed to select individuals with prostate
volumes between 60 and 100 grams to minimize anatomical complexity while allowing for
meaningful enucleation. Each patient was counseled about the surgeon’s experience level and
informed of the potential need to convert to transurethral resection of the prostate (TURP) if
technical challenges arose. Every OR was fully equipped for a conversion to a TURP if
necessary.

Special attention was paid to the identification and preservation of key anatomical
landmarks, particularly during apical dissection and morcellation. The Wolf Piranha prostate
morcellator with a 26 Fr Laser Resectoscope was utilized for all procedures. The type of HoLEP
performed was either a standard multi-incisional technique or an en-bloc enucleation with early
apical release. While the standard technique was used early in the surgeon’s learning curve, there
was a deliberate transition toward the en-bloc method, which involves early apical release and
circumferential enucleation of the prostatic adenoma while maintaining a single plane, allowing
for continuous dissection without frequent repositioning or re-identification of anatomical
landmarks.
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Every patient was counseled on how to perform Kegel exercises at their pre-operative
visits, with reinforcement included in their post-operative discharge instructions. If there was an
ongoing concern for stress urinary incontinence (SUI) that would benefit from additional
intervention at the one-month post-operative visit, patients were referred for pelvic floor physical
therapy or evaluated for further surgical management.

Study design and statistical analysis

From April 2019 to May 2021, a total of 200 consecutive HOLEP procedures were performed by
our surgeon. Patient demographics, operative characteristics, and postoperative outcomes were
prospectively collected and maintained in an institutional review board-approved database (IRB
protocol no. 20000296). Cases were divided into five equal case quintiles based on chronological
order. The primary outcomes of interest included operative time, operative efficiency (grams of
tissue removed per minute of total OR time), laser energy efficiency (grams removed per
kilojoule), urinary incontinence (> 1 pad used per day) at 3,6, and 12 months, pads/day at 1
month and 3-6 months, duration of foley catheter, duration of hospital stay, and PVR at 3-6
months. Secondary outcomes included prostate volume, the incidence of Clavien-Dindo grade 11
or higher complications, AUA Symptom Score (AUA-SS), and Quality of Life (QOL) scores at 1
month and 3-6 months. All statistical tests were two-tailed, and a p-value < .05 was considered
statistically significant. Analyses were performed using IBM SPSS Statistics, version 27.0 (IBM
Corp., Armonk, NY, USA) and R version 4.3.2 (R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

Over the first 200 cases, operative time decreased from 155.8 to 117.2 minutes (25% reduction) (
p < 0.001), and operative efficiency improved from 0.37 to 0.66 g/min (p-trend < 0.001) (Figure
1). Laser energy efficiency also increased over time (p < 0.001). Based on plateauing measures
of efficiency, proficiency appeared to be reached between 80-120 cases.

Although 3-month incontinence rates fluctuated without a clear trend (p = 0.410), 6-
month incontinence rates declined significantly from 15% in the first quintile to 2.5% in quintiles
2 and 4 (p = 0.018), suggesting improved apical dissection technique. 12-month incontinence
rates fluctuated slightly but decreased to 5% in the final two quartiles (p = 0.144). Mean prostate
volume increased modestly over the case series, and the rate of Clavien-Dindo grade >I1
complications remained low and stable across quintiles (p = 0.89). The largest prostate volume
recorded for the first 200 cases was 238 mL. Presence of a protruding median lobe fluctuated
throughout the five quintiles, ranging from 65-80% (p = 0.727). The number of pads per day also
remained low and stable at 1 month and 3-6 months (p = 0.590, 0.322 respectively). Foley
catheter time exhibited some initial variation but ultimately down trended significantly to 1.85
days (p < 0.001). Hospital stay significantly declined from 1.00 day to 0.28 days (p < 0.001).
PVR at 3-6 months exhibited variation but also down trended to 17.90 (p < 0.001). AUA-
Symptom Severity (out of 35) decreased from 13.60 in quartile 1 to 7.47 in quartile 5 (p = 0.355)
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at 1 month and 6.50 in quartile 1 to 3.92 in quartile 5 (p = 0.192) at 3-6 months. QOL scores (out
of 6) showed a modest decrease at 1 month but modest increase at 3-6 months (p = 0.827, p =
0.643, respectively)

Two patients in our case series had to be converted to a TURP intra-operatively. Two
patients required further surgical management of their stress urinary incontinence post-
operatively; both received male urethral mesh slings. One patient received a transfusion of pRBC
on PODL1 for acute on chronic anemia.

DISCUSSION

The perception that HOLEP is difficult to learn with a steep learning curve has been a key
limitation restricting its wider adoption.*® In this research letter, we present a structured, self-
directed implementation of HoOLEP by a non-fellowship-trained urologist, and demonstrated that,
with deliberate preparation and institutional support, the learning curve can be safely navigated.

Over the first 200 cases, operative time decreased by 25% while operative efficiency
nearly doubled, despite a progressive increase in prostate volume. A reduction in 6-month and
12-month incontinence rates, particularly after case 80, further supports the growing technical
refinement of apical dissection, which is widely considered one of the most challenging steps
during the learning curve.®

Similar incontinence rates have been reported in other mini-fellowship studies and single-
surgeon case series. A retrospective study of 1,113 patients from five surgeons performing
HoLEP found incontinence rates of 11-15% in early cases within a 3-6 month follow-up
period.” Other studies have shown considerable variation in transient stress incontinence rates,
ranging from 2-16% in the months following surgery, consistent with our findings.®® In a single-
surgeon case series of 589 patients, Das et al. identified a significant association between
transient SUI and laser-on time.® This supports our results, suggesting that improved efficiency
with surgeon experience contributes to reduced incontinence rates.

Notably, a multicenter evaluation of HOLEP adoption in centers without formal training
revealed significant challenges, with high rates of procedural failure or discontinuation across
participating institutions.° Reported reasons for not meeting study endpoints included prolonged
operative times, procedural stress, conversions to TURP, and protocol violations. The authors
noted that the success criterion was an operative time of 90 minutes; however, a higher success
rate would likely have been observed if 120 minutes had been used instead. Reported average
operative times in the literature are highly variable, ranging anywhere from 50 to 175
minutes.®% In our study, we expected that the increasing use of en-bloc enucleation over time
may have contributed to the observed improvements along the learning curve. Compared to
standard multi-incisional techniques, en-bloc HoLEP allows for a single, continuous dissection
plane, reducing the risk of creating false planes. This experience also underscores the value of
modern endoscopic tools, such as the MOSES 2.0 holmium laser platform, which may facilitate
safer and more efficient enucleation. This is supported by other studies which demonstrate that
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improved surgical technique is associated with reduced enucleation time and enhanced operative
efficiency.!!

Furthermore, we postulate that a high initial case density is a key metric in managing the
learning curve for this procedure. Our institution benefited from being an academic center with a
high referral volume. Prior studies have shown that increased early case density is indeed
associated with lower postoperative rates of urinary incontinence.**2 A higher volume of early
cases likely facilitates better retention of procedural knowledge and technical skills, promoting
more rapid improvement and efficient mastery of the surgical technique.'? Overall Clavien
Dindo >2 complications in our study decreased from 17.5% to 7.5% from quintiles 1 to 5,
demonstrating patient outcome improvements throughout the learning curve. Other studies have
noted Clavien Dindo >2 complications ranging from 10%-25%, in line with our findings as
well 1314

Broader adoption of our roadmap for HoLEP proficiency is limited by the substantial
upfront investment required to acquire the surgical equipment necessary for implementation,
which may pose challenges for community-based practices. Additionally, operative efficiency
was calculated using total operative room time which includes both enucleation and
morcellation. The true increase in enucleation efficiency is likely significantly higher than
reported as morcellation times were generally consistent and dependent on prostate size.
Nonetheless, the high procedural volume over a relatively short time frame enhances the internal
validity of our learning curve analysis and reduces the influence of time-dependent confounders.

Newer technologies such as Aquablation are being explored as alternative surgical
options to both TURP and laser enucleation procedures. Promising data from the WATER 111
trial suggest comparable success rates to HoLEP, with low rates of stress urinary incontinence
and ejaculatory dysfunction.t®> While innovation aimed at improving patient outcomes is
welcome, the WATER 11l trial focused on patients with prostate sizes between 80-180 mL. In
contrast, a key advantage of HOLEP is its size-independent efficacy. Thus, further studies
directly comparing HoLEP and Aquablation outcomes for patients with very large prostates are
required. Furthermore, effectively assessing Aquablation will require comprehensive long term
re-treatment data. HoLEP, by comparison, has a well-established and consistently low re-
treatment rate, supporting its role as a highly effective and durable option for the management of
BPH-related LUTS.®

CONCLUSIONS

For practicing urologists considering HoLEP adoption outside of fellowship training, our single
surgeon’s experience can serve as a practical roadmap for safe and progressive implementation.
Through a deliberate approach to preparation, team training, case selection, and technique
evolution, proficiency can be achieved and sustained in a real-world setting.
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Figure 1. LOESS-smoothed trend of operative time over the first 200 holmium enucleation of
the prostate (HoLEP) cases. “Each dot equals one case.
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Table 1. Learning curve metrics by case quintile

Metric 1-40 41-80 81-120  [121-160 [161-200 |p
Operative time  [155.77 139.41 129.37 11800  [117.15 <0.001
(min) 46.88)  [(59.97)  [(5427)  (39.25)  ((32.80)

Operative 0.37(0.19) .42 (0.17) [0.53 (0.31) 0.55(0.28) [0.66 (0.20) |<0.001
efficiency

(pathology

grams/total OR

time)

Laser energy 0.26 (0.14) 0.32 (0.31) [0.46 (0.82) 0.30(0.14) [0.33 (0.09) |<0.001
efficiency (g/kJ)

Mean prostate  194.46 84.81 102.73 04.81 109.47 0.175
volume (mL) (40.33)  |(49.37)  [(56.46)  |(47.25)  ((50.96)

Protruding median o' 2 500) b9 (72.5%) D6 (65.0%) B2 (80.0%) BO(75.0%) 0.727

lobe
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mo)

3-month 8(20%) |7 (175%) [9(225%) [ (7.5%) [8(20%)  [0.410
incontinence
6-month 6 (15%)  [1(25%) [7(17.5%) [1(25%) b (125%) [0.018
incontinence
12-month
0 0 0 0 0

AR 5(12.5%) |1 (2.5%) ¥ (10.0%) [2(5.0%) R2(5.0%)  [0.144
Pads/day (1 mo)  |1.91 (2.54) |1.00 (1.36) |1.85 (2.51) |1.38(2.13) |1.65(2.97) [0.590
Pads/day (3-6 mo) [0.94 (1.31) [0.80 (1.06) [1.17 (2.39) [1.03 (2.92) (0.72 (1.68) 0.322
f;:;;’)catheter“me 1.55(1.41) 2.15(2.76) .02 (2.19) R2.00(1.05) [1.85(0.58) [<0.001
Hospital stay (days)|1.00 (0.45) 0.90 (0.59) [0.78 (1.07) 033 (0.57) 0.28 (0.45) |<0.001

26.43 101.61 26.85
PVR (3— 1.00 (40.2 17. 54)<0.001
VRG-6mo) ooy BLOO@O23) 7.90 (57.54)<0.00
Clavien-Dindo 6 (15%) B (125%) [7(17.5%) 4 (10%)  6(15%)  [0.89
grade complication
>l
AUA symptom

13.60 (9.84) 6.55 (8.39) [7.00 (3.61) 9.73 (8.61) [1.47 (6.56) .
core (1 mo) 3.60 (9.84) 6.55 (8.39)  [7.00 (3.61) [9.73 (8.61) [7.47 (6.56) [0.355
Quality of life

233(1.97) [1.42 (2.11) [1.62(2.07) [1.67 (1.76) |1.35(1.46) [0.82
QL) score (1 moy 33 (197 2.11) [1.62(2.07) [1.67(1.76) [1.35 (1.46) [0.827
ig)Ascore(3_6 6.50 (7.04) [5.24 (4.87) [1.07 (4.76) 1.67 (5.47) [3.92 (4.66) [0.192
Quality of life
(QoL) score (3-6  [1.56 (1.95) [1.25 (1.21) [1.71 (1.44) .00 (2.00) 2.50 (6.22) [0.643

AUA: American Urological Association.
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