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Abstract

Background: This study aimed to comprehensively evaluate the
learning curve, perioperative outcomes, and short-term functional
results associated with initiating Holmium laser enucleation of
the prostate (HoLEP) in patients with high-volume prostates in a
real-world clinical setting.

Materials and Methods: In this retrospective study, 222
patients who underwent 3-lobe HoLEP technique between August
2023 and April 2025 were analyzed. Patients were chronologically
divided into three equal groups to reflect surgical experience
and enable balanced comparison across different phases of
the learning curve. The groups were assessed according to
perioperative outcomes, complications, and urinary incontinence
at a 3-month follow-up. The cumulative sum (CUSUM) chart
based on operative time, enucleation efficiency, and postoperative
urinary incontinence was utilized to determine the learning curve.
Results: The mean prostate volume was highest in group 1 (96.82
ml vs. 83.13 ml and 71.41 ml, p=0.004). Enucleation (p=0.019)
and morcellation efficiency (p=0.008) significantly improved
across groups, while enucleation and morcellation times decreased
(both p<0.001). At 3-month follow-up, group 3 demonstrated the
lowest rate of incontinence (p=0.012). CUSUM analysis based
on enucleation efficiency, operative time, and postoperative
incontinence showed that Surgeon had passed the learning phase
and was considered around 100 cases, corresponding to the
transition phase of the learning curve.

Conclusions: Initiating HoLEP with large prostates may prolong
the learning curve beyond commonly reported thresholds;
however, increasing experience significantly improves efficiency
and functional outcomes, confirming its safety and size-
independent efficacy.
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Oz

Amac: Bu calisma, gercek yasam klinik pratiginde yiiksek hacimli
prostatlarda Holmium lazer prostat eniikleasyonu (HoLEP)
uygulamasina baglanmasinin 6grenme egrisi, perioperatif sonuclar
ve kisa donem fonksiyonel sonuclar tizerindeki etkilerini kapsamlh
olarak degerlendirmeyi amacladi.

Materyal ve metod: Bu retrospektif calismada, Agustos
2023-Nisan 2025 tarihleri arasinda 3 lob teknigi ile HoLEP
uygulanan 222 hasta analiz edildi. Hastalar, cerrahi deneyimi
yansitmak ve 6grenme egrisinin farkhi fazlar1 arasinda dengeli
karsilagtirma yapabilmek amaciyla kronolojik olarak ii¢ esit gruba
ayrildi. Gruplar; perioperatif sonuclar, komplikasyonlar ve 3 aylik
takipte iiriner inkontinans acisindan degerlendirildi. Ogrenme
egrisini belirlemek igin operasyon siiresi, entikleasyon etkinligi
ve postoperatif inkontinansa dayal kiimiilatif toplam (CUSUM)
analizi kullanildi.

Bulgular: Ortalama prostat hacmi en yiiksek grup 1’de saptandi
(96,82 ml’ye kars1 83,13 ml ve 71,41 ml, p=0,004). Eniikleasyon
(p=0,019) ve morcellasyon etkinligi (p=0,008) gruplar arasinda
anlamh sekilde artarken, eniikleasyon ve morcellasyon siireleri
belirgin olarak azald: (her ikisi icin p<0,001). Uc aylik takipte en
diisiikinkontinans orani grup 3’te gézlendi (p=0,012). Eniikleasyon
etkinligi, operasyon siiresi ve postoperatif inkontinansa dayali
CUSUM analizi, cerrahin yaklasik 100 vaka civarinda 6grenme
fazinm1 tamamladigim ve 6grenme egrisinin gecis fazina ulastigini
gosterdi.

Sonug' Yiiksek hacimli

prostatlarla HoLEP’e ba@lanma&

artan deneyimle birlikte cerrahi etkinlik ve fonksiyonel sonuglar
belirgin sekilde iyilesmekte ve HoLEP’in giivenli, etkili ve prostat
boyutundan bagimsiz bir yontem oldugu dogrulanmaktadir.
Anahtar Kelimeler: Endoskopik Entikleasyon, HoLEP, Holmiyum Lazer,
Ogrenme Egrisi, Prostat Hiperplazisi
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Introduction

The incidence of benign prostatic hyperplasia (BPH) exhibits
a positive correlation with advancing age, with prevalence
increasing up to approximately 80% in males over the age of
80 years (1). Surgical intervention is typically considered in
patients with lower urinary tract symptoms (LUTS) attributable
to BPH who are refractory to pharmacological therapy. Holmium
laser enucleation of the prostate (HoLEP) was first established
approximately two decades ago as a surgical intervention for the
alleviation of LUTS attributable to BPH (2). This method is notably
size-independent, making it a robust and versatile alternative
to other surgical techniques (3). HoLEP has emerged as the
predominant surgical technique in contemporary urological
practice. Several meta-analyses indicate that it entails longer
operative durations; however, it is associated with shorter
catheterization times, reduced hospital stay, decreased blood
loss, and lower transfusion rates. Furthermore, it demonstrates
comparable rates of urethral stricture (2.6% vs. 4.4%) and stress
urinary incontinence (1.5% vs. 1.5%) compared to transurethral
resection of the prostate (TURP) (4, 5).

HoLEP is feasible for patients on anticoagulant or antiplatelet
therapy (6). Traditionally, two- and three-lobe techniques with
late apical release were the standard approaches. Recently,
en-bloc techniques have been increasingly adopted. The en-
bloc early apical release technique has been associated with
improved postoperative outcomes, particularly reduced stress
urinary incontinence rates (7-9). Although HoLEP is an effective
surgical method for BPH, it requires specialized equipment and
is characterized by a steep and relatively prolonged learning
curve. The length of the learning curve has been estimated as
40 to 50 cases (10, 11).

The aim of this study was to evaluate the learning curve,
perioperative outcomes, and short-term functional results of
initiating HOLEP in patients with high-volume prostates in a real-

world clinical setting.
Materials and Methods
Patients

Following approval from the Kayseri City Hospital Non-
Interventional Clinical Research Ethics Committee (approval no.
2026/778, date: February 3, 2026), we retrospectively reviewed
the data of patients who underwent HoLEP in the Department
of Urology at Kayseri City Hospital between July 2023 and April

2025.

HoLEP Outcomes at Baseline Level

A total of 222 patients met the inclusion criteria and were
enrolled in the analysis. Patients with urethral stricture, bladder
neck stenosis, large bladder diverticula, or neurogenic bladder
were excluded. Patients were divided chronologically into three
equal groups to reflect the progression of surgical experience
over time. Equal group sizes were selected to ensure balanced
statistical comparisons and to facilitate evaluation of changes
in surgical performance across different phases of the learning
curve (group 1: patients 0-74; group 2: patients 75-148; group 3:
patients 149-222).

Parameters

Demographic and clinical information was collected for the

study cohort and included age, anticoagulation therapy,
American Society of Anesthesiology (ASA) score, urine retention,
preoperative prostate volume, preoperative incontinence, total
prostate-specific antigen (PSA) levels, maximum urinary flow
rate (Q,__), PVR, TURP and prostate biopsy history, presence of
bladder stones, and use of alpha-adrenergic antagonists and

dutasteride.

We also collected data on perioperative parameters, enucleation
weight, enucleation time, enucleation efficiency (enucleation
g/min),
morcellation efficiency (morcellation weight / morcellation time;

weight/enucleation time; morcellation time, and
g/min). We evaluated the catheter removal time, need for blood
transfusion, and complications according to the Clavien-Dindo
classification within the first 30 days postoperatively. Qmax,
PVR, and incontinence were documented at the third month
following the surgical procedure. Postoperative incontinence
was evaluated in all patients, regardless of preoperative

continence status, reflecting real-world clinical practice.

Technique and laser settings

One surgeon without prior experience in endoscopic prostate
HoLEP

procedures. The surgeries involved the early apical release 3-lobe

enucleation surgery initiated and performed all
enucleation method. The HoLEP technique was performed with
the previously described “omega sign” method based on the
3-lobe technique (8).

The laser settings were 80 W (2 J and 40 Hz) for enucleation and
24 W (0.6 J and 40 Hz) for coagulation. The HoLEP equipment
included a high-power 150-W Ho:YAG laser (Quanta), a 550-um
fiber, a modified 26-Fr Storz continuous-flow resectoscope with
a working element for stabilizing the laser fiber, an extra-long
Storz rigid nephroscope, and a tissue morcellator (Hawk). The
position of the morcellator was above the trigone and away

from the bladder mucosa. We used the two 3-L flexible bags of
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0.9% NaCl during enucleation and four bags during morcellation.
The flexible bags were strategically situated at a height of 1.6 m
above the patient. Bipolar coagulation was used in only a few

cases post-enucleation to achieve optimal hemostasis.

Statistical Analysis

Demographic, preoperative, and postoperative follow-up data
were compared among the groups, and statistical analysis was
performed with the software IBM SPSS (version 30, Armonk,
New York, NY, USA). A significance threshold of p<0.05 was
used. The Kolmogorov-Smirnov test was used to assess the
normality of continuous data. Continuous variables were
expressed as the mean (standard deviation), while categorical
variables were presented as absolute frequencies. The Kruskal-
Wallis and analysis of variance (ANOVA) were used for analysis
of continuous variables. The chi-squared test was employed for

categorical data.

To minimize potential confounding due to baseline differences,
a multivariable linear regression analysis was performed.
Enucleation efficiency and morcellation efficiency were included
as dependent variables. Independent variables included group
(chronological order), prostate volume, preoperative PSA,
preoperative incontinence, and age.

The cumulative summation (CUSUM) examination was utilized
to ascertain the learning trajectory in this investigation. The

CUSUM produces a diagram by the cumulative summation

HoLEP Outcomes at Baseline Level

(running total) of the disparity between each value and the
average of all values in a collection of values. It identifies minor
deviations from the average value in a procedure. Consequently,
it is employed in learning curve analysis. To better reflect the
multidimensional nature of the learning curve, additional
CUSUM analyses were performed using operative time and
postoperative incontinence, in addition to enucleation efficiency.
The identification of the CUSUM breakpoint based on the first
peak followed by a sustained downward trend is consistent with
previously published surgical learning curve studies and reflects
the transition from the learning phase to procedural proficiency
(12).

Results

A cohort of 222 consecutive patients who underwent HoLEP
performed by one surgeon between July 2023 and April 2025 was
analyzed. The baseline characteristics of the patient cohort are
detailed in Table 1. There was no statistically significant difference
between groups 1, 2, and 3 in terms of age and preoperative use
of anticoagulants, alpha blockers, and dutasteride. A total of 81
patients received a urethral catheter for bladder distention prior
to surgery. There were 19 patients who presented with bladder
calculi. Concurrent cystolitholapaxy was performed, and the
duration of this procedure was excluded from the total time of
the HoLEP.

Table 1. Preoperative demographic and clinical characteristics of patients

All patients Group 1
Age (years) 68.2 (8.76) 69.4 (9.28)
ASA score
1 102 30
2 61 25
3 55 19
4 4 0
Anticoagulation (n) | 69 22
Preoperative 81 34
urinary catheter (n)
Alpha-blocer (n) 193 67
Dutasterid (n) 68 29
Preoperative 72 33
incontinans (n)
Bladder stone (n) 19
Prostat biopsy (n) 18
TUR-P surgery (n) 32 10

Group 2 Group 3 P value

67.6 (7.97) 67.4 (8.96) 0.302°

34 38

23 13

16 20

1 3

24 23 0.9397

23 24 0.2697

61 65 0.3297

20 19 0.145~

20 19 0.023~

4 0.4737
8 0.4841

9 13 0.6227
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Table 1. Continued

Prostat volume (ml) | 83.46 (40.15) 96.82 (48.03)

Preoperative Q 5.89 (5.27) 5.89 (6.3)
(ml/s)

PVR (ml) 117.01(130.33) | 100.3 (112.01)
Preoperative PSA 5.27 (6.16) 5.97 (7.17)
(ng/ml)

All values represent the mean * SD and frequiency (n).

HoLEP Outcomes at Baseline Level

83.18 (35.41) 71.41 (31.76) 0.004¢
6.37 (4.79) 5.41 (4.59) 0.317¢
117.92 (140.39) 132.79 (136.38) 03214
6.13 (7.01) 3.75 (3.45) 0.047

ASA: American society of Anesthesiology Score, TUR-P: Trans-urethral resection of prostate

Qmax: Maximal flow rate, PVR: Post-voiding residual urine
PSA: Prostate specific antigen
°: Anova test, *: chi-square test, ¢: Kruskal-Wallis test

A cumulative total of 18 patients had previously undergone
prostate biopsy, while 32 patients had undergone TURP. No
statistically significant difference was observed between
the groups in this regard. Preoperative prostate volume was
measured by abdomen ultrasonography for all patients, and the
mean volume was highest in group 1 (group 1: 96.82 ml; group
2: 83.13 ml; group 3: 71.41 ml; p=0.004). The preoperative PSA
value exhibited a marginally notable distinction between groups
(p=0.047). The measurements of preoperative Qmax and PVR
did not exhibit statistically significant differences (p=0.317,
p=0.321, respectively).

The perioperative and postoperative parameters are presented

Table 2. Peroperative and postoperative measures

in Table 2. The mean enucleation weight was higher in group 1
than other groups (55.61 g, 49.15 g, and 40.03 g in groups 1-3,
respectively; p<0.001). The mean enucleation and morcellation
times were lower in group 3 (p<0.001, p<0.001, respectively)
(Figure 1). The mean enucleation and morcellation efficiencies
were also higher in group 3 (p=0.019, p=0.008, respectively)
(Figure 2). A total of 14 patients underwent blood transfusions
in the early postoperative period. Of these patients, 8 were
in group 1, while groups 2 and 3 each had 3 patients, with no
significant differences among the groups (p=0.149). The mean
catheter removal time was 38.84 hours in group 3 and lower
than in other groups (p=0.021).

All patients Group 1 Group 2 Group 3 P value
Enucleation time (min) 62.34 (28.83) 77.1(30.41) 60.63 (25.12) 48.21 (18.64) | <0.0017
Morcellation time (min) 16.23 (9.44) 19.63 (9.89) 16.19 (9.6) 12.79 (6.55) <0.0017
Enucleation efficiency (gr/min) 0.76 (0.7) 0.69 (0.19) 0.79 (0.28) 0.81 (0.26) 0.0197
Morcellation efficiency (gr/min) 1.92(0.7) 1.72 (0.49) 1.91 (0.59) 2.03 (0.76) 0.008~
Enucleation weight (gr) 47.87 (28.2) 55.61 (30.43) 49.15 (27.3) 40.03 (22.42) | <0.0017
Blood transfusion (n) 14 8 3 3 0.149°
Catheter removal time (hr) 41.69 (10.59) 43.88 (9.99) 42 (11.99) 38.84(9.24) | 0.0217
Clavien 0 159 45 58 56
1 33 18 7 8
2 13 7 3 3
3a 4 1 2 1
3b 2 1 0 1
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HoLEP Outcomes at Baseline Level

Table 2. Continued

Figure 1. Comparison of enucleation and morcellation times between groups. Data are presented as median and interquartile range. Kruskal-Wallis

test was used.

A: Enucleation time in groups, B: Morcellation time in groups

Figure 2. Comparison of enucleation and morcellation efficiency between groups. Data are presented as median and interquartile range. Kruskal-

Wallis test was used.

Morcellation time (min)

9<0.001

R

B 1

£

Enucleation efficiency (gr/min)

2
Groups
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Morcellation efficiency (gr/min)

2
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=

2
Groups

A: Enucleation efficiency in groups, B: Morcellation efficiency in groups
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Post 3 mo Qmax (ml/s) 21.53 (8.37) 22.87 (8.47) 22.56 (9) 19.04 (7) 0.0197
Post 3" mo PVR (ml) 31.33 (40.19) 42.7 (53.16) 29.27 (30.52) 25.68 (34.7) | 0.1187
Post 3 mo inkontinans (n) 52 24 19 9 0.012°
Post 3™mo urethral stricture (n) 11 2 4 5 0.564°
All values represent the mean + SD and frequiency (n).
Q. Maximal flow rate, PVR: Post-voiding residual urine
°: Chi-square test. A:Kruskal-Wallis test
9<0.001
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Atotal of 52 complicationswere documented. Most complications
were minor (Clavien-Dindo grade | and II) and no severe
complications (Clavien-Dindo grade IV and V) were observed.
Complications with grade 1 primarily involved significant
catheter-associated discomfort and urinary retention, which
was noted in 18 patients in group 3. The grade 2 complications
were urinary tract infection and bleeding requiring transfusion,
which occurred in 13 patients, including 7 patients in group
1 and 3 patients in each of the other two groups. Endoscopic
evacuation for clot retention was performed for four patients
(grade 3a complication). Only two patients required anesthesia
for coagulation due to significant hemorrhage (grade 3b
complication).

No notable difference in mean PVR was observed within
3 months postoperatively, but the mean Qmax value was
significantly elevated in group 3 (p=0.118, p=0.019, respectively).
Urinary incontinence persisted in 52 patients at the 3-month
postoperative assessment, including 24 patients in group 1,

19 patients in group 2, and 9 patients in group 3 (p=0.012).

Table 3: Multivariableregresson analysis for predidors of enucleation efficiency

HoLEP Outcomes at Baseline Level

Furthermore, 11 patients exhibited severely obstructive voiding
at 3 months postoperatively and were diagnosed with urethral
stricture. Internal urethrotomy was performed in these cases (2,
4, and 5 patients in groups 1-3, respectively).

In multivariable analysis, group progression remained an
independent predictor of increased enucleation efficiency
(p<0.001) and morcellation efficiency (p<0.001).

Prostate volume was an independent predictor of morcellation
efficiency (p<0.001), but was not an independent predictor of
enucleation efficiency (p=0.164) (Table 3) .

CUSUM analyses based on enucleation efficiency, operative
time, and postoperative incontinence showed that the surgeon
surpassed the initial learning phase at approximately 100 cases,
revealing distinct patterns of improvement. (Figure 3). Operative
time demonstrated an earlier inflection point, whereas
enucleation efficiency improved more gradually over time.
Postoperative incontinence showed delayed improvement,
indicating that functional outcomes were optimized at later

stages of the learning process.

A. Enucleation Efficiency

=)

50 100 150 200
Case Number

Predictor B Std. Standardized t Pvalue 95% Cl 95% CI
Error Betap Lower Upper

Group 0263 0467 0.308 3391 0.001 0664 2.507
Age -0.005 0.005 -0.059 -0874 0.383 -0.015 0.006
Prostat 0002 0.001 0.104 1397 0.164 -0.001 0.004
volume

Pre-op PSA 0012 0.008 0.108 1510 0.133 -0.004 0.028
Pre-op -0.033 0.103 -0.035 -0511 0.610 -0255 0.150
incontinance

B (Unstandardized Coefficient): Effect 5ze of the predictor, $d. Error: Standard error of B, Sandardized Befa () Allows
comparison of predictorswith different units t and p: Sgnificance of each predictor, 95% Cl: Confidence interval for the

coefficient, P3A- Prodate specific antigene

B. Operative Time
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o
=]
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Case Number

Figure 3. CUSUM chart based on enucleation efficiency,
operative time, and postoperative incontinence. The dashed
line represents the mean value
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Discussion

HoLEP has ascended to prominence as the gold standard surgical
intervention for BPH and has largely replaced conventional
techniques in many centers. Gilling et al were the first to describe
the HoLEP technique for BPH (13), and various HoLEP techniques
have been described over the years, such as three-lobe, two-
lobe, and en-bloc techniques. We initiated the HoLEP procedure
using the “omega sign technique,” which is a modified three-
lobe early apical release technique described by Tunc et al (8).

Previous studies have reported a relatively shorter learning
curve for HoLEP, typically ranging between 40 and 50 cases (11).
However, these studies often involved structured mentoring,
smaller prostate volumes, or stepwise case selection. In
contrast, our cohort included a substantial proportion of large
prostates from the early phase, without strict case selection.
This difference in case complexity likely contributed to the
prolonged learning curve observed in our study. Therefore,
our findings may better reflect real-world conditions in centers

initiating HoLEP without gradual case selection.

The present study demonstrates that the learning curve of HoLEP
is not defined by a single inflection point but rather comprises
multiple distinct phases. While operative time improved early
in the learning process, reflecting rapid gains in procedural
familiarity, enucleation efficiency demonstrated a more gradual
refinement.

improvement, indicating progressive technical

In contrast, functional outcomes such as postoperative
incontinence improved at later stages, suggesting that mastery
of delicate anatomical dissection and sphincter preservation

requires more extensive experience.

These findings highlight the importance of a multidimensional
assessment of surgical learning curves. Relying on a single
parameter may oversimplify the complexity of skill acquisition.
Instead, a phase-based interpretation provides a more accurate
representation of surgical proficiency development. The
definition of the breakpoint in CUSUM analysis may involve
some degree of subjectivity; however, the approach used in
this study is consistent with previously published learning curve

analyses (12).

In investigations concerning the learning curve of HoLEP
procedures, enhancements have been documented across
varying patient populations. Wenk et al used the en-bloc
enucleation methodology, and Enikeev et al. employed the two-
lobe enucleation approach and achieved analogous outcomes
that support the findings of our research (14, 15). In these
investigations, there was no significant difference between the
groups in terms of prostate dimensions.

HoLEP Outcomes at Baseline Level

In the present study, prostate volume was identified as a
significant independent predictor of enucleation efficiency
in multivariable analysis. This finding is expected, as larger
prostates are known to influence operative performance and
technical complexity. However, importantly, surgical experience
(group progression) remained an independent determinant of
enucleation efficiency after adjustment for prostate volume and
other baseline variables.

This suggests that although case complexity plays a substantial
role, the progressive improvement observed in our cohort
cannot be explained solely attributed to prostate size and
strongly reflects cumulative surgical experience.

In a retrospective investigation involving 903 HoLEP patients,
a comparison was conducted regarding the outcomes of
individuals with and without urinary retention prior to HoLEP.
The cohort exhibiting urinary retention presented with a larger
prostate and more pronounced bladder outlet obstruction
(BOO) than those devoid of urinary retention, which may have
contributed to extended operative and morcellation durations in
patients experiencing urinary retention. Nevertheless, findings
indicated no statistically significant disparities in postoperative
micturition symptoms or complications between the non-
urinary retention and urinary retention cohorts. Furthermore,
no significant variation was detected in the prevalence of
intraoperative complications (16).

In the present investigation, the average prostate dimensions
and enucleation weight were markedly greater in the initial
patients in comparison to subsequent patients. To initiate
HoLEP, we opted for arbitrary prostate dimensions rather than
exclusively selecting small and moderate size prostates. Being
adequately equipped for prostates of any size at the beginning of
the educational process seems to be beneficial for progression.
A small prostate poses numerous challenges but also presents

benefits for educational purposes.

In the majority of small prostates, enucleation from the capsule s
unfeasible due to factors such as fibrosis, but in most instances, a
large prostate can be enucleated with significantly greater ease.
Conversely, a large prostate is associated with hazards such as
erroneous surgical margins and capsule perforation. In extensive
prostate surgical intervention, increased excision of tissue and
extended operative duration were expected issues. We did not
encounter any literature on the learning curve in HoLEP surgery

in which the initial group consisted of larger prostates.

The catheter removal time was found to be longer in group 1
and paralleled the prostate size. Our findings are consistent
with those of Krambeck et al, who investigated the outcomes
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of HolLEP in cases with prostates exceeding 175 g (17). The
need for postoperative transfusion was highest in group 1
and exceeded previously reported rates (15, 17, 18). Grade 1
and 2 complications (Clavien-Dindo classification) were more
prevalent in group 1, as anticipated. These complications
primarily included catheter discomfort, bleeding necessitating
transfusion, and urinary infections, and the prolonged surgical
duration was hypothesized to be the cause. Conversely, the
incidence of grade 3a and 3b complications was comparable
across the groups. There were no cases of bladder perforation.

At the 3-month assessment, group 1 exhibited a markedly
higher incontinence rate than the other groups. Although rates
in groups 2 and 3 were lower, they remained elevated compared
with prior reports. Cho et al. (19) noted that most post-HoLEP
stress incontinence improves within the first month, with a
3-month incidence of 4.7% in a cohort with a mean prostate
volume of 55 ml. In contrast, the mean prostate volume in
our study was 83 ml, which likely contributed to the higher
incontinence rates observed. Known predictors of post-HoLEP
incontinence-such as larger prostate size, prolonged operative
time, surgeon experience, diabetes mellitus, and increased
blood loss-may also have influenced outcomes (20). It should
be noted that longer follow-up durations may lead to improved
continence outcomes. Several studies have reported a significant
reduction in urinary incontinence rates and an improvement
in symptom scores within 6 months after HoLEP, suggesting
that early postoperative results may underestimate long-term
functional recovery (21).

Urethral stricture remains a key complication of endoscopic
procedures. Yalcin et al. (18) reported 14 strictures in a large
HoLEP cohort. In our series, 11 strictures were identified at the
3-month follow-up-an incidence higher than typically reported-
and most occurred during the plateau phase of the learning
curve. All were successfully managed with internal urethrotomy

without recurrence.

Study Limitations

Several limitations of this study should be acknowledged. First,
the analysis was retrospective, which inherently carries risks
of selection bias and limits causal interpretation. Moreover,
quality-of-life measures and prostate symptom scores were not
consistently available due to the retrospective design of the
study, preventing any assessment of functional or symptomatic
impact. The postoperative follow-up was restricted to 3
months; longer follow-up periods would likely provide a more
robust understanding of clinical outcomes and potential late

HoLEP Outcomes at Baseline Level

complications. Additionally, although multivariable analysis
was performed, residual confounding related to differences in
prostate volume and case complexity between groups cannot be
entirely excluded. The evaluation of postoperative incontinence
should be interpreted in light of preoperative continence
status, as patients with baseline incontinence were included in
the analysis. This may have influenced the observed rates and
represents a limitation of the study. Despite its limitations, this
study provides a realistic representation of the HoLEP learning
process in a high-volume prostate setting. The combination
of advanced statistical analysis and comprehensive outcome
assessment strengthens the validity of our findings and

contributes meaningful data to the existing literature.

Conclusion

Analysis of the 222 procedures in this study demonstrated a
clear improvement in surgical performance with increasing
HoLEP case volume. Although many reports describe an average
learning curve of approximately 50 cases, our findings indicate
that initiating HoLEP with large prostates may significantly
prolong this process. Despite this, progressive experience
leads to substantial improvements in efficiency and functional
outcomes, ultimately establishing HoLEP as a safe, effective, and

size-independent technique.

Ethical Approval: Ethical approval was obtained from the Kayseri
City Hospital Non-Interventional Clinical Research Ethics Committee
(approval no: 2026/778, date: February 03, 2026).

Author Contributions:

Concept: V.S., A.G.

Literature Review: V.S., A.G.

Design: V.S., A.G.

Data acquisition: V.S., A.G.

Analysis and interpretation: V.S., A.G.

Writing manuscript: V.S., A.G.

Critical revision of manuscript: V.S., A.G.

Conflict of Interest: The authors have no conflicts of interest to
declare.

Financial Disclosure: Authors declared no financial support.

References

1. Karami H, Hassanzadeh-Hadad A, Fallah-Karkan M. Comparing
Monotherapy with Tadalafil or Tamsulosin and Their Combination Therapy
in Men with Benign Prostatic Hyperplasia: A Randomized Clinical Trial. Urol
J. 2016;13(6):2920-6.

2. Franco JVA, Tesolin P, Jung JH. Update on the management of benign
prostatic hyperplasia and the role of minimally invasive procedures.

Prostate Int. 2023;11(1):1-7.

Harran Universitesi Tip Fakiiltesi Dergisi (Journal of Harran University Medical Faculty) 2026;23(2):242-250.

249



Sabur and Gélbasi

10.

11.

12.

Das AK, Han TM, Hardacker TJ. Holmium laser enucleation of the prostate
(HOLEP): size-independent gold standard for surgical management of
benign prostatic hyperplasia. Can J Urol. 2020;27(S3):44-50.

Yin L, Teng J, Huang CJ, Zhang X, Xu D. Holmium laser enucleation of
the prostate versus transurethral resection of the prostate: a systematic
review and meta-analysis of randomized controlled trials. J Endourol.
2013;27(5):604-11.

Zhang Y, Yuan P, Ma D, Gao X, Wei C, Liu Z, et al. Efficacy and safety of
enucleation vs. resection of prostate for treatment of benign prostatic
hyperplasia: a meta-analysis of randomized controlled trials. Prostate
Cancer Prostatic Dis. 2019;22(4):493-508.

Netsch C, Herrmann TRW, Bozzini G, Berti L, Gross AJ, Becker B. Recent
evidence for anatomic endoscopic enucleation of the prostate (AEEP) in
patients with benign prostatic obstruction on antiplatelet or anticoagulant
therapy. World J Urol. 2021;39(9):3187-96.

Saitta G, Becerra JEA, Del Alamo JF, Gonzalez LL, Elbers JR, Suardi N, et
al. 'En Bloc' HoLEP with early apical release in men with benign prostatic
hyperplasia. World J Urol. 2019;37(11):2451-8.

Tunc L, Yalcin S, Kaya E, Gazel E, Yilmaz S, Aybal HC, et al. The "Omega
Sign": a novel HoLEP technique that improves continence outcomes after
enucleation. World J Urol. 2021;39(1):135-41.

Ericson CA, Baird BA, Mauler DJ, Lyon TD, Ball CT, Dora CD. Early apical
release versus En-bloc no touch technique for holmium laser enucleation
of the prostate: a high-volume single-surgeon cohort study. World J Urol.
2023;41(1):167-72.

Peyronnet B, Robert G, Comat V, Roupret M, Gomez-Sancha F, Cornu
JN, et al. Learning curves and perioperative outcomes after endoscopic
enucleation of the prostate: a comparison between GreenlLight 532-nm
and holmium lasers. World J Urol. 2017;35(6):973-83.

Kampantais S, Dimopoulos P, Tasleem A, Acher P, Gordon K, Young A.
Assessing the Learning Curve of Holmium Laser Enucleation of Prostate
(HOLEP). A Systematic Review. Urology. 2018;120:9-22.

Ditonno F, Bianchi A, Fumanelli F, Brancelli C, Malandra S, Rizzetto R, et

al. The Learning Curve for Holmium Laser Enucleation of the Prostate: A

13.

14.

15.

16.

17.

18.

19.

20.

21.

HoLEP Outcomes at Baseline Level

Single-Center Analysis of Surgical And Functional Outcomes. J Endourol.
2024;38(11):1226-33.

Gilling PJ, Cass CB, Cresswell MD, Fraundorfer MR. Holmium laser resection
of the prostate: preliminary results of a new method for the treatment of
benign prostatic hyperplasia. Urology. 1996;47(1):48-51.

Enikeev D, Glybochko P, Rapoport L, Gahan J, Gazimiev M, Spivak L, et
al. A Randomized Trial Comparing The Learning Curve of 3 Endoscopic
Enucleation Techniques (HOLEP, ThuFLEP, and MEP) for BPH Using
Mentoring Approach-Initial Results. Urology. 2018;121:51-7.

Wenk MJ, Hartung FO, Egen L, Netsch C, Kosiba M, Grune B, et al. The long-
term learning curve of holmium laser enucleation of the prostate (HoLEP)
in the en-bloc technique: a single surgeon series of 500 consecutive cases.
World J Urol. 2024;42(1):436.

Yuk HD, Oh SJ. Effect of urinary retention on the surgical outcome of
holmium laser enucleation of the benign prostatic hyperplasia. Investig
Clin Urol. 2023;64(1):31-40.

Krambeck AE, Handa SE, Lingeman JE. Holmium laser enucleation of the
prostate for prostates larger than 175 grams. J Endourol. 2010;24(3):433-7.
Yalcin S, Yilmaz S, Gazel E, Kaya E, Aydogan TB, Aybal HC, et al. Holmium
laser enucleation of the prostate for the treatment of size-independent
BPH: A single-center experience of 600 cases. Turk J Urol. 2020;46(3):219-
25.

Cho KJ, Koh JS, Choi JB, Kim JC. Factors Associated With Early Recovery of
Stress Urinary Incontinence Following Holmium Laser Enucleation of the
Prostate in Patients With Benign Prostatic Enlargement. Int Neurourol J.
2018;22(3):200-5.

Huang HN, Sun YH, Liu X, Tao WQ. Analysis of Postoperative Urinary
Incontinence and Influencing Factors of Transurethral Holmium Laser
Enucleation of the Prostate. Urol Int. 2024;108(5):457-63.

Anan G, lwamura H, Mikami J, Kohada Y, Ito J, Kaiho Y, et al. Efficacy and
safety of holmium laser enucleation of the prostate for elderly patients:
surgical outcomes and King's Health Questionnaire. Transl Androl Urol.

2021;10(2):775-84.

Harran Universitesi Tip Fakiltesi Dergisi (Journal of Harran University Medical Faculty) 2026;23(2):242-250.

250





