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Abstract
Introduction: While holmium laser enucleation of the pros-
tate (HoLEP) is accepted as safe and efficient, a long learning 
curve is considered the main reason for its slow adoption in 
clinical practice. So far, no standardized and easy-to-use pa-
rameter has been implemented to measure surgical experi-
ence or efficiency which could be useful for training and 
quality control purposes. The aim of the present study was 
to evaluate the learning curves of 2 HoLEP beginners and to 
identify applicable efficiency outcome measures as well as 
potentially complicating factors in performing HoLEP. Pa-
tients and Methods: A total of 594 patients treated by HoLEP 
between September 2016 and May 2019 were enrolled. The 
procedures were initially performed by 1 HoLEP expert (ref-
erence surgeon); over time, 2 further surgeons were trained. 
Baseline characteristics, enucleation weight, morcellation 
and enucleation time, laser energy usage, and postoperative 
results were recorded prospectively. The learning curves of 
the 2 novices were analyzed and compared to the reference 
surgeon. Logistic regression analyses were performed to 
identify predictors for postoperative grade ≥2 complica-

tions. Results: Median enucleation ratio and complication 
rates did not significantly alter along the learning curves. 
Median enucleation speed and laser energy application of 
the 2 novices significantly improved with growing experi-
ence. Combining these variables, we introduced the “HoLEP 
efficiency score” (HES) which demonstrated the most appro-
priate value to reflect the surgical experience and efficiency. 
The median HES for the reference surgeon was 82.8 min kJ/g. 
For the 2 novices, a drop from 130 and 124.4 min kJ/g by −57 
and −30%, respectively, was observed. Among several test-
ed clinical parameters, the presence of prostate cancer (p = 
0.047) and the surgical caseload (p < 0.001) influenced the 
HES. On multivariable logistic regression, American Society 
of Anesthesiologists score and prostate cancer were inde-
pendent predictors for grade ≥2 complications (p = 0.002, 
odds ratio [OR] 2.042 and p = 0.038, OR 1.940). Conclusion: 
We introduce the HES as an objective and measurable tool 
to quantify surgical efficiency. In clinical practice, the HES 
may find application in training and quality control purposes 
as well as in comparing surgical modifications and hardware. 
Patients with prostate cancer seem to be more challenging 
cases and have a higher risk for complications, and may pref-
erably be treated by experienced surgeons.
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Introduction

In the recent years, holmium laser enucleation of the 
prostate (HoLEP) has become a main surgical option for 
treatment of lower urinary tract symptoms due to benign 
prostatic enlargement when surgical therapy is indicated 
[1]. In contrast to transurethral resection of the prostate 
(TURP) and open simple prostatectomy, it can be per-
formed size independently and with lower morbidity [2, 
3]. Moreover, apart from similar functional long-term 
outcomes [4], our group reported a higher prostate can-
cer detection rate by HoLEP than TURP [5].

HoLEP is judged to have a long learning curve, which 
may have restricted its widespread use in everyday prac-
tice, especially in non-reference centers [6, 7]. In the past 
years, several studies have been published investigating 
the learnability of HoLEP, and a recent review estimated 
50 procedures to achieve a stable outcome, which could 
decrease to approximately 25 in case of a structured train-
ing. In these studies, various endpoints were applied to 
describe the learning curve, such as enucleation and mor-
cellation efficiency, postoperative complications, func-
tional outcome, postoperative prostate-specific antigen 
(PSA) decrease, lack of conversion to TURP, and laser 
energy application [8–23]. Further parameters may influ-
ence the learning curve, including patient-related factors 
potentially complicating the procedure. With HoLEP’s 
excellent outcomes and its increasing status in disob-
structive surgery, a structured and widespread imple-
mentation in the urological community is desirable. In 
this context, objective parameters or even 1 single score 
describing the surgical experience or efficiency could be 
helpful in several aspects: standardization of HoLEP edu-
cation, case selection for novices, reduction of complica-
tions, quality control, comparison of new laser devices, or 
modifications within the procedure.

The following study was conducted to report real-life 
experiences from a German university single-center dur-
ing and after the implementation of HoLEP. The purpose 
was to identify appropriate outcome measures reflecting 
the surgical experience and efficiency in performing Ho-
LEP. Moreover, we aimed to evaluate potentially compli-
cating factors in order to ease patient selection for HoLEP 
beginners.

Patients and Methods

Surgical Setting
Since the introduction of HoLEP in our department in Septem-

ber 2016, a total of 606 patients were treated until May 2019, which 

was the data cutoff point for the present study. All procedures were 
performed using a Lumenis® laser generator and a Richard Wolf® 
PiranhaTM morcellator.

Initially, only 1 surgeon (surgeon 1 – CE), who was already a 
HoLEP expert, was designated to perform the procedure. This sur-
geon was stated as the reference surgeon for the data analyses. 
Starting in August 2017 and March 2018, respectively, 2 further 
surgeons (RM and MJS) were trained by a stepwise approach un-
der the supervision of surgeon 1. Notably, both surgeons were al-
ready experienced TURP surgeons.

Study Design and Data Collection
The study protocol was approved by the Ethics Committee of 

the University of Regensburg. All patients were consecutively 
added to a prospectively held database. The preoperative workup 
included the following parameters: patient age, American Society 
of Anesthesiologists (ASA) score, serum PSA level, prostate vol-
ume measured by transrectal ultrasound, anticoagulation/anti-
platelet therapy, indwelling catheter (none/transurethral/supra-
pubic), preoperative urinary tract infection (UTI), history of any 
previous prostate biopsy, recent prostate biopsy (<8 weeks), and 
known prostate cancer. Antiplatelet drugs were continued in all 
cases. Bridging with low molecular weight heparin was per-
formed in patients on oral vitamin K antagonists, whereas anti-
coagulation with dabigatran/rivaroxaban/apixaban/edoxaban 
was paused 48 h before and at least 7 days after the procedure 
depending on the presence of gross hematuria (low molecular 
weight heparin bridging/switching was used). Patients with UTIs 
were treated based on urine culture results, starting at least 24 h 
before the procedure.

The perioperative data collection included enucleated pros-
tate weight (g), enucleation ratio defined as percentage (%) of 
retrieved tissue in relation to preoperative prostate transrectal 
ultrasound volume, enucleation and morcellation time, enucle-
ation and morcellation speed defined as time/enucleated weight 
(min/g), total energy delivered (kJ), and energy/enucleated 
weight (kJ/g). Postoperative complications within 90 days were 
investigated retrospectively and stratified according to the Cla-
vien-Dindo (CD) classification [24]. Moreover, the histopatho-
logical results of the removed specimens were recorded. Due to 
insufficient documentation of intraoperative data, 12 patients 
had to be excluded, allowing for a total of 594 patients to be ana-
lyzed.

Statistical Analysis
For all statistical analyses, SPSS version 24.0 (Chicago, IL, 

USA) was used. Continuous variables were presented as mean 
(standard deviation, SD) or median (interquartile range, IQR), 
and categorical variables as absolute numbers and percentages. 
χ2 test and Fisher’s exact test were used to compare categorical 
variables. ANOVA and the Kruskal-Wallis test were used to com-
pare continuous baseline variables between the 3 surgeons de-
pending on normal or non-normal distribution. The Mann-
Whitney U test was applied to compare continuous outcome 
variables of surgeons 2 and 3, and surgeon 1. Normal distribution 
was tested by the Shapiro-Wilk test. Logistic regression analyses 
were performed to identify potential predictors for postoperative 
complications. p values <0.05 were considered statistically sig-
nificant.
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Results

Baseline Characteristics
A total of 594 patients were included into the data eval-

uation; 181 procedures were performed by surgeon 1 
(September 2016–December 2017), 275 by surgeon 2 
(August 2017–May 2019), and 138 by surgeon 3 (March 
2018–May 2019). The patients’ characteristics for the en-
tire cohort and the subgroups operated on by each of the 
3 surgeons are shown in Table 1. The baseline parameters 
were balanced regarding age, ASA score, indwelling cath-
eter, UTIs, anticoagulation or antiplatelet aggregation 
therapies, serum PSA, and previous prostate biopsies. 
None of the patients had a history of prostate radiother-
apy. A significant difference in preoperative prostate vol-
ume was observed, with a median volume of 93/80/75 cc 
for surgeon 1/2/3, respectively (p < 0.001). Another im-
balance was noticed with regard to patients with known 

prostate cancer. Whereas the preoperatively diagnosed 
cancer rate for surgeons 1 and 2 was 2.2%, a higher rate 
of 10.9% was noted for surgeon 3 (p < 0.001).

Operative Results
Although the median retrieved specimen weight dif-

fered among the 3 surgeons with 62/56/51 g for surgeon 
1/2/3 (compared to surgeon 1: p = 0.011 and p < 0.001 for 
surgeons 2 and 3, respectively), the enucleation ratio was 
comparable as shown in Table  2a. This was consistent 
with the described differences in prostate baseline vol-
umes. The rate of newly diagnosed prostate cancer in the 
histopathological specimen was 10.9%, with a compara-
ble distribution among the 3 surgeons (12.2/9.9/11.6% for 
surgeon 1/2/3).

The median morcellation times for surgeon 1/2/3 were 
12/10/8 min (p = 0.004 and p < 0.001), respectively. Re-
garding morcellation speed, the differences were margin-

Table 1. Patient characteristics

Characteristic All Surgeon 1 Surgeon 2 Surgeon 3 p value

Patients, n 594 181 275 138 –
Patient age, mean (SD), years 70.9 (8.4) 71.2 (8.2) 71.1 (8.4) 69.8 (8.7) 0.204
ASA score, n (%)

I 41 (6.9) 17 (9.4) 15 (5.5) 9 (6.5) 0.411
II 333 (56.1) 98 (54.1) 157 (57.1) 78 (56.5)
III 212 (35.7) 64 (35.4) 97 (35.3) 51 (37.0)
IV 8 (1.3) 2 (1.1) 6 (2.2) 0 (0)

Preoperative indwelling catheter, n (%)
None 389 (65.5) 117 (64.6) 180 (65.5) 92 (66.7) 0.825
Transurethral 169 (28.5) 50 (27.6) 81 (29.5) 38 (27.5)
Suprapubic 36 (6.0) 14 (7.7) 14 (5.1) 8 (5.8)

Preoperative UTI, n (%)
Yes 202 (34.0) 71 (39.2) 94 (34.2) 37 (26.8) 0.068
No 392 (66.0) 110 (60.8) 181 (65.8) 101 (73.2)

Anticoagulation/antiplatelet Tx, n (%)
Yes 222 (37.4) 62 (34.3) 109 (39.6) 51 (37.0) 0.506
No 372 (62.6) 119 (65.7) 166 (60.4) 87 (63.0)

Preoperative prostate volume, median (IQR), cc 85.0 (44.0) 93.0 (43.0) 80.0 (45.0) 75.0 (40.0) <0.001
Preoperative total PSA, median (IQR), ng/mL 4.86 (5.84) 5.31 (5.50) 4.73 (5.62) 4.22 (6.80) 0.212
Any previous prostate biopsy, n (%)

Yes 164 (27.6) 47 (26.0) 75 (27.3) 42 (30.4) 0.667
No 430 (72.4) 134 (74.0) 200 (72.7) 96 (69.6)

Prostate biopsy within 8 weeks before HoLEP, n (%)
Yes 61 (10.3) 19 (10.5) 28 (10.2) 14 (10.1) 0.993
No 533 (89.7) 162 (89.5) 247 (89.8) 124 (89.9)

Preoperative known prostate cancer, n (%)
Yes 25 (4.2) 4 (2.2) 6 (2.2) 15 (10.9) <0.001
No 569 (95.8) 177 (97.8) 269 (97.8) 123 (89.1)

Bold values indicate p values <0.05. UTI, urinary tract infection; Tx, therapy; PSA, prostate-specific antigen; HoLEP, holmium laser 
enucleation of the prostate; ASA, American Society of Anesthesiologists.
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Table 2. Operative results describing the surgical experience and analysis of HES

Variable Surgeon 1 
(n = 181)

Surgeon 2 
(n = 275)

p value Surgeon 3 
(n = 138)

p value

a Analyses of parameters potentially describing the surgical experience
Enucleation ratio, %
Overall 66.2 65.3 0.674 60.0 0.231
Stratified by number of procedures (surgeon 1 = reference)

1–40 56.3 0.114 65.8 0.574
41–80 74.8 0.075 56.7 0.361
81–120 60.5 0.473 61.5 0.324
>120 67.5 0.387 59.2 0.037

Median enucleation time, min
Overall 41.0 35.0 0.001 52.5 <0.001
Stratified by number of procedures (surgeon 1 = reference)

1–40 52.0 <0.001 60.0 <0.001
41–80 38.5 0.603 45.0 0.030
81–120 35.0 0.026 51.0 0.007
>120 32.0 <0.001 45.0 0.142

Median enucleation speed, min/g
Overall 0.67 0.64 0.983 1.07 <0.001
Stratified by number of procedures (surgeon 1 = reference)

1–40 0.98 <0.001 1.16 <0.001
41–80 0.67 0.283 1.09 <0.001
81–120 0.65 0.947 0.97 <0.001
>120 0.58 0.014 0.98 <0.001

Median laser energy, kJ
Overall 128.0 110.0 <0.001 135.5 0.090
Stratified by number of procedures (surgeon 1 = reference)

1–40 147.5 <0.001 150.0 0.005
41–80 139.5 0.019 133.0 0.937
81–120 126.0 0.673 140.5 0.203
>120 95.0 <0.001 116.0 0.717

Median laser energy per weight, kJ/g
Overall 2.07 1.96 0.577 2.77 <0.001
Stratified by number of procedures (surgeon 1 = reference)

1–40 2.62 <0.001 2.96 <0.001
41–80 2.50 <0.001 2.97 <0.001
81–120 2.35 0.088 2.66 <0.001
>120 1.68 <0.001 2.65 0.007

Complication rates, %
Overall 16.6 20.4 0.330 25.4 0.068
Stratified by number of procedures (surgeon 1 = reference)

1–40 20.0 0.644 25.0 0.255
40–80 7.5 0.219 20.0 0.644
81–120 20.0 0.644 32.5 0.028
>120 23.9 0.102 22.2 0.518

b Introduction and analysis of HES
Median HES
Enucleation speed × Laser energy/removed tissue weight, min kJ/g
Overall 82.8 74.2 0.003 146.9 <0.001
Stratified by number of procedures (surgeon 1 = reference)

1–40 130.0 <0.001 177.0 <0.001
40–80 99.8 0.044 143.0 <0.001
81–120 83.6 0.579 140.4 <0.001

>120 55.6 <0.001 124.4 0.002

All statistical analyses performed in comparison to surgeon 1 (reference). Bold values indicate p values <0.05. HES, HoLEP efficien-
cy score; HoLEP, holmium laser enucleation of the prostate.
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al (median 0.19/0.18/0.15 min/g, p = 0.066 and p < 0.001). 
The results for enucleation time, enucleation speed, laser 
energy usage, and laser energy usage per gram tissue 
weight are shown in detail in Table 2a and revealed sig-
nificant differences for surgeons 2 and 3 compared to sur-
geon 1.

The overall complication rate was 22.1, with 10.4% be-
ing CD grade ≥2. There were no significant differences 
between the 3 surgeons. Apart from 1 patient requiring 
blood transfusion, all CD grade 2 complications were in-
fectious. CD grade 3 complications mainly included co-
agulation or transurethral resection of remaining pros-
tatic tissue or blood clots causing obstruction.

Introduction of the “HoLEP Efficiency Score”
Based on the previous results, we stratified the param-

eters enucleation ratio, enucleation time, enucleation 
speed, laser energy, and complication rates by the num-
ber of procedures performed by surgeons 2 and 3 in order 
to assess potential development with growing experience 
(Table  2a). The following intervals were applied: 1–40, 
41–80, 81–120, and >120 performed HoLEP procedures; 
the results of surgeon 1 were the statistical reference for 
all tests.

The enucleation ratio of 60–65% of preoperative 
prostate volume did not significantly change with high-
er caseload. Similarly, no trend in postoperative com-
plication rates was noted. In contrast, the enucleation 
time and speed significantly decreased for both sur-

geons 2 and 3 through their learning curve. The enucle-
ation speed of surgeon 2 declined from 0.98 min/g by 
−41% and the speed of surgeon 3 from 1.16 min/g by 
−16%.

Analogous to the development of the enucleation 
speed, the median laser energy usage continuously de-
creased from 147.5 kJ by −36% for surgeon 2 and from 
150.0 kJ by −23% for surgeon 3 (see Table 2a). As enucle-
ation speed and applied laser energy demonstrated the 
most distinct change during the learning curves, we de-
cided to combine enucleation time, laser energy, and re-
trieved tissue weight to a single score – the HoLEP effi-
ciency score (HES; min kJ/g). When stratifying the HES 
by caseload again, we observed a clear correlation with 
the surgical experience as the median score consistently 
decreased (Table 2b; Fig. 1).

In a next step, we tested for factors that might compli-
cate or influence a HoLEP procedure and thereby poten-
tially alter the HES: preoperative presence of transure-
thral catheter, preoperative UTI, anticoagulation/antiag-
gregation therapy, preoperative history of prostate biopsy 
within 8 weeks, presence of prostate cancer (known or 

200
180
160
140
120
100
80
60
40
20
0

1–40

M
ed

ia
n 

H
oL

EP
 e

ffi
ci

en
cy

 sc
or

e,
kJ

 ×
 m

in
/g

41–80
Caseload

81–120 >120

Surgeon 1 (ref)
Surgeon 2 + 3 (pooled)
Surgeon 2
Surgeon 3

Fig. 1. Development of the HES with increasing caseload. HoLEP, 
holmium laser enucleation of the prostate; HES, HoLEP efficiency 
score. Surgeon 1 = reference.

Table 3. Evaluation of factors potentially influencing the HES

Variable N Median HES, 
min kJ/g

p value

Preoperative indwelling transurethral catheter
Yes 169 92.3 0.911
No 425 85.7

Preoperative UTI
Yes 202 83.7 0.238
No 392 93.1

Anticoagulation/antiplatelet therapy
Yes 222 84.6 0.235
No 372 92.7

Prostate biopsy within 8 weeks before HoLEP
Yes 61 90.0 0.505
No 533 90.5

Prostate cancer (known or incidental)
Yes 90 117.3 0.047
No 504 89.4

Caseload (no. of procedures performed, cases pooled)
1–40 80 160.0 <0.001
40–80 80 134.5
80–120 80 104.2
>120 354 74.3

Bold values indicate p values <0.05. HoLEP, holmium laser 
enucleation of the prostate; UTI, urinary tract infection; HES, Ho-
LEP efficiency score.
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incidental), and overall surgical experience. For the latter, 
we stepwise pooled cases of surgeons 2 and 3 from each 
subgroup of 40 patients and additionally assigned all cas-
es by reference surgeon 1 to the last subgroup “>120 cas-
es.” The results are shown in Table 3. Among the patient-
related parameters, only the presence of prostate cancer 
(known or incidental) had a significant influence and re-
sulted in a >30% rise of median HES (p = 0.047). Con-
trarily, the median score significantly decreased by 54% 
with a higher surgical caseload (p < 0.001).

Risk Factors for Postoperative Complications
To identify potential predictors for the presence of 

postoperative CD grade ≥2 complications, logistic re-
gression analyses were performed (Table 4). On univari-
ate analysis, ASA score, the presence of prostate cancer, 
and a preoperative necessity for a transurethral catheter 
were significantly associated with CD ≥2 complications 
(p = 0.001, p = 0.030, and p = 0.015, respectively). On 
multivariate analysis, ASA score and prostate cancer 
were independent predictors for the presence of CD 
grade ≥2 complications (p = 0.002, OR 2.042 and p = 
0.038, OR 1.940). Of note, neither the surgeon nor the 
caseload nor the HES was associated with CD grade ≥2 
complications.

Discussion

More than 20 years after the first description of Ho-
LEP, the long learning curve is still considered one of the 
main reasons for impeding its widespread adoption. 
Quantification and standardization of the surgical expe-
rience could be helpful in several aspects such as a struc-
tured training program and case selection for novice Ho-
LEP surgeons. Moreover, even experienced surgeons 
might benefit from a standardized measurement method, 
for example, in terms of continuous quality control and 
reporting as well as for the comparison of new laser de-
vices or modifications within the procedure (e.g., 2-lobe 
vs. en bloc technique). In the past years, many data have 
been published on this, providing varying outcome mea-
sures to describe the initial learning curve. In the present 
study, we report on our HoLEP experiences beyond the 
very initial learning curve. With almost 600 patients and 
the evaluation of 3 different surgeons, this is one of the 
largest studies on this topic.

With regard to the overall surgical experience, we 
mainly focused on the enucleation skills, as we found no 
relevant differences concerning the morcellation param-
eters. As suggested previously, the morcellation seems to 
plateau rather early during the initial learning curve [8]. 

Table 4. Potential predictors for CD grade ≥2 complications, logistic regression analyses

Variable Univariate Multivariate

p value OR (95% CI) p value OR (95% CI)

Age 0.137 1.025 (0.992–1.058) – –
ASA score 0.001 2.112 (1.359–3.281) 0.002 2.042 (1.306–3.195)
P-Bx <8 weeks before HoLEP 0.780 1.127 (0.489–2.597) – –
Anticoagulation/antiplatelet Tx 0.060 1.660 (0.979–2.816) – –
Transurethral catheter 0.030 1.821 (1.059–3.131) – –
UTI 0.096 1.574 (0.923–2.683) – –
Prostate volume 0.903 1.000 (0.994–1.007) – –
Prostate cancer 0.015 2.153 (1.159–4.000) 0.038 1.940 (1.036–3.633)
Surgeon (Ref. surgeon 1)

Surgeon 2 0.315 0.729 (0.393–1.352) – –
Surgeon 3 0.845 1.070 (0.541–2.116) – –

Caseload (ref. >120)
0–40 0.443 1.326 (0.645–2.723) – –
40–80 0.231 0.554 (0.211–1.456) – –
80–120 0.847 0.924 (0.413–2.065 – –

HES 0.872 1.000 (0.997–1.003)

Bold values indicate p values <0.05. CD, Clavien-Dindo; P-Bx, prostate biopsy; UTI, urinary tract infection; 
Tx, therapy; Ref., reference; OR, odds ratio; 95% CI, 95% confidence interval; HES, HoLEP efficiency score; Ho-
LEP, holmium laser enucleation of the prostate; ASA, American Society of Anesthesiologists.
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This was confirmed by 3 further studies showing no sig-
nificant change in morcellation time or efficiency 
throughout the learning curves, too [9, 10, 21].

Also in line with previous reports, we observed a sig-
nificant gain in the enucleation speed along the learning 
curve, but no relevant alteration of the enucleation ratio 
[7]. This corroborates HoLEP as an efficient and endur-
ing method in treating prostate hyperplasia, since even 
novice surgeons might need more time, but will achieve 
a thorough disobstruction.

Furthermore, laser energy outcome measures have 
been evaluated in prior studies, and a reduction of laser 
time and energy usage was observed with growing experi-
ence [11, 17, 20, 22, 23]. Our data underline these find-
ings, showing a continuous improvement for both novice 
surgeons which was present even beyond case 120.

Concerning the value of postoperative complication 
rates in assessing experience, conflicting results have been 
reported and some groups reported fewer complications 
with higher caseload [13, 15, 20]. Analogous to other in-
vestigators [21, 25], we did not observe relevant changes 
in the here presented study.

We decided to evaluate potential predictors for com-
plications limited to the more relevant CD grade ≥2. In 
line with previous data [26, 27], their occurrence was low 
in our study; in particular, the rate of blood transfusions 
or repeat surgery was only 5%. According to our results, 
complication rates were not dependent on the surgical 
caseload, which underlines that HoLEP can be safely per-
formed even by beginners. While some potential factors 
such as anticoagulation/antiplatelet therapy, UTI, or in-
dwelling transurethral catheter had no significant impact, 
we found that the presence of prostate cancer was an in-
dependent predictor for postoperative CD grade ≥2 com-
plications.

Based on our results for enucleation speed and laser 
energy usage, we introduced the HES to quantify the sur-
gical experience. For both HoLEP novices, a distinctive 
drop of 58% (surgeon 2) and 30% (surgeon 3) was ob-
served along the learning curve. According to these find-
ings, the HES seems to be a valuable tool to reflect the 
surgical experience and enables an objective efficiency 
quantification.

A similar combination of these parameters has recent-
ly been introduced in a study by Kim et al. [23], who also 
concluded that this is a more sensitive tool for evaluating 
enucleation skills. Their report was based on 100 consec-
utive patients and thereby roughly 1/6th of the here re-
ported number of cases. Furthermore, the study was lim-
ited to the investigation of a single surgeon’s learning 

curve, while the strength of our study is the evaluation of 
2 HoLEP novices compared to an experienced reference 
surgeon. In contrast to our results, the cited study ob-
served a plateau at 61–70 cases, whereas in our study no 
plateau was reached. Aside from the single-surgeon na-
ture of the study, one further explanation might be found 
in differing patient characteristics.

Their median baseline prostate volume was only 53 cc 
compared to 85 cc in the present study. Consequently, the 
median resection weight, enucleation time, and con-
sumed energy were higher in our study. Moreover, pros-
tate cancer rates were not reported in detail, while we 
could demonstrate a significant impact on the HES by 
this patient-related factor. In these cases, we found a sig-
nificantly higher score, which seems to characterize these 
procedures as more complex with longer duration and/or 
higher laser energy usage. Combined with the fact that 
prostate cancer was also a significant predictor for post-
operative complications, we would cautiously recom-
mend that patients with known or expected prostate can-
cer should preferably be treated by experienced surgeons 
rather than by HoLEP beginners.

Our study has some limitations: While baseline pa-
rameters and the intraoperative outcome measures were 
recorded prospectively, the evaluation of postoperative 
complications was performed in a retrospective manner. 
Hereby, particularly grade 1 complications possibly 
might have been overlooked. To avoid this bias, we lim-
ited our regression analyses to grade ≥2 complications. 
Apart from a more reliable documentation, these higher 
grade complications are more relevant in clinical practice 
anyway. Moreover, we are not able to provide data con-
cerning the functional results and potential differences 
among the surgeons and along the learning curve.

When HoLEP was implemented in our department, it 
was used instead of open prostatectomy, preferably for 
larger glands. With growing experience and decent func-
tional results, we also applied HoLEP to smaller glands. 
This corresponds to the observed differences in baseline 
volumes and enucleation weights among the 3 surgeons, 
with the lowest numbers for the latest trained surgeon 3.

Despite having evaluated 2 HoLEP novices compared 
to a third reference surgeon, our results certainly need 
validation by the investigation of larger collectives and 
more surgeons, preferably in a multicenter setting. Nev-
ertheless, we think that the HES might have the potential 
to standardize surgical experience and efficiency in per-
forming HoLEP. This could be helpful for training and 
quality control purposes, as well as to compare modifica-
tions of the procedure itself – for example, 2-lobe versus 
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en bloc technique – or quantifying potential benefits by 
new endoscopic or laser devices and their features, such 
as the introduction of laser coagulation modes. In our de-
partment, for instance, we started using the HES regu-
larly to monitor the training of all novel HoLEP surgeons.

Conclusion

In the present study, we introduce the HES as a combi-
nation of enucleation efficiency and laser energy usage. 
We proved a distinctive decline of this score with increas-
ing surgical caseload, providing an objective tool to quan-
tify surgical efficiency. For clinical practice, we propose 
that the HES could be applied for training and quality con-
trol purposes as well as for comparing surgical or hard-
ware modifications. Patients with known or expected 
prostate cancer seem to be more complex cases with high-
er risk for complications and may be preferably treated by 
more experienced surgeons than by HoLEP beginners.
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