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GLOSSARY OF USED ABBREVIATIONS

AUA - American Association of Urology

EAU — European Association of Urology (European Association of Urology)
HoLEP - Holmium Laser Prostate Enucleation

IPSS — International Prostate Symptom Score

Qmax — Maximum flow rate (maximum flow of urine), ml/s

TPV - Total prostate volume

BPH - Benign prostatic hyperplasia

OU — Residual urine

LUTS - Lower Urinary Tract Symptoms

TURP — Transurethral resection of the prostate
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1. INTRODUCTION

Benign prostatic hyperplasia (BPH) is a disease that affects men in both
adulthood and old age. With the current trends of population aging and increasing
life expectancy, the issue of treating BPH will become increasingly relevant. The
development of new technologies allows for the incorporation of modern equipment
in operating rooms and the development of innovative methods.

The therapeutic approach to treating BPH can be varied and most often has a
stepwise nature. Depending on the degree of complaints, valid treatment strategies
are monitoring, lifestyle changes, phytotherapy, drug therapy, etc. In case of failure
of conservative behavior or the presence of complications, surgical treatment is
implemented.

Many factors are taken into consideration in the selection of operative
treatment - the general condition of the patient, comorbidity, the size of the prostate
gland, anatomical variations, anticoagulant use, age, patient/operator preference,
etc. For several decades, transurethral resection of the prostate (TURP) has been the
"gold standard" treatment for men with symptomatic BPH and a moderately
enlarged prostate. Holmium enucleation of the prostate (HoLEP) provides a
minimally invasive surgical approach for highly enlarged glands where the only
alternative is open adenomectomy. HoLEP allows combining the minimal
complication rates of endoscopic surgery with the effectiveness of open surgery
without compromising postoperative results. For this reason, the method is gaining
wider popularity in urological practice. The method itself continues to evolve as
many clinics are developing their own approaches for further refinement.

Despite its many advantages, the misconception of a steep learning curve has
prevented the method from becoming established in more hospital settings. In-depth

anatomical knowledge is a key point for mastering the methodology.



Various technique modifications have been introduced to facilitate the
training period and improve postoperative results. Most available studies are based
on the classic three-lobe technique introduced by Gilling in the late 1990s. Since
then, the method has gone through many modifications - two-lobe technique, en-
bloc, "en-bloc no touch", "omega", with a horseshoe-shaped incision, etc. Clinical
data regarding the advantages and disadvantages of these approaches is still
emerging. In our study, we have chosen en-bloc enucleation with early apical release
due to the promising advantages of the method - reduced frequency of stress

incontinence, shortened operative time and learning curve, etc

2. PURPOSE AND OBJECTIVES

Objective: To introduce and improve a new operative method for the treatment of
BPH that combines the minimal-invasiveness and reduced risks of complications of

transurethral operations with the radicality and better long-term effect of open

surgery.

Task 1:
To study and compare over time the effectiveness of the operative method (HoLEP)

in terms of IPSS score and improved uroflowmetry.

Task 2:
To establish the risks of complications intraoperatively and postoperatively in the

long term.

Task 3:
To compare the volume of enucleated tissue with the volume of the prostate gland

determined by transrectal ultrasound.



Task 4:
To describe the learning curve and the change in statistics that come with surgical

experience.

3. MATERIALS AND METHODS

3.1. Object and place of the study

A total of 253 men were included in the study, diagnosed and operated on in the
urology department of "St. Marina" UMBAL - Pleven and Hill Clinic - Sofia for a
period of 3 years (2017-2021). Patients were divided into 2 groups depending on
the operative technique - TURP (103 patients) and HoLEP (150 patients). All
patients in the HOLEP group were operated on by one urologist, with the first two

cases were performed under the supervision of a mentor. Preoperatively, a thorough



medical history, status, and signed informed consent for treatment were taken. The
essence of the pathology and the advantages/disadvantages of each

surgical treatment were explained in detail to the participants. The studied clinical
contingent had an average age of 66.98+8.73 years in the range

of 42-88 years. Of the sampled study participants, 150 (59.3%) underwent HoLEP
and 103 (40.7%) TURP (Figure 1).

HoLEP; 150; 59,3% TURP; 103; 40,7%

Fig. 1 Distribution of the studied contingent by surgical method.

The age group with the largest relative share (46%) in those operated on with HoLEP
is 60—69 years, followed by 70-79 years with 30.7%, and with the smallest (2.7%)
40-49 years. Among those operated with TURP, the largest relative share (32.0%



each) is the age groups 60—69 and 70-79 years, followed by 50-59 years with
31.1%, and with the smallest (0%) — 40-49 years (figure 2).

Fig. 2. Distribution of study participants by operative method and age groups

All patients were evaluated preoperatively according to the recommendations
of the EAU guidelines - prostate-specific antigen (PSA), transrectal ultrasound,
digital rectal examination, urinalysis, and the International Prostate Symptom Score
(IPSS) as well and Qmax from pre-op uroflowmetry and hemoglobin values. The

mean values of the preoperative parameters in both groups are presented in Table 1.



TURP HoLEP
Number of patients 103 150
Age (in years) 65.96 67.67
PSA (ng/ml) 2.63 3.54
Prostate volume (ml) 63.12 75.39
IPSS 22.54 21.84
Hemoglobin (g/1) 140 143
Qmax (ml/s) 9.46 8.31

Table 1. Average values of preoperative indicators

Perioperatively, the following were recorded: total operative time,
resection/enucleation time, morcellation time (in the HoLEP group), weight of tissue
removed, resection/enucleation efficiency, hospital stay in days, and catheterization

time (Table 2).

Postoperative follow-up of patients is performed at the first, third and sixth
month. Condition assessment is done based on IPSS and Qmax. Complications were
reported in both groups - strictures, need for blood transfusion, revisions,

perforations and presence of stress incontinence.




TYPII HoLEP

Operative time 53.90 47.29
Resection time 45.93 -
Enucleation time - 36.99
Morcellation time - 4.38
Weight of removed tissue 31.45 57.22
Resection effectiveness 0.68 -
Enucleation effectiveness - 1.52
Hospital stays(days) 4.17 1.04
Catheterisation time 5.08 1.38

Table 2. Average values of intra- and perioperative indicators.

3.2. Sources of information
To systematize patient data, we used the following sources of information:

- Patient history: data on age, preoperative PSA values , and preoperative and
postoperative hemoglobin,;

- Ultrasound evaluation of the volume of the prostate gland preoperatively;

- IPSS score preoperatively;

- Qmax from preoperative uroflowmetry;

- Operative protocol: data on the total operative time, resection/enucleation
time, morcellation time (for the HoLEP group), the weight of the removed tissue.
Resection efficiency (gram resected tissue per minute), enucleation efficiency (gram
enucleated tissue per minute), and morcellation efficiency (gram morcellated tissue

per minute) were calculated from the protocol data;



- Case history: data on the total hospital stay in days and the presence of
perioperative complications;

- Ambulatory examination sheet for decatheterization: the total time for
catheterization in days is reported;

- Outpatient sheet from the control examination at the first, third and sixth
months

- IPSS assessment; Qmax and the presence of late complications.

3.3. Statistical methods
Data were entered and processed with the statistical packages IBM SPSS Statistics
25.0. and MedCalc Version 19.6.3., as well as Office Excel 2021. p <0.05 was

accepted as a level of significance at which the null hypothesis is rejected.

The following methods were applied:

1. Descriptive analysis — the frequency distribution of the considered signs is
presented in tabular form.

2. Graphical analysis — for visualization of the obtained results.

3. Comparing relative shares.

4. Fisher's exact test - for testing hypotheses about the presence of dependence
between categorical variables.

5. Non-parametric Kolmogorov-Smirnov test - to check the distribution for
normality.

6. Student's t-test - for testing hypotheses about the difference between the arithmetic
means of two independent samples.

7. Non-parametric Mann-Whitney test - for testing hypotheses of difference between
two independent samples.

8. Student's T-test - for testing hypotheses of difference between two dependent

samples.



9. Non-parametric Wilcoxon test - for testing hypotheses of difference between two
dependent samples.

10. Correlation analysis — to test hypotheses about the existence of a linear
relationship between quantitative variables

11. Regression analysis — to search and select a regression model describing the

relationship between quantitative variables.

3.4. Used equipment

The equipment required to perform both operative techniques is presented in point
2.3.7.1. (TURP) and 2.3.7.3. (HoLEP) in the literature review. Since the subject of
the current scientific work is En bloc holmium laser prostate enucleation, a detailed
description of the specific equipment used during the operative intervention in the
HoLEP group follows.

The energy source used is a 50 W holmium: YAG laser with a 600 um fiber (Auriga
XL). A power of 36 W is used during enucleation.

A 26Fr laser scope (Richard Wolf) and standard saline (NaCl 0.9%) were used for
irrigation. The enucleated tissue was morcellated using a specialized PIRANHA

system (Richard Wolf) introduced through a 0° nephroscope.

3.5. Operative technique

The patient is placed in the lithotomy position. Under general/spinal
anesthesia, sterile processing of the genital area and sterile draping is performed.

Operative intervention is as follows:

Step 1. Calibration of the urethra
Urethral calibration is performed using dilators or an Otis urethrotome. The
goal is to minimize the possibility of developing postoperative strictures.

9



Step 2. Introduction of the resectoscope
Into the urethra, through an obturator, a resectoscope-26 Ch is introduced
under constant irrigation, after which the laser fiber is introduced, having previously

removed 3—5 mm of the distal insulation.

Step 3. Urethrocystoscopy and visualization of the anatomy (Figure 3)

An inspection of the urethra is performed for the presence of strictures, false
passages, etc. The beginning of the urethral sphincter and its position relative to the
verumontanum are marked. The size of the prostate gland, the degree of subvesical
obstruction, and the presence or absence of a median lobe are noted. The position of
the ostiums and their proximity to the prostate gland is evaluated cystoscopically. A

careful examination of the bladder is performed.

Fig. 3. Examination before surgery.

Step 4. Marking of the "white line" (figure 4)
By means of the laser fiber, the edge of the external urethral sphincter is

marked. In addition to serving as a "border" to the dissection, this break in the

10



mucosa prevents it from tearing during the procedure. In this way, the sphincter

mucosa is not injured, reducing the risk of postoperative stress incontinence.

Fig 4. "White line" marking.

Step 5. Posterior apical dissection (Figure 5a, b)

By means of laser energy, the plane of dissection is deepened from the left or
from the right of the verumontanum, after which dissection is proceeded from the
contralateral side.

After reaching a satisfactory depth on both sides, the frenulum of the

verumontanum is cut, thus joining the two planes.

11



Fig. 5. Posterior apical dissection (a), (b).

Step 6. Anterior apical dissection (Figure 6a, b)
By means of an incision, the "white line" in the anterior part of the apex is
deepened, until reaching an anatomical plane of dissection. Dissection is performed

left and right, and the planes are joined after the tissue is cut at 12 o'clock.

Fig. 6. Anterior apical dissection (a), (b).

12



Step 7. Progression of the dissection plan to the bullous cervix (Figure 7)

By adhering to the circular dissection plan, enucleation of the adenoma tissue is
progressed. A pathognomonic sign of reaching the level of the bladder neck is the
appearance of vertical fibers at 12 o'clock, which are interrupted. Dissection of the

bladder neck is performed

Fig. 7. Progression of the dissection plan.

Step 8. "Pushing" the prostate tissue into the lumen of the bladder (Figure 8)
The final incision before releasing the adenoma tissue is performed at 6 o’clock.
The prostate is then mechanically pushed into the lumen of the bladder. An

elaluation and, if necessary, coagulation of the prostate bed is performed.

13



Fig. 8. Prostate after enucleation.

Step 9. Morcellation

The introduction of the morcellator is done through a nephroscope. A key point in
the morcellation of the prostate tissue is to perform it with an adequately filled
bladder and continuous visual control. This reduces the likelihood of bladder
perforation.

The operation ends with placement of a three-way urethral catheter (20-22 Ch) with

constant irrigation.

We believe that this technique, involving the dissection of the prostate tissue as a
single material, has the following advantages over the two-lobe and three-lobe
techniques: shortened operative time, optimal visualization of the operative field
during operation, less bleeding, better irrigation thus improving the efficacy and
safety of the method.The marking of the "white line" allows for early release of the
sphincter from the apex, which prevents its overstretching and would reduce the
likelihood of postoperative stress incontinence. Multiple authors have reported a
high incidence of transient stress incontinence after laser enucleation regardless of

energy source. There are many theories as to the origin of this incontinence despite

14



sphincter preservation. During the classic three-lobe technique, the sphincter
mucosa located at 12 o'clock is separated at the end of the operation, i.e. the sphincter
is preserved but its mucous membrane is disturbed. In theory, the sphincter will be
compromised until new epithelialization occurs. In addition, in the classic technique,
with the incision at 12 o'clock, mechanical pressure is needed to reach the capsule,
which leads to "splitting" of the mucosa.

Another possibility is that it may be due to stress-induced bladder overactivity,
which may explain stress incontinence, which resolves over time. A hypoactive
sphincter in patients with enlarged glands where the external sphincter has lost its
tone, as well as longer catheterization time are also possible factors.

Another advantage of the method is the provision of a single dissection plan
allowing efficient irrigation and a clean operative field during the entire procedure.
During the three-lobe technique, it is difficult to coagulate the edges of the
enucleated tissue. In addition, the passage of irrigation fluid to the bladder reduces
its effectiveness. Currently, many additional techniques are being developed based

on the en-block modification.

4. RESULTS

4.1. General characteristics of the therapeutic groups

Table 3 shows that:

e The average age of the patients operated on using HoLEP is 67.67+8.44 years,
and the group with TURP — 65.964+9.08; the difference between the two groups is
not significant;

e Regarding the results of the preoperative PSA and hemoglobin values, statistically

significantly higher values are found in the patients of the HoLEP group;

15



e The fact that the two groups of patients are statistically equal according to the
known confounding factor age means that the necessary prerequisite for a correct

comparison according to the other indicators is met.

HoLEP (n=150) TURP (n=103)
Indicator P
X SD Min Max X SD  Min Max
Age 67,67 8,44 42,00 88,00 65,96 9,08 50,00 82,00 0,139
Pre-op PSA
4,37 3,57 0,20 20,13 2,86 1,50 0,51 7,33 0,010
(ng/ml)
Pre-op
148,04 15,37 109,00 186,00 142,93 744 130,00 155,00 <0,001
Hemoglobin

Table 3. Comparative analysis of the studied groups by age, preoperative PSA and hemoglobin

4.2. Statistical analyzes

It is clear from Table 4 and Figure 9 that both treatment groups achieved a

statistically significant decrease in PSA one month after surgery.

The comparative analysis of the studied groups according to postoperative PSA and

hemoglobin values (table 5) showed that:
o A statistically significant difference was observed only for hemoglobin;

® The higher mean value is of the HoLEP group.

Pre-op PSA (ng/ml) PSA at 1 month (ng/ml)
Group P

X SD Min Max X SD Min Max

HoLEP (n=150) 4,37 3,57 0,20 20,13 1,37 1,17 0,11 5,60 <0,001
TURP (n=103) 2,86 1,50 0,51 7,33 1,24 0,67 0,29 3,22 <0,001

Table 4. Dynamics of the PSA indicator in the studied groups

16



HoLEP (n=150) TURP (n=103)
Indicator

P
X SD Min Max X SD Min Max
Post-op PSA
1,37 1,17 0,11 5,60 1,24 0,67 0,29 3,22 0,272
(ng/ml)
Post-op
17,16 80,00 185,00 133,87 12,65 85,00 152,00 <0,001
Hemoglobin

Table5. Comparative analysis of the studied groups according to postoperative PSA and

hemoglobin values

Fig. 9. Comparative analysis of the dynamics of the PSA indicator in the studied groups

The comparative analysis of the two studied groups regarding PSA is also of interest.

A PSA above 4ng/ml is considered elevated. Table 6 shows that:
e The relative proportion of patients with an elevated preoperative PSA in the

HoLEP operative method group was statistically significantly greater than that of

17



the TURP group. Because PSA is a marker closely associated with TPV, it is an
indirect marker for the higher prostate volume in the HoLEP group;

o After surgery, the difference between the two groups in terms of PSA was
statistically insignificant. This means that, regardless of the larger sizes of the gland
preoperatively, by means of HOLEP a result was achieved statistically equal to that

after TURP.

Indicator Percentage HoLEP TYPIT P
Pre-op PSA <0,001
n 65 18
Elevated
% 43,3 17,5
n 85 85
Normal
% 56,7 82,5
Post-op PSA 0,082
n 5 0
Elevated
% 3.3 0,0
n 145 103
Normal
% 96,7 100,0

Table 6. Comparative analysis of the two studied groups according to elevated and normal

PS4

The conducted comparative analysis of the two studied groups in terms of IPSS

(Table 7) found that:

e The difference between them preoperatively and one month after the operation is

statistically insignificant;

e Postoperatively, at 3 and 6 months, the difference is already statistically reliable,
and at both times the relative share of patients with mild symptoms is greater in the
HoLEP group, while those with moderate symptoms are significantly more in the
TURP group;

18



e This means that the results of the patients of the first group are statistically

significantly better.
Indicator Percentage HoLEP TURP P
Pre-op IPSS 0,451
n 3 0
Mild (0-7)
% 2,0 0,0
n 51 36
Moderate (8-19)
% 34,0 35,0
n 96 67
Severe (20-35)
% 64,0 65,0
IPSS at Im 0,174
n 106 64
Mild (0-7)
% 70,7 62,1
n 44 39
Moderate (8-19)
% 29,3 37,9
IPSS at 3 m 0,001
n 139 80
Mild (0-7)
% 92,7 77,7
n 11 21
Moderate (8-19)
% 7,3 20,4
n 0 2
Severe (20-35)
% 0,0 1,9
IPSS at 6 m <0,001
n 147 82
Mild (0-7)
% 98,0 79,6
n 3 21
Moderate (8-19)
% 2,0 20,4

Table 7. Comparative analysis of the two studied groups according to the IPSS categories

19



The comparative analysis of the two studied groups in terms of subnormal and
normal Max flow is also of interest. The results in table 8 show that:
* The relative share of patients with a substandard preoperative Max flow
result in the HoLEP operative method group is statistically significantly
greater than that of the TURP group. This means that the patients in the first
group are in a more severe condition before the operation;
* Postoperatively, at all three measurement times, the difference between the
two groups in subnormative and normal Max flow scores was statistically
insignificant. This means that regardless of the more sever preoperative

condition, HOLEP achieved results statistically equal to those of the TURP.

[Tokazaren Percentage HoLEP TURP P
Pre-op Max flow 0,016
n 115 72
Subnormal
% 84,6 71,3
n 21 29
Normal
% 15,4 28,7
Max flow at 1 m 0,148
n 4 0
Subnormal
% 2,7 0,0
n 146 103
Normal
% 973 100,0
Max flow at 3 m 0,162
n 1 4
Subnormal
% 0,7 3,9
n 149 99
Normal
% 993 96,1
Max flow at 6 m 1,000
Subnormal n 1 0

20



% 0,7 0,0

n 149 103
Normal
% 99,3 100,0

Table 8. Comparative analysis of the two studied groups according to subnormative and normal

Max flow results

The conducted comparative analysis (Table 9 and Fig. 10) found that:

e Preoperatively, patients from both treatment groups had statistically equal
values of the IPSS indicator;

o At the next three measurement times, significantly higher mean values were

observed in the TURP group, i.e. the results achieved using HoLEP are significantly

better.

Indicator Operation N Mean  Median SD Min Max p
HoLEP 150 21,84 22,00 6,20 6,00 34,00

Pre-op IPSS 0,467
TURP 103 22,54 22,00 5,69 14,00 32,00
HoLEP 150 6,12 5,00 3,43 1,00 18,00

IPSS at Im 0,021
TURP 103 6,77 7,00 2,77 2,00 16,00
HoLEP 150 3,54 3,00 2,30 1,00 12,00

IPSS at 3m <0,001
TURP 103 6,22 6,00 3,37 2,00 22,00
HoLEP 150 2,36 2,00 1,60 0,00 8,00

IPSS at 6m <0,001
TURP 103 5,69 6,00 2,54 1,00 14,00

Table 9. Comparative analysis of the investigated methods in terms of IPSS at the four

measurement moments

21




IPSS score

Figl0. Comparative analysis of the studied methods in terms of IPSS score in the

four moments of measurement

According to the results of the comparative analysis of Max flow (table
10 and fig. 11):

e Preoperatively, patients from the TURP group are in a more
advantageous position, having a statistically significantly higher

average value of the indicator;

e At the next three measurement times, significantly higher mean
values were observed in the HOLEP group, i.e. regardless of the more
severe initial situation, the results achieved by this method become

statistically significantly better.
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Indicator operation N Mean  Median SD Min Max p

HoLEP 136 8,31 8,10 3,25 2,00 16,60

Max flow pre-op 0,010
TYPII 101 | 9,46 9,50 3,55 3,30 15,80
HoLEP 150 21,08 19,85 5,50 10,70 38,80

Max flow at Im 0,005
TYPII 103 19,09 18,40 2,86 15,00 10
HoLEP 150 21,90 21,05 5,02 10,00 37,90

Max flow at 3m <0,001
TYPII 103 18,34 18,40 3,06 7,00 25,70
HoLEP 150 22,62 22,00 4,95 9,70 39,10

Max flow at 6m <0,001
TYPII 103 18,69 18,00 2,28 15,00 25,00

Table 10. Comparative analysis of the investigated methods in terms of Max flow in the four

moments of measurement

Max flow

Fig. 11. Comparative analysis of the studied methods in terms of Max flow in the four moments

of measurement

The conducted analysis of the dynamics of the average values of IPSS,
HoLEP method (table 11 and fig. 12) found that at any moment of the follow-up

there was a significant drop in the average value of the IPSS indicator.
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Indicator (HoLEP) N Mean  Median SD Min Max p
Pre-op IPSS 150 21,84* 22,00 6,20 6,00 34,00
IPSS at Im 150 6,12> 5,00 3,43 1,00 18,00

<0,001
IPSS at 3m 150 3,54¢ 3,00 2,30 1,00 12,00
IPSS at 6m 150 2,36¢ 2,00 1,60 0,00 8,00

Table 11: Comparative analysis of the dynamics of average IPSS values, HoLEP method

* the same letters indicate the absence of a significant difference, and different letters indicate

MpegonepaTHaeH

the presence of one (p <0.05)

IPSS score, HolLEP

mMecer

NocTonepamaesn cneg 1
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MECELE

Fig. 12. Dynamics of average IPSS score values, HOLEP method

The dynamics of the average values of Max flow, TURP method

In fig. 13 it can be seen that:
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* Max flow postoperatively after 1 month shows a significant increase compared to
its preoperative average value;

* At the third month, there is a statistically significant decrease compared to the first,
which continues into the sixth month, although the difference between the last two

measurements is statistically insignificant.

Indicator (TURP) N Mean Median  SD Min Max

Max flow pre-op 101 9,46% 9,50 3,55 3,30 15,80
Max flow at Im 101 19,05° 18,40 2,87 15,00 25,10
Max flow at 3m 101 18,32¢ 18,40 3,09 7,00 25,70
Max flow at 6m 101 18,67¢ 18,00 2,29 15,00 25,00

Table 12. Dynamics of average Max flow values, TURP method

* the same letters indicate the absence of a significant difference, and different letters indicate

the presence of one (p<0.05)

Fig. 13. Comparative analysis of the dynamics of the average values of Max flow, TURP method
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From table 13 and fig. 14 it becomes clear that:

* The investigated operative methods differ significantly in terms of HS

indicators/(d) hospital stay and catheterization time;

« Statistically significantly lower average values are observed in the group operated

by means of the HoOLEP method.

Indicator Operation N Mean  Median SD Min Max p
HoLEP 150 1,04 1,00 0,26 1,00 3,00
Hospital stay(days) <0,001
TURP 103 4,17 4,00 0,77 3,00 5,00
Catheterisation time HOLEP 150 1,31 1,00 0,79 1,00 5,00
<0,001
(days) TURP 103 5,08 5,00 1,50 3,00 7,00

Table 13. Comparative analysis of the studied methods with regard to the indicators HS/(d)

hospital stay and catheterization time in days

Fig. 14. Comparative analysis of the studied methods with regard to the indicators HS/(d)

hospital stay and catheterization time in days
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The comparative analysis of the complications of the two groups (Table 14) found
that:

» The difference in the frequency of complications in both groups is
statistically insignificant;

* Overall, the number of complications was low — the most common
complication 'Stress Incontinence', for example, occurred in only 10 (4%) of patients
in the sample, followed by 'Revision due to haematuria' in 8 (3.2%) ;

* About 90% of patients are without complications: in the HoLEP group their
relative share is slightly higher.

Complication Percentage All HoLEP TURP P
n 228 138 90

No 0,229
% 90,1 92,0 87,4
n 6 3 3

Stricture 0,644
% 2,4 2,0 2,9
n 5 2 3

Blood transfusion 0,367
% 2,0 1,3 2,9
n 1 1 0

Bladder perforation 0,396
% 0,4 0,7 0
n 8 3 5

Revision 0,197
% 3,2 2,0 4,9
n 10 5 5

Stress-incontinence 0,522
% 4,0 33 4,9

Table 14. Comparative analysis of the two studied groups according to complications

* percentages sum to over 100 because some patients had more than one complication
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The results of the table 15 and fig. 15 show that:

* The difference between the indicators of total prostate volume and weight

of enucleated tissue in the HOLEP group is statistically reliable;

* The higher average value is on the first metric.

Indicator N Mean Median SD Min Max p
TPV 150 - 70,00 3348 30,00 280,00

<0,001
EnW 150 5722 5000 3046 1500 160,00

Table 15. Comparative analysis of total prostate volume with weight of enucleated tissue in

HoLEP group

HOLEP

aH (n=150)

Fig. 15. Comparative analysis of total prostate volume with weight of enucleated tissue in

HoLEP group
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From table 16 and fig. 16 it becomes clear that:

» The difference between the indicators of total prostate volume and weight
of resected tissue in the TURP group is significant;

* The higher average value is the HoLEP group.
When comparing the parameters TPV, weight of enucleated tissue and weight of
resected tissue in the two operative methods (Table 17 and Fig. 17), it was found
that statistically significantly higher average values were for the patients of the
HoLEP group in terms of both TPV , as well as the weight of enucleated tissue

relative to the weight of resected tissue.

Indicator N Mean Median SD Min Max P
TPV 103 63,12 64,00 15,49 35,00 90,00

<0,001
RW (g) 103 31,45 31,00 9,93 15,00 55,00

Table 16. Comparative analysis of total prostate volume with weight of resected tissue in TURP

group
F |
TURP
\ ﬁms
RW (g) Terno Ha pe3uuympaHa TbKaH (n=103)
TPV - nbneH o6em Ha np.xnesa (n=103) _
i. (] 100 20 30 40 50 60 70 j

Fig. 16. Comparative analysis of total prostate volume with weight of resected tissue in TURP

group
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Indicator Operation N Mean Median SD Min Max p

HoLEP 149 - 70,00 29,05 30,00 180,00
TPV 0,017
TURP 103 63,12 6400 1549 3500 90,00
EnW (g) HoLEP 150 - 50,00 3046 1500 160,00
<0,001
RW (2) TURP 103 3145 3100 993 1500 5500

Table 17. Comparative analysis of TPV, weight of enucleated tissue and weight of resected
tissue in the two operative methods

* The TPV value of 280 in the HoLEP group was not considered an outlier in the analysis

Fig. 17 Comparative analysis of TPV in the two operative methods
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RW (g) Terno Ha pesuumpaHa ToKaH (n=103) TYPN

EnW (g) Terno Ha eHyknenpaHa TbKaH (n=150) HOLEP

Fig. 18. Comparative analysis of weight of enucleated tissue and weight of resected tissue in the

two operative methods

Dynamics of indicators related to improvement of the operational technique (HoLEP

method)

Full volume of the prostate gland

The regression analysis conducted found that from the built-in statistics package
IBM SPSS Statistics 25.0. eleven models the dependence of the total volume of the
prostate gland on the time of refinement is best described by a polynomial equation
of the second degree (R2=0.199, p<0.001):

TPV =-0.0049t2 + 0.9638t + 38.075

where t is the sequence number of the patients arranged in chronological order. The
curve of the equation rises smoothly until the 97th patient, after which it also shows

a smooth decline. The value of the coefficient of determination R2 shows that the
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variations of the studied indicator depend on about 20% of the time, and the rest

(about 80%) - on other factors (Fig. 19).

TPV =-0,0049t2 + 0,9638t + 38,075
R?2=0,199

Fig. 19. Regression model of the changes of the total volume of the prostate in the process of

improvement of the operative technique (HoLEP)

Operative time

The regression analysis conducted found that from the built-in statistics package
IBM SPSS Statistics 25.0. eleven models the dependence of operational time on
refinement time is best described by a polynomial equation of the second degree
(R2=0.145, p<0.001):

OpT =-0.0026t2 + 0.475t + 31.284

where t is the sequence number of the patients arranged in chronological order. The
curve of the equation rises smoothly until the 90th patient, after which it also shows

a smooth decline. The value of the coefficient of determination R2 shows that the
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variations of the studied indicator depend on about 14% of the time, and the rest

(about 86%) - on other factors (Fig. 20).

Fig. 20. Regression model of changes in operating time in the process of improving the

operating technique (HoLEP)

Enucleation time
The regression analysis conducted found that from the built-in statistics package

IBM SPSS Statistics 25.0. eleven models the dependence of enucleation time on
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refinement time is best described by a quadratic polynomial equation (R2=0.174,

p<0.001):

EnT = -0.0024t2 + 0.4337t + 22.097

where t is the sequence number of the patients arranged in chronological order. The
curve of the equation rises smoothly until the 93rd patient, after which it also shows
a smooth decline. The value of the coefficient of determination R2 shows that the
variations of the studied indicator depend on about 17% of the time, and the rest

(about 83%) - on other factors (Fig. 21).

Enucleation time

EnT =-0,0024t2 + 0,4337t + 22,097
R?=0,1737

Fig. 21. Regression model of changes in enucleation time in the process of improving the

operative technique (HoLEP)
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Morcellation time

The regression analysis conducted found that from the built-in statistics package
IBM SPSS Statistics 25.0. eleven models the dependence of morcellation time on
refinement time is best described by a quadratic polynomial equation (R2=0.137,
p<0.001):

MT = -0.0004t2 + 0.0764t + 1.5451

where t is the sequence number of the patients arranged in chronological order. The
curve of the equation rises smoothly until the 100th patient, after which it also shows
a smooth decline. The value of the coefficient of determination R2 shows that the
variations of the studied indicator depend on about 14% of the time, and the rest

(about 86%) - on other factors (Fig. 22).

Morcelation time

WAVA/LM

Fig. 22. Regression model of morcellation time changes in the process of improving the

operative technique (HoLEP)
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Weight of enucleated tissue

The regression analysis conducted found that from the built-in statistics package
IBM SPSS Statistics 25.0. eleven models the dependence of enucleated tissue weight
on refinement time is best described by a quadratic polynomial equation (R2=0.218,

p<0.001):

EnW =-0.0052t2 + 1.0404t + 17.879

where t is the sequence number of the patients arranged in chronological order. The
curve of the equation rises smoothly until the 103rd patient, after which it also shows
a smooth decline. The value of the coefficient of determination R2 shows that the
variations of the studied indicator depend on about 22% of the time, and the rest

(about 78%) - on other factors (Fig. 23).

Weight of enucleated tissue

EnW =-0,0052t2 + 1,0404t + 17,879
R?=0,218

Fig. 23. Regression model of changes in the weight of enucleated tissue in the process of

improving the operative technique (HoLEP)
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Enucleation efficiency

The regression analysis conducted found that from the built-in statistics package
IBM SPSS Statistics 25.0. eleven models the dependence of enucleation efficiency
on refinement time is best described by an exponential equation (R2=0.135,

p<0.001):

EnEff = 0.8188t0.1403

where t is the sequence number of the patients arranged in chronological order. The
curve of the equation rises slightly steeper at the beginning and smoothly but
permanently thereafter. The value of the coefficient of determination R2 shows that

the variations of the studied indicator depend on about 13% of the time, and the rest

(about 87%) - on other factors (Fig. 24).

Enucleation efficiency

EnEff = 0,8188t%1403
R?=0,1347

| e A---F3% 011\

=N o MN-=HUMDOONESDOOONEHINDOONEHIDOONSDUDOOMONCEHLLOOON-SW!MO
W EHNANANOONO ST T NN OO ORNNOOO®ONWOOOOOO-H -adaNANNOOOS I O
L B T B I I T I T B I T |

Fig. 24. Regression model of changes in enucleation efficiency in the process of improving the

operative technique (HoLEP method)
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Morcellation efficiency
The regression analysis conducted found that from the built-in statistics package
IBM SPSS Statistics 25.0. eleven models the dependence of morcellation efficiency
on refinement time is best described by an exponential equation (R2=0.020,

p=0.018):

Meff=11.116t0.0508
where t is the sequence number of the patients arranged in chronological order. The
curve of the equation rises slightly steeper at the beginning and smoothly but
permanently thereafter. The value of the coefficient of determination R2 shows that
the variations of the studied indicator depend on only about 2% of the time, and the

rest (about 98%) - on other factors (Fig. 25).

Morcellation efficiency(g/min)

35

Meff = 11,116t0.0508
R?=0,0202
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Fig. 25. Regression model of morcellation efficiency changes in the process of improving the

operative technique (HoLEP method)

38



Summary of the established trends of the indicators suggesting a connection with

the improvement of the operative technique (HoLEP method)

The statistical trends of five of the indicators - "TPV", "Operative time",
"Enucleation time", "Morcellation time", "Weight of enucleated tissue" are
described by a polynomial regression equation having the following characteristics:

* An increase in values was observed over time until the end of the first 2/3
of the follow-up time;

* During the last third of the period, a smooth decline is observed.

This suggests a strong correlation between them, but their interpretation with
improvement in operative technique ends at the end of the first 2/3 of the
chronological order, as it does not explain the decline thereafter.

The trend is different for the indicators related to efficiency ("Enucleation
efficiency”" and "Morcellation efficiency") - there the increase is smoother, but
permanent, which suggests that they are related to the improvement of the operative
technique.

In order to verify the reasoning made, a correlation analysis was conducted (Table
18), the results of which show that:

» There is a strong, directly proportional correlation between the top five
indicators (all but the efficiency-related ones);

* Enucleation efficiency correlates unidirectionally and most strongly with
enucleated tissue weight, TPV and morcellation time, and weakly with operative
time and enucleation time;

* The effectiveness of morcellation correlates only with three of the
investigated indicators, namely - in different directions and most strongly (but
moderately as an absolute value) with the time for morcellation, and weakly with

the operative time and the time for enucleation.
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Weight of

Enucleation Morcellation Enucleation Morcellation
Indicator _ enucleated

time time . efficiency efficiency

tissue
TPV 0,765 0,876™" 0,944 0,677 -0,116
Operative time 0,949™* 0,815 0,820 0,266 -0,218™
Enucleation
) 0,802 0,817 0,208" -0,183"
time
Morcellation
) 0,919™" 0,602™" -0,438™
time
Weight
enucleated 0,703 -0,096
tissue
Enucleation
. 0,039

efficiency

Table 18. Correlation analysis of the indicators related to improvement of the operational
technique (HoLEP method)
*-p<0.05; **-p<0.01; *** - p<0.001

5. DISCUSSION OF RESULTS

5.1. General characteristics of the researched contingent

The average age of the participants was 66.98+8.73 years ranging from 42 to 88
years. The distribution in the HoLEP group is as follows - 60—-69 (46%), 70-79
(30.7%), 50-59 (12.7%), 80—89% (8.0%) and 4049 (2.5 %). For the TURP group,
the distribution is as follows - 60—-69 with 32.0%, 70-79 with 32.0%, 50-59 (31.1%)
and 80-89% (4.9%). The incidence of BPH is closely correlated with age.

McConnell and team demonstrated that the need for surgical treatment of BPH was

directly proportional to age (from 0.1% to 9.5% in individuals aged 40—49 years and
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70-79 years, respectively) (McConnell et al. 2003). This observation largely
coincides with our data - 84.7% of the HoLEP group and 68.9% of the TURP group
were over the age of 60. The paradoxically low relative percentage of men over the
age of 80 in both groups may be due to different factors - the presence of numerous
concomitant diseases that prevent surgical treatment, increasing the health culture
of the population leading to medical interventions at the first manifestation of the
disease, etc.

Regarding preoperative PSA, the mean values in the HoLEP group were
significantly higher compared to the TURP group - 4.37 and 2.86 ng/ml,
respectively. The range of these values is also wider in the first group - from 0.2 to
20 ng/ml compared to the second - from 0.5 to 7.33 ng/ml. These differences are due
to the characteristics of PSA as a marker. It has a high sensitivity for prostate
pathology, but relatively low specificity for specific prostate diseases. One of the
factors that affect PSA levels in the blood is age. The relationship between the two
factors is so well studied that the limits of "normal" PSA are adjusted to the age limit
- 40-49 <2.5ng/ml, 50-59 <3.5ng/ml, 60-69 <4.5, over 70 years <6.5 (Saleh et al
2016). To simplify the results, we have chosen a cut-off value above 4ng/ml as
elevated. Another factor influencing PSA values is the volume of the prostate gland.
The combination of the two factors - increased age and higher TPV, both seen in the
HoLEP group accounted for the higher PSA in this group.

During HoLEP, a complete anatomical enucleation of the transitional zone of
the prostate gland is performed. For this reason, a 60 to 90 % drop in serum PSA is
observed (Lambert et al. 2021). Elzayat and colleagues described a mean decrease
in PSA from 5.8 ng/ml (0.11-26.7) to 2.1 ng/ml (0.10-10) in the sixth postoperative
month (Elzayat EA, Elhilali MM 2006). In our study, a mean reduction of 68.6%
was observed from the mean preoperative PSA in the HoOLEP group, from 4.37ng/ml
to 1.37ng/ml in the first postoperative month. Although the absolute mean value for
the postoperative PSA in the TURP group was lower (1.24ng/ml), taking into
account the mean value of the preoperative PSA, it is seen that the reduction in value
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was lower - 56.6%. This may be explained by the more complete removal of prostate
tissue in the HoLEP group. The comparative analysis found that both treatment
groups achieved a statistically significant decrease in PSA one month after surgery.

When comparing preoperative and postoperative serum hemoglobin values, a
statistically significant difference was found between the two groups. Mean HoLEP
hemoglobin  values were 148.04ng/L  preoperatively and 142.85ng/L
postoperatively. This demonstrates an average decline of 5.19 units. The TURP
guppy had preoperative hemoglobin of 14293 ng/L and 133.87 ng/L
postoperatively, i.e. an average decline of 9.06 units. Sun and colleagues
demonstrated similar results in their comparative study between HoLEP and TURP
based on 164 patients. The authors reported a mean drop of 7.88 units for HoOLEP
(139.43 baseline, 131.55 postoperative hemoglobin) and 14.08 units for TURP
(140.49 baseline, 126.41 postoperative hemoglobin) (Sun et al 2014).

The hospital stay affects both the economic burden of the operative procedure
and the comfort of the patients. One of the undeniable advantages of laser
enucleation is a shorter hospital stay compared to other operative interventions -
open adenomectomy, TURP, etc. According to our data, the average hospital stay
for the HOLEP group was 1.04 days, with the shortest being 1 and the longest being
3 days. For the TURP group, the average length of stay was 4.17 days - between 3
and 5 days. Statistically significant (p <0.001) lower mean values were observed in
the HOoLEP group. Multiple authors have published similar results regarding the
mean length of hospitalization. Kuntz and colleagues conducted a comparative study
between HoLEP and TURP in which they reported a significant difference in mean
hospitalization time of 53.3h/2.22 days and 85.5h/3.56 days respectively (Kuntz et
al., 2004). Tan and colleagues reported the following results: 0.95 days for HoOLEP
and 3.82 days for TURP (Tan et al 2007). Heidar and colleagues reported 1.29 days
of mean length of stay for HOLEP and 2.05 for TURP (Heidar et al. 2020). The lack
of need for a long hospital stay for enucleation is so well established that some
urologists perform it as an outpatient procedure (Lee et al 2018).
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Catheterization time is another indicator in the early postoperative period
demonstrating the advantages of laser enucleation. As a rule, the extraction of the
urethral catheter in both methods is performed after a permanent absence of
postoperative hematuria. This is influenced by many factors - operative technique,
size of the prostate, coagulation status of the patient, intake of anticoagulants, etc.
According to our data, the mean catheterization time for the HoLEP group was 1.31
days and for the TURP group - 5.08 days. Statistically significant (p <0.001) lower
mean values were observed in the HoLEP group. Heidar described a mean HoLEP
catheterization time of 24.35h (1.01 days) and 50.6h (2.1 days) (Tan et al 2007).
Kuntz and colleagues conducted a comparative study between HoLEP and TURP in
which they reported a significant difference in mean catheterization times of
27.6h/1.15 days and 43.4h/1.81 days respectively (Kuntz et al 2004).

The short hospital stay and catheterization time with HoLEP is due to several
factors. The enucleation technique allows maximum anatomical "separation" of the
prostate tissue, reducing the risk of bleeding. Laser equipment allows effective

electrocoagulation and, accordingly, lower blood loss during surgery.

5.2. Postoperative symptoms and functional results

The use of the IPSS allows for the objective assessment of patients' symptoms. In
addition to tracking the dynamics of the condition in each patient, it allows for
comparing the effectiveness of different therapeutic methods. Depending on the
severity of the symptoms, 3 groups are distinguished - mildly expressed (0-7t),
moderately expressed (8-19t), and severely expressed (20-35t). The distribution of
patients in the HOLEP group is as follows - mild 2%, moderate 34%, and severe
symptoms 65%. In the TURP group, they are respectively 0%, 35%, and 65%.
Follow-up of these patients is done at the first, third, and sixth months.

In the first postoperative month, the following dynamics were observed in the
HoLEP group - 70.7% had mild symptoms and 29.3% had moderate symptoms.
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None of the patients demonstrated an IPSS above 20, i.e. severe symptoms. The
average IPSS is 6.12. In the TURP group, 62.1% and 37.9% had mild and moderate
symptoms, respectively. The mean I[PSS was 6.77. Based on these data, no
statistically significant difference was found between the two groups. On the third
postoperative month, the following statistically significant changes in indicators
were observed. In the HOLEP group, patients with mild and moderate symptoms
were 92.7% and 7.3%, respectively. None of the patients presented with severe
symptoms. The average IPSS was 3.54. In the TURP group, the distribution was
77.7% mild, 20.4% moderate, and 1.9% severe symptoms. The average IPSS was
6.22. This trend is also maintained in the sixth postoperative month. In the HoLEP
group, patients with mild and moderate symptoms were 98% and 2%, respectively.
None of the patients presented with severe symptoms. The average IPSS was 2.36.
In the TURP group, the distribution was 79.6% mild and 20.4% moderate
symptoms. The average IPSS was 5.69.

These observations have also been reported by other authors. According to
Huang and colleagues, no statistically significant differences were observed in the
early postoperative period between the two methods (Huang et al. 2019). Other
modern studies reach the same conclusions (Cornu et al. 2015, Zhang et al. 2019,
Yin et al. 2013). As our data demonstrate, the effectiveness of HoOLEP on prostatic
symptoms improves over time. Gu et al. present a 6-year follow-up in which the
mean [PSS was more favorable for the HoLEP group (8.79) than for the TURP
(10.03) with p < 0.001. Ahyai and colleagues reported mean IPSS at the first, third,
and sixth months of 4.3, 2.2, and 1.7 for HoLEP and 5.5, 3.7, and 3.9 for TURP
(Ahyai et al 2007). Eltabey reported the following results: mean IPSS at first, third
and sixth months of 4.1, 2.6, and 2.2 for HoLEP and 5.3, 3.8, and 3.7 for TURP.
Gilling et al presented the following results in their 2012 study - mean IPSS at first,
third and sixth months of 8.6, 6.0, and 4.6 for HOLEP and 5.8, 4.8, and 4.7 for TURP
(Gilling et al 2012).
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While IPSS allows a qualitative assessment of subjective complaints, Qmax (Max
flow) is a urodynamic indicator demonstrating the functional status of the
micturition phase. Max flow is the maximum speed that urine flow reaches during
micturition. Above 15-20ml/s are considered normal values. In the context of our
study, we have accepted values above 15 ml/s as normal and those below as
subnormal. Because this is a study that reports results during spontaneous
micturition, patients who are catheterized preoperatively cannot be evaluated - they
are by definition substandard. 115 patients or 85.6% of the HoOLEP group had Qmax
below 15 ml/sec, while 21 patients (15.4%) had normal uroflowmetry. For the TURP
group, 72 patients (71.3%) had subnormal Qmax and 29 patients (28.7%) had
normal uroflowmetry. The relative proportion of patients with a substandard
preoperative Max flow result in the HoLEP group was statistically significantly
greater than that of the TURP group. The mean preoperative Qmax value was 8.31
in the HoLEP group and 9.49 for the TURP group. This means that patients from
the first group have more severe symptoms.

At the first postoperative control (first month), the following results
were found: only four patients from the HOLEP group and no patient from the TURP
group had a subnormal uroflowmetry result. Statistically, significant improvement
was observed in 97% of the first and 100% of the second group. The mean Qmax at
enucleation increased from 8.31 to 21.08 ml/s, i.e. an improvement of 12.77 ml/s
was observed. In the resection group, the mean Qmax increased from 9.49 to 19.09,
i.e. an improvement of 9.6 ml/s. In the third month, a statistically significant
difference was observed between the two groups - 21.9 ml/s for HoOLEP and 18.34
ml/s for TURP. This trend is maintained in the sixth month when the difference
between the average values of the two groups is 3.93 ml/s - average Qmax for
HoLEP 22.63 ml/s and 18.69 ml/s for TURP.

These data largely coincide with those presented by other authors. Sun
and colleagues described the following Qmax values at the first and twelfth months,
18.40 and 19.77 ml/s, respectively. Beltran and colleagues did follow-up in the first
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and sixth months - of 27.4 ml/s and 20.9 ml/s respectively (Beltran et al 2022).
According to a meta-analysis published by Tan and colleagues, no statistically
significant difference was found between the two methods in terms of Qmax (Tan
et al. 2007), while according to other authors one was observed in favor of HoLEP

(Cornu et al. 2015).

5.3. Early and late postoperative complications

The most common complications of endoscopic prostate surgery, regardless of the
method, can be divided into perioperative and postoperative. The first group
includes bladder perforation and hematuria leading to blood transfusion and/or
revision. Postoperative complications include stress incontinence and urethral
strictures. According to our data, 90.1% of the HoLEP and 84.4% of the TURP
group had no complications during the hospital stay and the follow-up period.

5.3.1. Blood loss

From an operative point of view, blood loss is clinically relevant if it requires
some conservative (drugs, blood transfusion) or operative intervention (revision).
The difference in hemoglobin loss is the result of the different characteristics of the
two operative methods. During enucleation, which is performed at the capsule level,
blood vessels are interrupted once and coagulated instantaneously (Zhang et al
2015). During resection, the loop moves in several planes, resulting in repeated
disruption of vessels, increasing the likelihood of bleeding, especially in larger
glands. In addition, evacuation of the resected tissue leads to a dramatic intraluminal
pressure difference, unlike morcellation, which does not show such a dramatic
change (Chen et al 2013).

In our study, a total of two patients (1.3%) in the HoLEP group and three patients
(2.9%) in the TURP group required blood transfusion postoperatively. A total of
eight patients required revision postoperatively—three (2%) of the enucleation
patients and five (4.9%) of the resection patients. The differences in these results
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were without statistical significance. Similar observations were published by Heidar
and colleagues (Heidar et al 2020). In their study, based on 37,577 patients with
TURP and 2869 patients with laser enucleation, blood transfusion was required in
682 patients (1.81%) of the first group and 38 patients of the second group (1.32),
1.e. no statistical difference. Regarding the need for revision, the trend remains the
same - 833 (2.2%) patients from the TURP group and 54 (1.9%) patients from the
HoLEP group. Qian et al published a meta-analysis of 3 randomized and one
retrospective study that found no statistically significant difference between the two
methods in terms of transfusion and revisions (Qian et al 2017).

5.3.2. Strictures

Urethral strictures present with obstructive symptoms, residual urine, and dysuria.
They are a common complication of all types of transurethral surgery. The frequency
of postoperative strictures varies widely according to different authors. According
to our data, three patients each in both groups had proven postoperative urethral
stricture - 2% for the HOLEP and 2.9% for the TURP group. Woo et al published a
meta-analysis comparing 408 patients with HoLEP and 353 with TURP. The two
groups presented with a similar frequency of urethral strictures 6.5% versus 3.6%
(Woo et al 2013). Krambeck et al. published a study of 1065 patients with HoLEP,
finding the following outcomes at the first, sixth, and twelfth month and over 5 years
- 9 (0.9%), 11 (1.3%), 4 (1.3%) and 0 patients, respectively. Elzayat and Elhilali
performed a retrospective analysis of 225 patients with a mean prostate volume of
126 ml and a mean follow-up of 31 months. Urethral stricture was found in 3 patients
(1.3%), meatus stenosis in 1 (0.4%) patient, and vesical neck sclerosis in 1 patient
(0.4%). Elmansy et al published a retrospective analysis of 949 patients treated with
HoLEP. Cystic sclerosis and urethral stricture were found in 0.8% and 1.6%,

respectively, at a follow-up of 63 months (Elmansy et al 2011).

5.3.3. Bladder perforation
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Bladder perforation during morcellation is one of the most feared
complications for the surgeon during HoLEP. It is unique to the procedure due to
the use of a morcellator to evacuate the enucleated tissue. Although cases of open
repair of a vesical lesion have been described, most injuries involve only the vesical
mucosa and are of no clinical significance (Seki et al. 2003). A large proportion of
these superficial lesions likely remain unnoticed during surgery. In only one patient
(0.7%) in our study a bladder lesion was registered - managed conservatively. The
incidence of perforations varies widely among publications. In the majority of
articles in which operations were performed by an experienced urologist, the
incidence of perforations requiring reconstruction or those with sequelae was 0.1%
(Enikeev et al 2018). Other authors have published statistics ranging from 2.1%
(Shigemura et al) to 13% (Shah et al. 2008).

5.3.4. Stress incontinence

Surgical treatment of BPH accounts for about 10% of cases of stress
incontinence in men (Arai et al 2009). The incidence of stress incontinence varies
between 3% 9% after open adenomectomy and about 2% after TURP. Transient
stress incontinence after HOLEP has been described in wide ranges - 4.9%—-12.5%
(Elmansy et al 2011; Krambeck et al 2010). According to Saitta et al., whose study
included only grafts with early apical dissection identical to the one presented in our
study, these values were 5.8%, 1.5%, and 0.7% at the first, third, and sixth months.
According to our data, 5 patients from each group had a stress incontinence clinic
within the follow-up period - 3.3% of the HOLEP group and 4.9% of the TURP
group. It has been reported that 70% to 90% of patients regain continence
spontaneously within three months (Kobayashi et al 2016).

According to our observations, the operative technique during enucleation is a key

factor in the development of stress incontinence. During the classic three-lobe
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technique, the sphincter mucosa is detached at the end of the procedure, leaving only
a portion of the mucosa at 12 o'clock. This preserves the "integrity" of the sphincter,
but the deepithelialization is a prerequisite for transient incontinence. Another
possible explanation is obstruction-induced bladder overactivity that resolves after
the obstruction is removed. The en-bloc technique with early apical dissection was
developed with this problem in mind. Early apical dissection allows early separation
of the sphincter, thus avoiding its mechanical trauma and distension. In addition,
this technique has a shorter operative time, further reducing the risk of traumatizing

the sphincter apparatus.

5.4 Total prostate volume and weight of enucleated tissue

Multiple studies have demonstrated that HOLEP is a prostate size-independent
treatment modality in patients with severe BPD (Assmus et al 2021). In comparison,
TURP is the method of choice for glands with volumes between 30 and 80 ml. The
current recommendations for clinical practice of the European Urological Society
recommend performing an open adenomectomy for glands larger than 80 ml, in the
absence of laser equipment to perform HoLEP. In our study, the average TPV (total
volume of the prostate gland) for HoOLEP was 74.02ml (30-180ml), and this value
did not include a single patient with a prostate volume of 280ml, because would
change the mean statistically implausibly. For the TURP group, the average volume
was 63.12g (35-90g). This difference is statistically significant in favor of HoLEP.
Besides the higher mean value in the enucleation group, the presence of patients
with greatly enlarged glands is striking. In 30 patients from the HoLEP group, glands
with volumes =100ml were measured. This is the main advantage of the method -
it provides the opportunity to perform minimally invasive surgery without
increasing the risk of complications and without compromising the functional

postoperative result. Varma and colleagues described that the correlation between
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gland volume and density was equal to 1, i.e., 1 ml of volume is equivalent to 1 g of
tissue (Varma M, Morgan JM 2010).

Effectiveness (grams per minute) of enucleation and morcellation are frequently
reported outcomes in HoLEP publications, particularly as a comparative outcome to
other surgical modalities for BPH. Wide ranges in enucleation and morcellation
efficiency values have been reported, varying with gland size, operator experience,
equipment used, etc. The dynamics of these values are used as an indirect marker
for improvement in the operator's technique or as a marker for comparison between
different operating techniques. One study examining HoLEP over an 8-year study
period identified initial enucleation efficiency rates of 0.55 g/min, which improved
to 1.32 g/min over the last 5 years of the study period (Dusing et al 2010).
Morcellation efficiency has been reported in wide ranges - 1.73 g/min (0.1-7.7 g/min
(Bae et al 2010) to 4.35 g/min (0.55-12.75 g/min) (Brunckhorst et al. 2015).
According to our data the efficiency of enucleation is 1.52 g/min and of morcellation

14.09 g/min.

5.5 Learning curve and change in statistics after technique improvement

Despite the established results of HOLEP as a therapeutic approach, there is still
a widespread perception that the procedure is technically difficult to perform. Even
among experienced endourologists, prolonged operative time and difficulties in the
course of work are observed (Cornu et al 2015; Kim et al 2013; Elzayat 2007). The
learning curve is defined as "The time/number of procedures required for a surgeon
to begin performing a procedure independently and with satisfactory results"
(Subramonian et al 2004). After this initial period, the operator gains experience
allowing for a reduction in operative time, a reduction in complication rates, and an
improvement in functional outcomes. The learning curve depends on many factors

- the skills of the surgeon, his anatomical knowledge, the nature of the procedure,
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the frequency of performing the procedure for a given period, the individuality of
the patient, etc. (Valsamis et al 2018).

According to Tan and colleagues, between 20 and 30 procedures on a moderately
enlarged gland (about 50ml) are required for to gain initial experience (Tan et al.
2003). Similar recommendations were published by El Hakim and Elhilali based on
their 2002 study (ElI Hakim et Elhilali, 2002). In this study, enucleation was
performed by a senior resident on 27 patients under the supervision of an
experienced HoLEP surgeon. In the first 15 patients, the resident performed an
average of 85% of the operation, with the supervising surgeon stepping in at any
difficulty. The two most difficult technical steps are the initial apical dissection and
the incision of the remaining antero-apical mucosal attachment of the lateral lobes.
The last 12 patients were operated on entirely by the trainee physician without the
intervention of the supervising surgeon. There was no difference in operative time
or other operative variables between the first 15 and the next 12 patients, or a
difference in postoperative outcomes or complications compared with patients
treated by an experienced surgeon. The authors concluded that although HoLEP is
technically more challenging than TURP, with close observation and feedback from
an experienced surgeon, the trainee can gain confidence in the procedure after 10—
15 cases.

Different studies describe the learning curve using different parameters.
According to Brunckhorst et al., taking into account the efficacy of enucleation and
morcellation, a plateau is reached around the sixtieth case (Brunckhorst et al. 2015).
According to Placer, this result is achieved in about 50—70 cases, based on a cohort
of 253 cases (Placer et al 2009). It should be noted that these cases were carried out
without the presence of a mentor. El-Hakim et al. published the results of the first
27 cases of an inexperienced urologist performed under the supervision of an
experienced surgeon. According to the authors, 20 cases are required for a complete

initial adaptation to the method.
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Patients in the HOLEP group were operated on by a single urologist with no
experience in transurethral resection of the prostate gland. This contingent covers
the initial experience of the surgeon, with the first 2 operations performed under the
supervision of an experienced laser enucleation mentor. In our experience, between
20 and 30 cases are required to reach satisfactory confidence and achieve reliable
postoperative results. To assess the learning curve, we will look at trends for prostate
volume, operative time, enucleation time, morcellation time, enucleated tissue

weight, enucleation efficiency, and morcellation efficiency.

5.5.1. Total prostate volume — TPV

Although one of the main advantages of HoLEP is the possibility of operating
on greatly enlarged glands, the technical implementation of the procedure becomes
difficult. As TPV increases, bleeding risk, total operative time, morcellation time,
etc. increase. Different authors publish varying average TPV values when describing
the learning curve. Bae and colleagues described a mean TPV of 51.6 ml (29-162
ml) for 161 patients (Bae et al 2010) with a trilobal technique. According to their
observations, at least 50 cases are needed to achieve basic competence. Elzayat and
Elhilali suggested the same number for an initial training period based on 118
patients with a mean TPV of 59.3ml (20-172ml) (Elzayat EA, Elhilali MM. 2006).
According to El-Hakim, who described the shortest study period of 20 patients, the
mean TPV was 54.8 ml (21-122). In our study, the mean TPV tended to increase
until the 97th patient, after which it tended to gradually decrease. The average
volume of the gland is 74.02 ml (30—180 ml), and when including the single patient
with a TPV of 280 ml, this value increases to 75.39 ml. The data shows that our
cohort has a similar TPV range to other publications, but the average is significantly
higher. Prostate volume is an indirect marker of operator progression because can
vary widely. As operator confidence increases, HOLEP can be performed on
increasingly larger glands without increasing operative risks and without
compromising functional postoperative outcomes.
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5.5.2. Operating time

The operative time is influenced by two groups of factors - on the part of the
patient (the volume of the gland, anatomical features, etc.) and on the part of the
operator. As the experience of the surgeon increases, a reduction in operative time
is observed. At the same time, as experience is gained, as we have already discussed,
cases with larger TPVs are also taken on. Brunckhors described a mean operative
time of 95.42 minutes (38-240) based on 253 patients with a mean TPV of 95.84 ml
(Brunckhors et al 2015). El-Hakim described a mean operative time of 98 min (50—
175) (El-Hakim A, Elhilali MM 2002) using the classical technique. Scoffone
described an operative time of 63.9 min using the en-bloc technique (Scoffone, CM,
Cracco, CM 2016). In our contingent, the average operating time is 47.29 minutes
(18-90 minutes). The difference in these values is most likely due to the operative
technique used in the other two studies, a three-lobe laser enucleation technique.
According to studies comparing en bloc enucleation with the classical technique, a
significantly shorter operative time was observed in the first group (Tuccio et al
2021). Analogous to prostate volume, the TPV curve traced chronologically
demonstrated a smooth increase until the 90th patient, after which it also marked a

smooth decline.

5.5.3. Enucleation time

The time for enucleation depends on the experience of the operator, the size of
the prostate gland, the anatomical features of the gland, and the operative technique
used. The mean operative time for the HOLEP group in our study was 36.99 min
(11-70 min). The learning curve rises smoothly until the 93rd patient, after which it
also shows a smooth decline. This largely coincides with the TPV and total operating
time curve. According to our analysis, enucleation time correlated unidirectionally

and most strongly with enucleated tissue weight (p<0.01) and TPV(p<0.01). El-
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Hakim described a mean enucleation time of 48 min (25-255) using a trilobed
technique. The same technique was used by Bae and colleagues, describing a mean
enucleation time of 61.3 min (10-180 min) (Bae et al 2010). Scoffone, using an en-
bloc operative technique, described an enucleation time of 35 minutes (Scoffone,
CM, Cracco, CM 2016). Riicker and colleagues described an enucleation time of

31.7 min with the same technique (Riicker et al 2021).

5.5.4. Morcellation time

Morcellation time is the second component of the total operative time. Like
enucleation time, it is closely related to the experience of the operator, the weight of
the gland, and the technique used. Using the en-bloc technique with early apical
release, we observed a mean morcellation time of 4.38 min (1-14.6 min). The curve
of the equation rises smoothly until the 100th patient, after which it also shows a
smooth decline. El-Hakim described a mean morcellation time of 9 min (2—22 min)
using a 3-lobe technique. The same technique was used by Bae and colleagues,
describing a mean enucleation time of 12.3 min (2-60 min) (Bae et al 2010).
According to our data, enucleation time values were statistically significantly (p
<0.01) associated with TPV, operative, and enucleation time. For this reason, most
authors present the progression with respect to this parameter in the form of

efficiency rather than total morcellation time.

5.5.5. Weight of enucleated tissue

The enucleated tissue weight is the absolute amount of tissue, measured in
grams, that is enucleated at the end of the operation. It depends on the TPV and the
operating technique. As we have already covered, HOLEP allows maximum radical
separation of the prostatic tissue from the capsule. Accordingly, with an increase in
TPV, the weight of the enucleated tissue increases. In our study, at a mean TPV of
74.02ml, the mean amount of enucleated tissue was 57.22g. The curve of the
equation rises smoothly until the 103rd patient, after which it also shows a smooth
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decline. The weight of enucleated tissue allows us to calculate the most important
indicators for tracking progress in the training period - efficiency of morcellation

and enucleation.

5.5.6. Enucleation and morcellation efficiency

Enucleation/morcellation  efficiency is defined as grams of tissue
enucleated/morcellated per minute. It is also one of the main indicators reflecting
the learning curve. It also allows reliable comparison of the effectiveness of different
operative techniques. According to our data, the enucleation efficiency is 1.52 g/min
(0.67-4.00), and the morcellation efficiency is 14.99 g/min (7.50-30.00).
Enucleation efficiency correlated with enucleated tissue weight, TPV, and
morcellation time, and weakly with operative time and enucleation time.
Morecellation efficiency correlated with only three of the indicators, namely, multi-
directionally and most strongly (but moderately in absolute value) with morcellation
time, and weakly with operative time and enucleation time. The trend is for a
smoother, but permanent, increase, which suggests that they are related to the
improvement of the operative technique. Data published by other authors vary
widely.

Bae and colleagues performed a three-lobe technique in 161 patients with a mean
gland volume of 51.6 ml. According to their data, the average efficiency of
enucleation 1s 0.32 g/min (0.02-1.25 g/min), and of morcellation 1.73 g/min (0.1-
7.7 g/min). They describe reaching adequate enucleation efficiency around the 30th
case and morcellation efficiency around the 20th case (Bae et al 2010).

Press and his team compared the classic three-lobe technique with en-bloc

enucleation. Patients with similar TPVs were selected - in 49 patients a classic

technique was performed, and in 46 en-bloc. Against the backdrop of a shorter

operating time, the second technique is also characterized by higher efficiency.

According to their results, the second grip was associated with a higher enucleation

efficiency - 0.36 g/min and 0.49 g/min respectively at p = .005 (Press et al 2022).
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Scoffone described en-bloc enucleation in 251 patients with a mean gland volume
of 52.5 ml with a total operative time of 63.9 min. Mean enucleation time - 35 min
and mean enucleation efficiency of 1.8g/min (0.29-5.5). These values approximate
those presented in our patient cohort. The authors did not describe the effectiveness
of morcellation (Scoffone, CM, Cracco, CM 2016).

Riicker et al compared en-bloc, bilobed, and trilobed operative methods. The three
groups of patients had similar TPV - 77.4 ml, 80.2 ml, and 84.3 ml, respectively.
The time for enucleation is significantly shorter with the third method - 31.7 min,
32 min, and 37.7 min, respectively. The enucleation efficiency follows the same
trends - 1.82g/min, 1.76g/min, and 1.67g/min. Morcellation efficiency was reported
as 7.5 g/min for en-bloc, 7.2 g/min for bilobed, and 7.1 g/min for trilobed technique
(Riicker et al 2021).

6. CONCLUSIONS

For each of the assigned tasks, we can present the following conclusions based on

the of the presented data:

General observations from the studied contingent:
* HoLEP is applicable to all patients, regardless of age group
* Preoperative PSA is closely associated with the size of the gland and the patient's
age
* Postoperative drop in hemoglobin was significantly less in the HoLEP group

* Catheterization time and hospital stay were significantly shorter in the HoLEP

group

Task 1. To study and compare over time the effectiveness of the operative method

(HoLEP) in terms of IPSS score and improved indicators of uroflowmetry:
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e HoLEP allows efficient and permanent reduction of prostate symptoms related to
BPH;

e Regardless of the severity of the preoperative symptoms, a permanent
improvement is observed in the postoperative period;

e HoLEP shows superiority over TURP in terms of postoperative IPSS, especially
in long-term follow-up;

e Functional results after HOLEP are superior to those after TURP;

e After HoLEP, an immediate and sustained improvement in Qmax was observed
at long-term follow-up;

e Postoperative results regarding IPSS and Qmax have a weak correlation with
surgeon experience - ie. the effectiveness of the procedure is already present in the
early phase of the learning curve;

e HoLEP is characterized by a shorter time for hospitalization, catheterization and

a lower drop in serum hemoglobin values.

Task 2. To establish the risks of complications intraoperatively and postoperatively

in the long term:

® 90% of patients are without complications, and in the HoOLEP group their relative
share is slightly higher;

e The difference in the frequency of complications between the two operative
methods is statistically insignificant;

e The most common complication “stress incontinence”, for example, occurred in
3.3% of patients in the sample, followed by “revision due to hematuria” in 2%;

e En bloc enucleation with early apical dissection is characterized by a lower

incidence of stress incontinence in comparison with other techniques.

Task 3. To compare the volume of enucleated tissue compared to the volume of the
prostate gland determined by transrectal ultrasound:
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e HoLEP is an operative method that has no restrictions on the size of the gland;

e During HoLEP, a greater percentage of tissue grows in comparison with the initial
one - 77.3% compared to 49.82% in TURP;

e HoLEP is a more radical method compared to TURP, because it removes a larger

amount of the adenoma.

Task 4. To describe the learning curve and the change in statistics after technique

refinement:

e HoLEP is a procedure that does not require prior practical knowledge of other
endoscopic operative techniques for the treatment of BPH;

e The presence of a mentor shortens the learning curve but does not change the
postoperative results;

e As the experience of the operator increases, the average prostate volume of the
operated contingent increases;

e The operative time increases in direct proportion to the increase in the volume of
the prostate gland, until reaching about %; of the learning curve, after which a plateau
occurs;

e Similar to operative time, enucleation and morcellation times are directly
dependent on the size of the gland, and to a lesser extent on the experience of the
operator. This becomes especially apparent in the last %5 of the learning curve;

e The efficiency of enucleation and morcellation are the only factors that are related

to the improvement of the operative technique.

7. CONTRIBUTIONS

1. For the first time in our literature, postoperative results related to en-bloc
laser enucleation of the prostate gland with early apical release are presented;
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2. We described in detail the technical implementation of the operative
procedure in order to enrich the collective urological knowledge in our

country;

3. Statistical data are presented that enrich the world literature regarding the

results of innovative operative technique;

4. For the first time in Bulgarian urological practice, a thorough comparative

analysis of all current endoscopic treatment methods is carried out.
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