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ABSTRACT

Endoscopic enucleation of the prostate (EEP) techniques for the treatment of benign prostatic hyperplasia
(BPH) have become increasingly popular among urologists over the past 23 years. Despite the energy source
employed, the aim of all these procedures is to endoscopically remove the prostatic lobes by enucleating them
from the prostate surgical capsule. The reasons for which EEP has gained popularity among urologists are the
reduction in complications and hospital stay compared to endoscopic gold standard Transurethral Resection
of the Prostate (TURP), but especially the possibility to treat large prostates, allowing to abandon open simple
prostatectomy (OP) and to avoid the burden related to open surgery. Holmium laser enucleation of the pros-
tate (HoLEP) sets the basic principles of all EEP techniques in 1998 and has become the treatment of refer-
ence for BPH. Since then, various lasers have been developed and applied to prostatic enucleation. The
thulium laser has a slightly shorter wavelength compared to the holmium laser and a continuous wave output,
which increase vaporization and reduce penetration depth. These features make it ideal for prostatic enuclea-
tion. A vapoenucleating technique called Thulium Laser Vapoenucleation of the Prostate was presented in
2009, followed by a blunt enucleating technique called Thulium Laser Enucleation of the Prostate in 2010.
These techniques have become alternatives to HoOLEP and TURP; however, the amount of literature and
randomized controlled trials available are inferior compared to HoLEP. The aim of this review is to outline,
describe, and discuss current evidence on thulium enucleating techniques.

Keywords: Lasers; prostatectomy; prostatic hyperplasia; thulium; transurethral resection of prostate.

denaturation of proteins occurs, causing coag-
ulation and necrosis. Thanks to the presence
of chromophores such as water and hemoglo-
bin inside the prostate, lasers can be used to

Introduction

For decades, the surgical treatment for benign
prostatic hyperplasia (BPH) was carried out

by either transurethral resection of the prostate  cut, vaporize, or coagulate the prostatic
(TURP) for prostates between 30 and 80 mL tissue.’

or open simple prostatectomy (OP) for pros-

tates larger than 80mL. However, the intro- The  holmium:YAG  (yttrium—aluminum-—

duction of lasers for BPH in the late “90s”  garnet) laser was the first to be applied for the

revolutionized treatment. Lasers interact with
human tissues, thanks to the presence of sub-
stances called chromophores that absorb elec-
tromagnetic radiations. When a chromophore
is hit by a laser excitation of its molecules
occurs, the electromagnetic energy is con-
verted into heat. If the tissue is heated beyond
the boiling point, it vaporizes, but if the tem-
perature increases below the boiling point,

treatment of BPH; it has a pulsed wave output,
a 2,100nm wavelength (which is highly
absorbed by water), and a penetration depth of
0.4mm in the prostatic tissue. It was initially
used to perform Holmium Laser Resection
and Ablation of the prostatez’3; however, the
procedures were time consuming and limited
to the treatment of small prostates. To over-
come these drawbacks and thanks to the
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introduction of the tissue morcellator, a new innovative tech-
nique called Holmium Laser Enucleation of the Prostate
(HOLEP) was presented.* The procedure consists in a blunt
enucleation of the prostatic lobes at the level of the capsular
surface, which are morcellated inside the bladder at the end of
the procedure.

HoLEP has proved to achieve equivalent clinical and func-
tional outcomes to TURP and OP, but with reduced morbidity,
catheterization time, and hospital stay.”” The use of saline
solution as medium avoids the risk of transurethral resection
syndrome, allowing to treat prostates of virtually all sizes;
therefore, HOLEP has become the gold standard treatment for
large prostates (>80 mL) and an alternative to TURP for small-
and medium-size prostates (30-80 mL).8

Advances in laser technologies brought to the development of
the thulium:YAG laser, which has a continuous wave output
and a 2,010nm wavelength. Absorption coefficient in water at
this wavelength is slightly higher compared to the holmium
laser, resulting in better vaporization and reduced penetration
depth (0.2 mm)."

The thulium laser was initially used to perform Thulium Laser
Vaporization and Vapo-Resection of the Prostate.” However,
prolonged operative time for the treatment of large prostates
soon led to attempt enucleation.

In 2009, Bach et al.'” presented a vapoenucleating technique
called Thulium Laser Vapoenucleation of the Prostate
(ThuVEP), whereas in 2010, Herrmann et al.!! presented a
blunt, mechanical enucleating technique called Thulium Laser
Enucleation of the Prostate (ThuLEP). Recently, a novel thu-
lium laser with a 1,940 nm wavelength, the thulium fiber laser
(TFL), was applied to prostatic enucleation. The 1,940 nm
wavelength matches the absorption peak in water, potentially
halving the penetration depth of the thulium:YAG laser.'
Moreover, it can work in a continuous or pulsed mode.

e Endoscopic enucleation of the prostate (EEP) techniques have
revolutionized the treatment of benign prostatic hyperplasia
(BPH), allowing to abandon open simple prostatectomy.

e Thulium enucleation of the prostate is one of the most investi-
gated treatments for BPH.

e Thulium enucleation has proved to be as effective as other gold
standard procedures on short and mid-term.

e Studies with long-term follow-up are needed to complete the
evaluation of thulium enucleation.

ThuVEP and ThuLEP are currently considered alternatives to
TURP and HoLEP by EAU Guidelines; however, strength
rating is weaker, due to the lack of randomized controlled trials
with long-term follow-up. The aim of this review is to explore
current evidence on thulium enucleation focusing on available
techniques and comparison with other techniques of reference.

Methods

A PubMed title search between the years 2000 and 2021,
including the terms “ThuLEP” or “ThuVEP” or “thulium,” was
performed, producing 626 articles. This search was followed
by a title search including the terms “enucleation” or
“vapoenucleation” and “prostate,” producing 705 results. The
two searches were added with an “or” producing 1,234 articles.
Title and abstract of the articles were screened. Only articles
dealing with prostatic enucleation using a Tm:YAG laser or
TFL were considered. Articles with no abstract, or in non-
English language, Case Reports, Comments, Editorials, and
Letters to the Editor were excluded. One hundred papers that
were deemed relevant to this review were selected and fully
read. Two articles were excluded after reading them because
the technique did not resemble enucleation. Ninety-eight
articles were finally considered.

Thulium Enucleating Techniques

Despite the different energy source, ThuVEP and ThuLEP
resemble HoLEP with respect to equipment, sequence, and
direction of the enucleation.

Equipment

e A 26F continuous-flow resectoscope with an operative chan-
nel for the laser fiber.

A camera system.

A Tm:YAG laser generator.

A front-firing laser fiber.

A mechanical morcellator.

e A suction pump.

Surgical Procedure

ThuVEP and ThuLEP both start by performing an inverted-
U-shaped incision above the veru montanum. Subsequently,
two incisions are performed at 5 and 7 o’clock from the bladder
neck to the previous U-shaped incision, separating the median
lobe from the lateral lobes. All the incisions are deepened to
the level of the capsular surface. At this point, the median lobe
is lifted with the tip of the resectoscope above the veru monta-
num and enucleated following the surgical capsule toward the
bladder neck. The lateral lobes are then enucleated one after
the other following the capsular surface from the prostatic apex



Bozzini et al. Current evidence of ThuLEP for BPH

to the bladder neck, with a semicircumferential movement of
the resectoscope. At the end of the enucleation, after perform-
ing hemostasis, the prostatic lobes are removed by morcellating
them inside the bladder.'!!

Thulium Fiber Laser Enucleation of the Prostate (ThuFLEP) is
performed in the same manner; however, a TFL generator is
used, which has the advantage of being smaller compared to
the thulium:YAG generator.'?

The difference between ThuVEP and ThuLEP lies in the differ-
ent use of the laser while enucleating the prostatic lobes.
During ThuVEP, the laser is fired in a continuous manner to
carve the adenomatous tissue from the capsule, whereas during
ThuLEP, the pressure is applied to the adenoma with the tip of
the resectoscope to “peel” it from the capsule, and the laser is
only used as an aid to cut the tissue fibers connecting the two
structures and coagulate bleeding blood vessels. These two
ways of using the laser are often both employed within the
same procedure, according to prostatic features and surgeon’s
preference.13 For instance, during ThuFLEP, enucleation is
performed by using the laser for about 70% of the procedure
and 30% by bluntly enucleating the adenoma.'? Due to the
overlapping between these techniques, ThuVEP, ThuLEP, and
ThuFLEP can be considered as one and referred to as Thulium
Enucleation of the Prostate (ThuEP) techniques.

ThuEP Variations in Technique

Variations to the classical 3-lobe technique have been pre-
sented with the idea of improving enucleation speed and effi-
cacy. Wolters et al.'"* performed a 2-lobe enucleation by
enucleating the left lobe first, followed by the enucleation of
the median and right lobe in one piece, whereas Dellabella and
Castellani'® performed the enucleation of the median lobe first,
followed by the enucleation of the lateral lobes (joined anteri-
orly) in one piece. Kim et al.'® presented a 1-lobe (or en-bloc)
enucleation using the thulium laser. During this procedure, the
entire transitional zone is enucleated in one piece. After per-
forming the initial U-shaped incision above the veru monta-
num, a circular incision is performed at the prostatic apex to
mark the distal limit of the enucleation, and the entire adenoma
is enucleated in a circumferential manner proceeding cranially
toward the bladder neck. Saredi et al.'” presented a variation of
the en-bloc technique: after performing the apical circumferen-
tial incision, an anterograde incision is made from the bladder
neck to the prostatic apex at 5 o’clock. This incision is used to
identify the capsular plane, which is followed circumferentially
each side of the incision until the whole adenoma is enucleated.
The idea of en-bloc enucleation is to be as anatomical as possi-

ble and avoid mismatching enucleation planes by following the
same plane throughout the procedure. Nevertheless, none of
the above-mentioned procedures has shown clear superiority
over another. The goal is to enucleate the adenoma at the level
of the capsular surface, and 1-lobe, 2-lobe, or 3-lobe enuclea-
tion should be performed according to surgeon’s preference
and comfort.

To try and improve speed and simplify classical ThuLEP, Boz-
zini et al."® presented a technique called 7U-ThuLEP: classical
ThuLEP is broken down to seven consecutive steps, which all
start with U-shaped incisions. Novel surgeons can, therefore,
learn ThuLEP progressively with a structured program, by
learning each step before moving onto the next one.

One of the main downsides of BPH surgery is ejaculatory dys-
function in the form of anejaculation, retrograde ejaculation,
reduction in ejaculate volume, or painful ejaculation. Accord-
ing to studies on ejaculation physiology, a fundamental role in
the progression of semen is played by the musculus ejaculator-
ius, a longitudinal strain of muscle fibers that originate from
around the ejaculatory ducts and extend caudally in the urethral
crest inserting below the urethral sphincter. To preserve these
muscular structures, Bozzini et al.'” presented an Ejaculation-
Sparing ThuLEP (ES-ThuLEP): 1.5 cm of tissue above the
veru montanum and two hills of tissue each side of the veru
montanum were spared while performing a 3-lobe ThuLEP.
Seventy-seven percent of the patients treated with ES-ThuLEP
maintained their ejaculation, and micturition improvement was
comparable to standard ThuLEP at 6-month follow-up. Despite
promising results, further studies are needed to confirm
ejaculation-sparing rates and micturition improvement on a
long-term basis.

ThuEP Learning Curve

Identifying and following, the correct plane during prostatic
enucleation can be challenging, especially for inexperienced
urologists. Cutting through the adenoma, instead of along the
surgical capsule, can cause loss of orientation and bleeding,
increasing the length of the procedure. Previous studies
showed that 20-60 cases are necessary to complete the learning
curve for HOLEP,?*2! and many urologists have abandoned the
technique due to excessive operative time and technical
difficulties.*

Netsch et al.>> evaluated the ThuVEP learning curve of three
different surgeons: a resident (surgeon A), a ThuVEP-naive—
an experienced endourologist (surgeon B), and a ThuVEP
expert (surgeon C). Surgeons A and B familiarized with
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ThuVEP by watching videos of the procedure and by assisting
surgeon C during 10 ThuVEPs prior to the study. Thirty-two
procedures were then performed by each surgeon. None of the
surgeons required for the mentor to take over or conversion to
TURP. According to the authors, ThuVEP was performed by
the ThuVEP-naive surgeons with reasonable efficiency after 8-
16 procedures with respect to operation efficiency (resected
weight/operative  time), efficiency (resected
weight/enucleation time), and morcellation efficiency (resected
weight/morcellation time). However, the ThuVEP-naive sur-
geons had participated in 10 procedures prior to the study,
which should be considered in the learning process.

enucleation

Saredi et al.** assessed the possibility for experienced
endourologists to perform ThuLEP with a self-teaching
program. ThuLEP was performed by two laser-naive, experi-
enced endourologists after training on a simulator for 2 weeks.
Forty-eight cases were performed by surgeon A and 52 by sur-
geon B. According to the authors, 30 cases were sufficient for
an experienced endourologist to complete the learning curve.
However, no parameters to measure competency were
reported, and no stratification by consecutive groups of patients
was used.

Enikeev et al.”> compared the learning curve for HoLEP, Thu-
FLEP, and monopolar enucleation of the prostate (MEP).
Ninety patients were randomly assigned to either HoLEP, Thu-
FLEP, or MEP (30 patients per group). The procedures were
performed by three experienced urologists with no previous
endoscopic enucleation of the prostate (EEP) experience. The
patients in each group were stratified into three consecutive
groups of 10 patients each. All three surgeons watched a
mentor performing five procedures prior to the study and
received assistance, if needed, during the first 10 procedures.
Enucleation efficiency progressively improved throughout the
study. The authors concluded that 30 cases were sufficient to
perform EEP proficiently using a mentored teaching program.

ThuEP appears to be quicker to learn compared to HoLEP,
both for the inexperienced and experienced surgeons. Never-
theless, there is a lack of high-quality studies and no consensus
on the parameters to be used for correct assessment of sur-
geons’ proficiency. Further studies assessing enucleation and
morcellation efficiency, operative time, resected tissue, and
complications, also stratifying results by consecutive groups of
patients are needed. A mentor-based approach with a structured
training program is to be preferred when teaching any EEP,
especially to the inexperienced surgeon, to acquire the basic
skills of endoscopic surgery, familiarize with the instruments,
tactical feedback, and orientation.?®

ThuEP vs TURP and Plasmakinetic Resection of
the Prostate (PKRP)

In 2012, Swiniarski et al.”’ published the first Randomized
controlled trial (RCT) with 3-month follow-up comparing
ThuLEP (54 patients) and TURP (52 patients). ThuLEP was
performed according to the “mushroom technique” (the pros-
tatic lobes were left attached to the bladder neck at the end of
the enucleation and removed by resecting the tissue instead of
morcellating it).?® International Prostate Symptom Score
(IPSS), Quality of Life score (QoLs), maximum flow rate
(Qmax), and postvoid residue (PVR) improved significantly
after both procedures with no significant differences between
the two. Hemoglobin drop after ThuLEP was almost half as
much than after TURP (0.95 vs 1.81 g dL_l, P < .0001); how-
ever, operative time was longer (102.2 vs 74.5 minutes, P <
.0001) and resected tissue weight lower (24.8 vs 34.8¢g, P =
.0005) with ThuLEP. Catheterization time, Prostatic Specific
Antigen (PSA) drop, and complications were comparable.

Wang et al.*” retrospectively compared ThuVEP (63 patients)
and TURP (59 patients), focusing on sexual functions. Interna-
tional Index of Erectile Function (IIEF) scores showed no sig-
nificant postoperative changes with respect to intercourse
satisfaction, sexual desire, and overall satisfaction. Mild but
not significant improvement was seen with regard to erectile
function (EF), and a positive linear correlation was found
between EF and IPSS, QoLs, and Q,,... Nevertheless, more
than half of the patients in each group experienced retrograde
ejaculation, which resulted to be an independent predictor for
deterioration in the orgasmic function.

In 2015, Chang et al.*® published an RCT with 1-year follow-up
comparing ThuVEP (29 patients) and TURP (30 patients). Sig-
nificant improvement in micturition and LUTS was achieved
with both procedures. Resected tissue weight was lower in the
ThuVEP group (37.4 vs 21.3 g, P = .024); nevertheless, residual
prostate volume was comparable. Catheterization time (1.8 vs
2.3 days) and hospital stay (3.0 vs 3.4 days) were significantly
shorter after ThuVEP. Hemoglobin drop was similar; however,
26.7% of the patients in the TURP group required blood transfu-
sions compared to 13.8% in the ThuVEP group. No major com-
plications were reported after both procedures.

In 2016, Bozzini et al.>' compared ThuLEP (102 patients) and
PKRP (106 patients). ThuLEP determined reduced hemoglobin
drop (0.45 vs 2.83 ¢ dL, P = .005), catheterization time (1.3
vs 4.8 days, P = .011), and hospital stay (1.7 vs 5.2days, P =
.016), whereas no differences were found regarding operative
time, resected tissue weight, and micturition improvement.
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In 2020, Shoji et al.®>? published another RCT comparing
ThuLEP (performed according to the “mushroom technique”)
and PKRP (70 patients per group). Similar to Bozzini et al.,'
hemoglobin drop, catheterization time, and hospital stay were
significantly lower after ThuLEP, whereas resected tissue
volume, PSA drop, and operative time were significantly
higher. IPSS, QoLs, Overactive Bladder Symptom Score
(OABSS), Qmax, and PVR significantly improved in both
groups. OABSS transiently deteriorated in 30% of the patients
after ThuLEP; in these patients, irradiation time and total deliv-
ered energy were higher, indicating that increased exposure to
the laser and higher energy could worsen postoperative irrita-
tive symptoms. EF was significantly impaired in both groups at
1-month follow-up. However, the IIEF score returned to preop-
erative levels at 3-month follow-up in the ThuLEP group and
showed slight improvement at 12-month follow-up, whereas it
did not return to baseline levels in the PKRP group. Total
delivered energy and laser irradiation time were significantly
higher in patients who presented postoperative ED.

Hou et al.*® also compared ThuLEP (135 patients) and PKRP
(141 patients). Similar to Shoji et al.,** operative time was
longer with ThuLEP, whereas no significant differences were
found in hospital stay and removed tissue. ThuLEP resulted in
greater reduction in the IPSS voiding domain and QoLs at 2-
week follow-up, but no significant differences were found at 6-
month follow-up. ThuLEP proved to be superior in terms of
postoperative pain, reported by the patients on a numeric rating
scale. A significantly higher percentage of patients in the
PKRP group required additional injections of narcotics after
surgery (20.6% vs 5.2%) and increased use of oral analgesics
for more than 1 week after surgery (12.2% vs 4.4%).

In 2018, Enikeev et al.'? retrospectively compared ThuFLEP (211
patients) and TURP (258 patients) focusing on EF. No significant
differences in IIEF-5 scores were found compared to baseline at 6-
month follow-up. However, the IIEF-5 score slightly improved
after ThuFLEP, whereas it slightly decreased after TURP.

Enikeev et al.>* published another study comparing the two
techniques focusing on perioperative parameters and micturi-
tion improvement in prostates <80 cc. Operative time was sig-
nificantly higher in the ThuFLEP group (46.6 vs 39.9 minutes).
However, catheterization time (1.4 vs 2.4 days), hemoglobin
drop (1.01 vs 1.8¢g dL™), serum sodium decrease (1.1 vs
4.1 mmol L"), and hospital stay (3.4 vs 4.7 days) were signifi-
cantly lower after ThuFLEP. PSA drop (80 vs 72%) and pros-
tate volume decrease (81.0% vs 71.5%) were significantly
higher in the ThuFLEP group. Again, no differences were
found in micturition improvement at 12-month follow-up.

According to the above-mentioned studies, ThuEP has proved
to be as effective as TURP and PKRP in improving patients’
micturition and LUTS. ThuEP is longer to perform, due to the
additional time required for morcellation, but offers the advan-
tage of reduced catheterization time, hospital stay, and hemo-
globin decrease, as also highlighted by systematic reviews and
meta-analyses.®*> Few studies showed that resected tissue
weight was inferior after ThuEP; nevertheless, postoperative
assessment of prostatic volume and PSA drop showed that an
equivalent amount of tissue was removed. The reduced
resected tissue weight can be attributed to the quote of vapor-
ized tissue that is lost for final weighing when using the thu-
lium laser. Despite this quote of vaporized tissue, Carmignani
et al.*® showed that histological features of tissue specimens
from ThuVEP are preserved, and that the detection rate of inci-
dental prostatic adenocarcinoma was comparable to TURP.
ThuEP, TURP, and PKRP do not seem to significantly impair
EF; however, two studies suggested that ThuEP could lead to
mild improvement, possibly due to the reduced thermal
damage of the laser compared to TURP. Interestingly, one
study showed that ThuLEP caused less postoperative pain.
Future studies evaluating this parameter are certainly welcome.
Complication rates between these procedures are similar with
very few major complications requiring reintervention. The
main issue with the above-mentioned studies is the short
follow-up, not exceeding 1 year. Future studies with long-term
follow-up (>36 months) are needed to confirm durability of
results with ThuEP.

ThuEP vs OP

Various studies have shown the feasibility and efficacy of
ThuEP in the treatment of large prostates.’’*' One study by
Becker et al.**** showed that outcomes were sustained at
4-year follow-up with only 1/90 patients requiring retreatment
and 3/90 patients requiring treatment for urethral stricture or
bladder neck contraction. Nevertheless, very few studies com-
paring ThuEP and OP were found in our research.

In 2018, Nestler et al.*>** performed a matched-pair analysis
comparing ThuVEP, OP, and robot-assisted simple prostatec-
tomy (RASP) for prostates larger than 80cc (35 patients per
group). Operative time was significantly shorter with ThuVEP
compared to OP and RASP (83 vs 130 vs 182 minutes). Hemo-
globin drop was significantly lower with ThuVEP compared to
OP and RASP (1.2 vs3vs 1.5¢g dL™"), whereas the difference
between ThuVEP and RASP was not significant. Similarly, the
transfusion rate was significantly lower after ThuVEP than
after OP (0% vs 34.4%), but no significant differences were
found between ThuVEP and RASP. Catheterization time (2 vs
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7 vs 5days) and hospital stay (2 vs 8 vs 5days) were signifi-
cantly shorter with ThuVEP compared to OP and RASP. Early
continence based on postoperative pad use 24 hours after cathe-
ter removal was significantly higher after ThuVEP and RASP
compared to OP. Complications were higher in the OP group,
mostly due to bleeding. Only one case of bleeding requires sur-
gical revision occurred in the ThuVEP group.

Enikeev et al.*'** performed a retrospective comparison
between OP (40 patients) and ThuFLEP (90 patients). Mean
operative time, resected tissue weight, and resection speed
were similar. However, catheterization time (6.4 vs 1.4 days),
hospital stay (9.0 = 2.4 vs 3.3 * 0.6days) and hemoglobin
drop after surgery (2.8 vs 1.0g dL™") were significantly lower
after ThuFLEP. No blood transfusions were required in the
ThuFLEP group compared to two patients (5%) in the OP
group. At 6-month follow-up, IPSS, QoLs, Q,.x, and PVR sig-
nificantly improved in both groups with no significant differen-
ces between the two. PSA levels were also comparable.

In the above-mentioned studies, ThuEP achieved equivalent
micturition improvement compared to OP, allowing to reduce
blood loss, transfusion rate, and overall complications. More-
over, postoperative catheterization time and hospital stay were
significantly shorter with ThuEP. Future studies comparing the
two procedures are welcome; however, due to its morbidity,
OP has already been abandoned by many urologists in favor of
enucleation, making comparisons between the two procedures
more and more rare.

ThuEP vs HoLEP

In 2012, Zhang et al.**** published the first RCT comparing
ThuLEP (71 patients) and HoLEP (62 patients) performed
according to the “mushroom technique.” ThuLEP required
longer operative time (72.4 vs 61.5minutes, P = .034) but
determined lower blood loss (130.1 vs 166.6mL, P = .45).
However, hemoglobin drop,
sodium decrease, postoperative PSA, and complications were
comparable. No blood transfusions were needed in either
group. IPSS, QoLs, Qmax, and PVR significantly improved at
18-month follow-up with no significant differences between
the two procedures.

catheterization time, serum

In 2015, Hong et al.***® performed a retrospective analysis of
88 patients who underwent either HOLEP or ThuVEP. Unlike
the study by Zhang et al.,**** enucleation time was shorter
with ThuVEP (58.3 vs 70.5 minutes, P = .003) and enucleation
efficiency higher (0.69 vs 0.61 g min~', P = .048), whereas
operation time, morcellation time, resected tissue weight, mor-

cellation efficiency, hemoglobin decrease, catheterization time,
and hospital stay were similar. Both procedures resulted in sig-
nificant micturition improvement at 12-month follow-up, and
no significant differences in complications or blood transfu-
sions were found.

In 2017, Netsch et al.***” performed a RCT comparing
ThuVEP (48 patients) and HoLEP (46 patients) with 4-week
follow-up. Similar to the study by Hong et al.,****
time was shorter (27.03 vs 40 minutes, P < .004) and enuclea-
tion efficiency higher (1.87 vs 1.19¢g min_l, P < .005) with
ThuVEP. No significant differences were found between the
two procedures with respect to other intraoperative parameters,
hemoglobin decrease, catheterization time, and postoperative
stay. Acute urinary retention (AUR) after catheter removal was
significantly higher in the HOLEP group (15.2% vs 2.1%) and
so was overall complication rate (12.5% vs 33.3%). Micturition
improved significantly in both groups; however, QoLs was sig-
nificantly lower after ThuVEP. The results of the 6-month
follow-up were published in 2018.%%3° Both procedures deter-
mined a significant reduction in PSA levels and prostatic
volume compared to baseline. LUTS and micturition showed
further improvement in both arms with no significant differen-
ces in QoLs.

enucleation

In 2018, Pirola et al.**** performed a matched-pair analysis
between two groups of 117 patients each who underwent either
HoLEP or ThuLEP. Operative time was shorter with ThuLEP
(90 vs 82.25 minutes, P = .0003), due to reduced enucleation
time (75.5 vs 70.5minutes, P = .0011). Morcellation time,
hemoglobin drop, catherization time, and hospital stay were
comparable. Both resulted in equivalent tissue removal, but
PSA drop resulted to be higher after HOLEP (—52.83% vs
—47.85%, P = .013) at 12-month follow-up. No significant dif-
ferences in complications were reported. Micturition and
LUTS improved significantly compared to baseline, with no
differences between the two procedures.

Similar results were reported in an RCT by Zhang et al. 3738

who compared ThuLEP and HoLEP for the treatment of pros-
tates larger than 80 cc. However, in this study, a higher number
of patients in the HOLEP group presented CD grade 1 compli-
cations (22.4% vs 6.9%, P = .033), mainly due to a higher
number of patients with transitory urinary incontinence. Only
two patients (3.4%) per group presented CD 3a complications
(urethral stricture and bladder neck contraction) requiring
reintervention.

In 2020, Bozzini et al.***’ performed an RCT comparing
HoLEP (121 patients) and ThuLEP (115 patients). No
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differences were found with respect to operative time, catheter-
ization time, enucleated tissue weight, and hospital stay.
Hemoglobin decrease resulted to be significantly lower after
ThuLEP (2.77 vs 0.45 ¢ dL_l) and so was the need for blood
transfusions (6.6% vs 1.7%). No significant differences in mic-
turition improvement and PSA were seen at 3 and 12-month
follow-up. Similar to the study by Zhang et al.,’’”® HoLEP
resulted in a significantly higher percentage of patients with
stress incontinence (7.4% vs 1.7%) and AUR after catheter
removal (10.7% vs 6.1%).

Recently, Kaya et al.¥! compared HoLEP (121 patients) and
ThuLEP (104 patients) in the treatment of prostates larger than
100 cc. Both procedures significantly improved IPSS, QoL,
Qmax, and PVR with no significant differences between the
two, maintaining a low complication rate. However, ThuLEP
was superior in terms of total operative time, laser efficiency,
enucleation time, and enucleation efficiency.*' Compared to
Bozzini et al.,49 no significant differences were found in terms
of postoperative stress incontinence or AUR.

All the above-mentioned studies showed that HoLEP and
ThuEP determine equivalent micturition and quality of life
improvement even in patients with large prostates. Catheteriza-
tion time and hospital stay were also comparable. ThuEP
seems to improve enucleation time and efficacy, probably due
to the higher ablation capacity of the thulium laser that allows
faster enucleation and a rapid correction of the enucleation
plane, if lost. Improved vision, thanks to the smooth and clean
incisions of the thulium laser, could also be a main factor in
improving enucleation efficiency. These results were also
reported by recent systematic reviews and meta-analy-
ses, ¥7:48:5051 Nevertheless, both procedures required similar
overall operative time and resulted in equivalent tissue
removal. Only one study demonstrated a longer operative with
ThuEP, whereas three studies showed a longer operative time
with HoLEP. These differences can be considered negligible in
daily practice. Despite many believe in the better hemostatic
properties of the thulium laser, only one of the studies reported
a significantly higher hemoglobin decrease with ThuLEP.
Complication rate was low and comparable between the two
procedures and mainly consisted of CD one to two complica-
tions, such as bleeding or AUR. Two studies reported a signifi-
cantly higher rate of early postoperative stress incontinence
and AUR after HoOLEP. This could be related to increased trac-
tion on the external sphincter while performing HoLEP and to
the higher thermal damage caused by the deeper penetration of
the holmium laser. However, Kaya et al.*! suggested that these
results could be due to the technique, rather than laser features.
Studies with long-term follow-up (>3 years) are needed to

compare disease recurrence, late complications, and stability of
results between ThuEP and HoLEP.

ThuEP vs Other Procedures

Feng et al.***? performed an RCT comparing ThuLEP (61
patients) and Plasmakinetic Enucleation of the Prostate (PKEP,
66 patients) performed according to the “mushroom
technique.” PKEP is already recommended by EAU Guidelines
for the treatment of large prostates. However, mean prostate
size in this study was 69.02 mL in the ThuLEP group and 67.05
in the PKEP group. No differences were found in operation
time, resected tissue weight, sodium decrease, and hospital
stay. Complication rate was also similar. However, hemoglobin
drop (0.80 vs 0.99¢ dL™', P = .037) and catheterization time
(1.85 vs 2.28 days, P = .042) were lower in the ThuLEP group.
IPSS, QoLs, Quax, and PVR all improved significantly with no
significant differences between the two procedures throughout
the 12-month follow-up.

Castellani et al.”’®>* compared ThuVEP (214 patients) and Pho-
toselective Vaporization of the Prostate (PVP, 291 patients).
PVP is recommended by EAU guidelines as an alternative to
TURP for the treatment of prostates <80mL. No significant
differences were shown between PVP and ThuVEP with
respect to operative time (55 vs 55 minutes), catheterization
time (2 vs 2days), and hospital stay (2 vs 3 days). Hemoglobin
drop was significantly lower in the PVP group (0.5 vs 0.8 g
dL_l). Nevertheless, transfusion rate was similar (2.2% of the
patients per group). Both procedures determined significant
improvement in IPSS and Q,.x, but PVP determined a higher
decrease at 12-month follow-up. Complication rate was
comparable.

According to the above-mentioned studies, ThuEP appears to
be equivalent to PKEP and PVP for the treatment of medium-
size prostates. All determined effective micturition improve-
ment, maintaining a low complication rate. Despite being stat-
istically significant, differences in hemoglobin drop appear to
be clinically irrelevant, considering that no difference was
found in transfusion rates. Higher IPSS and Q,,.x reduction
after PVP compared to ThuLEP needs to be verified.

Conclusions

ThuEP has been embraced by many urologists for 12 years
now. Several studies have proved that it is as safe and effective
in improving micturition and quality of life as other gold stand-
ard procedures, such as TURP, PKRP, and PVP for the treat-
ment of medium size prostates, and HoOLEP, PKEP, and OP for
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the treatment of large prostates. ThuEP offers the advantage of
reduced hemoglobin drop, catheterization time, and hospital
stay compared to TURP and OP, and a lower complication rate
compared to OP. ThuEP might also offer the advantage of
faster enucleation, increased enucleation efficiency,
reduced early postoperative stress incontinence and AUR com-
pared to HOLEP. Nevertheless, there is a severe lack of studies
with long-term follow-up comparing ThuEP to other treatments
of reference. Studies with long-term follow-up are now needed
to assess durability of outcomes, retreatment rate, and late
complications for ThuEP to be fully recommended by the
guidelines.

and

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - G.B., L.B., M.M., C.S., M.C.S.,
SM., I.R.O,, C.B., B.R;; Design - G.B., LB., MM., C.S., M.C.S.,
S.M., J.R.O., C.B., B.R.; Supervision - G.B., M.C.S., SM., J.R.O.,
C.B., B.R.; Data Collection and/or Processing - G.B., L.B., M.M.;
Analysis and/or Interpretation - G.B., L.B., M.\M., C.S., S.M., J.R.O.,
B.R.; Literature Search - G.B., L.B., M.M.; Writing Manuscript -
G.B., L.B., M.M.; Critical Review - G.B., L.B., M.M., C.S., M.C.S.,
SM., JR.O.,C.B.,B.R.

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

Financial Disclosure: The authors declared that this study has
received no financial support.

References

1. Bach T, Muschter R, Sroka R, et al. Laser treatment of benign
prostatic obstruction: Basics and physical differences. Eur Urol.
2012;61(2):317-325. [CrossRef]

2. Gilling PJ, Cass CB, Malcom AR, Fraundorfer MR. Combination
of holmium and Nd:YAG laser ablation of the prostate: Initial
clinical experience. J Endourol. 1995;9(2):151-153. [CrossRef]

3. Gilling PJ, Cass CB, Cresswell MD, Fraundorfer MR. Holmium
laser resection of the prostate: Preliminary results of a new
method for the treatment of benign prostatic hyperplasia. Urol-
0gy. 1996;47(1):48-51. [CrossRef]

4. Fraundorfer MR, Gilling PJ. Holmium:YAG laser enucleation of
the prostate combined with mechanical morcellation: Preliminary
results. Eur Urol. 1998;33(1):69-72. [CrossRef]

5. Naspro R, Gomez Sancha F, Manica M, et al. From “gold stand-
ard” resection to reproducible “future standard” endoscopic enu-
cleation of the prostate: What we know about anatomical
enucleation. Minerva Urol Nefrol. 2017;69(5):446-458. [Cross-
Ref]

6. Cornu JN, Ahyai S, Bachmann A, et al. A systematic review and
meta-analysis of functional outcomes and complications follow-
ing transurethral procedures for lower urinary tract symptoms
resulting from benign prostatic obstruction: An update. Eur Urol.
2015;67(6):1066-1096. [CrossRef]

7. LinY, Wu X, Xu A, et al. Transurethral enucleation of the pros-
tate versus transvesical open prostatectomy for large benign pros-
tatic hyperplasia: A systematic review and meta-analysis of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

randomized controlled trials. World J Urol. 2016;34(9):1207-
1219. [CrossRef]

Gravas S, Cornu JN, Gacci M, et al. EAU Guidelines on Manage-
ment of Non-Neurogenic Male Lower Urinary Tract Symptoms
(LUTS) Incl. Benign Prostatic Obstruction (BPO). Arnhem, The
Netherlands: EAU Guidelines Office. Available at https://uroweb.
org/guideline/treatment-of-non-neurogenic-male-luts/.

Bach T, Xia SJ, Yang Y, et al. Thulium: YAG 2 mum cw laser
prostatectomy: Where do we stand? World J Urol.
2010;28(2):163-168. [CrossRef]

Bach T, Wendt-Nordahl G, Michel MS, Herrmann TRW, Gross
AJ. Feasibility and efficacy of thulium:YAG laser enucleation
(VapoEnucleation) of the prostate. World J Urol.
2009;27(4):541-545. [CrossRef]

Herrmann TRW, Bach T, Imkamp F, et al. Thulium laser enuclea-
tion of the prostate (ThuLEP): Transurethral anatomical prosta-
tectomy with laser support. Introduction of a novel technique for
the treatment of benign prostatic obstruction. World J Urol.
2010;28(1):45-51. [CrossRef]

Enikeev D, Glybochko P, Rapoport L, et al. Impact of endoscopic
enucleation of the prostate with thulium fiber laser on the erectile
function. BMC Urol. 2018;18(1):87. [CrossRef]

Herrmann TRW, Wolters M. Transurethral anatomical enuclea-
tion of the prostate with Tm:YAG support (ThuLEP): Evolution
and variations of the technique. The inventors’ perspective.
Andrologia. 2020;52(8):E13587. [CrossRef]

Wolters M, Huusmann S, Oelke M, Kuczyk MA, Herrmann
TRW. Anatomical enucleation of the prostate with thulium:YAG
support: Redefinition of the surgical approach in two-lobe tech-
nique. Videourology. 2016;30(6). [CrossRef]

Dellabella M, Castellani D. Anatomical control of adenoma tech-
nique: An accurate surgical approach to thulium laser enucleation
of the prostate. Urology. 2018;113:252. [CrossRef]

Kim YJ, Lee YH, Kwon JB, Cho SR, Kim JS. A novel one lobe
technique of thulium laser enucleation of the prostate: ‘All-in-
One’ technique. Korean J Urol. 2015;56(11):769-774. [Cross-
Ref]

Saredi G, Pacchetti A, Pirola GM, et al. En bloc thulium laser
enucleation of the prostate: Surgical technique and advantages
compared with the classical technique. Urology. 2017;108:207-
211. [CrossRef]

Bozzini G, Besana U, Calori A, et al. 7U-Thulium laser enuclea-
tion of the prostate (7U-ThuLEP): Description of the technique.
Urol Video J. 2020;7:100036. [CrossRef]

Bozzini G, Berti L, Maltagliati M, et al. Ejaculation-sparing thu-
lium laser enucleation of the prostate (ES-ThuLEP): Outcomes on
alarge cohort. World J Urol. 2021;39:2029-2035. [CrossRef]
Enikeev D, Morozov A, Taratkin M, et al. Systematic review of
the endoscopic enucleation of the prostate learning curve. World
J Urol. 2021;39:2427-2438. [CrossRef]

Kampantais S, Dimopoulos P, Tasleem A, Acher P, Gordon K,
Young A. Assessing the learning curve of holmium laser enuclea-
tion of prostate (HoLEP): A systematic review. Urology.
2018;120:9-22. [CrossRef]

Robert G, Cornu JN, Fourmarier M, et al. Multicentre prospective
evaluation of the learning curve of holmium laser enucleation of
the prostate (HoLEP). BJU Int. 2016;117(3):495-499. [Cross-
Ref]

Netsch C, Bach T, Herrmann TRW, Neubauer O, Gross AJ. Eval-
uation of the learning curve for Thulium VapoEnucleation of the
prostate (ThuVEP) using a mentor-based approach. World J Urol.
2013;31(5):1231-1238. [CrossRef]

Saredi G, Pirola GM, Pacchetti A, et al. Evaluation of the learning
curve for thulium laser enucleation of the prostate with the aid of
a simulator tool but without tutoring: Comparison of two


https://doi.org/10.1016/j.eururo.2011.10.009
https://doi.org/10.1089/end.1995.9.151
https://doi.org/10.1016/S0090-4295(99)80381-1
https://doi.org/10.1159/000019535
https://doi.org/10.23736/S0393-2249.17.02834-X
https://doi.org/10.23736/S0393-2249.17.02834-X
https://doi.org/10.1016/j.eururo.2014.06.017
https://doi.org/10.1007/s00345-015-1735-9
https://uroweb.org/guideline/treatment-of-non-neurogenic-male-luts/
https://uroweb.org/guideline/treatment-of-non-neurogenic-male-luts/
https://doi.org/10.1007/s00345-010-0522-x
https://doi.org/10.1007/s00345-008-0370-0
https://doi.org/10.1007/s00345-009-0503-0
https://doi.org/10.1186/s12894-018-0400-1
https://doi.org/10.1111/and.13587
https://doi.org/10.1089/vid.2016.0029
https://doi.org/10.1016/j.urology.2017.11.037
https://doi.org/10.4111/kju.2015.56.11.769
https://doi.org/10.4111/kju.2015.56.11.769
https://doi.org/10.1016/j.urology.2017.07.011
https://doi.org/10.1016/j.urolvj.2020.100036
https://doi.org/10.1007/s00345-020-03442-2
https://doi.org/10.1007/s00345-020-03451-1
https://doi.org/10.1016/j.urology.2018.06.012
https://doi.org/10.1111/bju.13124
https://doi.org/10.1111/bju.13124
https://doi.org/10.1007/s00345-012-0894-1

Bozzini et al. Current evidence of ThuLEP for BPH

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

surgeons with different levels of endoscopic experience. BMC
Urol. 2015;15:49. [CrossRef]

Enikeev D, Glybochko P, Rapoport L, et al. A randomized trial
comparing the learning curve of 3 endoscopic enucleation
techniques (HoLEP, ThuFLEP, and MEP) for BPH using mentor-
ing approach-initial results. Urology. 2018;121:51-57. [Cross-
Ref]

Teoh JY, Cho CL, Wei Y, et al. Surgical training for anatomical
endoscopic  enucleation of the prostate. Andrologia.
2020;52(8):¢13708. [CrossRef]

Swiniarski PP, Stepienn S, Dudzic W, Kesy S, Blewniewski M,
Rézanski W. Thulium laser enucleation of the prostate (TmLEP)
vs. transurethral resection of the prostate (TURP): Evaluation
of early results. Cent Eur J Urol. 2012;65(3):130-134. [Cross-
Ref]

Hochreiter WW, Thalmann GN, Burkhard FC, Studer UE. Hol-
mium laser enucleation of the prostate combined with electrocau-
tery resection: The mushroom technique. J Urol. 2002;168(4
Pt1):1470-1474. [CrossRef]

Wang Y, Shao J, Lu Y, Lii Y, Li X. Impact of 120-W 2-um con-
tinuous wave laser vapoenucleation of the prostate on sexual
function. Lasers Med Sci. 2014;29(2):689-693. [CrossRef]
Chang CH, Lin TP, Chang YH, Huang WJ, Lin AT, Chen KK.
Vapoenucleation of the prostate using a high-power thulium
laser: A one-year follow-up study. BMC Urol. 2015;15:40.
[CrossRef]

Bozzini G, Seveso M, Melegari S, et al. Thulium laser enuclea-
tion (ThuLEP) versus transurethral resection of the prostate in
saline (TURis): A randomized prospective trial to compare intra
and early postoperative outcomes. Actas Urol Esp.
2017;41(5):309-315. [CrossRef]

Shoji S, Hanada I, Otaki T, et al. Functional outcomes of trans-
urethral thulium laser enucleation versus bipolar transurethral
resection for benign prostatic hyperplasia over a period of 12
months: A prospective randomized study. Int J Urol.
2020;27(11):974-980. [CrossRef]

Hou CP, Lin YH, Juang HH, et al. Clinical outcome of transure-
thral enucleation of the prostate using the 120-W thulium Laser
(Vela™ XL) compared to bipolar transurethral resection of the
prostate (TURP) in aging male. Aging (Albany NY).
2020;12(2):1888-1898. [CrossRef]

Enikeev D, Netsch C, Rapoport L, et al. Novel thulium fiber laser
for endoscopic enucleation of the prostate: A prospective compar-
ison with conventional transurethral resection of the prostate. /nt
J Urol. 2019;26(12):1138-1143. [CrossRef]

Zhang Y, Yuan P, Ma D, et al. Efficacy and safety of enucleation
vs. resection of prostate for treatment of benign prostatic hyper-
plasia: A meta-analysis of randomized controlled trials. Prostate
Cancer Prostatic Dis. 2019;22(4):493-508. [CrossRef]
Carmignani L, Macchi A, Ratti D, et al. Are histological findings
of thulium laser vapo-enucleation versus transurethral resection
of the prostate comparable? Pathol Oncol Res. 2015;21(4):1071-
1075. [CrossRef]

Bach T, Netsch C, Pohlmann L, Herrmann TRW, Gross AJ. Thu-
lium:YAG vapoenucleation in large volume prostates. J Urol.
2011;186(6):2323-2327. [CrossRef]

Zhang J, Ou Z, Zhang X, et al. Holmium laser enucleation of the
prostate versus thulium laser enucleation of the prostate for the
treatment of large-volume prostates > 80 ml: 18-Month follow-up
results. World J Urol. 2020;38(6):1555-1562. [CrossRef]

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Becker B, Herrmann TRW, Gross AJ, Netsch C. Thulium vapoe-
nucleation of the prostate versus holmium laser enucleation of the
prostate for the treatment of large volume prostates: Preliminary
6-month safety and efficacy results of a prospective randomized
trial. World J Urol. 2018;36(10):1663-1671. [CrossRef]

Chang CH, Lin TP, Huang JY. Safety and effectiveness of high-
power thulium laser enucleation of the prostate in patients with
glands larger than 80 mL. BMC Urol. 2019;19(1):8. [CrossRef]
Kaya E, Yilmaz S, A¢ikgoz O, et al. Laser enucleation for pros-
tates larger than 100 mL: Comparison of HoLEP and ThuLEP.
Andrologia. 2021;53:¢14125. [CrossRef]

Becker B, Orywal AK, Gross AJ, Netsch C. Thulium vapoenu-
cleation of the prostate (ThuVEP) for prostates larger than 85 ml:
Long-term durability of the procedure. Lasers Med Sci.
2019;34(8):1637-1643. [CrossRef]

Nestler S, Bach T, Herrmann T, et al. Surgical treatment of large
volume prostates: A matched pair analysis comparing the open,
endoscopic (ThuVEP) and robotic approach. World J Urol.
2019;37(9):1927-1931. [CrossRef]

Enikeev D, Okhunov Z, Rapoport L, et al. Novel thulium fiber
laser for enucleation of prostate: A retrospective comparison with
open simple prostatectomy. J Endourol. 2019;33(1):16-21.
[CrossRef]

Zhang F, Shao Q, Herrmann TR, Tian Y, Zhang Y. Thulium laser
versus holmium laser transurethral enucleation of the prostate:
18-Month follow-up data of a single center. Urology.
2012;79(4):869-874. [CrossRef]

Hong K, Liu YQ, Lu J, Xiao CL, Huang Y, Ma LL. Efficacy and
safety of 120-W thulium: Yttrium-aluminum-garnet vapoenuclea-
tion of prostates compared with holmium laser enucleation of
prostates for benign prostatic hyperplasia. Chin Med J (Engl).
2015;128(7):884-889. [CrossRef]

Netsch C, Becker B, Tiburtius C, et al. A prospective, randomized
trial comparing thulium vapoenucleation with holmium laser enu-
cleation of the prostate for the treatment of symptomatic benign
prostatic obstruction: Perioperative safety and efficacy. World J
Urol. 2017;35(12):1913-1921. [CrossRef]

Pirola GM, Saredi G, Codas Duarte R, et al. Holmium laser
versus thulium laser enucleation of the prostate: A matched-pair
analysis from two centers. Ther Adv Urol. 2018;10(8):223-233.
[CrossRef]

Bozzini G, Berti L, Aydogan TB, et al. A prospective multicenter
randomized comparison between holmium laser enucleation of
the prostate (HoLEP) and thulium laser enucleation of the pros-
tate (ThuLEP). World J Urol. 2021;39:2375-2382. [CrossRef]
Wani MM, Sriprasad S, Bhat T, Madaan S. Is thulium laser enu-
cleation of prostate an alternative to holmium and TURP sur-
geries—A systematic review? Turk J Urol. 2020;46(6):419-426.
[CrossRef]

Xiao KW, Zhou L, He Q, et al. Enucleation of the prostate for
benign prostatic hyperplasia thulium laser versus holmium laser:
A systematic review and meta-analysis. Lasers Med Sci.
2019;34(4):815-826. [CrossRef]

Feng L, Zhang D, Tian Y, Song J. Thulium laser enucleation versus
plasmakinetic enucleation of the prostate: A randomized trial of a
single center. J Endourol. 2016;30(6):665-670. [CrossRef]
Castellani D, Cindolo L, De Nunzio C, et al. Comparison between
thulium laser VapoEnucleation and GreenLight laser photoselec-
tive vaporization of the prostate in real-life setting: Propensity
score analysis. Urology. 2018;121:147-152. [CrossRef]


https://doi.org/10.1186/s12894-015-0045-2
https://doi.org/10.1016/j.urology.2018.06.045
https://doi.org/10.1016/j.urology.2018.06.045
https://doi.org/10.1111/and.13708
https://doi.org/10.5173/ceju.2012.03.art6
https://doi.org/10.5173/ceju.2012.03.art6
https://doi.org/10.1016/S0022-5347(05)64476-X
https://doi.org/10.1007/s10103-013-1386-2
https://doi.org/10.1186/s12894-015-0032-7
https://doi.org/10.1016/j.acuro.2016.06.010
https://doi.org/10.1111/iju.14341
https://doi.org/10.18632/aging.102720
https://doi.org/10.1111/iju.14115
https://doi.org/10.1038/s41391-019-0135-4
https://doi.org/10.1007/s12253-015-9931-x
https://doi.org/10.1016/j.juro.2011.07.073
https://doi.org/10.1007/s00345-019-02945-x
https://doi.org/10.1007/s00345-018-2321-8
https://doi.org/10.1186/s12894-019-0437-9
https://doi.org/10.1111/and.14125
https://doi.org/10.1007/s10103-019-02760-1
https://doi.org/10.1007/s00345-018-2585-z
https://doi.org/10.1089/end.2018.0791
https://doi.org/10.1016/j.urology.2011.12.018
https://doi.org/10.4103/0366-6999.154282
https://doi.org/10.1007/s00345-017-2071-z
https://doi.org/10.1177/1756287218779784
https://doi.org/10.1007/s00345-020-03468-6
https://doi.org/10.5152/tud.2020.20202
https://doi.org/10.1007/s10103-018-02697-x
https://doi.org/10.1089/end.2015.0867
https://doi.org/10.1016/j.urology.2018.09.007

