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Abstract

Purpose We compared the perioperative and postoperative characteristics of thulium vapoenucleation and holmium laser
enucleation of the prostate for the treatment of large volume benign prostatic hyperplasia.

Materials and methods A total of 94 patients with benign prostatic hyperplasia and a median prostate size of 80 (IQR
46.75-100) cc were either randomized to thulium vapoenucleation or holmium laser enucleation of the prostate. Patients
were assessed preoperatively, 1 and 6 months postoperatively.

Results The median operative time was 60 (IQR 41-79) min without significant differences between the groups. There were
no significant differences between the groups regarding catheter time [2 (IQR 2-2) days] and postoperative stay [2 (IQR
2-3) days]. Clavien 1 (13.8%), 2 (3.2%), 3a (2.1%), and Clavien 3b (4.3%) complications occurred without significant differ-
ences between the groups. At 6-month follow-up, median maximum flow rate (10.7 vs. 25.9 ml/s), post-void residual urine
(100 vs. 6.5 ml), I-PSS (20 vs. 5), quality of life (4 vs. 1), PSA (4.14 vs. 0.71 pg/l), and prostate volume (80 vs. 16 ml) had
improved significantly (p <0.001) compared to baseline without significant differences between the groups. Median PSA
decrease was 79.7% (58.8-90.6%) and prostate volume reduction was 74.5% (68.57-87.63%) without differences between
the groups. The reoperation rate was zero at 6-month follow-up.

Conclusions Thulium vapoenucleation and holmium laser enucleation of the prostate are safe and effective procedures for
the treatment of large volume benign prostatic hyperplasia. Both procedures give satisfactory micturition improvement with
low morbidity and sufficient prostate volume reduction at 6-month follow-up.
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Introduction

Although associated with considerable perioperative com-
plications like severe bleeding, open prostatectomy (OP)
has been the standard treatment of substantially enlarged
prostates over decades [1]. Since the introduction of the
holmium laser enucleation of the prostate (HoLEP) into
the armamentarium of benign prostatic obstruction (BPO)
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controlled trials (RCTs) with excellent long-term results [3].
Alternative procedures for endoscopic enucleation of the
prostate (EEP) mimicking the HoLEP technique have been
described during the past 10 years using different types of
energy sources [4]. HOLEP has been recommended by the
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current guidelines of the European Association of Urology
in men with substantially enlarged prostates (e.g.> 80 cc)
as first choice [5]. However, only few RCTs for EEP pro-
cedures other than HoLEP [3] or bipolar enucleation of the
prostate (BipolEP) [6—10] for the treatment of large volume
prostates are available: greenlight laser enucleation of the
prostate (GreenLEP) [11], diode laser enucleation of the
prostate (DiLEP) [10] and thulium laser enucleation of the
prostate (ThuLEP) [12], respectively. The latter is a tran-
surethrally performed enucleation technique using the beak
of the resectoscope for dissecting the adenoma from the
pseudocapsule of the prostate with Tm:YAG laser support
[12]. In contrast, the Tm:YAG laser is continuously applied
to the layer of enucleation for dissecting the adenoma from
the surgical pseudocapsule in thulium vapoenucleation of
the prostate (ThuVEP) [13]. ThuVEP has been shown to be
a size-independent procedure for the surgical treatment of
BPO with low perioperative morbidity and good long-term
results [13—15]. To our knowledge, we present the first RCT
comparing the perioperative and postoperative characteris-
tics of ThuVEP with HoLEP in patients with large volume
prostates during a short-term 6-month follow-up.

Methods
Study design and enrollment

After receiving institutional review board approval, patients
were recruited between January 2015 and February 2016.
This RCT was registered in the German clinical trials regis-
ter (DRKS-ID: DRKS00008206). Inclusion criteria were a
maximum urinary flow rate (Qmax) < 15 ml/s, International
prostate symptom score (I-PSS) > 12, patients > 18 years,
patients with failed medical therapy of BPO, recurrent uri-
nary tract infections (UTI), and patients with acute or recur-
rent episodes of urinary retention or postrenal acute kidney
injury. Exclusion criteria were previous urethral/prostatic
surgery, active prostate cancer (PCa) or urethral strictures,
and urodynamically diagnosed neurogenic bladder.

Randomization and preoperative assessments

Patients were randomized to one of the two groups by a
computer-based prospective random sequence generator
in a 1:1 ratio. Preoperative assessment included a physical
examination with digital rectal examination (DRE), tran-
srectal ultrasound (TRUS) and biopsy whenever indicated,
measurements of post-void residual urine (PVR) and Qmax,
I-PSS, Quality of life (QoL), International Index of Erectile
Function (IIEF-EF) questionnaire, serum prostate-specific
antigen (PSA), urine analysis and urine culture.
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Interventions

All procedures were performed by two surgeons (AJG,
CN) with the experience from more than 500 ThuVEP
and 200 HoLEP procedures each. A 26F continuous-flow
laser resectoscope in combination with a mechanical tissue
morcellator (R. Wolf, Piranha™, Knittlingen, Germany)
was used for both procedures. ThuVEP was carried out
using a continuous wave Tm:fiber laser (Vela® XL, Bos-
ton Scientific, Ratingen, Germany) at 90 W, while HoLEP
was performed using a pulsed Ho: YAG laser (Auriga® XL,
Boston Scientific, Ratingen, Germany) at 39.6 W (2.2 ],
18 Hz). A 550 pm bare-ended, re-usable laser fiber was
used (LightTrail®, Boston Scientific, Ratingen, Germany).

The techniques of HoLEP and ThuVEP have been
previously reported in detail [13, 16, 17]. All interven-
tions were carried out using normal saline as irrigation
fluid with the patient under spinal or general anesthesia.
Depending on the lobe configuration and the size of the
prostate, a 2- or 3-lobe technique was performed during
all procedures without differences between HoLEP and
ThuVEP. The 2-lobe technique was started with a 5- or
7-0’clock incision down to the surgical capsule. Then, the
single lateral lobe was enucleated followed by enuclea-
tion of the other lobe together with the median lobe. The
3-lobe technique was usually performed in cases of large
prostates with a large median lobe. After 5- and 7-0’clock
incisions, the middle lobe was enucleated and afterwards
the lateral lobes had to be dissected at the layer of the
surgical pseudocapsule and pushed into the bladder. At
the end of surgery, a 22F three-way foley catheter was
inserted for continuous bladder irrigation (CBI) with nor-
mal saline, which was stopped the next morning based on
our standard department protocol. Routinely, the catheter
was removed at the second postoperative day. All patients
received a perioperative antibiotic treatment with a sec-
ond generation cephalosporine regularly or an antibiotic
regimen according to an antibiogram until removal of the
indwelling catheter. Patients were discharged after removal
of the catheter and after being able to void adequately as
measured by PVR and Qmax.

Data collection and follow-up

Blood loss was estimated by comparing the serum hemo-
globin value before surgery with the corresponding value
on the first postoperative day. Perioperative and postopera-
tive complications were reported according to the modified
Clavien—-Dindo System [15, 18]. All patients were reas-
sessed 1 and 6 months after surgery by IPSS, QoL, Qmax,
PVR, and the occurrence of complications. In addition,
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PSA and prostate volume measurement by TRUS were
carried out at 6-month follow-up.

Statistical analysis

Statistical analysis was performed using SPSS 22 (IBM
Corp, Armonk, NY, USA). The two-tailed Xz—test (exact
Fisher’s test) or the Mann—Whitney U test was applied in
order to determine the statistical significance of differences
between various parametric and non-parametric parameters
of the study arms. Improvement in the assessed parameters
in each treatment arm was calculated using the paired ¢
test. Patient data were expressed as median (interquartile
range (IQR)). A p value <0.05 was considered statistically
significant.

The primary endpoints of the study were IPSS and Qmax
(ml/s). The secondary endpoints were operation time, cath-
eterization time, hospitalization time, the complication
rate (CR), QoL, PSA, TRUS, and PVR assessments during
follow-up. The sample size was calculated for the detection
of statistically significant differences for the final analysis
2 years postoperatively. With a=0.05 (type I error, 0.025
adjusted for the two primary outcomes) and a power of 90%
(#=0.10), a sample size of 32 patients per group was calcu-
lated. The calculation assumed that the relevant difference

in IPSS was 3 (SD=3) and in Qmax 3 (SD =6) ml/s. Since
an overall yearly dropout rate of about 15% was expected,
45 patients per group had to be recruited.

Results

A total of 94 patients were finally enrolled in the study
and randomized to ThuVEP (n=48) or HoLEP (n=46)
(Fig. 1). Figure 1 further shows that in the ThuVEP group,
five patients were excluded from assessment due to discov-
ery of prostate cancer (four patients were excluded due to
incidental PCa (two patients with pTla, and two patients
with pT1b) receiving curative therapy/active surveillance
and one patient with Carcinoma in situ (Cis) of the pros-
tate that required radical cystectomy), while in the HoLEP
group, another four patients were excluded for the same
reason (three patients were excluded because of incidental
PCa (all pT1b) receiving curative therapy/active surveillance
and one with locally advanced Prostate cancer). All patients
that were diagnosed with either pT1a or pT1b PCa are cur-
rently under active surveillance. The patient with the locally
advanced PCa was treated with a radical prostatectomy and
was staged thereafter with a “pT3” PCa.

=

[ Assessed for eligibility [n=120] ]

Excluded [n=13]
» Not meeting inclusion criteria [n=13]

[ Randomized [n=107] ]
ThuVEP HoLEP
g . . ) [ Allocation ] g . .
Allocated to intervention [n=54] Allocated to intervention [n=53]
* Received allocated intervention [n=54] * Received allocated intervention [n=53]
« Did not receive allocated intervention [n=0] + Did not receive allocated intervention [n=0]
N J & J
Analysis N
/Lost to follow-up: early [n=6] \ [ y ] /Lost to follow-up: early [n=7]
* Moved abroad/lost to follow-up [n=1] * Moved abroad/lost to follow-up [n=3]
« Incidental PCa receiving curative * Incidental PCa receiving curative
therapy/active surveillance [n=4] therapy/active surveillance [n=3]
« Carcinomain situ of the prostate, radical \-Locally advanced PCa [n=1] )

sttectomy [n=1]

/

Fig.1 The CONSORT (Consolidated Standards of Reporting Trials) E-flowchart shows the design of the study including randomisation and

immediate treatment
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Table 1 . Baseline criteria of two groups

ThuVEP HoLEP Overall p value
(n=48) (n=46) (n=94)
Median (IQR) age (years) 74 (68-76.75) 71.5 (67-75) 73 (67-76) 0.207
Median (IQR) ASA score 2(2-2) 2 (2-3) 2 (2-3) 0.155
Median (IQR) BMI (kg/m?) 26.84 (24.76-28.33) 27.72 (25.72-29.67) 27.12 (25.01-29.05) 0.160
No. diabetes mellitus (%) 3(6.3) 5(10.9) 8 (8.5) 0.341
No. indwelling catheter (acute urinary retention + failed 24 (50) 19 (41.3) 43 (45.7) 0.327
trial of void (%)
No. history of urinary retention (%) 26 (54.2) 20 (43.5) 46 (48.9) 0.264
Median (IQR) baseline urine flow parameters (in noncatheterized pts.)
Qmax (ml/s)?* 9.6 (6.2-12.4) 12.1 (7.2-15) 10.7 (6.43-14.85) 0.181
PVR (ml)? 100 (26.75-237.5) 105 (48.25-200) 100 (38-200) 0.962
I-PSS 20 (16-25) 22 (15-26) 20 (16-25) 0.809
QoL 4 (4-5) 4 (4-5) 4 (4-5) 0.889
Median (IQR) IIEF-EF score 16.5 (6.75-25.25) 20 (9-27.25) 17 (9-26.75) 0.642
No. surgery under ongoing anticoagulant therapy (%) 9 (18.8) 9 (19.6) 18 (19.1) 0.497
Aspirin (%) 8 (16.7) 6 (13.1) 14 (14.9) 0.433
Apixaban (%) 0(0) 12.2) 1(1.1) 0.267
Dabigatran (%) 0(0) 2(4.3) 2(2.1) 0.499
No. anticoagulants temporarily stopped (%) 5(10.4) 4(8.7) 9(9.6) 0.476
Aspirin (%) 2(4.2) 4(8.7) 6 (6.4) 0.361
Phenprocoumon (%) 2(4.2) 00 2(2.1) 0.141
Rivaroxaban (%) 1(2.1) 00 1(1.1) 0.267
No. alpha-blocker therapy (%) 41 (85.4) 42 (91.3) 83 (88.3) 0.313
No. 5-a-reductase inhibitor therapy (%) 12 (25) 14 (30.4) 26 (27.7) 0.407
No. 5-a-reductase inhibitor therapy and 12 (25) 13 (28.3) 25 (26.6) 0.463
alpha-blocker therapy (%)
No. anticholinergic medications (%) 24.2) 0(0) 2(2.1) 0.141
Median (IQR) PSA (ng/ml) 4.14 (1.98-6.28) 4.14 (2.18-8.37) 4.14 (2.13-6.98) 0.698
Median (IQR) prostate volume (ml) 82.5 (47.75-100) 77.5 (45.75-110.25) 80 (46.75-100) 0.826

*Except those in urinary retention

bSubtherapeutic dosage

There were no statistically significant differences in
any baseline characteristics between the groups (Table 1).
50 (53.2%) patients had a gland volume > 80 cc, with 29
(30.9%) patients having a gland > 100 ml, respectively. 18
patients (19.1%) were treated on ongoing anticoagulant
therapy in the ThuVEP (n=9) and HoLEP (n=9) group
(Table 1).

Table 2 lists perioperative data. The median (IQR)
operative time was 60 (41-79) min without significant
differences between the groups (p =0.275), although the
median (IQR) enucleation time was significantly shorter
for ThuVEP [27.3 (21.53-37.65) min] as compared to
HoLEP [40 (29.75-50.09) min, p <0.004]. Median (IQR)
enucleation efficiency (resected weight/enucleation time)
was significantly higher in ThuVEP [1.87 (1.18-2.59) g/
min] compared to HoLEP [1.19 (0.85-1.86) g/min,
p <0.005]. There were no differences between the groups
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regarding the median (IQR) catheter time [2 (2-2) days]
and median (IQR) postoperative stay [2 (2-3) days].

Table 3 lists detailed information on all complications
and treatment modalities which occurred during the first 30
postoperative days. Clavien 1 (13.8%), 2 (3.2%), 3a (2.1%),
and 3b (4.3%) complications occurred without differences
between the groups. The occurrence of postoperative AUR
during the first 30 postoperative days was significantly
higher after HOLEP compared to ThuVEP (15.2 vs. 2.1%,
p <0.022). However, there were no significant differences
in the occurrence of any other complications between the
groups (Table 3).

One patient (2.1%) in the ThuVEP group and 4 (8.7%)
in the HOLEP group showed transient urge incontinence
(p=0.149), while 9 (18.8%) in the ThuVEP group and 8
(17.4%) in the HoLEP group had transient stress inconti-
nence (p=0.491). At 6-month follow-up, one patient in
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Table 2 Perioperative data of two groups
Median (IQR) Median (IQR) Median (IQR) p value
ThuVEP HoLEP overall
(n=48) (n=46) (n=94)
Operation time® (min) 50 (37.75-71.75) 65 (44-81) 60 (41-79) 0.275
Enucleation time® (min) 27.03 (21.53-37.65) 40 (29.75-50.09) 34.09 (25-45.03) <0.004
Morcellation time (min) 13 (9-20) 13.21 (9-20.5) 13.11 (9-19.75) 0.934
Morcellation efficiency® (g/min) 3.3 (2.5-6.10) 4.03 (2.98-5.03)) 3.87 (2.7-5.33) 0.797
Enucleation efﬁciencyd (g/min) 1.87 (1.18-2.59) 1.19 (0.85-1.86) 1.41 (0.99-2.13) <0.005
Operation efficiency® (g/min) 0.94 (0.69-1.21) 0.87 (0.59-1.14) 0.9 (0.65-1.18) 0.152
Resected weight (g) 58 (32.75-86.5) 48 (25-80) 53 (32-80) 0.421
Percentage resected tissue! (%) 64.67 (52.61-81.24) 71.11 (55.56-84.31) 68.97 (53.33-82.03) 0.550
No. conversion to monopolar TURP for 12.1) 3(6.5) 4 (4.3) 0.254
hemostasis (%)
Hemoglobin decrease (g/dl) 1.6 (1.1-2.35) 1.7 (0.7-2.6) 1.6 (1-2.5) 0.970
Catheter time (days) 2(2-2) 2(2-2) 2(2-2) 0.966
Postoperative stay (days) 2(2-3) 2 (2-3) 2 (2-3) 0.809
*Measured from insertion until removal of the resectoscope
®Measured from insertion of the laser fiber until removal
“Resected weight/morcellation time
dResected weight/enucleation time
“Resected weight/operation time
TResected weight/preop. TRUS volume
Table 3 Detailed analysis of Clavien grade 1 to 3b complications within 30-day perioperative period
Complication Treatment ThuVEP  HoLEP  Overall p value
(n=48) (n=46) (n=94)
Clavien grade 1 complications (n=13 of 94; 13.8%)
Urinary retention after catheter removal Bedside recatheterization 12.1) 3(6.5) 4(4.3)* 0254
0(0) 487 443 0037
Clot retention without surgical revision Bladder irrigation (prolonged) and tamponade 24.2) 2(4.3) 44.3) 0.499
evacuation through catheter
Superficial bladder injury due to morcellation  No special therapy 1(2.1) 0(0) 1(1.1) 0.281
Clavien grade 2 complications (n=3 of 94; 3.2%)
Postoperative Hematuria Transfusion 0(0) 12.2) 1(1.1) 0.267
Urinary tract infections Antibiotics 1(2.1) 1(2.1) 2(2.1) 0.499
Clavien grade 3a complications (n=2 of 94; 2.1%)
Incomplete morcellation Removal of enucleated tissue in local anesthesia 0 (0) 12.2) 1(1.1) 0.267
Hydronephrosis due to ureteric orifice injury ureteral stent (double-J-stent) 0(0) 12.2) 1(1.1) 0.267
Clavien grade 3b complications (n=4 of 94; 4.3%)
Incomplete morcellation (blade malfunction) Secondary morcellation 0(0) 12.2) 1(1.1) 0.267
Hemorrhage/Clot retention Cystoscopy with clot evacuation, coagulation of 1 (2.1) 2(4.3) 33.2) 0.397

prostate fossa

#During hospital stay
*During 4-week follow-up

the ThuVEP group (2.1%) and one (2.1%) patient in the
HoLEP group had urge incontinence. However, none of the
patients had stress incontinence at the 6-month follow-up
mark. Between the 1- and 6-month follow-up mark, an

episode of acute urinary retention (AUR) occurred in 1
patient (2.1%) in the ThuVEP group. Two patients (4.2%)
in the ThuVEP group and 4 (8.7%) patients in the HOLEP
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Table 4 Baseline and follow-up data

Median (IQR) Median (IQR) Median (IQR) Baseline vs. 1-month Median (IQR) Baseline vs.
preop discharge 1-month follow-up  follow-up p value 6-month follow-up  6-month follow-up
p value

I-PSS
Total 20 (16-25) n.a. 10 (6-14.5) <0.001 5@3-9) <0.001
ThuVEP 20 (16-25) n.a. 9 (6-14) <0.001 53-9) <0.001
HoLEP 20 (16-25) n.a. 11 (7-16) <0.001 5(3-10) <0.001
p value 0.809 0.429 0.730

QoL
Total 4 (4-5) n.a. 3(1-4) <0.001 1(1-2) <0.001
ThuVEP 4 (4-5) n.a. 2 (1-3) <0.001 1(1-2) <0.001
HoLEP 4 (4-5) n.a. 3(2-5) <0.005 1(0-2) <0.001
p value 0.889 <0.040 0.824

Qmax (ml/s)
Total 10.7 (6.43-14.85)* 16 (10.6-19) 22 (16.8-27) <0.001 25.9 (17.6-37.6) <0.001
ThuVEP 9.6 (6.2-12.4)* 16 (11.7-19.4) 22 (15-27.5) <0.001 25.9 (17.8-36.7) <0.001
HoLEP 12.1 (7.2-15)* 13 (8.4-18) 21.3 (17.7-27.5) <0.001 25 (16.3-38.78) <0.001
p value 0.181 0.162 0.800 0.616

PVR (ml)
Total 100 (41.75-200)* 30 (0-82.5) 20 (0-60) <0.001 6.5(0-33.2) <0.001
ThuVEP 100 (26.75-237.5)* 38.5 (0-90) 14 (0-60) <0.001 0 (0-39.5) <0.001
HoLEP 105 (48.25-200)* 20 (0-80) 30 (0-67.5) <0.001 12 (0-33) <0.001
p value 0.962 0.674 0.351 0.527

PSA (ug/l
Total 4.14 (2.13-6.98) n.a. n.a. - 0.71 (0.34-1.65) <0.001
ThuVEP  4.14 (1.98-6.28) n.a. n.a. - 0.73 (0.3-1.6) <0.003
HoLEP 4.14 (2.18-8.37) n.a. n.a. - 0.67 (0.41-2.1) <0.016
p value 0.698 0.814

TRUS volume (ml)
Total 80 (46.75-100) n.a. 18 (12-30) <0.001 16 (10-25) <0.001
ThuVEP  82.5 (47.75-100) n.a. 20 (11.75-30) <0.001 16 (8-25) <0.001
HoLEP 77.5 (45.75-110.25) n.a. 16 (11-27.5) <0.001 16 (10-25) <0.001
p value 0.826 0.663 0.777

n.a not analyzed

2Compared with baseline; except those in urinary retention

group developed UTI without significant differences Discussion

between the groups (p =0.31).

In both groups, Qmax, PVR, I-PSS, and QoL had
improved significantly compared to preoperative assess-
ment at 4-weeks follow-up and continued to improve at
6-month follow-up (p <0.001) without significant differ-
ences between the groups (Table 4). At 6-month follow-up,
the median (IQR) reduction of PSA was 80 (62-91.4) vs.
78.9 (53-89.7) (p=0.814) and the median (IQR) reduction
of TRUS estimated prostate size was 75 (68.57—-88) vs.
73.91 (68.92-85.88) in the ThuVEP and HoLEP groups,
respectively (p <0.777).
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Over the last years, a paradigm shift from transurethral
resection of the prostate (TURP) and OP for treatment of
BPO to minimally invasive transurethral EEP has taken
place due to less complications and a shorter hospitaliza-
tion rate [4].

In this RCT, we could prove that both ThuVEP and
HoLEP lead to satisfactory micturition improvement with
low perioperative morbidity and significantly improved
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functional outcomes at 6-month follow-up for large vol-
ume prostates (median 80 cc).

Although various studies have shown a benefit using EEP,
we still lack of RCTs comparing different EEPs. HoLEP has
been proven to be a safe and efficacious procedure with long-
lasting micturition improvement [3, 19]. Therefore, HOLEP
has been justifiably adopted to the European guidelines as
first-line therapy for enlarged prostates >80 cc [5]. With
regard to HoLEP [3] and BipolEP [6-10, 20, 21], numerous
trials have been conducted with the result of being equiva-
lent techniques to TURP and OP. Considering more recent
EEPs, only few RCTs have been conducted so far. GreenLEP
[11], ThuLEP [12, 22], ELEP [23], and DiLEP [10] have all
shown promising results regarding the functional outcome.
An important advantage of enucleation prostatectomy as
opposed to vaporization technique is the availability of pros-
tate tissue for histopathology. In our series, nine patients had
to be excluded after randomization to ThuVEP and HoLEP
due to an incidental PCa or Cis in the prostate and were
treated with a radical prostatectomy, radical cystectomy or
are currently under active surveillance, respectively. These
patients would have been lost for a curative approach in case
of vaporization of the prostate.

Considering this incredible race in modern urology for
minimally invasive laser techniques, the thulium laser has
emerged to the most challenging enucleation technique next
to HoLEP in terms of CR and long-term efficacy [13-16].
In the preliminary study results, we could already show that
ThuVEP leads to an equivalent micturition improvement
with a comparable CR at short-term follow-up of 4 weeks
[24]. We here present the 6-month outcomes of our RCT
comparing ThuVEP with HoLEP.

Despite the technical differences of both procedures (i.e.,
pulsed vs. continuous laser power), the surgical principals
remain identical (i.e., complete removal of the adenoma)
with no expected differences regarding functional outcome
parameters. Both lasers have arguments for and against its
use in clinical practice. The holmium:YAG laser can also
be used for stone fragmentation or laser coagulation inside
the ureter. Regarding infiltrative PCa, ThuVEP might be
superior due to the versatile possibilities of vaporization,
resection and enucleation with the thulium laser.

In this RCT, ThuVEP and HoLEP demonstrated equiva-
lent micturition improvement in all functional parameters
regarding Qmax, PVR, I-PSS and QoL at 1- and 6-month
follow-up in large volume prostates comparable to pre-
viously reported RCTs for HoLEP [3, 11, 22], ThuLEP
[12, 22], and BipolEP [6, 8, 21, 25, 26]. Most remarkably,
the patients’ comfort in subjective micturition improved
at the interval of 1- to 6-month follow-up in both groups.
The improved functional parameters after 6 months com-
pared to 1 month are a common finding after ThuVEP
[27], HoLEP [28], OP [21], BipolEP [6, 10, 20, 21] and

DiLEP [10] and most likely due to an incomplete wound
healing after 4 weeks. This raises the question if the qual-
ity assessment of any BPO technique should be noted at
short-term follow-up of 4 weeks.

The median postoperative stay in our series was 2 days
with a catheter removal at the day of discharge which
is less compared to OP [3, 7-9, 20, 21, 29] and TURP
[1, 3, 6]. Regarding series including only patients with
enlarged prostates (>80 cc), shorter hospitalization rates
were seen in series for HOLEP [3, 11], BipolEP [9, 10, 21],
and GreenLEP [11], whereas longer hospitalization rates
were also noted for BipolEP [7, 9, 10, 20] and DiLEP [10].

The accuracy of EEPs is usually measured by the vol-
ume reduction of the prostate and represents the complete-
ness of a procedure during follow-up. Our data reveal a
percentage loss of 75 and 73.9% of the gland for ThuVEP
and HoLEP, respectively. These results are well compa-
rable to other enucleation techniques [8, 10]. Wu et al.
reported a 66% resection rate of the previously measured
prostate volume for DiLEP and BipolEP [10]. Similar rates
have been reported for HOLEP [25] and ThuVEP [16].

Regarding the short-term complications after 4 weeks
using the modified Clavien classification system (CCS),
we already discussed the results in a previous publica-
tion [24]. The main difference after 4 weeks was a higher
recatheterization rate postoperatively after HOLEP com-
pared to ThuVEP (15.2 vs. 2.1%, p <0.022). The higher
recatheterization rate after HoOLEP compared to ThuVEP
was a surprising result of our study and cannot be totally
explained. However, recatheterization rates up to 25% after
HoLEP have been described before [3, 26]. Four patients
developed AUR within a 4-week interval after surgery.
Two patients showed up in our emergency department with
coagula inside the bladder that could be easily evacuated.
With regard to the other two patients, no cause could be
determined for the development of AUR. In all four cases,
the patients were able to void adequately after removal of
the catheter.

We have noted no differences regarding Clavien 2, 3a
and 3b complications. Our results after 4 weeks are com-
parable with large series regarding TURP [3] and OP series
[3. 8,9, 20], as well as HoLEP [3, 11] BipolEP [6-11, 20,
21], GreenLEP [11], ThuLEP [12-16, 22], ELEP [23], and
DiLEP [10].

During 6-month follow-up, UTI was noted in two patients
(2.1%) in the ThuVEP group and in four patients (4.2%) in
the HOLEP group. These data are comparable to other series
with a 6-month follow-up [21, 27, 28]. One patient in the
ThuVEP group required a recatheterization due to an event
of AUR. However, no obstructive cause could be found and
the patient could void adequately after removal of the cath-
eter. With regard to incontinence, one patient in each group
showed up with urge incontinence which has been tolerated
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without reintervention. However, none of the patients had
stress incontinence at the 6-month follow-up mark.

To evaluate a treatment modality for BPO, the aspect of
durability is of major interest. In our RCT, we could show
that ThuVEP and HoLEP are comparable procedures after
1 and 6 months of follow-up. To date, none of the patients
developed urethral strictures, bladder neck contractures or
were treated for regrowth of prostatic adenoma.

Although our study represents the largest series to date
comparing ThuVEP with HoLEP in an RCT, several limita-
tions have to be disclosed: (a) One might argue that this RCT
was not powered to investigate a non-inferiority of either
procedure. To achieve this objective, a study with a larger
number of patients in a multicentric study design needs to
be investigated. (b) The different power settings of the laser
system for HOLEP (39.6 W) and ThuVEP (90 W) might
be a limitation of this actual study, although it can be seen
as a biased selection of energy setting against the holmium
laser. So far, the optimum energy setting for each laser would
be 70-120 W for Thulium, and 80-120 W for Holmium.
However, shortly a published report showed that low-power
HoLEP leads to a comparable functional outcome compared
to the data of high-power HoLEP in the literature [30]. In
our study, we could notice a difference in operation time
which favors the ThuVEP technique; however, this differ-
ence turned out not be statistically significant. This stresses
our assumption that enucleation technique with complete
removal of the adenoma is more important than laser itself.
However, as stated before, the difference in the energy set-
ting might be a reasonable explanation for the difference in
the enucleation rate next to the type of laser utilized.

Despite these limitations, this study definitely helps us to
further understand that enucleation of the prostate is supe-
rior to TURP regardless of the energy source or technique.
Nevertheless, there needs to be a continuous strive for more
RCTs in order to further validate the long-term efficacy of
ThuVEP compared to HoLEP.

Conclusions

This RCT confirms that both ThuVEP and HoLEP are com-
parable treatment modalities in terms of perioperative com-
plications and functional outcome parameters. Conclusively,
none of either procedure seems to be superior for the treat-
ment of BPO at 6-month follow-up. Though, in order to draw
final conclusions, a longer follow-up is needed to prove the
long-term durability.
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