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Introduction

Lower urinary tract symptoms (LUTS) due to benign pros-
tate hyperplasia (BPH) have long been predominantly 
treated with simple prostatectomy and transurethral resec-
tion of the prostate (TURP). Over the past 20 years, several 
laser-based procedures have been introduced as treatment 
alternatives in clinical practice. Laser endoscopic enucle-
ation of the prostate (EEP) was shown to be more effective 
and caused fewer complications and less blood loss than 
TURP and open prostatectomy [1], but was also found to 
have a relatively steep learning curve of up to 60 cases [2, 
3].
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Abstract
Purpose  The solid-state Thulium laser (Tm: YAG) is a novel alternative to the widely used Holmium laser for endoscopic 
enucleation of the prostate (EEP) due to its relatively high peak power. The aim of this study was to examine the efficacy and 
safety of a new pulsed Tm: YAG laser in its first application in humans.
Methods  Data were retrospectively collected for the first 103 patients who underwent EEP with a new pulsed solid-state Tm: 
YAG laser (Thulio®, Dornier MedTech Systems GmbH, Weßling, Germany). Peri- and postoperative data were assessed. 
Procedure-specific complications were graded using Clavien-Dindo Classifications (CDC). Patients were interviewed 15 
months after the surgery to evaluate functional and long-term outcomes. Statistical analysis was performed with Statistical 
Package for the Social Sciences (SPSS®).
Results  The mean preoperative prostate volume was 105.6 ± 55.0  ml. Median enucleation speed was 4.1  g per minute 
(range 1.1–9.7). Short-term postoperative complications occurred in 21 patients (20.4%), but no high-grade complications 
(CDC ≥ IV) were observed. Five patients suffered gross haematuria and required reintervention (CDC IIIb; 4.9%). After 15 
months, 76 patients (73.8%) participated in the follow-up interview, where seven patients (9.2%) reported complications, 
including two reinterventions for urethral strictures (CDC IIIb; 2.6%). Most patients reported an improvement in continence 
(54.0%) and urine stream (93.4%), but no difference in erectile function (81.6%). No persistent dysuria was reported. Patient 
satisfaction with the surgery results was very high (96.1%).
Conclusion  Endoscopic enucleation of the prostate with the new pulsed solid-state Tm: YAG laser is a safe and effective 
option for surgical BPH treatment.
Trial registration  German Clinical Trials Register number: DRKS00031676. Registration date: 10 May 2023, retrospec-
tively registered.

Keywords  Benign prostate hyperplasia (BPH) · Endoscopic enucleation of the prostate (EEP) · Holmium laser 
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Holmium laser enucleation of the prostate (HoLEP) was 
first described in 1998 by Fraundorfer & Gilling [4]. It is 
now the gold standard surgical treatment for LUTS attrib-
utable to BPH and first-line treatment for prostatic glands 
exceeding 80 cm³ in both the European Association of Urol-
ogy and American Urology Association guidelines [5, 6]. 
HoLEP has been proven to be safe and efficient with excel-
lent long-term clinical results [7]. It uses a pulsed Holmium: 
yttrium-aluminium-garnet laser (Ho: YAG) with a 2120 nm 
wavelength and a peak power of up to 10  kW. The laser 
energy rapidly heats the water medium, causing a cavita-
tion bubble to form which emits a shock wave exerting local 
pressure [8]. This facilitates dissecting the prostate adenoma 
from the prostate’s pseudo-capsule, thus enabling anatomic 
prostate enucleation [8]. Although the heat from the steam 
bubble coagulates the wound and stops superficial bleeding, 
this coagulation effect is considered irregular and subopti-
mal [8]. An attempt to reduce this photodynamic effect is the 
new low peak power Ho: YAG laser [9].

Two main Thulium laser types are used for EEP as alter-
natives to Ho: YAG lasers: the continuous wave Thulium: 
YAG (Tm: YAG) laser used for enucleation with Tm: YAG 
support (ThuLEP), and the Thulium fiber laser (TFL).

The TFL employs an optical fibre with a central Tm-
doped core as its active medium [10]. Concerning tissue 
cutting they might be more precise than the Ho: YAG laser 
due to their lower peak power up to 500 W producing four-
fold smaller vapour bubbles and ten-fold lower local pres-
sure [11]. Both continuous and pulsed-wave TFLs were 
reported as equally safe and effective for laser enucleation 
of the prostate [12].

Continuous wave Tm: YAG is a solid-state laser with 
Tm-doped YAG crystals as active medium and resonator 
to create the laser beam with a continuous wave [10]. It 
might be used as an alternative to TFL for EEP due to its 
superior ablative and coagulative properties [10], and may 
be superior to other lasers like Ho: YAG thanks to mini-
mal blood loss, high ablation rate causing minimal thermal 
injury, and precise incision [13]. A systematic review and 
meta-analysis found continuous wave ThuLEP resulted in 
greater intraoperative safety and faster alleviation of symp-
toms than HoLEP [14]. Another systematic review and 
meta-analysis reported minor advantages regarding blood 
loss and transient incontinence for continuous wave Thu-
LEP over HoLEP [15]. However, the continuous wave Tm: 
YAG laser does not permit the employment of cavitation 
bubble explosions for tissue dissection [16].

To overcome the shortcomings of existing lasers, pulsed 
solid-state Tm: YAG lasers were introduced [17, 18]. They 
also use a Tm-doped YAG crystal as energy source, but can 
be employed in a pulsed operating mode [19]. The RevoLix 
HTL (OmniGuide, Cambridge, MA, USA) can be operated 

in both continuous wave and pulsed mode up to 300  Hz. 
In an ex vivo model, the incision depth and laser damage 
was easier to control with pulsed Tm: YAG compared to 
continuous wave Tm: YAG and pulsed Ho: YAG lasers [17]. 
However, its peak power of 1,300 W is relatively low.

A novel pulsed solid-state Tm: YAG laser with a much 
higher peak power of 3,700  W was recently introduced. 
A higher peak power results in a larger cavitation bubble, 
which facilitates prostate enucleation and improves stone 
disintegration, particularly in hard stones [20]. So far, there 
have been few experimental studies assessing its perfor-
mance [18, 19]. To the best of our knowledge, no clinical 
study reporting laser EEP outcomes has been published. We 
describe the very first experience using this novel pulsed 
solid-state Tm: YAG laser for EEP due to BPH in human.

Materials and methods

This study was performed in line with the principles of 
the Declaration of Helsinki. Approval was granted by the 
local ethics committee of the Albert-Ludwigs-University of 
Freiburg, Germany (Approval number: 22-1465-S1-retro). 
We retrospectively analyzed the medical records of all con-
secutive patients who underwent laser EEP supported by the 
novel pulsed solid-state Tm: YAG laser in our institution 
between May and December 2022. All included patients 
had been diagnosed with LUTS due to BPH who had failed 
to respond to medical treatment and were with or without 
refractory urinary retention and/or refractory haematuria 
attributable to prostate enlargement.

Demographic and clinical data were extracted by review-
ing the patients’ electronic medical records. Baseline char-
acteristics included age, prostate volume (measured by 
transabdominal ultrasound), prostate specific antigen (PSA), 
International Prostate Symptom Score (IPSS) and quality of 
life (QoL) questionnaires, uroflowmetry, post-void residual 
(PVR) bladder scan, and ASA (American Society of Anes-
thesiologists) risk classification.

Antiplatelet therapy with acetylsalicylic acid was not 
stopped preoperatively. Anticoagulation with vitamin K 
antagonists was bridged while direct oral anticoagulants 
were paused two days before the procedure.

In addition, hospital visits at our department that were 
related to the procedure within one month after the surgery 
were extracted from individual patient records.

The severity of procedure-specific complications was 
scored according to the Clavien-Dindo Classification (CDC) 
system. We documented short and long-term complications. 
Procedure-specific complications were defined as symp-
tomatic urinary tract infection, bladder perforation, urinary 
retention, and reintervention for haematuria [21]. Peak pain 
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after surgery was measured via the numeric rating scale. A 
telephone follow-up interview was carried out 15 months 
after the surgery. Here, the patients were asked 10 questions 
about complications, continence, LUTS, erection, and over-
all satisfaction with the surgery.

Surgical procedure

The novel laser is a diode pumped pulsed solid-state Tm: 
YAG laser (Thulio, Dornier MedTech Systems GmbH, 
Wessling, Germany) which emits laser radiation at a wave-
length of 2013 nm with a 100 W maximum average power 
and a peak power up to 3,700 W. A 600 μm laser fibre and 
26 French continuous flow resectoscope (Karl Storz SE & 
Co. KG, Tuttlingen, Germany) were used for the procedures 
with the laser power settings at 100 W at 2  J and 50  Hz 
based on previous experience [18]. The pulse duration was 
adjusted to balance effective tissue interaction with safety, 
tailored to the Tm: YAG laser’s unique characteristics. All 
EEP procedures were carried out by three experienced sur-
geons (having done more than 250 EEPs) and applying the 
same en-bloc technique (three horse shoe-like incision) [22]. 
Following our hospital protocol for EEP, a high frequency 
current cautery device (Erbe Elektromedizin GmbH, Tübin-
gen, Germany) with a monopolar roller ball probe (Richard 
Wolf GmbH, Knittlingen, Germany) was used as an addi-
tional haemostatic measure after every enucleation. Stan-
dard saline (0.9%) solution was used to irrigate, and the bags 
were hung 60 cm above the operating table. Tissue morcel-
lation was performed with the Piranha device (Richard Wolf 
GmbH, Knittlingen, Germany). Following morcellation of 
the prostate tissue, a standard 20 Fr three-way catheter was 
inserted with continuous bladder irrigation, respectively.

Statistical analyses

Data were collected and statistics analyzed using Statistical 
Package for the Social Sciences (SPSS®) version 26.0 (Chi-
cago, IL, USA). The Kolmogorov-Smirnov test was used to 
test if our data had normal distribution. Normally distrib-
uted data were determined according to the mean and stan-
dard deviation, whereas non-normally distributed data were 
reported as median and range. The Fischer’s exact test was 
used to determine statistical significance. A p-value < 0.05 
was considered statistically significant.

Results

A total of 103 patients were included in this study. The 
population characteristics as well as peri- and postoperative 
data are reported in Table 1. The patients had a mean age 

of 70.4 ± 7.7 years. The mean preoperative prostate volume 
was 105.6 ± 55.0 ml and median PSA was 5.3 ng/ml (range 
0.5–132.0). The mean preoperative IPSS was 20.1 ± 6.6 
with a median QoL score of 4 (range 0–5) and peak flow 
rate of 11.5 ± 4.9  ml/sec. The median preoperative PVR 
volume was 85 ml (range 0-1300). The median enucleated 
prostate volume was 65 g (range 16–361). Surgeries took 
a median 38 min (range 16–182) to complete, with 17 min 
(range 8–72) to perform enucleation and 7 min (range 2–69) 
to perform morcellation. The enucleation speed was 4.1 g/
min (range 1.1–9.7) and the laser energy was 629.0 J per g 
of enucleated prostate (range 248.9-2,018.8). After surgery, 
catheters stayed in place for a median 2 days (range 2–5), 
and patients were discharged from hospital after a median 
stay of 4 days (range 2–8).

Short-term postoperative complications occurred in 
21 patients (20.4%) (Table  2) and ranged from CDC I to 
IIIb. Four patients (3.9%) experienced a CDC II complica-
tion (postoperative fever ≥ 38 °C). Eleven patients (10.7%) 
developed acute urinary retention after catheter removal 
(CDC IIIa) and needed a recatherization. Five patients 
(4.9%) suffered gross haematuria necessitating a reinterven-
tion for transurethral coagulation to control bleeding (CDC 
IIIb); one of those patients (1.0%) needed a blood transfu-
sion during re-surgery for bleeding, the others were man-
aged with prolonged bladder washout without re-surgery. 
No correlation was observed between postoperative bleed-
ing and the use of anticoagulants or antiplatelet drugs (not 
shown). No complications with a CDC higher than IIIb 
were observed.

At 15 months after the surgery, we were able to reach 
76 patients (73.1%) for the phone interview, all of whom 
agreed to answer the follow-up questionnaire. One patient 
died due to an unrelated reason (pulmonary embolism in the 
context of a covid infection) and 26 patients could not be 
reached despite repeated attempts. During this follow-up 
period, seven patients had a long-term complication: two 
patients (2.6%) required reintervention for urethral stricture 
(CDC IIIb; urethrotomy and transurethral bladder neck inci-
sion), and five more patients (6.6%) reported having a fever 
(CDC II).

The functional outcomes at the 15-month follow-up 
interview are shown in Table 3. Most interviewed patients 
(n = 73, 96.1%) were satisfied with the result of the surgery. 
An improvement in continence was observed in 41 patients 
(54.0%), whereas a decline in continence was reported by 6 
patients (7.9%). Incontinence pads were used by 14 patients 
(18.4%) during the day, using a mean 1.4 (SD ± 1.0) pads/
day, and 49 patients (64.5%) still had nocturia. Patients 
reported having to get up between 1 and 4 times per night 
(mean 1.4 ± 0.7). No patient suffered from dysuria after sur-
gery and only 6 patients (7.9%) had mild urge symptoms. 
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The urine stream of 71 patients (93.4%) improved while 
one patient (1.3%) experienced deterioration. Most patients 
reported no difference in erectile function (n = 62, 81.6%), 
whereas 6 patients (7.9%) reported an improvement and 7 
patients (9.2%) described erectile function as worse than 
before the surgery.

Eight patients were diagnosed with prostate cancer. There 
was no significant difference in the complication rate of 

Table 1  Preoperative population characteristics
N % Mean SD Median Range

Preoperative descriptive data
Age (years) 103 70.4 7.7 71 54–88
Prostate volume (ml) 102 105.6 55.0 98.0 48–500
PSA (ng/ml) 101 7.9 13.9 5.3 0.5–132.0
IPSS 59 20.1 6.6 20.0 6–33
QoL 52 3.5 1.2 4.0 0–5
PFR (ml/s) 61 11.5 4.9 12.1 3.0-24.6
Preoperative PVR (ml) 80 147.2 184.3 85.0 0–1,300
Hb (g/dl) 103 14.5 1.3 14.5 8.3–16.5
Antiplatelet therapy 18 17.5
Anticoagulant therapy 6 5.8
ASA risk classification 103 2.28 1–3
Peri- and post-operative descriptive data
Prostate volume (g) 103 76.6 46.4 65 16–361
Duration of surgery (min) 102 40.8 21.7 38 16–182
Duration of enucleation (min) 102 18.3 8.9 17 8–72
Duration of morcellation (min) 102 10.2 10.1 7 2–69
Total energy (J) 102 49,572 27,138 44,536 13,690 − 248,000
Energy per gram prostate (J/g) 102 750.5 375.4 629.0 248.91-2,018.75
Speed of enucleation (g/min) 102 4.4 1.9 4.1 1.1–9.7
PVR (ml) 101 32.2 34.8 25 0-190
Peak pain after surgery (NRS) 103 1.4 1.5 1 0–8
Duration of catheterization (days) 102 2.2 0.5 2 2–5
Duration of hospitalization (days) 103 4.2 0.8 4 2–8
IPC 7 6.8%
ASA: American Society of Anesthesiologists; IPC: incidental prostate cancer; IPSS: International prostate symptom score; NRS: numeric rat-
ing scale; PFR: peak flow rate; PSA: prostate specific antigen; PVR: post-void residual volume; QoL: quality of life; SD: Standard deviation

Table 2  Complications during postoperative period (short-term) and 
within 15 months of surgery

N (%) N (%)
Clavien-Dindo Classification (CDC) postoperative 

(N = 103)
within 15 
months 
after 
discharge 
from 
hospital 
(N = 76)

0 82 (79.6) 0
I 1 (1.0) 0
II 4 (3.9) 5 (6.6)
IIIa 11 (10.7) 0
IIIb 5 (4.9) 2 (2.6)

Type of complication
Fever (CDC II) 4 (3.9) 5 (6.6)
Acute urinary retention 
(CDC IIIa)

11 (10.7) 0

Reintervention for bleed-
ing (CDC IIIb)

5 (4.9) 0

Transfusion 1 (0.97) 0
Reintervention for ure-
thral stricture (CDC IIIb)

0 2 (2.6)

CDC: Clavien-Dindo classification

Table 3  Functional outcomes 15 months after the surgery
N = 76 N (%) Mean 

(± SD)
Compared to before surgery
Better, N 
(%)

No differ-
ence, N 
(%)

Worse, 
N (%)

Dysuria 0
Incontinence 
pads/day

14 
(18.4)

1.4 
(± 1.0)

Nocturia 49 
(64.5)

1.4 
(± 0.7)

Urge 6 (7.9) 0 2 (2.6) 4 (5.3)
Continence 41 (54.0) 29 (38.2) 6 (7.9)
Erectile function 6 (7.9) 62 (81.6) 7 (9.2)
Urine stream 71 (93.4) 4 (5.3) 1 (1.3)
Overall 
satisfaction

73 (96.1) 0 3 (4.0)

SD: Standard deviation
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information on a period of 15 months after the operation, 
we do not have any data on further possible long-term com-
plications after this period. The follow-up data is based on 
subjective, patient-reported outcomes rather than objective 
evaluation methods, which were outside the scope of this 
retrospective study. It is further possible that the patients 
that could not be reached for the phone interview introduced 
a bias in the long-term outcomes. Additionally, the follow-
up question regarding incontinence pad usage did not quan-
tify the urine volume absorbed by the pads and included 
very thin “security pads” designed as a precautionary mea-
sure for minor urine leaks that may not indicate clinically 
significant incontinence, thereby possibly overestimating 
the incontinence rate. It is also possible that the complica-
tion rate in the first case series might be higher because of 
our relative lack of experience with the new laser system. 
Although the Tm: YAG laser settings used here were based 
on previous experience [18], no international standard exists 
as of yet. Finally, while the use of monopolar electrocautery 
is a well-established approach at our hospital, we acknowl-
edge that it is not a standard practice and may cause an over-
estimation of the laser’s haemostatic properties.

Conclusion

In the present study we demonstrated that laser EEP with the 
newly introduced pulsed solid-state Thulium: YAG laser is 
a safe and effective treatment option allowing the anatomic 
enucleation of a prostate, resulting in very high postopera-
tive patient satisfaction. In future, larger and, ideally, pro-
spective studies will be required to substantiate the genuine 
value and clinical efficacy of this laser system.
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