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Context: The European Association of Urology (EAU) Guidelines Office has set up a
guideline working panel to analyse the scientific evidence published in the world
literature on lasers in urologic practice.
Objective: Review the physical background and physiologic and technical aspects of the
use of lasers in urology, as well as current clinical results from these new and evolving
technologies, together with recommendations for the application of lasers in urology. The
primary objective of this structured presentation of the current evidence base in this area is
to assist clinicians in making informed choices regarding the use of lasers in their practice.
Evidence acquisition: Structured literature searches using an expert consultant were
designed for each section of this document. Searches were carried out in the Cochrane
Database of Systematic Reviews, the Cochrane Central Register of Controlled Trials, and
Medline and Embase on the Dialog/DataStar platform. The controlled terminology of the
respective databases was used, and both Medical Subject Headings and EMTREE were
analysed for relevant entry terms. One Cochrane review was identiﬁed.
Evidence synthesis: Depending on the date of publication, the evidence for different laser
treatments is heterogeneous. The available evidence allows treatments to be classiﬁed as
safe alternatives for the treatment of bladder outlet obstruction in different clinical
scenarios, such as refractory urinary retention, anticoagulation, and antiplatelet medication. Laser treatment for bladder cancer should only be used in a clinical trial setting or
for patients who are not suitable for conventional treatment due to comorbidities or
other complications. For the treatment of urinary stones and retrograde endoureterotomy, lasers provide a standard tool to augment the endourologic procedure.
Conclusions: In benign prostatic obstruction (BPO), laser vaporisation, resection, or
enucleation are alternative treatment options. The standard treatment for BPO remains
transurethral resection of the prostate for small to moderate size prostates and open
prostatectomy for large prostates. Laser energy is an optimal treatment method for
disintegrating urinary stones. The use of lasers to treat bladder tumours and in laparoscopy remains investigational.
# 2012 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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Introduction

This document presents a synthesis of the European
Association of Urology (EAU) guidelines on laser technologies published in 2011 [1]. The aim of this document is to
supplement the information included in other EAU organspecific guidelines, with a focus on technical considerations.
The application of lasers in treating urologic disorders has
gained widespread clinical acceptance in multiple surgical
indications, such as stones, benign prostatic obstruction
(BPO), benign prostatic enlargement (BPE), bladder cancer,
kidney cancer, urothelial tumours, strictures, and so on. In
some therapeutic areas, lasers have become the primary
method of treatment. This document addresses bladder
outlet obstruction (BOO), BPE, bladder cancer, laser-assisted
nephrectomy, laparoscopic nerve-sparing radical nephrectomy (LNSRP), renal tumours, ureteral stricture, ureteropelvic
junction (UPJ) obstruction, upper urinary tract stones, and
tumours.
These clinical guidelines present the best evidence
available to the Guideline Working Panel, but particularly
in the field of lasers, where technological advances are so
rapid, many technologies are quickly superseded and not
available for long-term study. The primary objective of this
structured presentation of the current evidence base in this
area is to assist clinicians in making informed choices
regarding the use of lasers in their practice. However, although
the aim is to help with decision making, simply following
guideline recommendations can never replace clinical expertise in making treatment decisions. The individual circumstances and the personal values and preferences of both the
physician and the patient are integral aspects of the process.
This makes it difficult to establish an evidence-based
discussion of the topic and also means these guidelines will
need reevaluating and updating within a short time.
The acronym LASER stands for ‘‘light amplification by
stimulated emission of radiation.’’ Laser radiation is simply
directed light with a narrow bandwidth. This is synonymous with a single colour and applies to all regions of the
invisible and visible electromagnetic spectrum [2].
2.

Methodology

Structured searches were carried out in the Cochrane
Database of Systematic Reviews, the Cochrane Central
Register of Controlled Trials, and Medline and Embase on
the Dialog/DataStar platform. The search strategies covered
the last 25 yr for Medline and for Embase (since 1974). A
separate literature search for cost effectiveness was carried
out and yielded seven unique publications. Papers were
assigned a level of evidence (LE), and recommendations
were graded (grade of recommendation [GR]) following the
system currently used by the EAU Guidelines Office.
3.
Laser-based treatments for bladder outlet
obstruction and benign prostatic enlargement
BOO and BPE can be treated with a range of different laser
systems and applications. Laser treatment is regarded as an

alternative to transurethral resection of the prostate (TURP).
The different systems produce different qualitative and
quantitative effects in tissue, such as coagulation, vaporisation, or resection and enucleation via incision. The goal is
to achieve similar efficacy parameters, with the same
improvements in symptoms and quality of life but with less
morbidity and shorter hospitalisation times in comparison
with TURP [2].
4.

Contemporary laser systems

Following the first generation of laser-based treatments for
BOO and BPE, four groups of laser systems are currently used:
 Potassium titanyl phosphate (KTP):neodymium (Nd):
yttrium-aluminium-garnet (YAG) (second harmonic
generation [SHG]) and LBO (lithium borate):Nd:YAG
(SHG) lasers
 Diode lasers (various)
 Holmium (Ho):YAG lasers
 Thulium (Tm):YAG lasers.
All of these contemporary (and historical) laser systems
for the treatment of BOO and BPE use a physiologic sodium
0.9% solution for irrigation. This eliminates the risk of
hypotonic hypervolaemic TURP syndrome, which has been
reported in 1.4% of patients in large TURP series [3].
It should be noted that the term green light laser should be
avoided when discussing lasers in this setting because ‘‘green
light’’ refers to a particular feature of a group of lasers
(eg, both KTP photoselective vaporisation of the prostate
[PVP] and lithium borate [LBO] PVP emit green light).
4.1.

Potassium titanyl phosphate lasers and lithium borate

lasers
4.1.1.

Urodynamic results and symptom reduction (Table 1)

In 1998, Malek et al. [4] showed that PVP using a 60-W KTP
laser was both feasible and safe. Since then, most laser
therapy trials up to 2010 have used 80-W KTP lasers. There
are only limited data on the higher powered 120-W LBO
laser. Almost 10 yr after the clinical introduction of 532-nm
lasers, two randomised controlled trials (RCTs) were
published that compared 80-W KTP with TURP with
follow-up periods of up to 12 mo [5,6].
One RCT showed equivalent results to TURP [4] after 1 yr
of follow-up; another nonrandomised two-centre study
reported equivocal results [7]. In contrast, a second RCT
clearly showed that TURP resulted in greater urodynamic
improvement (maximum flow rate [Qmax]) than the KTP
PVP [6]. Another study comparing KTP PVP with open
prostatectomy (OP) showed equivalence in Qmax improvement, postvoid residual (PVR), and symptom score reduction after an 18-mo follow-up period [8]. KTP PVP laser was
associated with a higher retreatment rate in larger prostates
>80 ml in comparison with prostates <80 ml after a 12-mo
follow-up [9].
An RCT that compared PVP using LBO lasers with TURP
showed no significant differences between the two groups
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Table 1 – Photoselective vaporisation of the prostate using potassium titanyl phosphate or lithium borate lasers: improvement in
urodynamic parameters, symptom score, and prostate-specific antigen reduction
Study

Bouchier-Hayes et al. [5]
Horasanli et al. [6]
Tasci et al. [7]
Skolarikos [8]
Al-Ansari et al. [10]

Laser source,
technique

Follow-up,
mo

Patients,
n

Mean prostate
size, ml

PSA
reduction,%

Change in
symptoms, %

KTP PVP
TURP
KTP PVP
TURP
KTP PVP
TURP
KTP PVP
OP
LBO
TURP

12

38
38
39
37
40
41
65
60
60
60

42.4
33.2
86.1
88
108.4
104.2
93
96
61.8
60.3

NA
NA
31.8
44.6
56.8
78.7
61.2
68.2
38.4
62.5

49.83
50.23
30.68
68.31
82.66
83.33
50
59.52
60.29
65.9

6
24
18
36

Change in
Qmax, ml/s (%)
+12.1
+9.2
+5.8
+13.8
+13.5
+12.8
+7.4
+7.0
+9.6
+13.6

(167)
(149)
(157)
(225)
(307.7)
(306.4)
(186)
(187.5)
(239)
(312.5)

PVR
change, %

LE

81.63
68.90
87.05
73.98
83.69
84.91
84.53
86.51
78.9
80.2

1b
1b
2a
1b
1b

PSA = prostate-speciﬁc antigen; Qmax = maximum ﬂow rate; PVR = postvoid residual; LE = level of evidence; KTP = potassium titanyl phosphate laser; KTP
PVP = KTP photoselective vaporisation; NA = not applicable; TURP = transurethral resection of the prostate; OP = open prostatectomy; LBO = lithium borate
laser.

after a 36-mo follow-up, with equivalence in Qmax
improvement, PVR, and symptom score reduction, but it
showed higher retreatment rates [10]. Retreatment rates of
13–23.1% are reported in patients with high-volume
prostates [11]. In addition, prospective nonrandomised
trials have demonstrated the safety and efficiency of LBO
PVP in patients receiving ongoing oral anticoagulation [12]
and in patients with retention or with prostates >80 ml [9].
In studies comparing the KTP PVP laser with TURP, the
operating time (OT) with KTP PVP was significantly longer
in prostates >80 ml, by 30–50 min [7]. This difference drops
to 9 min using LBO for PVP (120 W) [7,10].
4.1.2.

Safety and intraoperative complications

Several studies have proven the intraoperative safety of PVP
with KTP and LBO lasers, including prospective studies [13]
and RCTs, in comparison with TURP [6,14] or OP [8]. Safety
has also been demonstrated in subgroup analyses of
patients with large prostates and patients receiving
anticoagulant therapy or in retention [15].
An RCT comparing 80-W KTP PVP with TURP demonstrated significantly less blood loss with KTP PVP (0.45 g/dl)
versus TURP (1.46 g/dl; p < 0.005 [5]). Another RCT of 80-W
KTP PVP in comparison with TURP supported these findings,
with a blood transfusion rate of 8.1% for TURP [6]. In an RCT
comparing LBO PVP with OP, the transfusion rate was 0%
following KTP PVP but 13.3% for OP [8]. A total of 7.7% of
patients in the KTP group required intraoperative conversion to TURP to control bleeding, most probably due to
capsule perforation [8]. A study comparing LBO PVP with
TURP reported a blood transfusion rate of 20%, a capsule
perforation rate of 16.7%, and a TURP syndrome of 5% in the
TURP treatment arm; however, none of these complications
were reported for LBO PVP [10].

246 patients; 3 patients (1.2%) underwent incision of the
bladder neck, resulting in an overall retreatment rate of
8.9% [16].
In an RCT with a 6-mo follow-up, 8.1% of the patients in
the TURP group and 5.1% of those in the KTP PVP group
underwent internal urethrotomy in response to a urethral
stricture. Reintervention was required in 17.9% of patients
treated with KTP PVP because coagulated tissue was
significantly obstructing the bladder outlet. Retrograde
ejaculation rates were similar in the two groups (56.7%
TURP and 49.9% KTP PVP) [6]. A study comparing LBO PVP
with TURP reported a significantly lower retreatment rate of
1.8% for LBO PVP versus 11% for TURP. Bladder neck
contractures were incised in 3.6% and 7.4% of patients,
respectively [10].
There is evidence from RCTs that persistent urinary
stress incontinence is rare. Incontinence varies from 1.4%
for KTP PVP [17] to 0.7% for LBO PVP [18].
There are few published data on sexual function
following PVP. After a 24-mo follow-up, overall sexual
function in men undergoing KTP PVP was maintained. In
those with an International Index of Erectile Function
5 score >19, the preoperative median value was significantly decreased from 22 to 16.7 ( p < 0.05) [19]. In an RCT
of LBO PVP compared with TURP, none of the 82 patients in
the follow-up of 36 mo presented with erectile dysfunction,
and there was a similar rate of retrograde ejaculation (PVP
49.9% versus TURP 56.7%; p = 0.21) [6]. Another study,
comparing KTP PVP and OP, reported no change in erectile
function postoperatively [8]. In a case series of PVP, erectile
function remained stable or improved in patients with mild
or mild to moderate erectile dysfunction [20].
4.1.4.

Conclusions and recommendations for the use of KTP and LBO

lasers
4.1.3.

Late complications and durability of results

The longest follow-up period in an RCT evaluating the
longevity and long-term morbidity of KTP and LBO was in a
study comparing LBO PVP with TURP, with a follow-up
period of 36 mo [10]. A longer follow-up of 60 mo was
reported in a nonrandomised study [16]. Retreatment
with PVP due to recurrent adenoma occurred in 7.7% of

Conclusions
In patients with small to moderate-sized prostates,
TURP remains the standard of care.
KTP PVP and LBO PVP are safe and effective in the
treatment of BOO and BPE in patients with a
small or medium prostate gland.

LE
1a
1b

786

EUROPEAN UROLOGY 61 (2012) 783–795

Over a follow-up of 3–5 years, re-treatment rates
appear comparable to those with TURP.

1b (at 3 yr)
4 (at 5 yr)

KTP PVP and LBO PVP are safe and effective
for patients receiving anticoagulation
medication or patients in retention.

4 (case series)

Recommendations
KTP/LBO PVP is a treatment alternative
for patients with BOO and BPE for small and
medium glands.
KTP/LBO PVP can be offered as an alternative
to TURP for patients with refractory urinary
retention.
KTP / LBO PVP can be offered to patients using
anticoagulant medication.
KTP / LBO PVP is a safe method for volume
reduction in large size prostate glands.

GR
A

4.2.

B

B
A

Diode lasers

Laser radiation is generated by either a resonator or a diode.
Radiation emitted by a diode may have different properties
due to the different wavelengths used. The main advantages
of diode lasers in comparison with Nd:YAG lasers are a
smaller box size and a much higher wall-plug efficiency
(ie, how much of the mains supply is converted into laser
power). To date, only a few studies have investigated the
clinical applications of diode lasers, and the maximum
follow-up is 1 yr.

Prostate diode laser vaporisation appears to carry a high
rate of late complications. In a case series, 32.1% of patients
needed a repeat operation within a follow-up period of
12 mo after 980-nm diode treatment, due to obstructive
necrotic tissue or bladder neck stricture [26]. This finding is
supported by an RCT that compared the 980-nm diode laser
with LBO: 9.6% versus 3.6%, respectively, of patients
required a repeat operation with TURP because of bladder
neck obstruction, 5.5% versus 0% developed urethral
strictures, and 1.8% versus 0% developed urethral stone
formation [24]. Another study, comparing diode lasers with
LBO PVP, found higher rates of bladder neck stricture (14.5%
versus 1.6%; p < 0.01), higher retreatment rates (18.2%
versus 1.6%; p < 0.01), and persistence of stress urinary
incontinence (9.1% versus 0%; p < 0.05) [25]. However,
other reports showed only transient combined urge and
stress incontinence in 4.3% of patients for 2 wk [22].
4.2.2.

4.2.3.
4.2.1.

Practical considerations

The available data on diode laser vaporisation show that it is
not a standard treatment option for BPE. The literature
reports a retreatment rate of up to 35%. Transitory or
permanent incontinence appears to be higher than for
alternative treatments. However, this treatment may
provide good intraoperative control of bleeding for patients
receiving anticoagulant drugs [25].
Recommendation for prostate treatment with diode lasers

Urodynamic parameters, symptom score reduction, prostate-

specific antigen reduction (Table 2)

Clinical data are limited to short-term follow-up (maximum
follow-up: 1 yr) and comprise prospective cohort studies
[21–23] and nonrandomised controlled trials (non-RCTs)
[24,25]. Two trials compared the outcome of diode laser
vaporisation with LBO PVP (24,25). The most substantial
data are for the 980-nm diode laser.
At the end of the follow-up period, there was a
significant improvement in urodynamic parameters
(Qmax, PVR). The prostate-specific antigen (PSA) level, as
a surrogate parameter marker for a reduction in prostatic
tissue, showed a reduction in the range of 30% [22] to
58% [21]. However, an RCT, as well as a non-RCT, did not
show significant differences in improved urodynamic
parameters or symptom score reduction [24,25].

Recommendation
In patients presenting with BOO and BPE and
who have bleeding disorders or are receiving
anticoagulants, diode laser treatment is an
alternative.

4.3.

LE
1b

GR
C

Holmium (Ho:YAG) laser

In holmium laser enucleation of the prostate (HoLEP),
bubbles of steam separate tissue layers by tearing the tissue
apart [27]. In soft tissue surgery, tissue vaporisation is
dominated by the way in which the bubbles of steam tear
tissue and laser radiation is absorbed in tissue. This explains
the white fibrous appearance of surgical sites during
holmium laser surgery on soft tissue under irrigation. The

Table 2 – Results of diode lasers with regard to improvement of urodynamic parameters, symptom score, and prostate-specific antigen
reduction
Study

Chen et al. [21]
Erol et al. [22]
Ruszat et al. [25]
Chiang et al. [24]

Laser source
(power, W)
980 (200/150)
980 (132/80)
980 (NA)
LBO PVP
980 (200)
LBO PVP

Follow-up,
mo
6
6
6
12

Patients,
n

Mean prostate
size, ml

55
47
55
65
55
84

66.3
51.4
64.7
67.4
66.3
60.3

PSA
reduction, %
58.82
30.31
58.13
45
42.19
58.82

Change in
symptoms, %
75.62
54.99
75.93
57.89
84.26
83.08

Change in
Qmax, ml/s (%)
13.7 (349.01)
9.4 (205.97)
5.1 (147.66)
11.3 (191)
14 (425.58)
11.2 (303.64)

PVR
change, %
87.74
58.11
85.55
80.64
86.37
85.40

LE

3b
3b
3b
1b

PSA = prostate-speciﬁc antigen; Qmax = maximum ﬂow rate; PVR = postvoid residual; LE = level of evidence; NA = not applicable; LBO PVP = lithium borate
photoselective vaporisation.
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Table 3 – Results of HoLAP, HoLRP, and HoLEP with regard to improvement in urodynamic parameters, symptom score, and prostate-specific
antigen reduction
Study

Mottet et al. [28]
Elmansy et al. [29]
Westenberg et al. [31]
Kuntz et al. [34]
Kuntz et al. [35]
Briganti et al. [36]
Gupta et al. [37]
Naspro et al. [38]
Wilson et al. [39]
Montorsi et al. [40]
Gilling et al. [41]
Kuntz et al. [42]

Laser source/
technique

Follow-up,
mo

Patients,
n

Mean prostate
size, ml

PSA
reduction, %

HoLAP
TURP
HoLAP
KTP
HoLRP
TURP
HoLEP
TURP
HoLEP
TURP
HoLEP
TURP
HoLEP
TURP
HoLEP
TURP
HoLEP
TURP
HoLEP
TURP
HoLEP
HoLEP
OP

12

23
13
46
42
61
59
60
60
100
100
60
60
18
16
41
39
31
30
52
48
71
60
60

39
34
33.1
37.3
44.3
44.6
114.6
113
53.5
49.9
73.30
58.20
57.9
59.8
113.27
124.21
77.8
77.0
70.3
56.2
58.5
114.6
113

NA
NA
0.40
0.28
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

36
48
18
12
24
12
24
24
12
72
60

Change in
symptoms, %
70
80
71
64
76
75
90
90
92
82
83
83
78
76
61
63
77
78
81
82
67
86
86

Change in
Qmax, ml/s (%)

PVR
change, %

LE

11.1 (226)
9.6 (229)
11 (264)
12.10 (289)
13.6 (253)
9.4 (203)
23.60 (721)
24.40 (778)
23 (569)
21.80 (469)
NA
NA
19.20 (527)
19.95 (487)
11.36 (245)
11.79 (242)
12.6 (250)
11.0 (233)
16.9 (306)
17.20 (326)
10.9 (235)
20.5 (639)
20.8 (678)

NA
NA
0.81
0.80
NA
NA
97
98
98
88
NA
NA
83
77
NA
NA
NA
NA
NA
NA
NA
96
98

1b
1b
1b
1b
1b
1b
1b
1b
1b
1b
3a
1b

PSA = prostate-speciﬁc antigen; Qmax = maximum ﬂow rate; PVR = postvoid residual; LE = level of evidence; HoLAP = holmium laser vaporisation (ablation) of
the prostate; NA = not applicable; TURP = transurethral resection of the prostate; KTP = potassium titanyl phosphate; HoLRP = holmium laser resection of the
prostate; HoLEP = holmium laser enucleation of the prostate; OP = open prostatectomy.

tissue effect is rapid and results in excellent haemostasis.
Table 3 provides a comparison of results obtained with
holmium laser therapy, OP, and TURP.
4.3.1.

Holmium laser vaporisation (ablation) of the prostate

There are few published data on holmium laser vaporisation
(ablation) of the prostate (HoLAP) treatment. A single RCT
compared 60-W and 80-W HoLAP versus TURP in 36
patients [28]. Qmax improvement was equivocal at 3, 6, and
12 mo following surgery; prostate volume was reduced by
39% (HoLAP) and 47% (TURP), respectively. However, there
are no RCTs for the new high-power 100-W HoLAP versus
TURP or OP. One RCT comparing 100-W HoLAP with KTP
PVP reported results from short- and intermediate-term
follow-up periods. Anticoagulant medication was being
taken by 12.2% of patients treated with HoLAP and 15.3%
treated with KTP PVP. No difference was found except for
OT, which was 1.5-fold longer than with KTP [29].
4.3.2.

Holmium laser resection of the prostate

In contrast to HoLAP vaporisation, the holmium laser
resection of the prostate (HoLRP) procedure uses vaporisation to cut small pieces out of the prostate. This results in
multiple small prostate chips falling into the bladder before
they are removed with a syringe at the end of the operation,
similar to TURP. The HoLRP technique is limited to small to
medium size prostates [30,31].
4.3.3.

Holmium laser enucleation of the prostate

Holmium laser enucleation of the prostate (HoLEP) is based
on the same physical principle as HoLRP. The introduction

of HoLEP was an important technical improvement. The
entire lobes are enucleated, moved into the bladder and
morcellated [32], or fragmented with the transurethral
resection (TUR) sling at the bladder neck (mushroom
technique) [33].
A meta-analysis observed a trend towards an improved
symptom score with HoLEP during the entire follow-up
period of up to 30 mo, with larger mean changes in
postoperative measurements. However, differences between individual studies were not statistically significant
(weighted mean difference:
0.82; 95% confidence
interval [CI], 1.76 to 0.12; p = 0.09), with a similar result
for Qmax at 12 mo of follow-up. In comparison with TURP,
significantly higher Qmax rates were reported for HoLEP
(weighted mean difference: 1.48 ml/s; 95% CI, 0.58–2.40;
p = 0.002) [43].
In another meta-analysis, HoLEP resulted in a better
catheterisation time (pooled estimates) in comparison
with TURP (17.7–31.0 versus 43.4–57.8 h; p < 0.001) and
a shorter hospital stay (27.6–59.0 versus 48.3–85.5 d;
p = 0.001). In contrast, TURP resulted in a shorter operation
time (pooled estimates of the difference) (33.1–73.8 versus
62.1–94.6 h; p = 0.001) [44].
In recent years, many studies have been published
regarding the intermediate- and long-term outcomes with
HoLEP alone or in comparison with TURP. Gilling et al. [41]
reported long-term data with a mean follow-up of 6.1 yr
(range: 4.1–8.1 yr) showing that HoLEP results are durable
and most patients remain satisfied. In prostates >100 ml,
HoLEP was as effective as OP in improving micturition, with
equally low reoperation rates at the 5-yr follow-up.
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Table 4 – Results of ThuVAP, ThuVARP, and ThuVEP for improvement in urodynamic parameters
Study

Mattioli et al. [47]
Xia et al. [48]
Fu et al. [49]
Bach et al. [52,53]
Shao et al. [54]
Bach et al. [50]
Bach et al. [55]

Laser
source/technique

Follow-up,
mo

Patients,
n

Mean prostate
size, ml

ThuVAP
ThuVARP
ThuVARP
TURP
ThuVARP
TURP
ThuVARP
ThuVEP
HoLEP
ThuVEP
ThuVEP

12

99
101
52
48
58
42
54
52
46
88
90

45*

12
12
18
6
18
12

59.2
55.1
49.8
48.2
30.3
40.3
37.3
61.3
108.59

PSA
reduction, %

Change in
symptoms, %

Change in
Qmax, ml/s (%)

PVR
change, %

LE

NA

67*

14.8 (289)*

88.9*

4

NA
NA
NA
NA
NA
40.8
35.7
NA
88

84
81
85.4
81.1
67
70
60
63
79.7

15.7
15.8
14.9
15.5
12.8
14.9
15.5
15.7
18.7

94.4
92.8
84.3
84.8
86
80
80
72.4
90.8

1b

(296)
(290)
(329)
(312)
(258)
(350)
(330)
(664)
(326)

2b
2b
1b
2b
–

PSA = prostate-speciﬁc antigen; Qmax = maximum ﬂow rate; PVR = postvoid residual; LE = level of evidence; ThuVAP = thulium laser vaporisation of the
prostate; NA = not applicable; ThuVARP = Tm:YAG vaporesection; TURP = transurethral resection of the prostate; ThuVEP = Tm:YAG vapoenucleation;
HoLEP = holmium laser enucleation of the prostate.
*
For both groups.

4.3.4.

Recommendations for holmium (Ho:YAG) laser treatment

Recommendations
HoLAP can be offered to patients with BOO or
BPE with small to medium-sized prostates.
HoLRP can be offered to patients with BOO or
BPE with small to medium-sized glands.
HoLEP can be offered to any patient with
BOO and BPE.
HoLEP can be offered to patients in chronic
urinary retention.
HoLEP can be offered to patients on
anticoagulant or antiplatelet medication.

4.4.

LE
1b

GR
A

1b

A

1a

A

2b

B

2b

B

Thulium (Tm:YAG) laser

Laser radiation is emitted at a wavelength of about 2013 nm
in a continuous-wave fashion [45]. A thulium laser has
absorption characteristics comparable with those of a
holmium laser in water and tissue, but due to the
continuous-wave output it allows better tissue vaporisation. However, it does not allow lithotripsy.
Four different technical approaches have been described
so far [46]:





Tm:YAG
Tm:YAG
Tm:YAG
Tm:YAG

vaporisation of the prostate (ThuVAP)
vaporesection (ThuVARP)
vapoenucleation (ThuVEP)
laser enucleation of the prostate (ThuLEP).

studies [50,51] (Table 4). The Tm:YAG-treated patient group
showed reduced bleeding, with lower transfusion rates and
shorter catheter and hospitalisation times, in comparison
with the TURP-treated patient group [48,49].
4.4.2.

4.4.3.

One retrospective cohort study reported safe treatment
with ThuVAP/ThuVARP in patients receiving anticoagulant
drugs [47].
4.4.1.

Thulium laser vaporesection of the prostate

ThuVARP is a technique in which the prostate is resected in
TUR-like tissue chips. One RCT [48] and one non-RCT [49]
compared ThuVARP with monopolar TURP. The two
procedures showed similar clinical outcomes and improvement in urodynamic parameters, with reduced morbidity.
These data are supported by other prospective cohort

Thulium laser vapoenucleation of the prostate

The development of Tm:YAG prostate surgery has been very
similar to that of Ho:YAG surgery. ThuVEP was introduced
in 2008 for patients with larger prostates [56].
The clinical efficacy of ThuVEP versus HoLEP was studied
in one prospective RCT [54] and three prospective non-RCTs
[46,50,55,56], as well as for different clinical scenarios in
high-risk patients [57] and retention [51]. Low perioperative morbidity, efficient tissue reduction, and consistent
improvement in clinical symptoms were observed during
the follow-up period of up to 18 mo [46]. Blood loss was
reduced in the Tm:YAG group in comparison with HoLEP,
with equally effective deobstruction within a short followup interval of 3 mo [54]. All other studies [46,50,51,56,57]
showed clinical and urodynamic results in a similar range to
that of previously reported studies (Table 4), together with a
durable improvement in voiding function at up to 18 mo of
follow-up. Postoperative PSA levels, as a surrogate parameter for volume reduction, declined by 56% and 88% [58,55].
In contrast to ThuVEP, ThuLEP is a transurethral
technique with wide blunt dissection of the adenoma, as
in OP. To date, only a description of the technique has been
published, and no clinical data have been reported [59].
Conclusions and recommendations for the use of thulium:

yttrium-aluminium-garnet lasers

Conclusions
ThuVARP showed equivalent efﬁcacy in
comparison with TURP in one RCT and one
nonrandomized prospective controlled trial
with small and medium-sized prostate
glands. Tm:YAG-treated patients had shorter
catheterization and hospitalization times.
Adverse events were signiﬁcantly lower than in
TURP (intraoperative and postoperative bleeding).

LE
1b

789

17.6, 29.9
–

9, 22, 28

6, 17,
21
NA
NA
12, 24
7.5 [6,9]*
LE = level of evidence; NA = not applicable; LR = low risk; IR = intermediate risk; HR = high risk.

Zhong et al. [66]
Yang et al. [68]

Retrospective
Prospective

3
3

34
9

En bloc
En bloc

29.1 (16.5)
7 (5–15)

None
One perforated bladder

3, 7,
11
NA
0
3, 6, 12
None
25 (15–35)
En bloc
3
Prospective

32

NA
12, 24
3
Retrospective

Zhong et al. [66]
Tm:YAG (thulium) laser
Gao et al. [67]

25

En bloc

21.5 (12.5)

None

NA

NA
One urethral stricture
16.5 (3.8)
En bloc
64
2
Prospective
Xishuang et al. [65]

101
2
Prospective

3

3

Zhu et al. [64]

36

35

NA

NA
NA
One perforated bladder

NA

14, 22, 25
NA
NA
None

3, 6,
12
34
(18, 43)
24
30.7 (16.1)

NA

14 (5–17)

NA
NA
NA
NA

NA
NA
NA

One
recatheterisation
None
18.6

Photoablation
plus biopsy
En bloc plus
biopsy
Biopsy plus
photoablation
En bloc

Operation
time, min
Surgical
technique
Patients,
n

23
3

Prospective

LE
3

Soler-Martinez et al. [63]

Conclusions
The use of lasers is feasible for resection,
coagulation and enucleation of non-muscle
invasive bladder tumours.

Retrospective

Conclusions and recommendations for laser treatment of

bladder tumours

Saito [61]

5.1.

Table 5 – Laser treatment of superficial bladder tumour

The use of laser devices in urology was first reported by
Staehler et al. in 1978 [60]. They described the successful
destruction of urinary bladder tumours with an Nd:YAG
laser. There have only been retrospective analyses on laser
ablation, without biopsy retrieval, for bladder cancer, and
most have been single-institution studies with small
numbers of patients (LE: 3/4). Bladder tumours were
resected en bloc for the first time in 2001 using a holmium
laser, and a bladder malignancy was first resected with a
thulium laser in 2008 [61]. Although various lasers have
been used to treat bladder tumours, there has been no
prospective comparison of the different devices.
A few studies have compared TUR of the bladder (TURB)
with laser treatment in noncontrolled retrospective analyses [62]. Total complication rates were reported, ranging
from as low as 5.1% up to 43%. Reported levels of morbidity
and complications have included urinary tract infections
(up to 24%), bleeding (2.8–8%), haemorrhage requiring
transfusion (0.9–13%), and bladder perforation (1.3–5%).
The use of holmium or thulium laser for en bloc resections
may help to evaluate the accuracy of pathologic stages and
grades in primary bladder tumours [63,64]. There are
insufficient data at present to predict progression rates.
However, on the basis of the data currently available,
recurrence rates after holmium laser application in bladder
cancer appear to be similar, or lower, in comparison with
TURB. Table 5 provides a comparison of results obtained
with laser treatments of superficial bladder cancer.

Complications

5.
Application of laser devices for the treatment of
bladder cancer pathologies

Prospective

B

Ho:YAG (holmium) laser
Das et al. [62]

1b,
2b

NA

Overall
C

Local

3b

Follow-up,
mo

GR
A

LE

LE
1b

Out of
ﬁeld

Recurrences, %

4

Study
design

Recommendations
ThuVARP is an alternative to TURP for small
and medium-sized prostates.
ThuVARP and ThuVEP are suitable for patients
who are at risk of bleeding or who are
taking anticoagulant medication.
ThuVEP can be offered as an alternative to
TURP, to HoLEP and OP for patients with
large-sized prostates.

1b

Study

Currently, only one RCT with a short follow-up
has compared ThuVEP with HoLEP. However,
three prospective cohort studies with a
follow-up of 18 mo demonstrated efﬁcacy
for ThUVEP, as well as low perioperative
complications and retreatment rates.
Study data are awaited comparing ThuVEP
and ThuLEP with HoLEP. HoLEP is the
most extensively studied transurethral
enucleation technique to date, and long-term
anatomical data are of particular interest.

LR 15 IR 34.6
HR 31.7
12.5, 26, 6
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Transurethral resection of the bladder remains the gold
standard.
In laser coagulation of tumours, no tissue for
pathological staging is obtained.
Long-term recurrence and progression rates are
unknown for this novel technique.
Currently, no data are available to indicate superiority
of one device over another in bladder pathology.
Complications are generally directly related to the
laser’s wavelength (penetration depth) and surgical
technique.

1a

Recommendation
Laser treatment for bladder cancer should only be
used in a clinical trial setting or for patients who,
due to co-morbidities or other complications, are
not ﬁt for conventional treatment.

GR
C

Conclusions
Data are sparse and safe conclusions cannot be
drawn yet.
Preliminary results indicate that laser-assisted
LNSRP is feasible and could possibly enhance
prostate neurovascular bundle preservation.
Laser-assisted LNSRP remains experimental.

Applications of lasers in laparoscopy/endoscopy

6.1.

Laser-assisted partial nephrectomy

6.2.

7.

Conclusions on laser-assisted partial nephrectomy

LE

3

3

Laser-assisted laparoscopic nerve-sparing radical

prostatectomy

Experimental and preliminary clinical data have highlighted promising future applications for laser technology in
LNSRP [77].

LE

3

Renal tumour interstitial laser ablation

The current consensus on small renal tumours supports
thermal coagulation as an alternative treatment option but
only in selected patients with comorbidities that make
them unsuitable candidates for PN [78]. Clinical experience
with renal tumour interstitial laser ablation is still limited.
7.1.

In cases of laparoscopic partial nephrectomy (PN), hilar
clamping is currently necessary to create a bloodless field
for renal excision. However, hilar clamping increases the
complexity of the operation due to the time constraint and
the significant risk that increased time poses for warm renal
ischaemia and subsequent postoperative compromise of
renal function. Laser technology presents a promising
alternative for achieving tumour excision, pelvicaliceal
watertightness, and renal haemostasis in a time-sensitive
manner, with or without hilar occlusion.
Several experimental studies have demonstrated the
efficacy of laser-assisted PN in various experimental setups.
However, so far only eight small series of clinically tested
laser-assisted PN have been published, only two of which
were performed laparoscopically (one conventional and one
robotic) [69–76] (LE: 3). The evidence is therefore poor, and
further investigation is necessary before the method can be
established as a routine alternative to nephron-sparing
surgery.

Conclusions
Current data on nephron-sparing surgery using laser
energy as an ablative method remain inconclusive.
Preliminary results indicate that laser-assisted
laparoscopic PN without the need for hilar
clamping is feasible.
No major complication has been reported in humans.
Laser-assisted PN is a promising alternative in
renal surgery, which is worth further evaluation
in clinical trials.

Conclusions on laparoscopic nerve-sparing radical

prostatectomy

6.

6.1.1.

6.2.1.

Conclusions and recommendation for renal tumour

interstitial laser ablation

Conclusions
Data are poor, and safe conclusions cannot be drawn
yet regarding oncological outcome and safety.
Renal tumour interstitial laser ablation remains
experimental.

LE
4

Recommendation
Laser-assisted laparoscopic PN, laser-assisted LNSRP
and renal tumour laser interstitial coagulation
are still experimental and should only be used in
a clinical trial setting

GR
C

8.

4

Retrograde laser endoureterotomy

Endoureterotomy is often the first line of treatment for
benign ureteral strictures. Since its introduction in 1997,
retrograde laser endoureterotomy has become a widely
used tool for this procedure [79]. Publications on the
approach are based on retrospective analyses (ie, singleinstitution studies) [79–90] (LE: 3/4). The success rates of
laser endoureterotomy are not uniformly clear. Wide
variations in success rates between published reports have
most probably arisen because benign ureteral strictures
consist of several different entities, each possibly responding differently to laser endoureterotomy. However, there is
a lack of large retrospective studies to define which
strictures respond well and which do not (LE: 4).
Because large studies are lacking and long-term studies
are rare, the median time to failure has not yet been defined.
Stricture recurrence as long as 18 mo postoperatively has
been reported, but recurrences are most likely to become
evident within the first 3 mo (LE: 3). Balloon dilation after
laser incision and postoperative placement of ureteral stent
for durations from 4 wk to 6 mo are common practices that
appear to aid long-term effectiveness (LE: 4). However,
there is still a lack of studies comparing treatment failure
with or without balloon dilation and postoperative ureteral
stenting.
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8.1.

Conclusions and recommendations for retrograde laser

10.

791

Transurethral laser urethrotomy

endoureterotomy

Conclusions
Retrograde laser endoureterotomy is a feasible and
safe treatment option for ureteral strictures.
Open surgical revision remains the gold standard.
Ureteral strictures of different aetiologies appear
to respond differently to treatment.
In selected cases, the success rate can reach 90%.
Ureteroenteric anastomosis strictures respond
poorly to laser endoureterotomy.
Late recurrence of stricture should be expected up
to as much as 18 mo postoperatively
Recommendations
Retrograde endoureterotomy could be considered a
ﬁrst-line treatment option for ureteral strictures.
Longer follow-up is needed.

LE
3
1a
2b

3
3

GR
C
C

9.
Retrograde laser endopyelotomy for
ureteropelvic junction obstruction
Publications concerning retrograde laser endopyelotomy
are mostly based on retrospective analyses (ie, singleinstitution studies producing LE 3 and 4) [91,92]. The
optimal indication for laser endopyelotomy is a short
(<2 cm) UPJ obstruction of intrinsic aetiology in the absence
of a very large pelvis, high insertion of the ureter, renal split
function <20%, and ipsilateral renal calculi (LE: 4). When
particular inclusion criteria are used, success rates are
reported to be around 80% or even higher in highly selected
cases in the hands of an experienced urologist (LE: 4). Lower
success rates have been reported when there is an extrinsic
cause of UPJ obstruction and severe hydronephrosis in
patients with poor renal function [91]. The outcome of
retrograde laser endopyelotomy in comparison with open
pyeloplasty is slightly inferior (LE: 2b).
9.1.

10.1.

Conclusions and recommendation for transurethral laser

ureterotomy

Conclusions
Transurethral laser urethrotomy is a feasible and
safe option for the treatment of urethral strictures.
Cold-knife optical urethrotomy remains the gold
standard.
Success rates as high as 100% are reported in selected
cases.
Treatment morbidity is minimal and major
complications are rare.
Recommendations
Transurethral laser urethrotomy could be one of the
ﬁrst-line treatment options for benign urethral
strictures.

LE
3
1a
3
3

GR
C

11.
Laser clinical applications in upper urinary tract
stones and tumours

3

The entire upper urinary tract can be accessed and explored
with flexible endoscopes. Endoscopic intracorporeal laser
lithotripsy is widely used as a treatment for upper urinary
tract stones [112,113]. Lasers are ideally suited for
retrograde intrarenal surgery or a percutaneous approach
[114]. Successful stone fragmentation is achieved in an
average of more than 90% of stones.
In Ho:YAG lasers, energy is usually delivered in a pulsatile
manner, using a thermomechanical action. Ho:YAG has
minimal fragment migration and retrograde propulsion at
low settings in comparison with Nd:YAG. The absence of a
strong wave in holmium lasers avoids the retropulsion
phenomenon.

3

11.1.

Conclusions and recommendations for laser treatment for

ureteropelvic junction obstruction

Conclusions
Retrograde laser endopyelotomy is a feasible and safe
treatment option for the treatment of UPJ obstruction.
Open or laparoscopic pyeloplasty remains the gold standard.
In selected cases, the success rate can reach 90%.
Treatment morbidity is minimal and major
complications are rare.
Treatment failure may occur up to 1 year postoperatively.

Transurethral laser urethrotomy using the Nd:YAG laser was
originally introduced in 1979 [93]. Since then, laser
urethrotomy has become a common urologic practice
throughout the world in the management of urethral
strictures. Publications on this approach are based on
retrospective analyses (ie, single-institution studies producing LE 3 or 4) [94–111]. Short-segment urethral strictures
tend to respond well to this treatment modality (LE: 3).
However, inferior results have been reported with long
urethral strictures (>1.5 cm) and recurrent strictures (LE 3).

LE
3
1a

Recommendations
Retrograde laser endopyelotomy could be one of the
ﬁrst-line treatment options.
Follow-up should be prolonged for at least 1 yr
postoperatively.
Open or laparoscopic pyeloplasty remain options in cases
in which minimally invasive measures fail.
Ensure identiﬁcation of crossing vessels, which is of
particular relevance in reducing bleeding complications.

GR
C

Ureteric stent placement before the procedure is an
option that may affect the postoperative success rate.

C

C
C
B

Upper urinary tract urothelial tumours and upper

urinary tract stones

The aim in conservative management of upper urinary tract
urothelial tumours (UUT-UT) is to preserve renal function
[115]. Appropriate tumour staging (computed tomography,
biopsy) is necessary to allow selection of patients for
nephron-sparing surgery. Representative biopsy samples to
determine the depth of invasion are necessary.
Although nephroureterectomy is the gold standard, the
current literature supports laser therapy in patients with
UUT-UT. However, meticulous and long-term follow-up is
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needed [116]. In contrast to tumour resection (holmium/
thulium), pathology specimens are not available following
tumour vaporisation (Nd:YAG/holmium/thulium).

[2] Hoffman RM, MacDonald R, Wilt TJ. Laser prostatectomy for
benign prostatic obstruction. Cochrane Database Syst Rev 2004,
CD001987.
[3] Reich O, Gratzke C, Bachmann A, et al. Morbidity, mortality and

11.2.

Conclusions and recommendations for laser treatment of

upper urinary tract stones and urothelial tumours

early outcome of transurethral resection of the prostate: a prospective multicenter evaluation of 10,654 patients. J Urol 2008;180:
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[4] Malek RS, Barrett DM, Kuntzman RS. High-power potassium-tita-

Conclusions
Nephroureterectomy is still the gold standard for
UUT urothelial tumours.
Pulsed lasers are an effective and safe treatment
for UUT stones, using endoscopes.
Lasers present a safe option for defragmenting stones
in the upper urinary tract.

LE
1a

Recommendations
Laser ablation of small low-grade upper tract transitional
cell carcinoma with close follow-up can be a safe
alternative treatment to nephroureterectomy in
patients with normal contralateral kidneys.
Endoscopic conservative treatment can be the preferred
treatment in high-risk patients, as well as those with
bilateral disease, solitary kidney, or reduced renal
function.

GR
B

nyl-phosphate (KTP/532) laser vaporization prostatectomy:
24 hours later. Urology 1998;51:254–6.
[5] Bouchier-Hayes DM, Anderson P, Van Appledorn S, Bugeja P,
Costello AJ. KTP laser versus transurethral resection: early results
of a randomized trial. J Endourol 2006;20:580–5.

1

[6] Horasanli K, Silay MS, Altay B, Tanriverdi O, Sarica K, Miroglu C.
Photoselective potassium titanyl phosphate (KTP) laser vaporization versus transurethral resection of the prostate for prostates
larger than 70 mL: a short-term prospective randomized trial.
Urology 2008;71:247–51.
[7] Tasci AI, Tugcu V, Sahin S, Zorluoglu F. Rapid communication:
photoselective vaporization of the prostate versus transurethral

C

resection of the prostate for the large prostate: a prospective
nonrandomized bicenter trial with 2-year follow-up. J Endourol
2008;22:347–53.
[8] Skolarikos A, Papachristou C, Athanasiadis G, Chalikopoulos D,
Deliveliotis C, Alivizatos G. Eighteen-month results of a randomized prospective study comparing transurethral photoselective

Author contributions: Thomas R.W. Herrmann had full access to all the
data in the study and takes responsibility for the integrity of the data and
the accuracy of the data analysis.

vaporization with transvesical open enucleation for prostatic
adenomas greater than 80 cc. J Endourol 2008;22:2333–40.
[9] Pﬁtzenmaier J, Gilfrich C, Pritsch M, et al. Vaporization of prostates
of > or =80 mL using a potassium-titanyl-phosphate laser: mid-

Study concept and design: Herrmann, Merseburger.
Acquisition of data: Hermann, Merseburger, Liatsikos, Nagele, Traxer.
Analysis and interpretation of data: Herrmann, Merseburger.

term-results and comparison with prostates of <80 mL. BJU Int
2008;102:322–7.
[10] Al-Ansari A, Younes N, Sampige VP, et al. GreenLight HPS 120-W

Drafting of the manuscript: Herrmann, Merseburger.

laser vaporization versus transurethral resection of the prostate

Critical revision of the manuscript for important intellectual content:

for treatment of benign prostatic hyperplasia: a randomized clini-

Hermann, Merseburger, Liatsikos, Nagele, Traxer.
Statistical analysis: Herrmann.
Obtaining funding: None.

cal trial with midterm follow-up. Eur Urol 2010;58:349–55.
[11] Rajbabu K, Chandrasekara SK, Barber NJ, Walsh K, Muir GH.
Photoselective vaporization of the prostate with the potassium-

Administrative, technical, or material support: Herrmann, Merseburger.

titanyl-phosphate laser in men with prostates of >100 mL. BJU Int

Supervision: Herrmann, Merseburger.

2007;100:593–8, discussion 598.

Other (specify): None.
Financial disclosures: I certify that all conﬂicts of interest, including
speciﬁc ﬁnancial interests and relationships and afﬁliations relevant to
the subject matter or materials discussed in the manuscript (eg,
employment/afﬁliation, grants or funding, consultancies, honoraria,
stock ownership or options, expert testimony, royalties, or patents ﬁled,
received, or pending), are the following: Axel S. Merseburger is a
consultant for Ipsen Pharma and Bayer, receives speaker honoraria from
Ipsen Pharma, Wyeth, Astellas, Novartis, Pﬁzer, and SEP, participates in
trials for Astra Zeneca, Bayer, Pﬁzer, TEVA, and Novartis, and receives
research grants from Wyeth. Thomas R.W. Herrmann has nothing to
declare. Udo Nagele owns patents and receives fellowships and travel
grants from Karl Storz. Evangelos Liatsikos has nothing to declare. Olivier
Traxer is a company consultant for Coloplast, Socomed Promepla, AMS,
Cook Medical, and Boston Scientiﬁc.
Funding/Support and role of the sponsor: None.

[12] Ruszat R, Wyler S, Forster T, et al. Safety and effectiveness
of photoselective vaporization of the prostate (PVP) in patients
on ongoing oral anticoagulation. Eur Urol 2007;51:1031–41,
discussion 1038–41.
[13] Ruszat R, Seitz M, Wyler SF, et al. GreenLight laser vaporization of
the prostate: single-center experience and long-term results after
500 procedures. Eur Urol 2008;54:893–901.
[14] Tugcu V, Tasci AI, Sahin S, Zorluoglu F. Comparison of photoselective vaporization of the prostate and transurethral resection of
the prostate: a prospective nonrandomized bicenter trial with
2-year follow-up. J Endourol 2008;22:1519–25.
[15] Ruszat R, Wyler S, Seifert H-H, et al. Photoselective vaporization of
the prostate: subgroup analysis of men with refractory urinary
retention. Eur Urol 2006;50:1040–9, discussion 1049.
[16] Hai MA. Photoselective vaporization of prostate: ﬁve-year outcomes of entire clinic patient population. Urology 2009;73:807–10.
[17] Te AE, Malloy TR, Stein BS, Ulchaker JC, Nseyo UO, Hai MA. Impact
of prostate-speciﬁc antigen level and prostate volume as predictors of efﬁcacy in photoselective vaporization prostatectomy:

References

analysis and results of an ongoing prospective multicentre study
at 3 years. BJU Int 2006;97:1229–33.

[1] Herrmann TRW, Nagele U, Traxer O, Merseburger AS. EAU guide-

[18] Choi B, Tabatabaei S, Bachmann A, et al. GreenLight HPS 120-W

lines on lasers and technologies. Arnhem, the Netherlands:

laser for benign prostatic hyperplasia: comparative complications

European Association of Urology; 2011.

and technical recommendations. Eur Urol Suppl 2008;7:384–92.

EUROPEAN UROLOGY 61 (2012) 783–795

793

[19] Bruyère F, Puichaud A, Pereira H, et al. Inﬂuence of photoselective

[37] Gupta N, Sivaramakrishna, Kumar R, Dogra PN, Seth A. Comparison

vaporization of the prostate on sexual function: results of a

of standard transurethral resection, transurethral vapour resec-

prospective analysis of 149 patients with long-term follow-up.

tion and holmium laser enucleation of the prostate for managing

Eur Urol 2010;58:207–11.

benign prostatic hyperplasia of >40 g. BJU Int 2006;97:85–9.

[20] Kavoussi PK, Hermans MR. Maintenance of erectile function after

[38] Naspro R, Suardi N, Salonia A, et al. Holmium laser enucleation of

photoselective vaporization of the prostate for obstructive benign

the prostate versus open prostatectomy for prostates >70 g: 24-

prostatic hyperplasia. J Sex Med 2008;5:2669–71.

month follow-up. Eur Urol 2006;50:563–8.

[21] Chen CH, Chiang PH, Chuang YC, Lee WC, Chen YT. Preliminary

[39] Wilson LC, Gilling PJ, Williams A, et al. A randomised trial com-

results of prostate vaporization in the treatment of benign pros-

paring holmium laser enucleation versus transurethral resection

tatic hyperplasia by using a 200-W high-intensity diode laser.

in the treatment of prostates larger than 40 grams: results at 2

Urology 2010;75:658–63.

years. Eur Urol 2006;50:569–73.

[22] Erol A, Cam K, Tekin A, Memik O, Coban S, Ozer Y. High power

[40] Montorsi FNR, Salonia A, Suardi N, et al. Holmium laser enucle-

diode laser vaporization of the prostate: preliminary results for

ation versus transurethral resection of the prostate: results from a

benign prostatic hyperplasia. J Urol 2009;182:1078–82.

2-center prospective randomized trial in patients with obstructive

[23] Rieken M, Kang HW, Koullick E, Ruth GR, Bachmann A.

benign prostatic hyperplasia. J Urol 2008;179(5 Suppl):S87–90.

Laser vaporization of the prostate in vivo: experience with the

[41] Gilling PJ, Aho TF, Frampton CM, King CJ, Fraundorfer MR. Holmi-

150-W 980-nm diode laser in living canines. Lasers Surg Med

um laser enucleation of the prostate: results at 6 years. Eur Urol

42:736–42.

2008;53:744–9.

[24] Chiang PH, Chen CH, Kang CH, Chuang YC. GreenLight HPS laser

[42] Kuntz RM, Lehrich K, Ahyai SA. Holmium laser enucleation of the

120-W versus diode laser 200-W vaporization of the prostate:

prostate versus open prostatectomy for prostates greater than 100

comparative clinical experience. Lasers Surg Med 42:624–9.

grams: 5-year follow-up results of a randomised clinical trial. Eur

[25] Ruszat R, Seitz M, Wyler SF, et al. Prospective single-centre com-

Urol 2008;53:160–8.

parison of 120-W diode-pumped solid-state high-intensity sys-

[43] Lourenco T, Pickard R, Vale L, et al., Benign Prostatic Enlargement

tem laser vaporization of the prostate and 200-W high-intensive

team. Alternative approaches to endoscopic ablation for benign

diode-laser ablation of the prostate for treating benign prostatic

enlargement of the prostate: systematic review of randomized

hyperplasia. BJU Int 2009;104:820–5.

controlled trials. BMJ 2008;337:a449.

[26] Rieken M, Wyler S, Müller G, Bonkat G, Gasser T, Bachmann A.

[44] Tan A, Liao C, Mo Z, Cao Y. Meta-analysis of holmium laser

Laser vaporization of the prostate: intermediate-term follow-up

enucleation versus transurethral resection of the prostate for

with the 200 W high-intensity diode (HiDi) laser system [abstract
589]. Eur Urol Suppl 2009;8:269.
[27] Teichmann HO, Herrmann TR, Bach T. Technical aspects of lasers in
urology. World J Urol 2007;25:221–5.
[28] Mottet N, Anidjar M, Bourdon O, et al. Randomized comparison of
transurethral electroresection and holmium: YAG laser vaporization for symptomatic benign prostatic hyperplasia. J Endourol
1999;13:127–30.
[29] Elmansy HM, Elzayat E, Elhilali MM. Holmium laser ablation
versus photoselective vaporization of prostate less than 60 cc:

symptomatic prostatic obstruction. Br J Surg 2007;94:1201–8.
[45] Bach T, Netsch C, Haecker A, Michel MS, Herrmann TR, Gross AJ.
Thulium: YAG laser enucleation (VapoEnucleation) of the prostate: safety and durability during intermediate-term follow-up.
World J Urol 2010;28:39–43.
[46] Bach T, Xia S, Yang Y, et al. Thulium:YAG 2 mm cw laser prostatectomy: where do we stand? World J Urol 2010;28:163–8.
[47] Mattioli S, Munoz R, Recasens R, et al. Treatment of benign
prostatic hyperplasia with the Revolix laser [in Spanish]. Arch
Esp Urol 2008;61:1037–43.

long-term results of a randomized trial. J Urol 2010;184:2023–8.

[48] Xia S-J, Zhuo J, Sun X-W, Han B-M, Shao Y, Zhang Y-N. Thulium

[30] Kabalin JN, Mackey MJ, Cresswell MD, Fraundorfer MR, Gilling PJ.

laser versus standard transurethral resection of the prostate: a

Holmium: YAG laser resection of prostate (HoLRP) for patients in
urinary retention. J Endourol 1997;11:291–3.

randomized prospective trial. Eur Urol 2008;53:382–90.
[49] Fu WJ, Zhang X, Yang Y, et al. Comparison of 2-microm continuous

[31] Westenberg A, Gilling P, Kennett K, Frampton C, Fraundorfer M.

wave laser vaporesection of the prostate and transurethral resec-

Holmium laser resection of the prostate versus transurethral

tion of the prostate: a prospective nonrandomized trial with 1-

resection of the prostate: results of a randomized trial with
4-year minimum long-term followup. J Urol 2004;172:616–9.

year follow-up. Urology 2010;75:194–9.
[50] Bach T, Netsch C, Haecker A, Michel M-S, Herrmann T, Gross A.

[32] Fraundorfer MR, Gilling PJ. Holmium: YAG laser enucleation of the

Thulium: YAG laser enucleation (VapoEnucleation) of the pros-

prostate combined with mechanical morcellation: preliminary

tate: safety and durability during intermediate-term follow-up.

results. Eur Urol 1998;33:69–72.

World J Urol 2010;28:39–43.

[33] Hochreiter WW, Thalmann GN, Burkhard FC, Studer UE. Holmium

[51] Bach T, Herrmann TRW, Haecker A, Michel MS, Gross A. Thulium:

laser enucleation of the prostate combined with electrocautery

yttrium-aluminium-garnet laser prostatectomy in men with re-

resection: the mushroom technique. J Urol 2002;168:1470–4.

fractory urinary retention. BJU Int 2009;104:361–4.

[34] Kuntz RM, Lehrich K, Ahyai S. Transurethral holmium laser enu-

[52] Bach T, Herrmann TR, Ganzer R, Burchardt M, Gross AJ. RevoLix

cleation of the prostate compared with transvesical open prosta-

vaporesection of the prostate: initial results of 54 patients with a

tectomy: 18-month follow-up of a randomized trial. J Endourol
2004;18:189–91.
[35] Kuntz RM, Ahyai S, Lehrich K, Fayad A. Transurethral holmium
laser enucleation of the prostate versus transurethral electrocautery resection of the prostate: a randomized prospective trial in
200 patients. J Urol 2004;172:1012–6.
[36] Briganti A, Naspro R, Gallina A, et al. Impact on sexual function of

1-year follow-up. World J Urol 2007;25:257–62.
[53] Bach T, Herrmann TR, Ganzer R, Blana A, Burchardt M, Gross AJ.
[Thulium:YAG vaporesection of the prostate. First results [in
German]. Urologe A 2009;48:529–34.
[54] Shao Q, Zhang FB, Shang DH, Tian Y. Comparison of holmium and
thulium laser in transurethral enucleation of the prostate [in
Chinese]. Zhonghua Nan Ke Xue 2009;15:346–9.

holmium laser enucleation versus transurethral resection of the

[55] Bach T, Netsch C, Pohlmann L, Herrmann TR, Gross AJ. Thulium:

prostate: results of a prospective, 2-center, randomized trial. J Urol

YAG vapoenucleation in large volume prostates. J Urol 2011;

2006;175:1817–21.

186:2323–7.

794

EUROPEAN UROLOGY 61 (2012) 783–795

[56] Bach T, Wendt-Nordahl G, Michel MS, Herrmann TR, Gross AJ.
Feasibility and efﬁcacy of thulium:YAG laser enucleation (VapoEnucleation) of the prostate. World J Urol 2009;27:541–5.
[57] Bach T, Herrmann TRW, Netsch C, Haecker A, Michel MS, Gross AJ.
1917 Vapoenucleation of the prostate using the thulium:YAG 2
Micron CW Laser in high-risk patients. J Urol 2010;183(4, Suppl
1):e745–6.
[58] Fu WJ, Hong BF, Yang Y, et al. Vaporesection for managing benign

[76] Rosemberg SK. Clinical experience with carbon dioxide laser in
renal surgery. Urology 1985;25:115–8.
[77] Gianduzzo TR, Chang CM, El-Shazly M, Mustajab A, Moon DA, Eden
CG. Laser nerve-sparing laparoscopic radical prostatectomy: a
feasibility study. BJU Int 2007;99:875–9.
[78] Lovisolo JA, Legramandi CP, Fonte A. Thermal ablation of small
renal tumors—present status. ScientiﬁcWorldJournal 2007;7:
756–67.

prostatic hyperplasia using a 2-microm continuous-wave laser:

[79] Singal RK, Denstedt JD, Razvi HA, Chun SS. Holmium: YAG laser

a prospective trial with 1-year follow-up. BJU Int 2009;103:

endoureterotomy for treatment of ureteral stricture. Urology

352–6.

1997;50:875–80.

[59] Herrmann TR, Bach T, Imkamp F, et al. Thulium laser enucleation

[80] Corcoran AT, Smaldone MC, Ricchiuti DD, Averch TD. Management

of the prostate (ThuLEP): transurethral anatomical prostatectomy

of benign ureteral strictures in the endoscopic era. J Endourol

with laser support. Introduction of a novel technique for the
treatment of benign prostatic obstruction. World J Urol 2010;
28:45–51.
[60] Staehler G, Schmiedt E, Hofstetter A. Destruction of bladder neoplasms by means of transurethral neodym-YAG-laser coagulation
[in German]. Helv Chir Acta 1978;45:307–11.
[61] Saito S. Transurethral en bloc resection of bladder tumors. J Urol
2001;166:2148–50.
[62] Das A, Gilling P, Fraundorfer M. Holmium laser resection of
bladder tumors (HoLRBT). Tech Urol 1998;4:12–4.
[63] Soler-Martinez J, Vozmediano-Chicharro R, Morales-Jimenez P,
et al. Holmium laser treatment for low grade, low stage, noninvasive bladder cancer with local anesthesia and early instillation of
mitomycin C. J Urol 2007;178:2337–9.
[64] Zhu Y, Jiang X, Zhang J, Chen W, Shi B, Xu Z. Safety and efﬁcacy of
holmium laser resection for primary nonmuscle-invasive bladder
cancer versus transurethral electroresection: single-center experience. Urology 2008;72:608–12.
[65] Xishuang S, Deyong Y, Xiangyu C, et al. Comparing the safety and

2009;23:1909–12.
[81] Fu YM, Ni SB, Chen QY, et al. Treatment of ureteral obstruction by
holmium:YAG laser endoureterotomy: a report of 18 cases [in
Chinese]. Zhonghua Yi Xue Za Zhi 2009;89:335–7.
[82] Gdor Y, Gabr AH, Faerber GJ, Roberts WW, Wolf Jr JS. Success of
laser endoureterotomy of ureteral strictures associated with ureteral stones is related to stone impaction. J Endourol 2008;22:
2507–11.
[83] Gnessin E, Yossepowitch O, Holland R, Livne PM, Lifshitz DA.
Holmium laser endoureterotomy for benign ureteral stricture: a
single center experience. J Urol 2009;182:2775–9.
[84] Hibi H, Ohori T, Taki T, Yamada Y, Honda N. Long-term results of
endoureterotomy using a holmium laser. Int J Urol 2007;14:872–4.
[85] Kourambas J, Delvecchio FC, Preminger GM. Low-power holmium
laser for the management of urinary tract calculi, structures, and
tumors. J Endourol 2001;15:529–32.
[86] Lane BR, Desai MM, Hegarty NJ, Streem SB. Long-term efﬁcacy of
holmium laser endoureterotomy for benign ureteral strictures.
Urology 2006;67:894–7.

efﬁciency of conventional monopolar, plasmakinetic, and holmi-

[87] Laven BA, O’Connor RC, Steinberg GD, Gerber GS. Long-term

um laser transurethral resection of primary non-muscle invasive

results of antegrade endoureterotomy using the holmium laser

bladder cancer. J Endourol 2010;24:69–73.

in patients with ureterointestinal strictures. Urology 2001;58:

[66] Zhong C, Guo S, Tang Y, Xia S. Clinical observation on 2 micron
laser for non-muscle-invasive bladder tumor treatment: singlecenter experience. World J Urol 2010;28:157–61.
[67] Gao X, Ren S, Xu C, Sun Y. Thulium laser resection via a ﬂexible
cystoscope for recurrent non-muscle-invasive bladder cancer:
initial clinical experience. BJU Int 2008;102:1115–8.

924–9.
[88] Lin CM, Tsai TH, Lin TC, et al. Holmium:yttrium-aluminum-garnet
laser endoureterotomy for benign ureteral strictures: a singlecentre experience. Acta Chir Belg 2009;109:746–50.
[89] Razdan S, Silberstein IK, Bagley DH. Ureteroscopic endoureterotomy. BJU Int 2005;95(Suppl 2):94–101.

[68] Yang Y, Wei ZT, Zhang X, Hong BF, Guo G. Transurethral partial

[90] Watterson JD, Sofer M, Wollin TA, Nott L, Denstedt JD. Holmium:

cystectomy with continuous wave laser for bladder carcinoma. J

YAG laser endoureterotomy for ureterointestinal strictures. J Urol

Urol 2009;182:66–9.

2002;167:1692–5.

[69] Barzilay B, Lijovetzky G, Shapiro A, Caine M. The clinical use of CO2

[91] Biyani CS, Cornford PA, Powell CS. Ureteroscopic endopyelotomy

laser beam in the surgery of kidney parenchyma. Lasers Surg Med

with the holmium:YAG laser. mid-term results. Eur Urol 2000;38:

1982;2:81–7.
[70] Hodgson DK, Rajbabu K, Graziano M, Poulsen J, Muir G, Grange P.
Appraisal of a novel procedure: potassium titanyl phosphate (KTP)
laser laparoscopic partial nephrectomy. J Endourol 2008;22:159–
212.

139–43.
[92] Giddens JL, Grasso M. Retrograde ureteroscopic endopyelotomy
using the holmium:YAG laser. J Urol 2000;164:1509–12.
[93] Bulow H, Bulow U, Frohmuller HG. Transurethral laser urethrotomy in man: preliminary report. J Urol 1979;121:286–7.

[71] Gruschwitz T, Stein R, Schubert J, Wunderlich H. Laser-supported

[94] Becker HC, Miller J, Noske HD, Klask JP, Weidner W. Transurethral

partial nephrectomy for renal cell carcinoma. Urology 2008;

laser urethrotomy with argon laser: experience with 900 urethro-

71:334–6.

tomies in 450 patients from 1978 to 1993. Urol Int 1995;55:

[72] Korhonen AK, Talja M, Karlsson H, Tuhkanen K. Contact Nd: YAG
laser and regional renal hypothermia in partial nephrectomy. Ann
Chir Gynaecol Suppl 1993;206:59–62.

150–3.
[95] Bloiso G, Warner R, Cohen M. Treatment of urethral diseases with
neodymium:YAG laser. Urology 1988;32:106–10.

[73] Lotan Y, Gettman MT, Ogan K, Baker LA, Cadeddu JA. Clinical use of

[96] Dogra PN, Ansari MS, Gupta NP, Tandon S. Holmium laser core-

the holmium:YAG laser in laparoscopic partial nephrectomy.

through urethrotomy for traumatic obliterative strictures of ure-

J Endourol 2002;16:289–92.
[74] Malloy TR, Schultz RE, Wein AJ, Carpiniello VL. Renal preservation

thra: initial experience. Urology 2004;64:232–5, discussion 235–6.
[97] Dogra PN, Nabi G. Core-through urethrotomy using the neody-

utilizing neodymium:YAG laser. Urology 1986;27:99–103.

mium:YAG laser for obliterative urethral strictures after traumatic

[75] Merguerian PA, Seremetis G. Laser-assisted partial nephrectomy

urethral disruption and/or distraction defects: long-term out-

in children. J Pediatr Surg 1994;29:934–6.

come. J Urol 2002;167:543–6.

EUROPEAN UROLOGY 61 (2012) 783–795

795

[98] Dogra PN, Nabi G. Nd-YAG laser core-through urethrotomy in

[107] Matsuoka K, Inoue M, Iida S, Tomiyasu K, Noda S. Endoscopic

obliterative posttraumatic urethral strictures in children. Pediatr

antegrade laser incision in the treatment of urethral stricture.

Surg Int 2003;19:652–5.

Urology 2002;60:968–72.

[99] Eltahawy E, Gur U, Virasoro R, Schlossberg SM, Jordan GH. Man-

[108] Schmidlin F, Oswald M, Iselin C, et al. Vaporization of urethral

agement of recurrent anastomotic stenosis following radical pros-

stenosis using the KTP 532 laser [in French]. Ann Urol (Paris)

tatectomy using holmium laser and steroid injection. BJU Int
2008;102:796–8.
[100] Faerber GJ, Park JM, Bloom DA. Treatment of pediatric urethral
stricture disease with the neodymium:yttrium-aluminum-garnet
laser. Urology 1994;44:264–7.
[101] Futao S, Wentong Z, Yan Z, Qingyu D, Aiwu L. Application of

1997;31:38–42.
[109] Turek PJ, Malloy TR, Cendron M, Carpiniello VL, Wein AJ. KTP-532
laser ablation of urethral strictures. Urology 1992;40:330–4.
[110] Vicente J, Salvador J, Caffaratti J. Endoscopic urethrotomy versus
urethrotomy plus Nd-YAG laser in the treatment of urethral
stricture. Eur Urol 1990;18:166–8.

endoscopic Ho:YAG laser incision technique treating urethral

[111] Xiao J, Wu B, Chen LW, et al. Holmium laser urethrotomy for male

strictures and urethral atresias in pediatric patients. Pediatr Surg

urethral stricture [in Chinese]. Zhonghua Nan Ke Xue 2008;14:

Int 2006;22:514–8.
[102] Guo F, Lu H, Wang G, et al. Transurethral 2-mm laser in the
treatment of urethral stricture. World J Urol 2010;28:173–5.

734–6.
[112] Patel SR, Haleblian GE. Ureteroscopic management of renal calculi
in a pelvic kidney. Med Health R I 2009;92:342.

[103] Guo FF, Lu H, Wang GJ, Tan SF, He XF, Wang JM. Efﬁcacy of

[113] Weizer AZ, Springhart WP, Ekeruo WO, et al. Ureteroscopic man-

transurethral 2 microm laser urethrotomy in the treatment of

agement of renal calculi in anomalous kidneys. Urology 2005;65:

urethral stricture and atresia [in Chinese]. Zhonghua Yi Xue Za Zhi
2008;88:1270–2.
[104] Gurdal M, Tekin A, Yucebas E, Kirecci S, Sengor F. Contact neodymium:YAG laser ablation of recurrent urethral strictures using
a side-ﬁring ﬁber. J Endourol 2003;17:791–4.
[105] Hossain AZ, Khan SA, Hossain S, Salam MA. Holmium laser urethrotomy for urethral stricture. Bangladesh Med Res Counc Bull
2004;30:78–80.
[106] Kamal BA. The use of the diode laser for treating urethral strictures. BJU Int 2001;87:831–3.

265–9.
[114] Sun Y, Gao X, Zhou T, et al. 70 W holmium: yttrium-aluminumgarnet laser in percutaneous nephrolithotomy for staghorn calculi. J Endourol 2009;23:1687–91.
[115] Elliott DS, Blute ML, Patterson DE, Bergstralh EJ, Segura JW. Longterm follow-up of endoscopically treated upper urinary tract
transitional cell carcinoma. Urology 1996;47:819–25.
[116] Gaboardi F, Bozzola A, Dotti E, Galli L. Conservative treatment of
upper urinary tract tumors with Nd:YAG laser. J Endourol 1994;
8:37–41.

