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Abstract Diode laser systems at 980 nm have been
introduced for the treatment of lower-urinary-tract-symptoms
(LUTS) suggestive of benign prostatic enlargement (BPE).
However, the coagulation and vaporization properties are
unknown. We therefore aimed to evaluate these properties in
ex vivo models in comparison with the kalium-titanyl-
phosphate-(KTP) laser. The diode laser treatment was
applied to isolated, blood-perfused porcine kidneys and fresh
human cadaver prostates (HCPs) at different generator
settings. We performed histological examination to compare
the depth of coagulation and vaporization. The diode laser
showed larger ablation and coagulation characteristics than
the KTP laser did. Ablation of the diode laser was found to
be 1.79-times (120 W in porcine kidney, P<0.0001) and
3.0–5 times (200 W in HCP, P<0.0005) larger. The diode
laser created a nine-times (120 W in porcine kidney, P<
0.0001) and seven-times (200 W in HCP, P<0.0001) deeper
necrosis zone. The diode laser vaporization was highly

effective ex vivo. Owing to the laser’s deep coagulation
zones, in vivo animal experiments are mandatory before the
diode laser (980 nm) is applied in a clinical setting, so that
damage to underlying structures is prevented.
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Introduction

Neodymium:yttrium-aluminum-garnet (Nd:YAG) laser was
introduced in 1992 [1] as a potential therapy for bladder
outlet obstruction (BOO) due to benign prostatic enlarge-
ment (BPE). It was suggested to be associated with less
morbidity than the reference standard, transurethral resec-
tion of the prostate (TURP). Although the haemostatic
characteristics were excellent, the remaining necrotic tissue
caused BOO and lower urinary tract symptoms (LUTS) for
several weeks after treatment. Immediate tissue ablation
was accomplished when Malek et al. [2] introduced a 60 W
potassium-titanyl-phosphate laser (KTP laser=kalium-
titanyl-phosphate laser) to study the feasibility and func-
tional outcome after vaporization of the prostate. Since the
laser’s introduction, multiple studies have shown the safety
and early efficacy of this user-friendly technique [3].

Recently, a first clinical report on side-fire diode laser
treatment in benign prostatic hyperplasia (BPH) was
published. Seitz et al. [4] demonstrated that it is feasible
to relieve symptoms quickly with a 50 W diode laser
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prototype at a wavelength of 1,470 nm. Other diode lasers
emitting light at 980 nm are under investigation and are
available for the treatment of benign prostatic enlargement.
As this wavelength offers the highest simultaneous absorp-
tion in water and haemoglobin, it combined high vaporiza-
tion capacities and coagulation properties in an ex vivo
porcine kidney model [5, 6].

The aim of our study was to evaluate the vaporization
capacities and coagulation properties of a diode laser at
980 nm in comparison with the KTP laser (532 nm) at
different generator settings in two different ex vivo models
using isolated, blood-perfused, porcine kidneys and human
cadaver prostates.

Materials and methods

Equipment

For the procedures a KTP laser device emitting a
wavelength of 532 nm was used with an output power of
80 W. Two different diode laser systems were used, both
emitting light at a wavelength of 980 nm. Output power
levels for the porcine kidney model were 60W, 90 W and
120 W, and 100 W, 150 W and 200 W for the fresh human
cadaver prostates in continuous wave mode (cw mode).
Furthermore, in the porcine kidney investigations, the pulse
parameters were set 0.1 s on-time and 0.01 s off-time at
100 W and 120 W. The light was transmitted via a flexible
600 μm side-fire fibre to vaporize the tissue in a non-
contact mode.

Isolated, blood-perfused, porcine kidney

We used the ex vivo model of isolated, blood-perfused,
porcine kidneys, as previously described [7–9]. Since the
specific heat capacities in kidney (3.89 kJ/kg per degree
kelvin) and prostate (3.80 kJ/kg per degree kelvin) are
almost equivalent, isolated, blood-perfused, porcine kidney
is a valuable model, especially for the investigation of laser
procedures, in which the heat sink is of the utmost
importance [10]. A total of five kidneys was taken from
pigs within 8 min to 12 min after they had been
commercially slaughtered. The organs were immediately
perfused with sodium chloride solution (0.9%) via the renal
artery. Organs were preserved at 4°C when the effluent
from the renal vein was clear. The experiments was started
no later than 4 h after the pigs had been slaughtered. For
perfusion, autologous blood was harvested, heparinized
with 8,000 IU/l heparin, and stored at 4°C. A roller pump
conveyed the blood through an 8 Fr catheter intubating the
renal artery. The perfusion rate was set at 60 ml/ min with a
perfusion pressure of 120 cm H2O. The first experiments

were done strictly with the corresponding autologous blood
of each pair of kidneys; in the following investigations
normal saline solution was used, since it proved to generate
equal results. The organs were placed in a glass basin and
irrigated at 20°C with sterile water.

Tissue ablation was performed via a standardized
approach to achieve a treated square of 1 cm x 1cm. A
constant working distance and drag speed was provided by
our clamping the laser device into a stepper motor driven
by custom software [11].

Fresh human cadaver prostates

Three fresh human cadaver prostates (HCP1, HCP2 and
HCP3) from three male victims of vehicle accidents, aged
24 years, 49 years and 73 years, donated for research (<24 h),
were provided by the Department of Forensic Medicine,
University of Munich. The prostates were rinsed with a 0.9%
NaCl solution and bisected longitudinally. Subsequently, the
prostates were pinned on cork plates and immersed in a glass
basin with normal saline solution at 37°C. The laser fibre was
positioned to the luminal side, and prostatic tissue was ablated
under visual guidance with the KTP laser device at 80 W and
with the diode laser device at 100 W, 150 Wand 200 W. After
application of laser energy the tissue was fixed in 4% formalin
for 48 h.

Histology

After fixing in 4% formalin, serial sections of human and
porcine tissue were obtained, with a slice thickness of 5–
7 μm, embedded in paraffin and stained with haematoxylin–
eosin (HE, Sigma Chemical Co.,St. Louis, USA). The depths
of vaporization as well as coagulation zones were measured
after HE staining under the microscope with the use of a
calibrated calliper.

Statistical analysis

Comparisons were made with the two-tailed Student t-test
for continuous data. A P value <0.05 was considered to be
statistically significant.

Results

The porcine kidneys treated with 80 W KTP laser
vaporization showed macroscopically a rather threaded
aspect, while the diode laser treated areas had a brownish,
smooth, margin. After cross-sectioning, the ablation and
coagulation margins are obvious. While the KTP laser left a
small coagulation rim (1 mm, range 0.9 mm to 1.2 mm), the
diode laser showed a deep coagulation rim of up to 10 mm
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(range 7 mm to 10 mm), depending on the output power
level of the generator (Fig. 1). Coagulation increased with
output power level of the laser generator. The diode laser at
60 W, 90 W and 120 W displayed a mean coagulation zone
of 8.43 mm (SD ±1.13 mm), 9.15 mm (SD ±1.07 mm), and
9.58 mm (SD ±0.86 mm), respectively. In comparison with
the KTP laser device (1.10 mm, SD ±0.13 mm) the diode
laser had a 7.7-times to 8.7-times deeper coagulation
capacity (P<0.0001). A shift towards the pulsed mode did
not change this context (P<0.001). The comparison of the
coagulation zone at 120 W cw mode with pulsed mode
displays a P value of 0.61. The data are shown in Fig. 2.

When ablation properties are compared, there is also
significantly increased tissue vaporization in favour of the
diode laser system. At 60 W, 90 W, and 120 W there are
1.14-times (105 mm3, SD ±32 mm, P=0.24), 1.57-times
(144 mm3 SD ±25 mm, P<0.0001), and 1.79-times
(165 mm3 SD ±20 mm, P<0.0001) larger amounts of
tissue removal (in cubic millimetres) than with the KTP
laser at 80 W (92 mm3 SD ±6 mm). Data are shown in
Fig. 3.

The shift towards the pulsed mode (100 W, 120 W)
showed a highly significant (P<0.0001) reduction in
ablation volume without a reduction of necrosis zone in
comparison with the cw-mode experiment (Figs. 2 and 3).

The human cadaver prostate tissue, which was treated with
80W KTP laser vaporization, displayed, macroscopically, the
white cotton-wool aspect, while diode laser treatment had a
smooth, brown, carbonization effect on human tissue. Also,
the amount of tissue ablated was obviously larger with diode
laser energy than with the KTP laser.

In the three human cadaver prostates (HCP1, HCP2,
HCP3), KTP laser and diode laser (980 nm) energy of 2 kJ
was also applied to a zone 13–16 mm in length. In terms of
vaporization, the KTP laser at 80 W with 2 kJ energy
applied to a zone 13–16 mm in length showed a mean
vaporization thickness of 1.39 mm (±0.16 mm), 2.28 mm
(±0.09 mm) and 2.36 mm (±0.11 mm) for HCP1, HCP2
and HCP3, respectively. In comparison, with 2 kJ of diode
laser energy at 100 W, the ablation features increased to
4.0 mm (±0.16 mm), to 4.7 mm (±0.15 mm), and to

4.2 mm (±0.18 mm). At 150 W these values increased to
5.5 mm (±0.14 mm), 4.9 mm (±0.14 mm) and 5.7 mm
(±0.20 mm) for HCP1, HCP2 and HCP3, respectively. At
200 W the vaporization zone even reached values beyond
6 mm (6.1 mm ±0.16 mm for HCP1, 6.2 mm ±0.24 mm for
HCP2, 6.1 mm ±0.16 mm for HCP3). In summary, the
vaporization effect of the diode laser at 980 nm was found
to be 2.15-times larger at 100 W (P<0.005), 2.65-times
larger at 150 W (P<0.005) and 3.05-times larger at 200 W
(P<0.0005) than that with the KTP laser. Data are shown in
Fig. 4.

There was no qualitative difference, but a quantitative
difference between the coagulation margins produced by
KTP and the diode laser was shown in histological analysis.
Beyond the vaporized tissue, blurred and destroyed/
coagulated connective tissue and glandular structures were
seen. Beyond this zone there was an area of completely
disrupted connective tissue and glandular structures
(Figs. 5 & 6).

The quantitative difference in coagulation between KTP
and high-power diode laser was tremendous. The mean
coagulation zone reached 1.5 mm (±0.12 mm), 2.41 mm
(±0.12 mm), and 2.32 mm (±0.15 mm) with the KTP laser
device at 80W inHCP1, HCP2 and HCP3, respectively. In the
diode laser setting (100 W, 2 kJ, cw mode) the coagulation
depth increased significantly to 4.0 mm (±0.20 mm), to
4.6 mm (±0.26 mm), and to 4.2 mm (±0.20 mm) in HCP1,
HCP2, and HCP3, respectively (P<0.0001). A further
increase of the coagulation zone was seen in the 150 W
setting for HCP1, HCP2 and HCP3, with a depth of 6.3 mm
(±0.11 mm), 5.5 mm (±0.21 mm), and 5,9 mm (±0.22 mm),
respectively (P<0.0001). At 200 W these values were
7.0 mm (±0.17 mm), 7.00 mm (±0.14 mm), and 7.3 mm
(±0.30 mm) for HCP1, HCP2 and HCP3, which was also
highly significant (P<0.0001). In summary, the coagulation
zone with the diode laser at 980 nm was found to be
2.0-times larger at 100 W, 2.8-times larger at 150 W, and
3.4-times larger at 200 W than that with the KTP laser
device (P<0.0001). Data are shown in Fig. 7.

Discussion

Benign prostatic enlargement (BPE) is the most common
cause of bladder outlet obstruction (BOO) and the most
frequent pathological condition necessitating surgical treat-
ment in men. Among the surgical techniques, TURP has
been applied with great success for decades as the “gold
standard” treatment. It significantly improves lower urinary
tract symptoms such as urinary flow. Despite its general
acceptance and widespread application, complications are
seen in up to 20% of patients following a successful
intervention [12, 13]. Currently, a number of minimally

Fig. 1 Macroscopic cross-section of a pig’s kidney treated with a
diode laser at 980 nm with 60 W generator output power. Top margin
side of laser treatment, bottom margin renal pelvis, dark brown tissue
normal tissue/texture of the kidney, light brown coagulated/necrotic
tissue. Black barrepresents10 mm
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invasive procedures are available as effective alternatives,
having concentrated on the haemostatic removal of tissue at
the time of surgery to avoid the complications of
transurethral resection of the prostate and to prevent the
5- to 7-day catheterization time required with neodymium:
yttrium-aluminum-garnet (Nd:YAG) laser coagulation.
Among these, promising surgical techniques are any kind
of visual laser ablation procedures, such as KTP laser
vaporization, holmium:yttrium-aluminum-garnet (Ho:YAG)
laser enucleation of the prostate (HoLEP) and diode lasers
[12–14].

The treatment outcomes with theses lasers are strongly
dependent on several physical factors, including wave-
length, power, duration, and technique. In contrast to laser
surgery with the Nd:YAG laser (1,064 nm) with its
excellent deep coagulation (7 mm) with haemostatic
properties without any tissue removal [1], some tissue
characteristics make Ho:YAG lasers an attractive alternative
to TURP. Ho:YAG at a wavelength of 2,140 nm is absorbed
more strongly in prostatic tissue and water, leading to
instant vaporization with no considerable coagulation
necrosis [15]. KTP lasers, on the other hand, are able to

achieve good visual tissue ablation and haemostasis with a
small coagulation rim. The 532 nm wavelength is strongly
absorbed by haemoglobin, so that the heat produced is
concentrated in a small volume. This causes rapid vapor-
ization of well blood-perfused tissue such as the prostate.

The diode laser has been introduced lately with a first
clinical pilot study in the treatment of benign prostatic
enlargement. At a wavelength of 1,470 nm, strong
absorption by water allows tissue penetration of 2–3 mm
[4]. Other diode laser systems working on a wavelength of
980 nm are available, and ablation as well as coagulation
capacities are still under investigation. The wavelength of
980 nm offers the highest simultaneous absorption in water
and haemoglobin. Therefore, it is thought that the diode
laser is able to combine high tissue ablation properties with
the benefit of excellent haemostasis. Regarding the vapor-
ization capacities, there is consistency in the literature,
while, in terms of coagulation depth, studies are inconsis-
tent. Wendt-Nordahl et al. [6] estimated the coagulation
depth in an ex vivo model of an isolated blood-perfused
porcine kidney at ~ 200 μm to 300 μm (output power levels
of 30 W, 60 W, 80 W, 100 W and 120 W). In contrast, our

Fig. 2 Coagulation in milli-
metres in the ex vivo perfused
porcine kidney model. KTP
laser compared with diode laser
at 980 nm. KTP 80 80 W KTP
laser, diode 60 diode laser
60 W, diode 90 diode laser
90 W, diode 120 diode
laser 120 W, diode 100 pulsed
diode laser 100 W pulsed mode,
diode 120 pulsed diode laser
120 W pulsed mode

Fig. 3 Ablation in cubic milli-
metres in the ex vivo perfused
porcine kidney model. KTP
laser compared with diode laser.
KTP 8080 W KTP laser, diode
60 diode laser 60 W, diode 90
diode laser 90 W, diode 120
diode laser 120 W, diode 100
pulsed diode laser 100 W pulsed
mode, diode 120 pulsed diode
laser 120 W pulsed mode
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previous investigation [5] found a more than ten-times
larger coagulation thickness of 5.7 mm and 10.2 mm in the
same ex vivo porcine model (output power level of 30 W,
60 W and 100 W).

Therefore, in this report, we reinvestigated the diode
laser at 980 nm in the ex vivo model of the isolated blood-
perfused porcine kidney with clinical relevant output power
levels of 60 W, 90 W and 120 W in cw and pulsed mode.
These data show that the coagulation depth has always been
beyond 7 mm, irrespective of whether the cw mode or the
pulsed mode is used. It is debatable whether the results of
this ex vivo model of porcine kidney is transferable to
human prostate tissue. However, the model provides a well-
established tool to evaluate systematically different laser
types [5, 6, 16]. Ablation and coagulation capacities seem
to be more distinctive in the diode laser than in the standard
KTP laser. The amount of vaporized tissue increases with
higher generator output power, and ablation properties of
the diode laser at 980 nm are significantly higher than those

of the KTP laser. At the same time, the coagulation zone
increases by a factor of 7.7 to 8.7.

The evaluation in human cadaver prostates showed
similar results. The ablation effect of the diode laser at
980 nm was two-to-three-times larger than the vaporization
zone of the KTP laser (P<0.0005). In analogy to the ex
vivo porcine kidney model, our study on ex vivo human
cadaver prostates demonstrate a distinct deeper coagulation
(2 to 3.4-times) than with the KTP laser device at 80 W.

The predicted laser behaviour in porcine and human
tissues at a wavelength of 980 nm with the highest
simultaneous absorption in water and haemoglobin has
been confirmed. The diode laser is able to combine very
high tissue ablation properties with the benefit of excellent
haemostasis due to deep coagulation.

The advantage of laser surgery in comparison with that
of TURP in the treatment of benign prostatic enlargement is
the almost bloodlessness and the absence of fluid absorp-
tion (TUR syndrome) of the procedure. The drawbacks of

Fig. 4 Ablation in millimetres
in the ex vivo fresh human
cadaver prostate. KTP laser
compared with diode laser at
980 nm. KTP 80 80 W KTP
laser, diode 100 diode laser
100 W, diode 150 diode laser
150 W, diode 200 diode
laser 200 W

Fig. 6 Completely disrupted connective tissue and glandular struc-
tures. HE, ×40

Fig. 5 Blurred and coagulated connective tissue and glandular
structures. HE, ×40
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laser surgery vary, depending of the wavelength used.
While some lasers display deep coagulation but no instant
tissue removal (Nd:YAG), others show excellent tissue
ablation capabilities but almost no haemostasis (Ho:YAG).
The capacity to vaporize tissue with a minimal coagulation
rim of underlying structures is a feature that makes KTP
laser surgery an ideal tool for immediate transurethral
removal of prostatic tissue in a haemostatic environment
[16, 17]. Owing to its easy-to-learn property, this side-fire
laser technique has become a commonly used procedure.
However, due to the time-consuming tissue vaporization,
KTP laser surgery of the prostate is limited to patients with
small to midsize glands [16, 18, 19]. The steep learning
curve of holmium laser enucleation of the prostate (HoLEP)
as a time-efficient technique limits its widespread use in the
urological community [20]. Both HoLEP and KTP laser
prostatectomy have a very low peri-operative complication
rate and produce results similar to those of TURP [21, 22].

In our ex vivo models (porcine kidneys and human
cadaver prostates) we could demonstrate a twofold to
threefold tissue removal property for the diode laser in the
side-fire technique in comparison with the KTP device.
This could overcome the time-consuming aspect. At the
same time, due to the deep coagulation rim beyond 7 mm in
the porcine kidney model and 3.5 mm to 7.9 mm in the
human cadaver prostate, excellent haemostasis is guaran-
teed. On the other hand, this rather large coagulation zone
could possibly harm underlying structures, such as the
neurovascular bundles and the external sphincter, causing
erectile dysfunction and incontinence. Both the porcine
kidney and the human cadaver prostate model do not reflect
the in vivo human prostate in every aspect. However, since
the specific heat capacities in kidney (3.89 kJ/kg per degree
kelvin) and prostate (3.80 kJ/kg per degree kelvin) are
almost equivalent, isolated, blood-perfused, porcine kidney
is a valuable model, especially for the investigation of laser

procedures, in which the heat sink is of the utmost
importance [10, 16]. On the other hand, the value of the
cadaver prostate experiments is limited, since there is no
blood perfusion. This might misrepresent the KTP laser
properties, since the latter are dependent on haemoglobin
absorption at 532 nm. However, Malek et al. [2] demon-
strated in an in vivo experiment on canine prostates with a
60 W KTP device minimal tissue necrosis of 2 mm, which
is in concordance with our results.

The histological evaluation showed two distinct zones
within the coagulation necrosis. Next to the vaporized tissue,
blurred and coagulated connective tissue and glandular
structures were seen. Beyond this zone there was an area of
completely disrupted connective tissue and glandular struc-
tures. Reasons for this phenomenon are still unclear.

Our results for both laser systems suggest that the diode
laser energy is absorbed by water and haemoglobin,
resulting in high ablation capacity and deep coagulation,
whereas the KTP laser energy is predominately absorbed by
haemoglobin, resulting in lower ablation and coagulation.
Furthermore, in our investigations, the coagulation depth
increased by the output power level but could not be
influenced by our changing the cw mode into the pulsed
mode, which also has been reported in the literature [6].

In conclusion, our findings indicate that diode laser
vaporization is highly effective in porcine kidneys and
human prostates ex vivo. Thus, this technique might be a
promising tool in the treatment of LUTS suggestive of BPH
in vivo. However, due to the laser’s deep coagulation
zones, in vivo animal experiments are mandatory before the
application of the diode laser at 980 nm in a clinical setting,
so that there is no harm to underlying structures such as the
neurovascular bundles and the external sphincter, which
may cause erectile dysfunction and incontinence.

Acknowledgement The authors received no funding and no grants.

Fig. 7 Coagulation in milli-
metres in ex vivo fresh human
cadaver prostate. KTP laser
compared with diode laser at
980 nm. KTP 80 80 W KTP
laser, diode 100 diode laser
100 W, diode 150 diode laser
150 W, diode 200 diode
laser 200 W
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