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Abstract Warm ischemia (WI) and bleeding during lapa-
roscopic partial nephrectomy (LPN) place technical con-
straints on surgeons. Our aim was to develop a safe and
effective laser-assisted LPN-technique without the need for
WI. In this study, a diode laser-emitting light at a
wavelength of 1,318 nm at output powers between 45 and
70 W in continuous-wave mode was used. Light was
coupled into a flexible 600-μm bare fiber to be transported
to the tissues. After dry lab experience, 13 patients (six
males, seven females) underwent five open and eight
laparoscopic/retroperitoneoscopic partial nephrectomies.
Postoperative renal function and serum C-reactive protein
(CRP) were monitored and coagulation depth and effects on

resection margins (RR) were evaluated. Demographic,
clinical, and follow-up data are presented. Mean operative
time was 116.5 min (range 60–175 min) with mean blood
loss of 238 ml (range 50–600 ml). Laser light application
took a maximum of 17 min. All patients had a favorable
outcome. The locations of the treated tumors (eight left and
five right) were central (two), upper pole (two), lower pole
(three) and middle kidney parenchyma (six anterior, two
posterior, and five peripheral). Mean tumor size was 3.3 cm
(range 1.8–5 cm). Two WI (19 and 24 min) were needed.
Immediate postoperative serum creatinine and CRP were
elevated within 0.1 to 0.6 mg/dl (mean 0.18) and 2.1–
10 mg/dl (mean 6.24), respectively. Coagulation depth
ranged from <1 to 2 mm without an effect on histopatho-
logical evaluation of tumors or RR. One patient had
positive RR. During follow-up (2–6 months), one patient
developed an A-V fistula that needed embolization. This
prospective in-vivo feasibility study showed that the diode
laser is a safe and promising device for LPN. Its advantages
are minimal gas formation, good hemostasis, and minimal
parenchymal damage. Oncological safety appears to be
warranted by the use of a diode laser.
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Introduction

Recent clinical surveys have revealed increasing inciden-
tal detection of renal cell carcinoma (RCC) partly due to
the widespread use of imaging procedures such as
ultrasonography (US), computed tomography (CT), and
magnetic resonance imaging (MRI) [1, 2]. This has led to
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a shift in the surgical management of RCC toward
widening the indications for nephron sparing surgery
(NSS).

Laparoscopic techniques for partial nephrectomy
(LPN) are well described [3]. Hemostasis is an important
challenge during this procedure and clamping of the renal
vasculature is often necessary to allow precise tumor
removal in a bloodless field. The consequent warm
ischemia (WIT) places significant time constraints on
the surgeon during tumor excision and parenchymal
reconstruction, adding further technical challenges to
the procedure [3].

Several types of lasers are available for surgical
intervention. As the laparoscopic approach needs fiber
assistance, lasers in the wavelength range up to 2 μm are
preferred. Lasers emitting in VIS as well as in the 2-μm
spectral range are still under investigation for this proce-
dure. Renal parenchyma is a highly blood-perfused tissue
that needs an energy source for good cutting as well as
coagulation qualities. Lasers of the VIS wavelength are
mainly absorbed by the tissue hemoglobin, while wave-
lengths in the 2-μm spectrum are mainly absorbed by the
tissue water. Therefore, a wavelength is needed that
combines both of these features.

The 1,318-nm wavelength shows a good compromise of
scattering and absorption in tissues. While high absorption
of the radiation by the tissue water is necessary for cutting,
the coagulation process needs a suitable penetration. The
scattering coefficient from the VIS up to the 2-μm-spectral
region differs by a factor of less than five while the
absorption coefficient with respect to water differs enor-
mously. Water absorption with respect to the 1,318-nm
wavelength is increased by a factor of about 600 of the 2-
μm wavelength and about 20 in the case of the 1,470-nm
wavelength, whereas a decrease could be estimated to
shorter wavelength, such as 0.7 for the 1,064-nm and 0.001
for the 532-nm wavelength [7]. Further, there is no
measured absorption to hemoglobin in the spectral range
longer than 1,064 nm while hemoglobin is one of the main
tissue absorbers for the 532-nm wavelength [8]. The
wavelength 1,318 nm appears to be promising because of
the sufficient water absorption accompanied by suitable
optical penetration into the tissue with reduced hemoglobin
absorption. These facts seem responsible for the simulta-
neous cutting, coagulation, and sealing properties of the
1,318-nm laser during extirpation of lung metastasis, as an
example of a parenchymal tissue [4–6]. This experience has
not yet been reported for partial kidney resections.

Different types of lasers have been proven experimen-
tally as well as in vivo as surgical options for LPN. The aim
of the current prospective study was to evaluate and
establish an in vivo laser laparoscopic partial nephrectomy
technique (LLPN) without renal hilar clamping.

Patients and methods

Laser equipment

A semiconductor diode laser (Eraser, Rolle & Rolle,
Salzburg, Austria) emitting light at wavelength of
1,318 nm in a continuous wave (cw) mode was used. The
laser output power could be set between 1 and 100 W. The
light is coupled into a flexible bare-ended laser fiber (core
diameter 600 μm). This fiber was introduced into a
specially designed application hand piece (distal 30° bent)
for open surgery or through a commercially available
guidance instrument [9] (Karl Storz, Tuttlingen, Germany)
during laparoscopic interventions (Fig. 1). This fiber
guidance instrument allows for controlled bending of the
distal fiber tip between –5 and 50°. Furthermore, an
irrigation system was attached (Fig. 1b) to enable rinsing
of the incision site to improve the direct vision and cutting
efficacy. The whole system fits properly for the introduc-
tion in laparoscopic trocars.

Fig. 1 The fiber guide instruments used during open (a) and
laparoscopic/retroperitoneoscopic (b) partial nephrectomies
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Application of 45–70Woutput power to the tissue resulted
in contact incision mode in an irradiation on the tissue surface
of 16–25 kW/cm2, respectively. For coagulation, the fiber tip
was slightly retracted to non-contact mode, achieving an
irradiation spot size about 4 mm in diameter, thus reducing
the irradiation to less than the estimated tissue ablation
threshold of 0.5 kW/cm2.

Preclinical investigations

Experimental laser surgery treatment was conducted on
ten non-perfused porcine renal units using different cut
positions and laser parameters. Clinically relevant
technical issues like handling of the laser fiber, effects
of cutting angel and cutting velocity, laser effects on
instruments, smoke development, and preparation of
intra-renal vessels or pelvicalyceal system were evaluat-
ed. Moreover, the surgeon's ability to estimate the laser-
induced coagulation depth was established by correlating
the micro-caliber measured depth with the suggested one
from the surgeon.

In a separate set of experiments, the optical transmission
through kidney tissue (slices of 200 μm of thickness) of
different laser wavelengths (λ=940, 1,318, 1,470, 1,908,
and 2,010 nm) were measured. Collimated light was
directed onto the tissue and the transmitted light of only
forward-scattered photons were detected as the distance
between the tissue and detector was large. Background light
as well as scattered photons were inhibited for detection by
placing apertures into the optical axe. Evaluation was
performed using the Beer–Lambert law to get the total
transmission attenuation coefficient (μt), which is the sum
of the scattering coefficient (μs) and the absorption
coefficient (μa) of this particular tissue. The measurements
were performed on five specimens for each wavelength.
Mean and standard deviations of μt were listed and
compared with the absorption coefficient μa of water.

Clinical study

Thirteen patients (seven men, six women; age range 32–
88 years) were included in a prospective feasibility study of
diode-laser partial tumor nephrectomy. All of the patients
suffered from a suspected malignant renal mass of
unknown histology that had been incidentally found in
routine US and subsequent CT and were candidates for
partial nephrectomy. All patients gave an informed consent
after being given detailed information about the planned
procedure. The study was approved by the ethics committee
of our faculty, (Approval no. 285–09).

As a first step, the technique was established during
open surgery (OPN) (n=5) to standardize the maneuvers
and manage/define perioperative complications. Thereafter,

retroperitoneoscopic (RPN) (n=3) and LLPN (n=5) were
performed.

Preoperative co-morbidities of the patients include the
following: metastatic mammary carcinoma under chemo-
therapy and radiation (n=4), metastatic renal cancer with
previous nephrectomy, abdominal metastasectomy and
hysterectomy (n=1), adrenal tumor, pulmonary metastasis
and cystic renal and liver disease (n=1), paraplegia due
to previous spinal cord fracture and intracranial bleeding
(n=1), AIDS with high viral load, neutropenia and
previous opportunistic pneumonitis (n=1), a long history
of metastatic Hodgkin’s lymphoma, spinal cord fixation,
chemotherapy, radiotherapy and pulmonary embolism (n=1),
cerebral infarction, cardiac infarction, hypertension, and
continuous anticoagulant therapy (n=1). The remaining
patients (n=3) showed previous different abdominal oper-
ations without malignancy.

This prospective pilot study was constructed to evaluate
the method in patients with different general conditions, co-
morbidities, and ASA scores having different tumor
characteristics within T1 (as shown in Table 1) in a single
surgeon (WYK) series omitting the effect of the surgeon's
level of experience. Furthermore, all specimens were
examined by a single genitourinary pathologist (SS)

Data (OPN, RPN, LPN) were brought together and merged
in the datasets without any selection as this study aimed to
evaluate the feasibility and efficiency of this new laser
technique seeking no proof of superiority for any approach.

Surgical procedure

In the flank lateral patient position, the kidney was
approached through a 10-cm supra-costal incision (OPN)
or through three trocars (RPN/LPN). Trocars were inserted
after establishment of the retroperitoneal space at the tip of
last rib, in anterior axillary line (2–3 cm above and medial
to anterior superior iliac spine) and at the middle point of a
line connecting both ports for RPN while at 3 cm above and
cranial to the umbilicus, in the midclavicular line (2 and
12 cm from thorax cage) for LPN. The laser apparatus was
assembled nearby at the tableside. The sterile laser fiber
was fixed at the sister table and prepared through the fiber-
guidance instrument shown in Fig. 1.

After incision of Gerota's fascia and preparation of renal
hilum, the perirenal fat was removed from either the upper,
lower, or middle parts of the kidney for adequate tumor
exposition. The fiber-guidance system was introduced
through a 10-mm trocar positioned as close as possible to
the kidney to function as a protection sheath. A laparo-
scopic suction device was simultaneously held in left hand.
The renal tumor was excised by parenchymal fiber contact
using laser energy output of 45–70 W with adequate free
resection edges (RR) and placed in laparoscopic sac to be
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removed later. The renal cut surface was then biopsied and
coagulated using the laser without tissue contact. Opened
calyx (n=1) or large vessels were sutured with 3–0 Vicryl
sutures. The renal parenchyma was covered with a cellulose
mesh and closed using 0–0 Vicryl sutures (Fig. 2). After
removal of the specimen, a drain was placed through the 5-
mm port site with closure of the other sites.

In case of failure of laser coagulation of large parenchymal
vessels resulting in obscured visibility (6th and 9th cases), the
parenchymal surface was compressed with gauze until
selective clamping of the pre-dissected renal artery. None of
patients became clinically unstable.

The drainage tubes and urethral catheters were removed
on the second and third postoperative days, respectively.

All specimens were measured and fixed in formalin for
histological examination to evaluate the depth and effects of
the laser on RR.

Postoperative renal function, acute phase proteins, and
blood analysis as well as surgical outcomes and required
analgesia during convalescence were monitored. After
discharge, the patients were reviewed after 1 month. US is

used routinely on our postoperative wards and at all follow-
up appointments as a non-invasive assessment of the
urinary tract. CT was performed at 3 months.

Results

The basic experimental part revealed that laser adjustment
between 45 and 70 W in a moderate cut velocity (1–3 mm/
s) is sufficient for adequate manipulation (cutting as well as
preparation). Logically, with a slow cut velocity, the
coagulation zone becomes deeper (up to 4 mm) rather than
with fast cutting where the coagulation effect is almost lost.
Dissection of vessels and pelvicalyceal system was feasible.
Furthermore, heavy smoke began to form when the laser
application continued more than 1 min per application.

As shown in Table 2, the light transmission measurement
(μt) follows the absorption coefficient of water (μa). As μt

could be assumed to be the sum of μs and μa of a water-
and-tissue-chromophore mixture, the difference between μt

and μa (water) reflects the μs of the tissue plus an
unknown μa of the remaining chromophores except water.
This value showed that the scattering coefficient decreases
with increasing wavelengths.

Patients included in this prospective study were candi-
dates for NSS. As listed in Table 3, the mean operative time
(skin to skin) was 116.5 min (ranging from 60 to 90 min for
open surgery and 110–175 min for the laparoscopic
approach) with mean estimated blood loss of 240 ml
(50–600 ml) with no real differences between open
compared to laparoscopic approach. The laser activation
time for tissue removal was 7–13min during open surgery and
9–17 min during the laparoscopic intervention.

There was no conversion from LPN/RPN to OPN. Two
patients needed vascular clamping with an averageWITof 21.5
min (19 and 24). The individual operative data including
approach, operative time, intraoperative blood loss, and
pathological stage are shown in Table 1. One OPN was
performed in a single kidney. Tumors were at the left (n=8)
and right (n=5) kidney. Maximal tumor diameter was 1.8–
5 cm (mean 3.3 cm). Three patients had central tumors
without the renal parenchyma separating the tumor from renal
sinus as measured by preoperative-CT. The remaining patients
had peripheral tumors of the upper pole (n=2), lower pole (n
=3) and middle kidney parenchyma (n=4). Furthermore, the
localization on the kidney surface was on the anterior (6/13),
posterior (2/13), and lateral (5/13) border.

There were no perioperative complications. Two patients
developed post-operative fever that was not surgery-related.
There was no increased need for postoperative analgesics
compared to postoperative standard pain managements in
these cases. All patients resumed a normal diet without any
delay.

Fig. 2 Intraoperative findings after tumor excision and coagulation of
the tumor bed (a) and after reconstruction (b). Note that the
parenchymal surface was covered with a cellulose mesh and closed
using continuous 0–0 Vicryl sutures
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Histologically, the coagulation depth ranged from <1 to
2 mm without limiting the histological evaluation of tumors
or RR (Fig. 3). This was comparable with the given
coagulation depth from the surgeon. Positive RR was found
in one (6th) patient with central tumor and bleeding
necessitated arterial clamping. There was no normal renal
tissue between tumor and major vessels resulting in unclear
margin status. Three-month follow-up CT showed normal
kidney size and function without any tumor recurrence.

In-vivo experience confirmed the experimental results
that smoke (which obscured laparoscopic vision) developed
if the laser was activated for >1 min per application. In case
of bleeding, suction of blood in combination with water
irrigation is mandatory for adequate laser coagulation.
Beginning with parenchyma around the bleeding vessel
shrinks tissues and controls parenchymal bleeding, which
helps to intensify direct laser coagulation on this vessel
afterwards. Parenchymal contact is necessary for cutting
and non-contact for coagulation as already mentioned.
Parameters such as cutting velocity, changing laser adjust-
ments, and objective appearance of RR remain dependant
on the surgeon’s experience, operative situation, and
learning curve. The surgeon intended to re-resect the tumor
bed in two cases because of unclear RR status, however,
histological examination revealed normal parenchyma,
indicating that the laser had not altered the surgeon-
dependant oncological results.

The postoperative creatinine (0.6–2.4 mg/dl, median 1.0)
was expectantly elevated within 0.1–0.6 mg/dl (mean
0.18 mg/dl) compared to the pre-operative values (0.6–
2.2 mg/dl, median 0.9 mg/dl) (p=0.034). This was found

to be significant and returned to preoperative values
within the third to eighth postoperative day. None of the
patients needed hemodialysis. Serum C-reactive protein
was significantly increased postoperatively with a median
of 6.24 mg/dl (0.5–17.8 mg/dl, p=0.003).

Follow-up ranged from 3 to 6 months. One (the 9th)
patient developed A-V fistula after 1 month, which was
successfully embolized. Otherwise, all of the patients
showed uneventful follow-up examinations.

Discussion

While there is no doubt about the oncologic and functional
efficacy of OPN, the morbidity of the flank incision
remains considerable. Indications and contraindications
of LPN/RPN are essentially the same as OPN, however,
they should be performed by surgeons with advanced
laparoscopic skills [3, 10].

The LPN technique has evolved mainly in developing
hemostatic tools to control bleeding, efficient suturing techni-
ques to shortenWIT, and achieving cold ischemia. Clamping of
renal vessels allows NSS similar to the well-established OPN
principles [10], However, the time factor by LPN is still of
concern. To avoid irreversible kidney damage, WIT should
not exceed 30 min [11, 12], hence warm ischemia is not
recommended for tumors in unfavorable locations necessitat-
ing difficult reconstruction after excision. In addition, unex-
pected problems can be encountered during LPN/RPN that
may prolong WIT and thus endangering renal function [13].
When working without ischemia, it is important to control
parenchymal bleeding which often obscures vision, adding
more technical and oncological difficulties.

Many alternative treatment methods are used for small
RCC such as cryotherapy, thermoablation, radio frequency
ablation, high-intensity focused ultrasonography, ethanol
ablation, microwave coagulation, and others [14–18],
hoping to decrease the ischemic damage to renal remnant.
These methods have an essential drawback: they leave the
tumor without excision, which makes the radiological
follow-up evaluations very difficult, limiting its clinical use.

Recently, reports about laser-supported partial ne-
phrectomy using different laser types both experimentally
[19, 20] and in vivo [21, 22] have been published. Our

Wavelength (nm) μt (kidney) mean ± SD (mm–1) μa (H2O) (mm-1) μt–(μa(H2O)) (mm–1)

940 11.1±1.0 0.001 11.1

1,318 6.5±0.6 0.2 6.3

1,470 8.0±1.0 2.8 5.2

1,908 14.8±0.4 11.6 3.2

2,010 9.8±0.7 6.2 3.6

Table 2 Wavelength-dependent
optical attenuation coefficient of
ex-vivo pig kidney (μt (kidney))
in comparison to the water
absorption (μa (H2O)) [7] and
its difference (μt–(μa(H2O))

Table 3 Clinical results of laser-assisted partial nephrectomy accord-
ing to the open surgery versus laparoscopic approach

Clinical approach Open Laparoscopic

Patients 5 8

OP-time (min) 60–90 110–175

Laser time (min) 10±3 15±5

Blood loss (ml) 20–400 50–600

Coagulation margin (mm) 1–2 1–2

Ischemia 1 partial 2 (19, 24 min)

Complications None None
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experimental results and preclinical handling confirmed
the published results about laser partial nephrectomy on a
porcine kidney model revealing feasibility, safety, and
establishing the approach. The presented clinical results
are comparable to the published literature of OPN [23–25]
as well as LPN [26, 27].

There are reports on the feasibility of the Tm laser OPN in
five cases of small peripheral tumors (1.2–3.8 cm) [21]. The
reported technique was feasible and showed similar clinical
results to the current series. Our shorter operative time may
be related to surgical experience. Mattioli et al. [22] reported
their experience with a thulium laser under cold ischemia in
nine patients (OPN (n=8) and LPN (n=1)) with a median
tumor diameter of 3.8 cm. The operative time and blood loss
were higher than the current series. Furthermore, follow-up
in our series is the longest of both studies.

Generally, there are definite advantages of renal vessel
clamping during LPN that allows safe renal reconstruction,

which widens the indications to more complex tumors. The
challenge of the current series was to excise the tumors
without clamping as far as it was possible. This led, in two
cases of central/deep tumors, to increased blood loss,
obscuring vision, which was within the allowed limits for
a surgical patient. Clamping was necessary in these cases
(25% of LPN/RPN) until reconstruction was finished. WIT
was relatively shorter as it would be required for the whole
procedure. Therefore, central/deep tumors with large
vessels remain the limits of this method. From our point
of view, whether the surgeon could accept more blood loss
to avoid clamping still needs to be discussed.

This prospective feasibility study of laser tumor excision
for tumors in different positions in patients with different
general conditions by one surgeon demonstrated many
advantages. The laser system used is being tested in vivo
for this indication for the first time. While other wave-
lengths such as the Revolix laser (2,013 nm), KTP
(532 nm) and thulium laser (1,900–2,000 nm) were used
for this kind of intervention [19, 21, 22], the 1,318-nm
wavelength was chosen with respect to its good combina-
tion of tissue water absorption and optical penetration depth
[28]. Comparing these characteristics to other wavelengths
by means of the water absorption curve [7] and the
hemoglobin absorption curve [8], the KTP 532-nm shows
minor absorption by the tissue water but good absorption
by tissue hemoglobin, therefore, having a low tissue optical
penetration depth and a good cutting/vaporization effect
mainly based on the hemoglobin absorption. On the other
hand, the 2,000-nm wavelength shows a very high
absorption by water with a decreased optical penetration
depth, thus an efficient cutting with sufficient tissue
coagulation is only possible with less blood perfusion.
Here the wavelength of 1,318 nm showed a good
compromise of sufficient cutting and efficient coagulation.

As mentioned, measurement of the optical attenuation
coefficient for kidney tissue revealed a mean optical
attenuation coefficient of μt=6.5 mm−1, which indicates a
good combination of water absorption μa=0.2 mm−1 and
other attenuation properties of (μt–μa)=6.3 mm−1. In
contrast, the values of the 940 nm showed extremely
reduced water absorption and a high amount of the other
attenuation components such as scattering and absorption
by other chromophores, while for 2,010 nm, both parts are
of a similar amount, as shown in Table 3.

The histological coagulation depth in the removed
specimens was found to be up to 2 mm. The coagulation
depth in the parenchymal side is not known. Laser energy
was applied with a reduced irradiance in a non-contact
application to perform a proper visual sealing of the
parenchymal bleeding. There is no mentioned coagulation
depth for control of renal parenchymal bleeding, but this
should be as minimal as possible to minimize the loss of

Fig. 3 Histological findings of the resection margins (H&E, 200-fold)
in two different specimens. The coagulation zone (long arrow) is
visible. Tubular structures and stroma are partially destroyed. The
tubular epithelium shows marked hypereosinophilia. The blue/black
ink (short arrows) marks the surgical resection margin
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kidney tissue. Sealing of the vessels depends on the lumen
diameter and the intraluminal blood pressure. Laser-
induced blood vessel obstruction with a larger diameter
(more than 2 mm) seems to be problematic.

Increased smoke development could be a problem during
laser light application. There is no available data about the
relation of smoke development and the wavelength. Theoret-
ically, potential differences could be due to whether the
wavelengths were predominantly absorbed by hemoglobin or
tissue water. From a clinical point of view, a first optimization
step could be the development of a special fiber guidance
instrument serving for sufficient smoke suction without
affecting laparoscopic insufflation of the peritoneum.

This study aimed to evaluate the clinical challenges
during laser partial nephrectomy. The instrumentation,
surgeon's experience, method of handling, as well as
technique may be different (e.g., in OPN cases one can
manipulate the renal unit differently than in LPN). So it was
intended to establish a standard maneuver.

In addition to omission of hilar clamping, there was less
smoke, adequate laser cutting ability under complete
surgeon control, as well as acceptable coagulation depth
(<1 mm), which is important for NSS. Lastly, the operative
oncological results were not compromised through the
technique. The pathological results documented the objec-
tively reported free-RR by the surgeon. Even in case of
suspicion (two cases) the tumor bed was found free, which
indicates the reproducibility of the technique. Furthermore,
the operative time was not prolonged with the technique.

In spite of the discussed advantages, some study
limitations should be mentioned such as the necessity of
special training, the limited number of patients, hetero-
geneous patient group, single-center/surgeon experience
and the limited follow-up. However, the main intention
of this study was to show the technical feasibility and
reproducibility using quality-control parameters such as
complication rate and perioperative morbidity and to
propose a standardized approach that is both suitable and
safe, from the clinical point of view, for further in vivo
studies evaluating laser renal surgery. The next step is
directed towards improvement of the equipment and
fiber-guidance devices with sufficient blood and smoke
suction.

Conclusions

The described preliminary results of the 1,318 diode laser
partial nephrectomy showed that the technique is feasible,
is adherent to surgical standards, and adds benefits to both
laparoscopic as well as open techniques without compro-
mising oncological results. Developments are needed to
optimize the laser-fiber guidance instrumentation.

Conflicts of interest None.
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