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Abstract

Objectives Evaluation of clamp-off laser-assisted laparo-
scopic partial nephrectomy technique (LLPN) compared to
the clamp-off laparoscopic (LPN) and open (OPN) tech-
niques.

Patients and methods Between September 2008 and July
2011, 36 patients suffering from small peripheral renal
tumours (RT) underwent LLPN (n = 12), LPN (n = 12) and
OPN (n = 12) in a prospective single-centre study. RT were
excised with laser, Sonosurg or monopolar scissors during
LLPN, LPN and OPN, respectively. Blood vessels are iden-
tified and sutured before opening them; alternatively, laser
energy was used to coagulate them (LLPN). Early and late
postoperative complications were assessed. Follow-up was
done according to EAU-guidelines.

Results Mean age was 64.9 years. Mean operative time
was 135.8 min (100-180) versus 144.2 (85-255) versus
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113.6 (50-170) for LLPN versus LPN versus OPN, respec-
tively. Median estimated blood loss (EBL) was 170.8 ml
(50-600) versus 245.2 (50-700) versus 425.8 (100-900)
for LLPN versus LPN versus OPN, respectively. Tumours
(19 right and 17 left) were located in upper (11), midparen-
chyma (13) and lower pole (12). Mean tumour size was
2.7 cm (1.2-5.5). There were no reported perioperative
complications/conversions. There were no positive mar-
gins. Histological evaluations were not compromised in any
LLPN-case. Compared to LPN, LLPN offered significant
lower EBL, shorter operative time, otherwise, comparable
results. Follow-up was uneventful without tumour recur-
rences.

Conclusion Current prospective comparative study shows
that LLPN is a reproducible efficient alternative to LPN/
OPN. Besides the absence of renal ischaemia, LLPN
offered lower EBL, good haemostasis and minimal paren-
chyma damage. Surgical and oncological outcomes are
comparable to LPN and OPN.

Keywords Laser-assisted laparoscopic partial
nephrectomy - Open partial nephrectomy - Nephron sparing
surgery - Laparoscopic partial nephrectomy

Introduction

Lasers play an active role in the current urology armamen-
tarium in lithotripsy (Holmium) [1] and competitive role in
benign prostate diseases (BPH) surgery (KTP and Hol-
mium) [2], while further studies with enough follow-up is
still missing as regard oncological indications like tumours
excision and laparoscopic surgery.

Currently, there is no better way to treat small renal
tumours (RT) than surgical excision. Thus, recent guidelines
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have urged the consideration of nephron sparing surgery
(NSS) for RT up to 7 cm [3]. However, NSS should be con-
sidered whenever technically feasible and safe from the
oncological point of view. While laparoscopic partial
nephrectomy (LPN) has the advantage of superior postop-
erative recovery, it is associated with many disadvantages
that have been improving over the last decade through
many modifications. There are many reports documenting
that this sophisticated procedures, laparoscopic and robotic-
assisted, offer perioperative, functional and long-term onco-
logical outcomes comparable to OPN [4-7]. Furthermore, a
multivariate analysis showed that the surgical approach was
not an independent prognosticator of survival (P = 0.06)
[8]. The 5-year oncological outcomes are equivalent to
those of open partial nephrectomy (OPN) [9].

Despite the mentioned advantages and the improvement
in long-term outcomes, NSS remains a technically chal-
lenging procedure associated with a complication rate of 9—
33% [10]. This opened a demand for laparoscopic surgical
tools in order to simplify the procedure and lower this com-
plication rates.

Haemostasis represents an important challenge during
LPN. It obliged the surgeon to clamp the renal vasculature
to allow for precise tumour removal in a bloodless field.
The consequent warm ischaemia (WI) places a significant
time constraints on the surgeon during tumour excision and
parenchyma reconstruction that adds more technical chal-
lenges to the procedure [8].

Various energy sources, haemostatic devices and hae-
mostatic agents have also gained popularity in urological
laparoscopy [11]. Laser energy can offer a good cutting and
coagulation tool during LPN. This was found to affect nei-
ther the feasibility of the procedure nor all its outcomes.
Achieving haemostasis and collecting system closure after
tumour excision, even without ischaemia, were also war-
ranted by the procedure [12].

The aim of present study was to further simplify the pro-
cedure to decrease its complication rate. Laser was used in
an attempt to precise incision and excision of RT, minimize
tissue damage, ease the manipulations and add no further
side effects and good haemostasis for the preservation of
laparoscopic vision. This laser-assisted technique was com-
pared prospectively to clamp-off open and laparoscopic
techniques in an effort to establish a safe comparable and
reproducible laser supported technique.

Patients and methods
Patients and tumour characteristics

Between September 2008 and July 2011, 36 consecutive
patients (25 males and 11 females) underwent clamp-off
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open, laparoscopic and laser-assisted partial nephrectomy
for small peripheral renal tumours in our department.
Twelve patients were included in a single-centre prospec-
tive study comparing LLPN with LPN and OPN. A cross-
matched group of LPN and OPN was included as control
groups. All those patients underwent partial nephrectomy
procedures by the same experienced surgeon (in the three
approaches), and the specimens were examined by same
histopathologist. All patients underwent preoperative com-
puter tomography (CT) and/or magnetic resonance (MRI).

All tumour parameters were prospectively entered into a
database by the treating surgeon. The decision not to clamp
the hilum and surgical approach (i.e. transperitoneal [LPN]
or retroperitoneal [RPN]) is made prospectively and is
based on tumour location and proximity to the renal sinus
or collecting system [13]. All patients have the same
tumour parenchymal infiltration depth.

Approach

The kidney was approached through three trocars that 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 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. OPN was done through
10 cm supra-costal incision in flank lateral patient position.

Laser equipments

Diode laser apparatus (1,318 nm; Eraser, Rolle&Rolle,
Salzburg, Austria) was assembled at the tableside. The ster-
ile flat cut-ended laser fibre (core-diameter 600 pm) was
fixed at the sister table and prepared through the fibre guid-
ance instrument. This is commercially available as laser
guidance instrument for Endonasal surgery (Karl Storz,
Tuttlingen, Germany) during LLPN [14]. Laser adjustment
between 45 and 70 W in a moderate cut velocity (1-3 mm/
s) and continuous wave (CW) mode was sufficient for ade-
quate manipulations (cutting as well as preparation).

Technique

The laser-assisted technique without ischaemia and its
intraoperative challenges were reported [14]. After incision
of geroata’s fascia and preparation of renal hilum, the peri-
renal fat is removed from upper, lower or middle parts of
the kidney for adequate tumour exposition. The fibre guid-
ance system was introduced through 10 mm trocar posi-
tioned as near as possible to the kidney as a protection
sheath. Laparoscopic suction device was hold simulta-
neously in left hand. Renal tumour was excised using the
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laser energy with an adequate free resection edges (RR) and
depicted in the laparoscopic entrapment sack. This sack is
moved over the liver or spleen (LPN) or toward the pelvis
(RPN), and its drawstick is fixed externally. The tumour
extraction followed through the camera port incision. The
renal cut surface was then biopsied and coagulated using
the diode laser (without tissue contact). If needed, opened
vessels were compressed until the tumour is resected wide
enough to avoid laser effects on the sutures after reconstruc-
tion (done only once). Opened calyx or large vessels were
sutured with 3-0 monocryl. The renal parenchyma was
covered with cellulose mesh and closed using 0-0 Vicryl
sutures maintaining adequate compression. After removal
of the specimen, a drain was placed through the 5-mm port
site with closure of the other sites.

Some intraoperative manoeuvres during OPN/LPN
without clamping of the renal vessels are used. The
tumour was slowly resected with Sonosurg during con-
ventional LPN. During this resection, the vessels and
calyx system were identified and controlled with 4-0 Vic-
ryl needles before opening them. Accidentally opened
blood vessels were compressed with small laparoscopic
gauze, brought previously to the field, till they were
sutured. After that the parenchyma cut surface is com-
pressed with this gauze tell further bleeding vessels are
sutured and the renal parenchyma is then covered with
cellulose mesh and closed using 0-0 Vicryl continuous
sutures. The same principles are applied during OPN.
Resection was done by monopolar scalpel, and manual
compression of the kidney was used if vessels were acci-
dently opened. There was no need for additional haemo-
static materials in all cases. No patient became clinically
unstable.

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

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

Postoperative managements and follow-up

Postoperative complications were assessed till discharge
and included in the prospective database. At the time of
analysis, a retrospective review of each patient’s electronic
medical records was performed to assess for the late com-
plications. Follow-up over 2-29 months was done accord-
ing to the standard guidelines.

Statistics
For comparison of variables between different patient

groups, the Mann—-Whitney U test was used. P values
below 0.05 were regarded as significant. All calculations

were performed using software STATISTICA (release 8,
StatSoft Inc., Tulsa, OK, USA).

Results

The described techniques were applied successfully to all
patients. The median age of all treated patients was
63.0 years (39-88). Tumours (19 right and 17 left sides)
were distributed as follows: 11 in the upper pole, 13 in mid-
parenchyma part and 12 in lower pole. The median (range)
tumour size was 2.6 cm (1.2-5.5). The median (range)
operative time was 132.5 min (100-180) versus 123 (85—
255) versus 100 (50-170) for LLPN versus LPN versus
OPN, respectively. The median (range) estimated blood
loss (EBL) was 170.8 ml (50-600) versus 254.2 (50-700)
versus 425 (100-900) for LLPN versus LPN versus OPN,
respectively. We have had no instances of severe intra-
operative or delayed postoperative complications (e.g.
severe bleeding), emergency clamping of renal vessels or
conversions to open surgery. No patients received blood
transfusions perioperatively. One LLPN patient received a
delayed transfusion on S5th postoperative day (POD)
because of serum haemoglobin of 8.9 mg/dl, but this was
not due to bleeding from the procedure. This patient had an
acquired immune deficiency syndrome (AIDS) with high
virus load, neutropenia and was transfused as a precaution
rather than a postoperative necessity. Notably, an abdomi-
nal-CT scan done in the 4th POD showed no evidence of
para-renal haematoma or extravasations.

In this consecutive comparative series of 36 patients, the
median (range) postoperative fall in the serum haemoglobin
was 2.2 gm/dl (0.2-5.3) with a median (range) serum hae-
moglobin at discharge of 11.0 gm/dl (7.5-15.3). The
median (range) preoperative creatinine was 1.7 mg/dl (0.6—
3.6), and the median (range) postoperative creatinine at dis-
charge was 1.6 mg/dl (0.7-3.8). There were no cases of
urine leakage.

There were no positive margins at intraoperative frozen
sections. However, it should be noted that the surgeon has
re-resected the renal parenchyma at the tumour bed in two
cases, at the beginning of the LLPN series, because of mac-
roscopically unclear surgical margin. Specimens were found
free of tumour microscopically by the pathologist. The eval-
uation of the surgical margin was not compromised in any
case by the use of monopolar, laser or sonosurg devices. The
histopathology included: 19 clear-cell cancers, six papillary
renal cell cancers, one chromophobe renal cell cancer, four
oncocytomas, four angiomyolipoma, one metastatic tumour
(bronchial carcinoma) and one leiomyoma.

There was no difference in the postoperative hospital
stay or the need of postoperative analgesics between the
patients groups. Summery of the demographic, operative

@ Springer



636

World J Urol (2012) 30:633-638

Table 1 Demographic and tumour characters of laser-assisted, lapa-
roscopic and open partial nephrectomy patients

Characteristics LLPN LPN OPN
No. of patients 12 12 12
Average age (years) 67.5 (39-88) 64.3 (43-80) 63 (53-81)
Sex (M/F) 9/3 5/7 8/4
Side (left/right) 4/8 57 8/4
Tumour localization
Upper pole 2 3 6
Middle parenchyma 6 5 2
Lower pole 4 4
Pathological findings
Clear cell RCC 4 7
Papillary RCC 2
Chromophobe RCC 1 - -
Angiomyolipoma 1 3 -
Oncocytoma 3 1 -
Leiomyoma 1 - -
Metastatic bronch. ca. - - 1

Median tumour size (cm) 3.1 (1.2-4.5) 2.6 (2.1-4.0) 3.1 (2.2-5.5)

LLPN laser-assisted partial nephrectomy, LPN laparoscopic partial
nephrectomy, OPN open partial nephrectomy, M male, F female, RCC
renal cell carcinoma, Bronch. ca. bronchial carcinoma

and perioperative parameters of the three groups is shown
in Tables 1 and 2. There was a significant lower EBL
(P=0.016) and shorter operative time (insignificant,
P =0.644) for LLPN versus LPN, respectively. Otherwise,
all other parameters were comparable with LPN. Further,
there was no significant difference between LPN and RPN
in all examined parameters. Both laparoscopic techniques
(LLPN and LPN) have significant lower blood loss
(P < 0.005), insignificant lower serum CRPs level as well
as insignificantly longer operative time than OPN. One
LLPN patient developed a para-nephric abscess necessitat-
ing puncture after one postoperative month. Tumour exci-
sion time was 9—17 min for LLPN versus 7-15 min for
LPN versus 5-11 min for OPN, respectively, without any
significance between groups. LLPN offered an advantage as
regard the easy manipulations, good cutting and haemo-
static laser characters.

On follow-up CT, no patients had evidence of local
recurrence in the resection bed, para-renal haematoma or
urine extravasations. The mean follow-up for these patients
was 14.8 (2-29) months.

Discussion

While technical improvements in open surgery are hardly
possible with its current high standards, minimal invasive
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Table 2 Summary of the intra-operative and postoperative data of the
clamp-off laser-assisted laparoscopic, laparoscopic and open partial
nephrectomy patients

Characteristic LLPN LPN OPN

Median operative 132.5 (100-175) 123 (85-255) 100 (50-170)

time (min)
Median blood 170.8 (50-600) 254.2 (50-700) 425.8 (100-900)
loss (ml)
Approach
Retroperitoneoscopic 4 6 -
Laparoscopic 8 6 -
Lumber lateral - - 12

incision
Median difference
(preop—postop)

Haemoglobin (gm/dl) 2.0 (13.9-11.9)
0.1 (1.05-1.15)
4.3 (0.25-4.55)

2.2 (135-11.3) 2.7 (12.8-10.3)
0.05 (1.0-1.05) 0.2 (1.1-1.3)
4.95 (0.45-5.4) 6.9 (0.1-7.0)

Creatinine (mg/dl)

c-reactive
proteins (mg/dl)

Average follow-up
(month)

9.6 (2-18) 17.0 (7-29) 17.8 (13-27)

LLPN laser-assisted laparoscopic partial nephrectomy, LPN laparoscopic
partial nephrectomy, OPN open partial nephrectomy, preop. preoperative
value, postop. postoperative value

surgeries remain continuously in progress. There is no
widely accepted and established LPN method. Many
aspects are contributing in making LPN technique chal-
lenging. Avoidance of severe blood loss, precise excision
of RT and saving the collecting system together with mini-
mal parenchymal damage in order to preserve the renal
function are the main principles. However, the complica-
tion rate was reported to be 33%, from which 5.5% was
stated to occur intraoperatively, 12% postoperatively, and
15.5% were delayed complications [15]. Therefore, a new
modality of RT resection is still required.

The feasibility of the described LLPN technique was
reported previously. The laser irrigation system for ade-
quate laser manipulations, laser cutting and coagulation
quality, microscopic depth of laser coagulation in tissue
and management of intraoperative challenges were also
reported [12, 14]. In current work, it was intended to pro-
spectively compare the results of clamp-off LLPN with
LPN and OPN in a single surgeon/centre series omitting the
effect of surgeon experience or learning curve on the
acquired results. Further the same pathologist had assessed
all the specimens.

An important advantage of the described techniques is
the avoidance of WI. The safe limit of WI during LPN
remains controversial, but every attempt should be made to
avoid or keep WI at a minimum to limit the permanent kid-
ney damage. Further, increasing WI was reported as an
independent predictor for postoperative complications after
LPN [16]. Another advantage was the significantly lower
EBL for LLPN versus the standard OPN and LPN.
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As mentioned, some laser technologies have become
established standard modalities available for urological
clinical applications, while others are still under investiga-
tion. Recently, various laser systems have been used for
NSS in animal models [1-19] and in vivo [20, 21]. How-
ever, none of these techniques has proved widespread use
for this surgery. Thus, we evaluated the 1,318 nm diode
laser through end-firing laser fibre for the resection of renal
tissue.

Every laser has its efficacy in cutting/coagulation
according to its tissue absorption characters. The diode
laser has been introduced for the treatment of BPH. Its
strong absorption by water at a wavelength of 1,470 nm
allows tissue penetration of 2—3 mm [22]. Other diode laser
systems working on a wavelength of 1,380 nm offer the
highest simultaneous absorption in water and haemoglobin.
Therefore, it is thought that this diode laser is able to com-
bine high tissue ablation properties with the benefit of
excellent haemostasis. The used laser with its wavelength
was suitable for LPN as it combines good cutting and coag-
ulation qualities [12]. This was found to affect neither the
macroscopic nor microscopic view of the tumours which is
important for the oncological outcomes of LLPN [14].

Louei et al. [11] reported a selected review of the world-
wide literature from 2000 to 2009 (n = 1,286 patients). They
found that haemorrhage was the most common complication
(6.6%, mean EBL of 366 ml) followed by urinary extravasa-
tions (3.1%) as the second most common. Transfusion rate
was 7.6%. Most of these procedures were done with laparo-
scopic scissors rather with an energy-based sealing device.
These case series showed the results of the pioneer laparo-
scopic surgeons at the beginning of their LPN experience.
The major aim of current series was to create a simple surgi-
cal technique to control intraoperative bleeding during
tumour resection without ischaemia. LLPN seems to fulfil
this primary goal without need for any further haemostatic
materials or steps that is time saving and cost-effective. Fur-
ther, the technique was also feasible with comparable out-
comes through the retroperitoneoscopic approach.

Another goal was to create a reproducible technique to
be accessible for urological surgeons at any point of their
learning curve with LPN. The described simple manoeu-
vres including laser device provides a very simple way of
tumour excision without ischaemia assuring adequate hae-
mostasis and without affecting the oncological results or
closure of collecting system. This makes the technique
reproducible and more available to urologists. The current
results are also comparable with literature [4-7]. Being
comparable to the conventional techniques argues in favour
of LLPN and laser energy which had proved efficacy in cur-
rent series. LLPN offers further advantage over LPN that
the laser fibre is easy to manipulate (than Sonosurg) under
complete surgeon control.

Lastly, technical problems concerning laser adjustments,
handling of laser fibre and optimal speed of cutting/coagu-
lation are of outmost importance for the emerging tech-
nique. Based on our ex vivo and in vivo experience, these
manoeuvres are easy to learn with a short learning curve.
The safety of the technique should be warranted, so we
advice the presence of laser physics specialist at the begin-
ning of first experience with LLPN.

There are some limitations of this study. Small patient
number but, to our knowledge, this is the largest series of
LLPN to date. Additionally, the current experience was
over a period of several years, without ischaemia and for
tumours as large as 5.5 cm, and no bleeding, conversions or
urine leakage has occurred. This argues, from our point of
view, in favour of this technique. Further, the necessity of
special training for laser makes the technique only available
for clinics where this technology is available.

Lastly, the laser equipments need more adaptation to the
laparoscopic techniques which we have already begun [23].

Conclusion

This prospective comparative study shows that LLPN is a
reproducible and efficient technique for LPN. It offers the
advantage of less blood loss, good haemostasis and mini-
mal parenchymal damage. Its surgical and oncological out-
comes are comparable to OPN and LPN.
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