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Abstract

Introduction Laser-assisted partial nephrectomy (PN) can
benefit from the excellent coagulative properties of lasers
to provide a bloodless tumor excision without the necessity
for renal artery clamping. In this review, we aim to deter-
mine the current clinical implementation of laser assistance
during laparoscopic nephron-sparing surgery.

Materials and methods An extensive literature evaluation
on laser-assisted PN was performed. Experimental work on
animals and review articles were excluded.

Results Current literature regarding laser-assisted PN
is scarce. Available data consist mostly of small cohorts
providing low level of evidence. Even though initial stud-
ies with currently available laser modalities demonstrated
promising results, several drawbacks in each technique
need to be addressed before being widely accepted as a
standard care.

Conclusions Experience with laser-assisted laparoscopic
PN is steadily increasing and uniformly documenting
favorable results. As urologist became more familiar with
laser technology by its implementation in other clinical
entities and with the increasing interest in nephron-sparing
management of renal tumors, the use of laser assistance
during PN should be expected to play a major role in future.
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Introduction

Laparoscopic partial nephrectomy (PN) represents a chal-
lenging operation. Renal artery clamping is typically neces-
sary to diminish hemorrhage during tumor resection with
the limitation of a certain time constrain to avoid perma-
nent functional impairment on the remaining renal tissue.
Laparoscopic PN has been previously demonstrated to be
associated with longer warm-ischemia times when com-
pared to open or robotic-assisted laparoscopic PN [1, 2].
What’s more, during the limited ischemia time, besides a
precise incision, the surgeon confronts with the need for a
technically demanding watertight suturing that should seal
the pelvicalyceal system, if opened, and ensure hemostasis
before the restoration of blood flow. In addition, a poten-
tial risk for severe acute bleeding is present throughout the
operation.

In an attempt to avoid the constraint of ischemia time
and further improve the quality of nephron-sparing sur-
gery, numerous techniques have been developed to avoid
renal vessel occlusion [3]. Selective clamping, controlled
hypotension and tumor enucleation are the most commonly
applied zero ischemia approaches [4-6].

In the same context, laser-assisted PN uses the excel-
lent coagulative properties of lasers to provide a blood-
less tumor excision without the need for renal artery
clamping. The concept of laser-assisted PN is old with
first clinical cases being traced back in the 80s when laser
energy was used in several clamped or clampless open
PN cases [7-9]. Despite the promising initial outcomes,
the approach was abandoned until lately when urologists
became familiar with laser technology by its wide use in
benign prostatic hyperplasia and stone disease. Although
experience with laser renal tumor resection is still limited,
the reporting literature is expanding rapidly, and based on
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Fig.1 Accumulating literature (total number of publications per
5 years) from 1970 to 2014 regarding laser-assisted partial nephrec-
tomy (including experimental and clinical data as well as reviews on
the subject). Source PUBMED

its favorable results, laser assistance should be expected
to play a significant role in nephron-sparing surgery in the
future (Fig. 1).

Methods

A comprehensive PubMed review of the present litera-
ture was performed in April 2014 without a time limit.

Table 1 Literature on laser-assisted partial nephrectomy on humans

The MeSH terms used were as follows: laparoscopic and/
or partial and/or nephrectomy and/or laser assisted. Addi-
tional literature was retrieved by the references of initially
retrieved manuscripts (Table 1). Experimental work on ani-
mals and review articles were excluded.

Clinical experience with laser-assisted nephron-sparing
surgery

Throughout the last three decades, almost every type of
clinically applied laser source has been used in PN.

Carbon dioxide laser

Carbon dioxide (CO,) laser was the first laser used in
clinical practice for PN. CO, laser has a wavelength of
10,640 nm and is highly absorbed by tissue water. Thus, it
has a very superficial depth of penetration (<1 mm) and can
only be used as an ablative energy for small vessels rather
than a cutting device. After encouraging experimental out-
comes by the use of CO2 laser in dog kidneys, Barzilay
et al. [7] introduced laser-assisted nephron-sparing surgery
in humans with 3 cases of open lower pole partial nephrec-
tomies. Soon after, Rosenburg published the outcomes of
his small series as well [9]. Although hilar clamping was
necessary, according to both studies, the addition of laser to

Study group Number Type Vessel Type of Mean Mean ischemia Comp. Mean
of patients  of laser clamping surgery blood loss  time (min) rate % hosp.
Barzilay [7] 3 CO, Yes Open Min 15 0 n/a
Rosemberg [9] 3 CO2 Yes Open 160 n/a n/a n/a
Malloy [8] 6 Nd:YAG No Open 660 0 16 n/a
Korhonen [10] 6 Nd:YAG Yes Open n/a n/a n/a n/a
Merguerian [11] 3 KTP (cutting) Yes Open Min n/a 0 n/a
Nd:YAG
(coagulation)
Lotan [13] 3 Ho:YAG No Lap Min 0 0 3
Hodgson [12] 2 KTP Yes Lap Min 19 0 2.5
Gruschwitz [17] 5 Diode No Open Min 0 0 n/a
Mattioli [18] 9 Thulium Yes in 6/no 8 Open/1 lap 260/156 <30 warm isch./ 0 n/a
in 3 cases 50 cold isch.
Khoder [15] 12 Diode No Lap 170 0 0 n/a
Colli [22] 2 Thulium No Robotic PN 150-200 0 0 2
Loertzer [20] 11 Thulium No Lap 75 0 0 5
Thomas [21] 15 Thulium No Lap 341 0 0 3.2
Knezevic [16] 17 Diode and Yes in 15 cases/ Lap 70 16 0.5 5
dual diode no in 2 cases

CO2 Carbon dioxide, Nd:YAG Neodymium-doped yttrium aluminum garnet, KTP potassium titanyl-phosphate, Ho:YAG Holmium—doped
yttrium aluminum garnet, Lap Laparoscopic, Comp. Rate complication rate, Hosp hospital stay

n/a data not available
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their armamentarium reduced blood loss and time of hemo-
stasis, and minimized parenchymal damage.

Neodymium-doped yttrium aluminum garnet
and potassium titanyl-phosphate lasers

Neodymium-doped yttrium aluminum garnet (Nd:YAG)
laser when operated at 1,064 nm (a 532-nm version exist
for lithotripsy) has a deeper length of tissue penetration (up
to 1 cm) than CO, laser. Moreover, it demonstrates excel-
lent cutting and coagulation properties. In 1986, Malloy
et al. [8] reported their experience with Nd:YAG-assisted
PN in six elderly patients with upper pole renal tumors.
Three of them had transitional cell carcinoma in an upper
pole calyx of a solitary kidney and where treated with a
percutaneous Nd:YAG application of tumor surface prior
to an open Nd:YAG-assisted PN. No renal artery occlu-
sion was performed in any of the six cases. Similarly,
Korhonen et al. [10] performed contact Nd:YAG laser PN
in six patients with favorable results. Clamping of the renal
artery combined with renal hypothermia ensured good
intraoperative hemostasis and excellent postoperative func-
tional results. Despite the aforementioned promising out-
comes, no further adaptation of Nd: YAG laser-assisted PN
has been reported ever since apart from a small series of 3
partial nephrectomies in children where both the potassium
titanyl-phosphate laser (KTP; for cutting) and the Nd: YAG
laser (for coagulation of large vessels) were used to allow a
fast removal of kidney tissue, with minimal blood loss and
minimum loss of renal parenchyma [11]. The latter article
represents the only documentation of clinical application
of the 532-nm KTP laser for PN with the exception of an
abstract presented in the Engineering and Urology Society
Congress in 2007 reporting the successful accomplishment
of two KTP-assisted partial nephrectomies [12].

Holmium: yttrium aluminum garnet

Holmium: yttrium aluminum garnet (Ho:YAG) laser emits
a beam with a wavelength of 2,150 nm and in water-based
medium has an absorption depth of 1-2 mm. Despite the
fact that Ho: YAG laser is the most widespread laser source
in urology (due to its use in stone fragmentation and pros-
tatic enucleation), currently, there is only one report docu-
menting its efficiency in nephron-sparing surgery. Lotan
et al. [13] performed three uncomplicated partial nephrec-
tomies with a 550-pm fiber at 0.2 J/pulse and 60 Hz or
0.8 J/pulse at 40 Hz to provide a steady delivery of energy.
Defocusing of the laser beam was necessary to induce
hemostasis in some cases. No clamping of renal pedicles
was necessary. Increased smoke during laser firing and
blood splashing on the camera were the main drawbacks of
the approach.

Diode laser

Diode lasers can be tuned to emit in a variety of spectral
ranges depending on different elements used (e.g., alu-
minum, indium). A wide wavelength range within 980 and
1470 nm has been used in humans for PN. An initial report
with excellent outcomes of diode laser-assisted PN was
written by Khoder et al. [14] In their series with 13 patients
(five open, eight laparoscopic PN), the ability of a semicon-
ductor diode laser emitting a wavelength of 1.318 nm in a
continuous-wave mode to provide a bloodless renal tissue
excision without necessitating hilar clamping for the major-
ity of cases was demonstrated. Renal artery occlusion was
necessary in three cases while selective suturing of paren-
chymal vessels was deemed necessary in two cases where
laser failed to coagulate the bleeding surface effectively.
Mean blood loss for all cases (open and laparoscopic) was
240 ml. One year later, the same study group compared
the same laser-assisted laparoscopic PN (LLPN) technique
with laparoscopic (LPN) and open techniques (OPN). In a
prospective manner, they enrolled 36 patients with small
peripheral renal tumors. Patients were divided into three
equal groups with 12 patients in each group. Renal tumors
were excised with laser, Sonosurg or monopolar scissors
during laser-assisted laparoscopic, laparoscopic and open
PN, respectively. Laser-assisted laparoscopic surgery was
proved to be an efficient alternative to laparoscopic or open
PN with similar mean operation time and a lower estimated
blood loss (170.8 ml vs. 245.2 vs. 425.8 for LLPN vs. LPN
vs. OPN, respectively [15]).

In a recently published prospective study with 17
patients, Knezevic et. al. [16] performed LLPN on solitary
exophytic small renal tumors (<4 cm) with an intraparen-
chymal depth of <1.5 cm and a minimum distance of 5 mm
from the urinary collecting system. For almost all cases, a
diode laser 980 nm with end fire 1,000-um laser fiber was
used with the exception of a single case where a dual diode
laser 980/1,470 nm was utilized. Median operative time
was 170 min. In all but two cases, hilar clamping had to
be performed. Median warm-ischemia time was 16 min;
no intraoperative complications were observed. In only one
case, perirenal hematoma was observed postoperatively.

Two-micrometer continuous thulium wave laser

In 2008, Gruschwitz et. al. [17] published one of the first
reports with 2-pum continuous-wave diode-pumped solid-
state laser emitting a wavelength of 2,013 nm and pen-
etrating tissue to a depth of about 0.5 mm. They performed
laser-assisted OPN on 5 patients with small exophytic kid-
ney tumors without clamping of the renal vessels and dem-
onstrated this technique to be a safe alternative to conven-
tional PN. They observed no hemorrhage during any of the
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procedures; moreover, no sutures or other means of hemo-
stasis were needed.

In the same year, another report with nine thulium laser-
assisted PNs (8 OPN and 1 LRN) was published by Mat-
tioli et. al. [18] In six of these PN, the pedicle was clamped
and one case was performed under cold ischemia. Thulium
laser presented excellent hemostasis and precise dissection
of the renal cortex without any need to perform sutures of
the renal parenchyma.

Sciarra et al. [19] have recently published their experi-
ence with the use of thulium laser in 10 patients subjected
to open or laparoscopic laser-assisted enucleation for small
peripheral renal cell carcinoma. No significant overall
blood loss (<40 cc) and limited bleeding during dissection
that did not interfere with the definition of surgical plane
was reported.

In another series with 11 patients, Loertzer et al.
[20] performed LLPN on exophytic renal tumors with-
out clamping of the renal vessels. Mean tumor size was
32 mm. A diode-pumped solid-state laser emitting a 2-pm
continuous wave with a wavelength of 2,013 nm and a tis-
sue penetration of 0.5 mm was used. The coagulative and
ablative tissue effects were gentle. Mean loss of blood was
75 ml (10400 ml). No postoperative complications were
observed. Their findings revealed LLPN without clamp-
ing of the renal vessels to be a safe alternative in exophytic
renal tumors.

In their prospective analysis, Thomas et. al. [21] per-
formed LLPN without clamping the renal vessels on a total
number of 15 patients using a thulium:yttrium—aluminum—
garnet (Th:YAG) laser. Mean operative time was 168 min,
and mean blood loss was 341 ml. Postoperatively, neither a
significant increase in serum creatinine level nor a decrease
in eGFR was observed.

Robotic laser partial nephrectomy

Colli et al. [22] published case reports of two patients on
whom they performed thulium laser-assisted robotic PN
without clamping the hilar vessels. No intraoperative or
postoperative complications were observed, and the patho-
logical examinations revealed negative surgical margins.

Discussion

Even though PN manages to deliver lower incidence of
postoperative kidney failure when compared to radical
nephrectomy especially in patients with impaired kidney
function prior to surgery [23], hypoxia resulting from renal
vessel clamping seems to impair remaining healthy kidney
tissue and leads to increased morbidity especially in previ-
ously damaged or solitary kidneys [24, 25]. Under hypoxia,
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oxidative radicals are produced rapidly; thus, various stud-
ies point out better clinical outcomes of tumor excision
without ischemia [26, 27].

In a previous review, Klingler et al. [28] have stressed
out reliability issues of existing techniques used to pre-
serve hemostasis during LPN and demanded for newer and
safer modalities. In this context, laser technology presents
a promising tool, which is able to offer superior hemostasis
even in the absence of hilar clamping.

Even though laser has become a part of routine uro-
logical practice in the treatment of urolithiasis and pros-
tate hyperplasia, its utilization in nephron-sparing surgery
is scarce. First, clinical experiments with laser-assisted PN
almost lead back to 3 decades and over time, it has woken
an increasing interest among urologists.

First, experiments with CO2 lasers revealed beneficiary
results in terms of hemostasis or renal tissue damage. Nev-
ertheless, no further clinical data on CO, laser-assisted PN
was released. This is most probably due to its inability to
cut kidney efficiently and accomplish the whole operation
without the need for additional instruments [7-9].

In the second decade of laser-assisted kidney surgery,
urologists concentrated on Nd:YAG, KTP and Ho:YAG
lasers. Reports with Nd:YAG laser revealed promising
results with excellent cutting and coagulation properties
but the deeper tissue penetration increased the risk of dam-
age to healthy kidney tissue [8§—12]. Even though Ho:YAG
laser is widely available for urologists, there is only one
publication in the literature utilizing Ho: YAG laser-assisted
PN. Ho:YAG laser has a shallow tissue effect and pos-
sesses favorable hemostatic and cutting properties but due
to its pulsating nature, it causes splattering and significant
smoke, which can impair the vision especially during lapa-
roscopic procedures [13, 29].

In the recent years, diode and thulium lasers were in the
focus of research regarding laser-assisted PN. Promising out-
comes with both laser sources were documented. Still, the
major downsize of diode laser is that it can not deliver suffi-
cient tissue ablation and cause severe carbonization [30]. On
the other hand, Thulium wave laser do have excellent cutting
and coagulation properties without causing blood splitting as
it emits waves in a continuous manner. Unfortunately, for-
mation of excessive smoke and tissue carbonization is also
observed with this type of laser especially when it is used
on dry tissues. Additional use of irrigation fluid minimizes
these unwanted effects, yet concerns on possible tumor seed-
ing due to irrigation have been raised [31].

Ideal laser
The optimal nephron-sparing surgery technique should

allow precise and bloodless excision of tumors without the
need to clamp hilar vessels. Even though initial studies with
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currently available laser modalities demonstrated promis-
ing results, several drawbacks in each technique need to be
addressed before they can be widely accepted as a standard
care.

The ideal laser setup should provide precise and ade-
quate tissue cutting and ablation without causing carboni-
zation, splattering or excessive smoke. In that case, the
necessity for irrigation would be avoided and vision during
resection would be improved. In addition, in such an ideal
setup, hemostasis should be safely accomplished even in
larger blood vessels omitting the need for suturing or addi-
tional hemostatic agents. Finally, the ideal laser should be
fast and easy to use.

Adaptation of such laser in the armamentarium of uro-
logic surgery would decrease the stiff learning curve of
LPN and would increase its safety and efficacy. In the lack
of renal artery occlusion, superior nephron sparing would
be provided without the danger of significant blood loss.

Conclusions

The current literature regarding laser-assisted PN is scarce.
Available data consist mostly of small cohorts providing
low level of evidence. Nevertheless, experience with this
approach is steadily increasing and uniformly documenting
favorable results. As urologist become more familiar with
laser technology by its implementation in other clinical
entities and with the increasing interest in nephron-sparing
management of renal tumors, the use of laser assistance
during PN could be expected to play a major role in future.
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