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Abstract Long-term outcome data indicate that open partial
nephrectomy has cancer-free survival rates comparable to
those of radical surgery, with better preservation of renal
function, decreased overall mortality and reduced frequency
of cardiovascular events. Open partial nephrectomy is in-
creasingly being challenged by laparoscopic and/or robot
assisted partial nephrectomy, which in the hands of experts
appears to achieve comparable oncological results, albeit at
a higher complication rate. We report a review based on
literature published over the past years, which may provide
insight into the role of open partial nephrectomy in the
present urological practice and in years to come.
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Introduction

During no other period in the history of mankind have advan-
ces in the field of medicine occurred with as much speed and
intensity as in the last two decades. Many things that are
considered routine today were unimaginable barely 20 years
ago. There has been a paradigm shift in the treatment of
multiple disease conditions in almost all disciplines of surgery.
Such drastic changes have occurred for two principal reasons.
The first is the abundance of technological advances made in

both diagnostics and therapeutics. The second is our improved
understanding of the disease process, especially the etiology
and natural course of diseases. Pertinent questions spring to
mind: What does the future hold for surgery and surgeons?
Have we reached a plateau in the growth spurt of the last
20 years, or will the future again redefine the reach and scope
of the surgeon? In reference to minimally invasive surgery, it
has been saidthat “a surgeon without a scope has no scope.”
Indications of what may come are already apparent.

In Urology, laparoscopic surgery has gained enormous
popularity in management of various diseases, including
the surgical treatment of renal cell carcinomas (RCC).
This is due to the advances in technology, increasing
expertise of surgeons, and demand from the patients.
Initially, laparoscopic radical nephrectomy was used even
for small renal tumors, employing over-treatment oncolog-
ically for the sake of minimizing invasiveness. At present,
we are witnessing increasing reports of laparoscopic par-
tial nephrectomy (LPN) and robotic assisted partial ne-
phrectomy (RAPN). Patients that would have been
candidates for an open partial nephrectomy (OPN) in the
past can now be treated using these minimal invasive
approaches. So, is there still a need for open surgeons in
the treatment of RCC?

The Present

Partial nephrectomy (PN) for nephron sparing removal of
renal masses in solitary kidneys, bilateral masses, or in
patients with poor renal function has been the standard of
care for years and has supplanted radical nephrectomy.
More recently, PN has also acquired this status for the
management of small renal masses, even in the absence of
identifiable renal insufficiency or the threat thereof, as the
oncological outcomes compare favorably with those of rad-
ical nephrectomy (RN) [1, 2].
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In patients with T1a RCC, PN has proven to be associated
with better overall survival (OS), better long-term preserva-
tion of renal function, and fewer patients requiring dialysis or
renal transplantation than after RN [3, 4]. As a result, the use
of PN is increasingly advocated for the treatment of larger
renal cell carcinomas, particularly if the tumor´s shape and
location permits preserving an adequate segment of the kidney
[5•, 6, 7]. Since the introduction of minimally invasive NSS,
more and more patients are becoming interested in an option
with a shorter hospital stay and a better cosmetic outcomewith
similar oncological results [8, 9]. Patients selected for con-
temporary OPN have evolved into a more complex group, by
virtue of having a greater incidence of central tumors and
tumors in a solitary kidney.

In a large single-center series of PN for renal masses,
Lane et al. compared the outcome of OPN in 169 solitary
kidneys with LPN in 30 solitary kidneys [10]. Although
tumors in the OPN group were larger (mean diameter
3.8 cm vs. 2.8 cm) and more frequently in a hilar/central
location (62 % vs. 47 %) than they were in the LPN group, a
complication rate of only 24 % was observed after OPN, as
compared to 43 % after LPN. The postoperative need for
dialysis was only 0.6 % after OPN, as compared to 10 %
after LPN. The mean warm ischemia time during OPN was
21 min, compared to 29 min during LPN. In a multivariate
analysis accounting for age, tumor size, and time of warm
ischemia, the risk of postoperative complications following
LPN was 2.54 times higher than that of OPN (p<0.05).

Laparoscopy can duplicate the results of most open surger-
ies; however, the major challenges for the laparoscopic sur-
geon performing LPN are hemostasis and the avoidance of
ischemic damage. Bleeding, one of the potential complications
of LPN, can be overcome by the use of new agents and
techniques [10, 11]. Prolonged warm ischemia time, which
can have a negative functional impact, is another major con-
cern. In a series of >500 LPNs, Haber and Gill reported a mean
warm ischemia time of 32 min [12], which is longer than that
for open NSS [13, 14]. Gill et al. retrospectively evaluated 771
LPNs and 1,029 OPNs performed at three high volume insti-
tutions during a 7-year period [8]. Patients who underwent
LPN had less mean blood loss (300 ml vs. 376 ml), shorter
surgery times (201 min vs. 266 min), and shorter hospital-
izations (3.3 days vs. 5.8 days). Although the LPN group
comprised patients with a significantly smaller mean tumor
size (2.6 cm vs. 3.3 cm), more tumors in a peripheral/exo-
phytic position (65.6 % vs. 46.7 %), and a better performance
status, the mean warm ischemia time (30.7 min vs. 20.1 min),
postoperative complications (18.6 % vs. 13.7%), and the need
for subsequent interventions (6.9 % vs. 3.5 %) were signifi-
cantly higher than those in the OPN group (p<0.0001). In the
series by Marszalek et al., who retrospectively compared 100
consecutive LPNs to 100 consecutive OPNs [9], the overall
complication rate of 19 % in the LPN series appeared

comparable to a rate of 14 % in the OPN series; however,
intraoperative complications were significantly higher in the
laparoscopic group (10 % vs. 3 %). When complications were
stratified according to the Simmons grading system [10], more
grade 3 complications (requiring re-intervention) were seen in
the LPN group as compared to the OPN group (8 % vs. 3 %).
Hemorrhagic and urine leak complications occurred in 6 %
and 4 % after LPN, and in 1 % and 2 % after OPN, respec-
tively. Positive margins were comparable in both groups (LPN
4.0 % vs. OPN 2.0 %; p00.5).

The detrimental effects of warm ischemia on renal function
have long been recognized, and recent data consider 20min as
the maximum warm ischemic time a normal kidney can be
exposed to without permanent loss of function [15–17]. In
OPN, this can be compensated in part by fairly simple slush
ice cooling of the kidney. OPN techniques that avoid renal
ischemia altogether are finding increasing interest [16, 18•]. A
recent retrospective analysis of 104 OPNs was performed in
solitary kidneys, avoiding clamping of the renal artery by a
modified technique and securing hemostasis continuously
during parenchymal dissection. This technique resulted in a
significantly lower loss of renal function compared to that of
OPN performed with a median cold ischemia time of 22 min
[19]. Intraoperative blood loss was only marginally higher in
the no-clamping group, and the overall complication rate and
margin status were, in fact, lower.

For LPN, clamping of the renal pedicle is generally con-
sidered necessary for adequate vision during dissection of the
parenchyma [20, 21]. Techniques developed for renal cooling
during LPN include slush ice cooling [22] and hypothermic
perfusion [23], but these procedures are complex and have not
found general acceptance. The general trend in LPN is there-
fore to reduce renal ischemia as much as possible by limiting
ischemia time to that of the actual tumor dissection, and
performing renal reconstruction and hemostasis after de-
clamping [24]. This procedure results in higher blood loss,
but has fewer complications and less loss of renal function
[25•]. However, limiting the ischemia time in this manner
further raises the technical challenges of one of the most
demanding laparoscopic operations in urology [26].

While considering patients for LPN, the location and size
of the mass are defining parameters for the technical com-
plexity and morbidity. Peripheral, exophytic tumors smaller
than 4 cm in diameter, distant from the collecting system, and
on the posterior lower convexity of the kidney are ideal for
LPN [27]. A larger size and an endophytic, hilar location
increase the technical challenge multifold. When factoring
the need for considerable experience with this type of sur-
gery, it becomes obvious that OPN continues to play a
significant role in the management of more difficult lesions.
However, with laparoscopic and robotic surgery being avail-
able in most hospitals, fewer but more complex lesions are
referred for OPN. In a study at the Lahey Clinic, lesions
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managed with OPN were larger, more often hilar, more cen-
tral, deeper, and usually involved the collecting system to a
greater degree than in the past. This observation is consistent
with experiences at other tertiary care centers. Similarly, when
compared to the era before laparoscopy, tumors undergoing
OPN in the laparoscopic era at the Cleveland Clinic were
more often in a solitary kidney (40.0 % vs. 15.6 %), centrally
located (55.6 % vs. 37.3 %), and of a higher grade (Fuhrman 3
or 4) (43.1 % vs. 27.8 %, each p<0.01) [28].

Careful case selection for elective patients with T1b RCC
is of paramount importance. It has been proved that cancer-
free survival significantly decreases in patients with tumors
larger than 4 cm compared to those with smaller tumors
[29]. The fact that nephron sparing is technically feasible
does not automatically imply it is the treatment of choice.
The use of a minimally invasive approach in patients with
T1b RCC necessitates a surgeon highly skilled in minimally
invasive surgery and a technically more sophisticated pro-
cedure for which the outcome is yet to be proved.

The Future

With broad availability of robots, PN has come to the
attention of robotic surgeons. Complication rates and anes-
thesia/ischemia times of RAPN are promising and seem
comparable to that of LPN [30]. However, data on oncologic
outcomes after robotic PN are limited.

Conclusions

More than 100 years ago, the father of modern medicine, Sir
William Osler, challenged surgeons to perpetually refine their
craft, stating, “Diseases that harm require treatments that harm
less.” In this era of minimally invasive surgery, OPN still
remains the preferred treatment for complex renal masses; in
particular, those found in solitary kidneys, bilaterally, and
those tumors which do not qualify for LPN or RAPN.

Disclosure No potential conflicts of interest relevant to this article
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