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Abstract. The good oncologic results after partial nephrectomy for stage 1 RCC show that radical nephrectomy is an
overtreatment in most cases, and that many healthy nephrons are removed unnecessarily. However, partial nephrectomy is
a difficult operation, with increased blood loss and a higher risk of complications. Therefore, the advantage of preserved
function has to be weighed up against the increased trauma of surgery in each individual patient, and the assessment of
preoperative function may influence this decision, among other factors such as comorbidities and age.

In most studies, renal function has been assessed by means of estimated glomerular filtration rate, and this parameter is
very helpful for long-term studies in large populations. However, more precise measurement based on clearance studies are
sometimes required for more sophisticated investigations.

The technique of partial nephrectomy has evolved substantially in recent years, resulting in the preservation of more
nephrons, less damage to the remaining parenchyma, less blood loss, and a decreased risk of complications. The introduction
of minimally invasive surgery for this purpose has also decreased the overall morbidity of surgery.

In the long-term, chronic kidney disease may result in increased cardiac mortality. There is ongoing discussion on this
problem, however, this potential negative influence on overall survival is not only influenced by the rate of renal insufficiency,
but also to a great extent by other comorbidities such as hypertension and diabetes. Therefore, in addition to providing the
best surgery for any given patient, we have to make sure that the treatment of the comorbidities will also be part of our patient
management, since the risk of cardiac failure may be greater than the risk of poor oncologic outcome.
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ABBREVIATIONS AND ACRONYMS

AKD Acute kidney disease
CKD Chronic kidney disease
DSS Disease-specific survival
eGFR Estimated glomerular filtration rate
ESKD End-stage kidney disease
GFR Glomerular filtration rate
MAG3 Technetium-99m mercaptoacetyltriglycine
OS Overall survival
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INTRODUCTION

In recent years, several modalities have been devel-
oped to effectively treat renal cell cancer (RCC).
However, despite these efforts, surgery remains the
only possibility to cure this disease. The technique of
state-of-the-art radical nephrectomy (RN) for RCC
was first described by Robson in 1969 [1]. The next
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most important step in the evolution of RN was the
introduction of laparoscopy to perform this procedure
[2]. Initially, partial nephrectomy (PN) was mainly
performed as an alternative to RN for an impera-
tive indication in patients with compromised renal
function. With growing experience, it was realized
that RN was an overtreatment when removing small
tumors, since the oncologic results were comparable
with PN, which was therefore increasingly performed
in patients with a normal contralateral kidney [3].
As a next step, larger tumors up to 7 cm were also
considered suitable for nephron-sparing surgery [4].
Without doubt, preserving renal tissue by means of
PN is associated with a reduced risk of chronic kid-
ney disease (CKD) compared to RN. The patient will
probably profit from PN as long as they are not con-
fronted with major surgical complications and the
oncologic outcome is not compromised. In this con-
text, it is important to precisely evaluate the risk of a
resulting CKD after surgery for RCC, and to under-
stand the influence of CKD on associated disorders
such as chronic heart disease and hypertension, which
will ultimately influence overall survival.

RENAL FUNCTION – ETIOLOGY OF
IMPAIRMENT

The quality and impact of clinical studies inves-
tigating renal function after surgery for RCC ess-
entially depend on the methods used. The situation
after RN is relatively simple, with only one kidney
remaining. Indeed, it is more demanding to precisely
assess the function of the ipsilateral kidney before and
after PN, because its function is overlapped by that
of the contralateral one. An exact and sophisticated
preoperative investigation of the ipsilateral kidney,
as well as the global function, is essential if we want
to precisely determine and quantify the renal impair-
ment that will be induced by PN. More global factors
of kidney function such as serum creatinine and the
glomerular filtration rate (GFR) are useful and suffi-
cient for the investigation of the degree of CKD and its
long-term influence of CKD on other medical condi-
tions such as chronic heart failure and hypertension.
However, these simple investigations alone are not
adequate to fully understand the etiology of CKD.

Chronic kidney disease from medical causes is
present in 25% to 30% of patients before surgery for
renal cancer [5]. Initially impaired global renal func-
tion may be the result of medical conditions such
as diabetes and hypertension, and it will deteriorate
further after surgery in the short-term, but probably

also long-term. The function of the tumor-bearing
kidney deteriorates after surgery for several reasons;
a certain amount of healthy renal parenchyma will be
excised together with the tumor, whereas the tumor
tissue does not add to function so that its removal
will not result in any change. Further damage and
loss of tissue occurs due to the repair with parenc-
hymal sutures. The remaining tissue, however, is not
affected by these measures and is therefore fully fun-
ctional and healthy. Warm ischemia, a technique fre-
quently used with laparoscopic/robotic PN, results
in a different type of damage and reduction of fun-
ction. There is no loss of volume, but a potentially
chronic and maybe even continuously increasing
damage of all of the remaining parenchyma. This
type of CKD (normal number of nephrons with red-
uced function) will possibly result in different and
more pronounced long-term sequelae than CKD as
a result of the reduced volume of unimpaired, nor-
mally-functioning parenchyma, even if GFR is com-
parable.

The influence of patient comorbidities such as hy-
pertension and diabetes on CKD should not be under-
estimated. On the one hand, comorbidity may be
the reason for preexisting renal failure, and on the
other, it may initially substantially aggravate surgi-
cally induced CKD, also in the longer term. The
conflicting data reported in the literature on the long-
term sequelae of CKD after RN and PN may be
explained to some extent by comorbidities not real-
ized as bias.

RENAL FUNCTION – ASSESSMENT

Plasma creatinine

A product of the metabolism of creatine and phos-
phocreatine in skeletal muscle – is the basic parameter
used to measure renal function. Serum creatinine is
elevated when there is a significant reduction in GFR,
however, about 50% of kidney function must be lost
before a rise in serum creatinine can be detected.
Therefore, the creatinine level alone is not useful to
monitor the effect of PN in a patient with a normal
contralateral kidney.

Glomerular filtration rate (GFR)

Measuring the creatinine clearance using the serum
creatinine level and a timed urine collection gives
a good estimate of glomerular filtration rate: creati-
nine clearance = (urine creatinine x volume)/serum
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Table 1
MAG3 clearance before and after partial nephrectomy in cold ischemia. The decrease
in mean split function from 105 ml/min to 73 ml/min was exclusively due to loss of

volume and not to parenchymal damage (see Fig. 1)(ref.8)

pre-op n = 14 post-op n = 20 p-value

MAG3 clearance ml/min 219 (193–243) 186 (133–230) 0.008
split renal function % operated kidney 47.9% (35–52) 38.2% (35–60)
split MAG3 clearance ml/min operated kidney 105 (79–122) 73 (42–108) 0.012

creatinine. Measured GFR provides solid data for
investigations after renal surgery. However, urine col-
lection is cumbersome and sometimes inaccurate.
Measurement of split renal function requires the
placement of a catheter in the kidney, which is rarely
feasible.

Estimated GFR (eGFR)

Is not as reliable as measured GFR, but is widely
used in clinical practice. Several formulas for the
calculation of eGFR have been published (Cock-
roft/Gault equation, 6-variable MDRD, 4-variable
MDRD). In addition to the serum creatinine levels,
parameters such as age, sex and weight are used for
calculation (6. Many publications provide eGFR data,
and eGFR is very useful for long-term follow-up and
investigation in large cohorts, however, when ana-
lyzing and comparing such data one should be aware
which formula has been used for calculation.)

GFR measurement using radionuclides

Correlates closely with inulin clearance. Tech-
netium-99m mercaptoacetyltriglycine (MAG3) has
proved to be very useful for this purpose and pro-
vides the most reliable data for scientific studies [7].
It also allows for the precise determination of split
renal function [8] (Table 1). Deconvolution analysis
of the peak concentration time documented in MAG3
studies enables the differentiation of whether a loss
of function is due to reperfusion injury after ischemia
(unchanged number of nephrons) or to loss of tissue,
and the operated and non-operated kidney can also
be directly compared in this respect [8] (Fig. 1).

Proteinuria

An important parameter for the nephrologists,
is largely neglected in the investigation of CKD
after surgery for RCC. However, preoperative pro-
teinuria is a significant predictor of overall sur-
vival in patients who undergo nephrectomy. Classifi-
cation according to preoperative glomerular filtration

Fig. 1. Deconvolution analysis of peak concentration time (MAG
3 renal scan): After partial nephrectomy in cold ischemia, the
function of the operated left kidney is decreased due to loss of
volume. The function of the remaining parenchyma, however, is
not impaired (ref.8).

rate and proteinuria more accurately predicts survival
than using the glomerular filtration rate alone after
accounting for cancer stage. This information sup-
ports routine evaluation of proteinuria in patients with
kidney cancer [9].

RENAL FUNCTION – INFLUENCE OF
SURGICAL TECHNIQUE

Loss of healthy nephrons - resection

Enucleation of the tumor seems to be the techni-
que which best preserves renal function. There re-
mains some concern with regard to the oncologic out-
come, however. In a recent large prospective, but
not randomized multi-center study (16 referral cen-
ters) including 507 patients with T1a (66.6%), T1b
(37,8%) and T2 (3.0%) RCC, the tumors were either
removed by means of enucleation (52%), enucleo-
resection (30%), or resection (18%) [10]. Operative
time, WIT, estimated blood loss and duration of
hospitalization were comparable among all patients.
Clavien-Dindo grade 2 complications were more
frequently recorded after enucleo-resection (10.7%)
than after enucleation (4.2%) and resection (3.3%).
The proportion of patients experiencing acute kid-
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ney disease (AKD) was significantly higher after
enucleo-resection than after enucleation (32.0% vs
20.7%, p = 0.01), however, it did not differ between
the enucleo-resection and resection cohorts. Also
on multivariable analysis, the resection technique
(enucleo-resection vs enucleation OR 1.67, 95% CI
1.01–2.76, p = 0.046) was significantly associated
with postoperative AKD. Interestingly, the incidence
of positive surgical margins was also significantly
higher after enucleo-resection compared to after enu-
cleation (10.0% vs 4.9%, p = 0.046) and resection
(10.0% vs 2.2%, p = 0.02). Unfortunately, there are
no data on direct comparison of enucleation versus
resection. In another study, volume loss, not ischemia
time, was the primary determinant of ultimate renal
function after PN [11].

Loss of healthy nephrons - repair

Deep parenchymal sutures are frequently used to
approximate the cut edges after tumor excision and
to provide hemostasis, and this open surgical tech-
nique could successfully be duplicated by means of
laparoscopy [12]. These sutures are effective, but also
quite traumatic. An important improvement of the
technique was the introduction of a first-layer run-
ning suture through the interstitial tissue at the bottom
of the tumor bed. This suture provides both closure
of the possibly-opened collecting system as well as
hemostasis. Now, the hilum is unclamped prior to
the parenchymal sutures as second layer, allowing for
re-perfusion of the kidney. Any remaining bleeding
is readily detected and precisely secured using addi-
tional sutures [13]. The final parenchymal sutures
should not be sited too deep and need not be put
under tension, since they are no longer required for
hemostasis but only for re-approximation of the cut
edges. This technique has two advantages with regard
to tissue preservation; ischemia time is substantially
reduced, and the parenchymal sutures are less trau-
matic since they are no longer required for hemosta-
sis. They can sometimes even be omitted completely,
especially with a shallow tumor bed.

It is difficult to assess how many nephrons are lost
due either to resection or to subsequent repair. Dec-
line in function after partial nephrectomy averages
approximately 20% in the operated kidney as asses-
sed in a metanalysis [14]. These data, however, are
based on eGFR only and not on measured split renal
function. We studied renal function after PN in a small
series using pre- and postoperative MAG3 scans pro-
viding precise data on the operated kidney, and the

mean decrease in function was 31% (Table 1, Fig. 1)
[8].

Damage to healthy nephrons – ischemia

In nephron-sparing surgery, vascular control is
often necessary during the period of tumor excision
and parenchymal repair to minimize blood loss as
well as increase visibility. So-called warm ischemia
is achieved by temporary occlusion of the renal artery
alone or the artery and vein together. There is, how-
ever, abundant literature describing the deteriorating
effect of warm ischemia on renal function. This effect
is best studied in patients with a solitary kidney. In a
multi-institutional study, 537 patients with a solitary
kidney were investigated following open nephron-
sparing surgery; 85 did not require clamping of the
artery, and 174 and 278 were performed in warm
and cold ischemia, respectively. Preoperative crea-
tinine was similar in the three groups (1.4, 1.3 and
1.4 mg/dl). Warm and cold ischemia was associated
with a significantly increased risk of acute (P < 0.001)
and chronic (P < 0.027) renal failure and temporary
dialysis (P < 0.028) compared with patients with no
ischemia. Warm ischemia for longer than 20 minutes
and cold ischemia for longer than 35 minutes were
both associated with a higher incidence of acute renal
failure (P = 0.002 and 0.003, respectively). Addition-
ally, warm ischemia for more than 20 minutes was
associated with an increased risk of chronic renal
insufficiency (41 vs. 19%, P = 0.008), increase in cre-
atinine greater than 0.5 (42 vs. 15%, P < 0.001) and
permanent dialysis (10 vs. 4%, P = 0.145) [15]. There
is now general consensus that a warm ischemia time
of up to 20 minutes is safe in a kidney without preex-
isting damage, and warm ischemia times of more than
30 minutes should be omitted [16]. Ischemic damage
can be reduced if only the segmental artery feeding
the tumor is clamped. An exact preoperative evalu-
ation of the vascular anatomy in correlation to the
tumor site is an absolute precondition. If the tumor
is supplied by a clearly identifiable artery, selec-
tive clamping minimizes the intra-operative warm
ischemic injury and improves early post-operative
renal function compared to main renal artery clamp-
ing [17].

Ischemic damage of nephrons – protection by
hypothermia

Slush ice surface cooling during ischemia protects
the kidney, offers the surgeon extra time, and since it
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is easy and quick to apply it has become standard in
open surgery. To duplicate the results of hypother-
mia, which has proved so useful in open surgery,
several techniques have been developed to integrate
cold ischemia into laparoscopy as well. The feasi-
bility of laparoscopic renal surface hypothermia by
applying ice slush, and renal hypothermia by ret-
rograde ureteral cold saline perfusion respectively,
has been reported [18, 19]. We developed a tech-
nique of renal cooling by means of arterial perfusion
[20]. The functional results were excellent. The exci-
sion of the tumor and the repair of the parenchyma
resulted in a mean GFR decrease (MAG3 measured)
of 31% (operated side) and 15% (global function)
respectively (Table 1). However, the function of the
remaining tissue on the operated side was not com-
promised despite an ischemia time of 36 (25–86)
minutes (Fig. 1) [8]. Obviously the protective effect of
cold arterial perfusion is not only due to hypothermia,
but is also due to the continuous washing out of toxic
radicals which are accumulated during arrest of circu-
lation, and are responsible for ischemia-reperfusion
injury [21].

Ischemic damage of nephrons – increase of
ischemic tolerance by renoprotective drugs

The goal is the preoperative or intra-operative
application of a drug which prevents or decreases
renal ischemia-reperfusion injury by increasing the
ischemic tolerance of the kidney. Thirty years ago,
Wickham used inosin for this purpose during difficult
renal stone surgery, but the efficacy of inosin for this
purpose was never clearly proved and interest waned
[22]. Now, with PN, a new indication has come to
light. Mannitol is widely used to decrease ischemic
damage [23], but without clear evidence, and several
studies have failed to prove a positive effect [24].

Theoretically there are two concepts to avoid isc-
hemia-reperfusion injury. First, increase of resistance
of the renal parenchyma in order to ensure that no,
or only minor, damage occurs. N-acetylcysteine, a
potent antioxidant, seems to be well suited for this
purpose. This drug which is frequently used in pul-
monology with minimal side effects; it is also used
clinically to prevent renal failure after the applica-
tion of reno-toxic contrast agents, and the effect is
well documented [25, 26]. In an animal study, N-ace-
tylcysteine was shown to ameliorate ischemic renal
failure [27]. These data make it an ideal candidate for
further investigation. Once the ischemic reperfusion
injury has occurred, repair mechanisms can induce

further damage, which may be avoided or reduced
by the application of cortisone, immune-suppressant
or similar drugs. Transplant surgeons and nephrolo-
gists have performed intensive research in this respect
[28, 29].

Non-ischemic partial nephrectomy

The first published series on PT was performed
without control of the vascular pedicle, and the
tumors were directly excised, mainly by using bipo-
lar coagulation for hemostasis [30]. This technique
was, however, restricted to small tumors in a favor-
able location. Recently, a very similar technique was
reported where the bipolar coagulation was replaced
by a surgical laser, which was also used for cutting
[32]. Not surprisingly, very similar limitations were
encountered.

The novel concept of zero-ischemia anatomical
robotic and laparoscopic PN represents a substan-
tial improvement on non-ischemic PN. Instead of
clamping the main or a segmental artery, pre-emptive
control of tumor specific, tertiary or higher-order
renal arterial branches is achieved using neurosur-
gical aneurysm micro-bulldog clamps [32]. With this
technique, ischemia is restricted to the tumor, and the
uninvolved renal tissue is not compromised. Because
of the precise dissection and continuous hemosta-
sis, excision of healthy tissue at the tumor border
is restricted to a minimum. Also, deep hemostatic
sutures to the healthy parenchyma are omitted, again
saving healthy nephrons, so there is a threefold ben-
eficial effect on renal function. This technique is
especially helpful for PN in hilar tumors. In a recent
systematic review, short- and long-term renal func-
tional outcomes of PN were investigated, and they
appeared superior in the off-clamp and super selec-
tive clamp groups compared with the on-clamp PN
cohort. However, the authors comment that higher
quality data are necessary for definitive conclusions
in this regard [33].

RADICAL NEPHRECTOMY VERSUS
PARTIAL NEPHRECTOMY: IMPACT ON
SURVIVAL

There is no doubt that PN results in the retention
of a higher number of nephrons as compared with
RN; therefore the risk of CKD is reduced. However,
the number of nephrons is not the only essential cri-
terion, it is also important that these nephrons are
fully functional (preoperatively-postoperatively after
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ischemia). More than 25% of patients with localized
renal cancer have preexisting CKD and will benefit
from optimized function after PN to minimize the
risk of progression to renal failure, and RN is a sig-
nificant risk factor for the development of chronic
kidney disease [34].

In a large community-based population including
1,120,295 adults, an independent, graded associa-
tion was observed between a reduced estimated GFR
and the risk of death and cardiovascular events [35].
In a series of 499 patients with benign tumors on
final pathology, PN was unexpectedly associated with
better OS when compared to RN in patients with
unanticipated benign tumors. This observed survival
advantage appears partly to be the result of better
preservation of eGFR [36]. Other factors, however,
have not been investigated.

Another important observation has recently been
reported. In a cohort of 1,783 patients without CKD,
ten-year other cause mortality-free survival rates
were 90% and 88% after nephron-sparing surgery and
radical nephrectomy, respectively. However, radical
nephrectomy increased the risk of other cause mor-
tality according to the increasing baseline Charlson
comorbidity index (interaction test p = 0.0008). It is
the patients who are more ill with relevant comorbidi-
ties (stratified by the Charlson comorbidity index)
who benefit most from nephron-sparing surgery in
terms of other-cause mortality [37].

Roughly 2% of the patients with normal estimated
GFR before kidney surgery will develop end-stage
renal disease (ESRD) in the first 10 years of follow-
up. In addition to the already known protective
benefits in terms of cardiovascular events and renal
function preservation, PN seems to be associated with
a lower risk of ESRD relative to RN. Nonetheless,
individual risk factors inherent at baseline (especially
age, diabetes, and uncontrolled hypertension) appear
to be crucial predictors of ESRD regardless of the
treatment delivered [38].

The prognostic risk of chronic kidney disease in
patients with kidney cancer is increased when the
preoperative glomerular filtration rate is less than
60 ml/minute/1.73 m2 or the postoperative rate is
less than 45 ml/minute/1.73 m2. Additional factors,
including nonsurgical causes of chronic kidney dis-
ease and the degree of albuminuria, can also dramati-
cally alter the consequences of chronic kidney disease
after kidney cancer surgery. [39]. According to these
data, a patient with an eGFR >60 ml/minute/1.73m2
after nephrectomy and no comorbidities has no risk
of increased overall mortality. This is exactly the

situation of patients undergoing living donor nephrec-
tomy. A cohort of 96,217 kidney donors in the
United States and a cohort of non-donors at equally
low risk of renal disease and free of contraindica-
tions to live donation (20,024 participants of the
Third National Health and Nutrition Examination
Survey = NHANES III) were compared in relation
to their risk of developing ESKD. Estimated life-
time risk of ESRD was 90 per 10,000 donors, 326
per 10,000 unscreened non-donors (general pop-
ulation), and 14 per 10,000 healthy non-donors.
Compared to matched healthy non-donors, kidney
donors had an increased risk of ESRD; however,
the magnitude of the absolute risk increase was
small [40].

Prospective randomized study

The EORTC-GU (European Organisation for Res-
earch and Treatment of Cancer Genito-Urinary
Group) designed the non-inferiority phase 3 trial
30904 comparing the outcome of RN and PN [41].
The primary end point was OS. Secondary end points
were disease-specific survival (DSS), progression,
and surgical side-effects. Evaluation of renal func-
tion and CKD was not within the scope of the study.
In the intention to treat population, PN seemed to be
significantly less effective than RN in terms of OS.
However, in the targeted population of RCC patients,
the trend in favor of RN is no longer significant.
The small number of progressions and deaths from
renal cancer cannot explain any possible OS differ-
ences between treatment types. This study has several
serious drawbacks. Only 541 of the planned 1,300
patients could be recruited, 55 patients switched treat-
ment, and the study was closed prematurely. Despite
the small number of patients, 46 centers and at least
57 surgeons of unknown experience participated. To
further investigate the unexpected finding of better
OS in favor of RN, additional data on kidney func-
tion were collected and then published [42]. However,
although it is presented as such, this follow-up study
can no longer be considered a prospective random-
ized study, but rather it is in fact a retrospective cohort
study. The randomization process of the initial study
did not include the parameter renal function. Accord-
ingly, robust data on pre-operative renal function are
not available, and not even precise creatinine values
exist, therefore the influence of surgery on post-op
function cannot be assessed. The follow-up now pro-
vides eGFR which demonstrate a possible beneficial
impact of PN on renal function which did not result
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in improved OS, however, the initial study was not
designed to test the hypothesis of improved renal
function and therefore reduced cardiovascular events
with PN. This also means that additional important
data on comorbidity (cardiovascular disease, hyper-
tension, diabetes, smoking status) are missing, and a
meaningful analysis has become impossible. It is sur-
prising that there has been so much discussion of
these studies, because they certainly do not provide
the level 1 evidence data needed to better under-
stand the influence of CKD on cardiovascular disease
and the related mortality rate.

CONCLUSION

The quality of partial nephrectomy for RCC has
continuously and substantially increased over the past
years, and we have learned to increase the num-
ber of spared nephrons by reducing the volume of
excised functional parenchyma as well as by careful
repair. It has also been possible to reduce ischemia
times to a minimum by sophisticated techniques
so that the spared nephrons are not compromised
by ischemia-reperfusion injury. By comparison, it
can be seen that PN results in the preservation of
functional nephrons which would be lost with RN,
however, the impact and advantage of this differ-
ence is not completely understood. Healthy patients
with normal pre-operative function are likely to
achieve good post-operative function with eGFR
>60 ml/min/1.73m2 after RN, so that resulting mor-
bidity will not occur. PN will not make much
difference in this setting. However, when CKD is
present pre-operatively, every measure should be
taken to preserve as many nephrons as possible. If
an eGFR of >45 ml/min/1.73m2 can be maintained,
the risk of increased mortality will also be quite
low. Comorbidities such as hypertension and dia-
betes have the potential to further compromise renal
function. CKD carries the risk of inducing or aggra-
vating cardiovascular disease, which will decrease
OS. And comorbidities not only negatively influence
renal function, but can also have a direct synergetic
negative effect on cardiovascular disease. So our task
is not only to best preserve renal function, but also to
effectively treat comorbidity.
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