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A B S T R A C T

The kidneys are organs with multiple functions and essential to maintain life. Ablative procedures, such as nephrec-

tomy, diminish nephron mass and can have a potentially negative impact on renal function. We investigated renal func-

tion outcome in patients who underwent nephrectomy for renal cell cancer with special emphasize on elderly patients.

Data from 104 patients who underwent nephrectomy for kidney cancer in the Department of Urology, University Hospital

Rijeka from January 2005 to December 2010 were retrospectively analyzed. All patients had a normal concentration of

serum creatinine and a normal contralateral kidney before surgery. Renal function, as estimated by the glomerular fil-

tration rate (eGFR), was determined before and after nephrectomy using the abbreviated Modification of Diet in Renal

Disease equation. We compared the eGFR before and after nephrectomy in the patients of different age. The mean preop-

erative eGFR was 75.2 mL/min, and the mean postoperative eGFR was 52.7 mL/min (p<0.0001). In the group of patients

�65 years old, the mean preoperative GFR was 69.2 mL/min, and the mean postoperative eGFR was 47.4 mL/min (p<

0.0001). Our data indicate that the eGFR significantly decreased after nephrectomy for kidney cancer. In elderly patients,

diminished renal function following nephrectomy was more prominent.
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Introduction

Renal cell carcinoma (RCC) has affected approxima-
tely 50,000 people in 2009, with more than 10,000 deaths
in the United States1. These deaths are the consequence
of metastatic disease. The incidence of RCC has in-
creased during the last decades2,3. The reason for the in-
creased incidence is due to the aging population and
widespread use of diagnostic imaging modality. Recently,
more than 70% of patients have localized disease and can
be treated surgically. Radical nephrectomy with removal
of the kidney, perinephric fat and ipsilateral adrenal
gland was the standard procedure in the past. However,
nephrectomy diminishes nephron mass and can poten-
tially have a negative impact on renal function. Chronic
kidney disease can be defined as an estimated glomerular
filtration rate (eGFR) lower than 60 mL/min per 1.73 m2

or by the presence of markers of kidney damage (albu-
minuria or abnormal imaging studies) for three or more
months4. The major outcomes of chronic kidney disease
are: hypertension, anemia, neuropathy, reduced quality
of life and increased risk of cardiovascular morbidity and

mortality4,5. We investigated renal function outcome in
patients who underwent nephrectomy for RCC, with spe-
cial emphasis on elderly patients.

Patients and Methods

We retrospectively analyzed data from our patients
who underwent surgery for kidney cancer from January
2005 to December 2010 in the Department of Urology,
University Hospital Rijeka. Patients included in the stu-
dy had the following characteristics: diagnosis of renal
cell carcinoma without metastasis, normal preoperative
concentrations of serum creatinine (defined as <126
�mol/L) and normal contralateral kidney before surgery.
In all patients, a complete nephrectomy was performed.

The patients records were evaluated using informa-
tion about the patients age, gender, ECOG status, patho-
histological findings and eGFR. From pathological find-
ings we determined the histological subtype, Fuhrman
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nuclear grading system and TNM classification. The
histological subtype was divided in to clear-cell RCC
(RCC-CC) and non clear-cell RCC (RCC-NCC), which in-
cluded chromophobe and papillary type of carcinomas.
We separated the patients according to their age, where
»elderly« has been defined as a chronological age of 65
years old or older.

Renal function was determined by calculating the
eGFR using the abbreviated Modification of Diet in Re-
nal Disease (MDRD) equation. The serum creatinine
concentrations were determined immediately before and
after surgery. The creatinine concentrations after ne-
phrectomy were estimated one month to a few months
after nephrectomy when kidney function was stabilized.
Chronic kidney disease was defined as an eGFR<60
mL/min/1.73 m2, and severe chronic kidney disease was
defined as an eGFR<30 mL/min/1.73 m2. We separated
patients with an eGFR<45 mL/min/1.73 m2 to establish
a group of patients with a greater risk for development of
severe chronic kidney disease.

Written informed consent and approval was obtained
from all participants. The study was in adherence with
the Declaration of Helsinki.

Statistical analysis was conducted using Statistica 8
software (StatSoft, Inc., Tulsa, OK, USA). The distribu-
tion of results was normal (Kolmogorov-Smirnov test).
Results were presented as mean (X) ± standard error of
mean (SEM). The Student t-test was used to compare
eGFRs before and after surgery. The �2 test was used to
compare the renal function of patients after nephrec-
tomy. Differences were considered statistically signifi-
cant with p<0.05.

Results

In all, 104 patients met the inclusion criteria. Table 1
presents the basic demographic and clinicopathological

characteristics of patients. The comparison of eGFR val-
ues before (75.2±1.5 mL/min/1.73 m2) and after (52.7±
1.3 mL/min/1.73 m2) surgery showed that renal function
is diminished after nephrectomy (p<0.0001). This was
true for all patients and both age groups (p<0.0001) (Ta-
ble 2). In the patients <65 years old, the eGFR was sta-
tistically significantly higher before surgery (p<0.0004)
and after surgery (p=0.0001) than in the patients ³65
years old. Of all of the 104 patients, 16 (15.4%) had a pre-
operative eGFR <60 mL/min/1.73 m2 and 74 (71.2%) had
a postoperative eGFR <60 mL/min/1.73 m2 (Table 3). Af-
ter the nephrectomy, a eGFR <60 mL/min/1.73 m2 was
observed in 38/46 (82.6%) elderly patients compared to
36/58 (62.1%) younger patients (Table 3). The analysis of
renal function in 88 patients with a preoperatively nor-
mal eGFR showed that after nephrectomy an eGFR <60
mL/min/1.73 m2 was observed in 28/36 (77.8%) elderly
patients compared to 30/52 (57.7%) patients below 65
years old (Table 4).
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TABLE 1
CLINICOPATHOLOGICAL CHARACTERISTICS OF THE PATIENTS

(N=104)

Characteristic N (%)

Age:
<65 years

�65 years

58 (55.8%)
46 (44.2%)

Gender:
Male
Female

67 (64.4%)
37 (35.6%)

Histological subtype:
Clear-cell
Non clear-cell

81 (77.9%)
23 (22.1%)

Staging:
T1
T2
T3
T4

60 (57.7%)
19 (18.3%)
25 (24%)
0 (0%)

TABLE 2
THE DETERMINATION OF RENAL FUNCTION BY ESTIMATING

THE GLOMERULAR FILTRATION RATE BEFORE AND AFTER
NEPHRECTOMY

Patients
group (N)

eGFR before
surgery

(X±SEM)

eGFR after
surgery

(X±SEM)
p

All patients (104) 75.2±1.5 52.7±1.3 <0.0001*
<65 years (58)

�65 years (46)
79.8±2.1
69.2±1.8

57.2±1.5
47.4±1.8

<0.0001*
<0.0001*

eGFR – Estimated glomerular filtration rate (mL/min/1.73 m2),
* – p<0.05 (statistically significant difference),
X±SEM – mean±standard error of mean

TABLE 3
RENAL FUNCTION AFTER NEPHRECTOMY (N=104)

eGFR �65 years <65 years p

�60 8 22 *0.010

<60 38 36 0.816
<45
<30

22
3

6
0

*0.002
/

eGFR – Estimated glomerular filtration rate (mL/min/1.73 m2),
* – p<0.05 (statistically significant difference)

TABLE 4
RENAL FUNCTION IN THE PATIENTS WITH PREOPERATIVELY

NORMAL GLOMERULAR FILTRATION RATES AFTER
NEPHRECTOMY (N=88)

eGFR �65 years <65 years p

�60 8 22 *0.010

59–45 14 26 0.057
44–30
<30

13
1

4
0

*0.029
/

eGFR – Estimated glomerular filtration rate (mL/min/1.73 m2),
* – p<0.05 (statistically significant difference)



Discussion

Experimental models showed that reduction of ne-
phron mass can lead to kidney damage6. The develop-
ment of kidney damage after complete nephrectomy in
humans has been documented in a few studies. Huang et
al. analyzed 662 patients with normal concentrations of
serum creatinine who underwent partial or radical ne-
phrectomy for a solitary renal tumor (T1a – 4 cm of be-
low in diameter)7. After surgery, the 3-year probability of
freedom from new-onset of a GFR lower of 60 mL/min/
1.73 m2 has been 80% after partial nephrectomy and 35%
after radical nephrectomy; the probability of a GFR
lower than 45 mL/min/1.73 m2 after partial and radical
nephrectomy has been 95% and 64% respectively. In an-
other study, 52% of patients after nephrectomy devel-
oped new-onset GFR<60 mL/min/1.73 m2,8. A group
from Korea observed the development of chronic kidney
disease (GFR<60 mL/min/1.73 m2) in 66.7% of patients
who underwent radical nephrectomy and in 11.5% pa-
tients who underwent partial nephrectomy9. Our results
also support this observation (Tables 2–4). In all studies,
multivariable analysis showed that radical nephrectomy
is an independent risk factor for the development of
chronic kidney disease7–11.

Diabetes, age, type of operation, preoperative GRF
and proteinuria have been risk factors for the develop-
ment of adverse renal outcomes after nephrectomy for
renal cell cancer7–10. Hepps et al. found that African-
-Americans have a greater risk of renal insufficiency af-
ter radical nephrectomy for kidney cancer compared to
non-African-American group12.

Chronic kidney disease is present when the eGFR is
below 60 mL/min/1.73 m2, according to the Kidney Dis-
ease Outcomes Quality Initiative (KDOQI) staging sys-
tem from 2002; however, that level has included a large
number of patients who may have had no symptoms and
are at low risk for progression to end-stage renal disease
(ESRD)13. Severe chronic kidney disease is defined as an
eGFR <30 mL/min/1.73 m2, and this value has defined
renal outcomes that are likely to be clinically relevant for
patients. In addition, this level of chronic kidney disease
has been related to conditions such as anemia and min-
eral metabolism disturbances, with possible progression
to ESRD10.

To prevent the development of kidney failure, ne-
phron-sparing procedures have been advocated in pa-
tients with localized tumors. More than 60% of newly di-
agnosed RCCs have been 4 cm or less in diameter, which
means that they are amenable for partial nephrectomy
based on the size criteria. In addition, because no signifi-
cant difference was found in cancer-specific survival be-
tween patients who underwent partial nephrectomy for
RCC <7 cm and those who underwent surgery for RCC
<4 cm, the potential number of patients who are eligible
for this procedure is even higher14. Crépel et al. have
shown that nephron-sparing surgery is equally effective
as radical nephrectomy for T1 RCC15. The oncological
outcomes must not be compromised by such a procedure.

Nephron-sparing approaches are associated with a
greater number of surgical complications, but with expe-
rience, this rate of complications diminishes16. Currently,
open partial nephrectomy, laparoscopic partial nephrec-
tomy and robotic partial nephrectomy are utilized in the
management of T1 renal tumors. Open partial nephrec-
tomy and laparoscopic partial nephrectomy are compara-
ble in the terms of oncological outcomes, positive surgical
margin, warm ischemia time and morbidity16. The evalu-
ation of robotic partial nephrectomy needs additional
studies.

It is necessary for patients to be informed of the fu-
ture risk of developing adverse renal outcomes after
nephrectomy. Although oncologic outcomes are impor-
tant, renal outcome is also important because patients
who develop ESRD have a poor quality of life and an in-
creased risk of death. In addition, patients who have de-
veloped chronic kidney disease have increased cardiovas-
cular morbidity and mortality10. Lane et al. showed that
the survival of patients aged 75 years and older who are
treated with nephrectomy for localized RCC (T1) is not
increased compared to patients who undergo surveillan-
ce17. Cancer progression has been responsible for death
in only 4% of patients, and the most common cause of
death has been cardiovascular (29%). Because nephrec-
tomy diminishes renal function and renal dysfunction is
related to cardiovascular mortality, it can be suggested
that there is overtreatment of localized renal tumors in
patients with limited life expectancy17.

Experience with kidney transplant patients (living
donors) has shown that one normal kidney is sufficient
for normal life without an influence on life span, quality
of life and susceptibility for significant comorbidities.
There have been no reports documenting that donors
have an increased rate of kidney failure requiring dialy-
sis or causing death18. This fact is essential for increasing
the pool of living donors. On the other hand, nephrec-
tomy in patients with RCC can lead to deleterious renal
function outcomes8–10. An explanation for such diverse
renal outcomes can be found in the patients themselves.
Donors must be healthy individuals, without significant
comorbidities, and they are usually younger. Patients
with kidney cancer are usually older, smokers, obese, and
have significant illnesses such as diabetes, cardiovascu-
lar diseases (hypertension, coronary artery disease), and
metabolic syndrome19. Bijol et al. documented that in
nonneoplastic renal parenchyma of nephrectomy speci-
mens for RCC, unremarkable renal parenchyma is found
in only 10% of cases; 28% of cases has had some degree of
vascular sclerosis, and in the remaining cases (62%), evi-
dence of pathological abnormalities has been present20.
Because this conditions is always bilateral, the risk for
development of chronic kidney disease is present in these
patients.

In our study, the mean eGFR before surgery was 75.2
mL/min/1.73 m2, and after surgery it was 52.7 mL/min/
1.73 m2 (p<0.0001). Before the operation, only 15.4% of
the patients had an eGFR <60 mL/min/1.73 m2; and af-
ter the operation, the percentage increased to 71.2%. In
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three patients (2.9%), severe chronic kidney disease was
developed. This observations confirmed that nephrecto-
my significantly diminishes renal function. It is impor-
tant to note that in this study were included only patients
with normal preoperative serum creatinine concentra-
tions. If other patients had been included, the results of
renal outcome would have been much worse.

Normally, the GFR decreased progressively with age
in individuals after the age of 40 (approximately 0.4–1.2
mL/min per year). Age, according to our study, was a very
important factor influencing renal function. The elderly
patients had lower preoperative (p=0.0004) and postop-
erative eGFR (p=0.0001) values than people <65 years
old. Initially, a preoperative eGFR <60 mL/min/1.73 m2

was observed in 16 patients, but 75% of them were older
than 65 years. After nephrectomy, 82.6% of the elderly
patients had a eGFR <60 mL/min/1.73 m2 compared to
62.1% of the younger patients. All three patients with

postoperative eGFR below 30 mL/min/1.73 m2 were older
than 65 years. It was obvious that elderly patients have a
greater chance to develop chronic kidney disease after
nephrectomy for RCC. To the best of our knowledge, this
is the first study that emphasized deleterious renal out-
comes after nephrectomy in patients �65 years old.

Conclusion

The baseline kidney function of patients with RCC
was lower than usually thought, and the assessment of
kidney function was necessary before surgery. Nephrec-
tomy was a risk factor for the development of chronic
kidney disease, especially in elderly patients. Nephron-
-sparing procedures should be the treatment of choice in
patients with existing renal dysfunction or in patients
with recognized risk factors (elderly, proteinuria, diabe-
tes). Oncologic outcome should also be considered.
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BUBRE@NA FUNKCIJA U LJUDI STARIJE @IVOTNE DOBI NAKON NEFREKTOMIJE ZBOG
KARCINOMA BUBREGA

S A @ E T A K

Bubrezi su organi s mnogobrojnim funkcijama neophodnim za odr`avanje `ivota. Ablativne procedure, kao nefrek-
tomija, smanjuju bubre`nu masu i imaju potencijalno negativan u~inak na funkciju bubrega. Istra`ivali smo bubre`nu
funkciju nakon nefrektomije zbog karcinoma bubrega, s posebnim naglaskom na ljude starije `ivotne dobi. Retrospek-
tivno smo analizirali 104 pacijenta u kojih je u~injena nefrektomija radi karcinoma bubrega. Pacijenti su bili operirani
na Klinici za urologiju, Klini~kog bolni~kog centra u Rijeci, a promatrano razdoblje je bilo od sije~nja 2005. do prosinca
2010. godine. Svi pacijenti su prije operacije imali normalnu vrijednost kreatinina kao i normalni kontralateralni bub-
reg. Bubre`nu funkciju smo odredili mjerenjem stupnja glomerularne filtracije (eGFR) prije i nakon nefrektomije ko-
riste}i skra}enu Modification of Diet in Renal Disease jednad`bu. Usporedili smo eGFR prije i nakon nefrektomije te u
pacijenata razli~ite dobi. Srednja eGFR prije operacije je bila 75,2 mL/min, a nakon operacije 52,7 mL/min (p<0,0001).
U grupi pacijenata ³65 godina srednja vrijednost eGFR prije operacije je bila 69,2 mL/min, a nakon operacije 47,4 mL/
min (p<0,0001). Dobiveni podaci pokazuju da je stupanj glomerularne filtracije zna~ajno sni`en u pacijenata u kojih je
u~injena nefrektomija zbog karcinoma bubrega. U ljudi starije `ivotne dobi smanjenje bubre`ne funkcije nakon nefrek-
tomije je jo{ i izra`enije.
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