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Purpose: To investigate the incidence and predictive factors associated with the devel-
opment of chronic kidney disease (CKD) in patients undergoing curative surgery for 
renal cell carcinoma.
Materials and Methods: From 2003 to 2010, we retrospectively investigated 108 pa-
tients undergoing partial nephrectomy or radical nephrectomy (RN) for renal tumors 
with a preoperative glomerular filtration rate (GFR)≥60. The GFR was calculated by 
use of the four-variable modification of diet in renal disease (MDRD) formula. CKD was 
defined as an estimated GFR (eGFR) less than 60 mL/min per 1.73 m2. Demographic 
and clinicopathologic parameters were evaluated by using the chi-square and Student 
t-tests and multivariate regression analysis to determine the variables independently 
associated with the development of postoperative CKD.
Results: Of the 108 patients without preoperative CKD, CKD developed in 43 patients 
(39.8%). In the analysis of clinical factors between patients with and those without CKD 
development, gender, body mass index, diabetes mellitus, hypertension, and tumor size 
were not significant clinical factors. Statistical significance for CKD development was 
found for age of 60 years or greater (p=0.013), decreased preoperative eGFR (p＜0.001), 
and RN group (p＜0.001). In the multivariate analysis, decreased preoperative eGFR 
(p=0.001) and RN group (p=0.002) were significant independent predictors.
Conclusions: The results of our study show that decreased preoperative renal function 
and RN were significant independent predictors of postoperative CKD. In patients who 
had a relatively decreased preoperative eGFR, especially when estimated by use of the 
MDRD formula, nephron-sparing surgery should be considered for the treatment of 
small renal tumors.
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INTRODUCTION

The widespread availability of imaging modalities has led 
to more frequent early detection of small renal tumors. 
Most of these relatively small tumors are localized within 
the kidney, which means that most of these patients rarely 
die of disease after tumor treatment [1].

Recent studies also suggest that chronic kidney disease 
(CKD) is associated with an increased incidence of renal in-
sufficiency in long-term follow-up [2,3]. This is because a 
decreased glomerular filtration rate (GFR) is known to be 

associated with an increased risk of cardiovascular events, 
hospitalization, and death [4,5]. 

Considering overall cancer survival and postoperative 
renal function, partial nephrectomy (PN) might be re-
garded as a standard treatment for small renal tumors 
sized 4 cm or less in patients with a normal contralateral 
kidney [6,7]. However, controversies remain regarding the 
predictive factors for the development of CKD in patients 
undergoing PN or radical nephrectomy (RN) for the treat-
ment of renal tumors. Whereas some investigators have re-
ported that older age and diabetes are prognostic factors 
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TABLE 1. Patient characteristics

Characteristic CKD (–) CKD (+) Total p‐value

No. of patients (%)
Age (y)
   Mean±SD
   Median (range)
Gender
   Male
   Female
Body mass index (kg/m2)
   Mean±SD
Preoperative GFR
   Mean±SD
   Median (range)
Type of operation
   RN
   PN
Diabetes mellitus
   Yes
   No
Hypertension
   Yes
   No
Tumor size (cm)
   Mean±SD
   Median (range)

65 (60.2)
 

59.4±10.7
59 (37–83)

 
42 (38.9)
23 (21.3)

 
24.9±3.2

 
98.8±17.7

102.2 (64.3–143.9)
 

40 (37.0)
25 (23.1)

 
8 (7.4)

57 (52.7)
 

25 (23.2)
40 (37.0)

 
3.8±3.3
2.8 (0.8–16.0)

43 (39.8)
 

65.8±11.4
67 (45–86)

 
29 (26.9)
14 (12.9)

 
25.0±2.9

 
79.6±13.6
75.4 (61.3–108.9)

 
39 (36.1)
4 (3.8)

 
10 (9.3)
33 (30.6)

 
22 (20.4)
21 (19.4)

 
4.7±2.5
4.0 (1.5–10.0)

108
 

62.5±11.2
62.5 (37–86)

 
71 (65.7)
37 (34.3)

 
24.9±3.2

 
89.7±18.4
88.0 (61.3–143.9)

 
79 (73.1)
29 (26.9)

 
18 (16.7)
90 (83.3)

 
47 (43.5)
61 (56.5)

 
4.3±2.8
3.6 (1–16)

 
0.013

 
 

0.774
 
 
 

0.935
0.000

 
 

0.000
 
 

0.169
 
 

0.361
 
 

0.151
 
 

Values are presented as number (%) unless otherwise indicated.
CKD, chronic kidney disease; SD, standard deviation; GFR, glomerular filtration rate; RN, radical nephrectomy; PN, partial 
nephrectomy.

for the development of CKD [8], others have reported that 
male gender and older age, and not diabetes mellitus, are 
prognostic factors [9]. 

Knowing these predictive factors may help us to choose 
the proper surgical procedure in patients considering 
treatment for renal tumors. Thus, in the present study, we 
investigated the predictive factors associated with the de-
velopment of CKD in patients undergoing PN or RN for the 
treatment of renal tumors. 

MATERIALS AND METHODS

From 2003 to 2010, we retrospectively reviewed the medi-
cal records of 135 patients with renal cell carcinoma who 
underwent open surgical procedures. Clinical data includ-
ing age, gender, body mass index (BMI), estimated GFR 
(eGFR), type of surgical procedure, renal tumor size, his-
tory of diabetes mellitus, and history of hypertension were 
obtained. After excluding 27 patients (20.0%) with pre-
operative CKD, data from 108 patients, including 29 pa-
tients who underwent PN, were analyzed. The eGFR 
(mL/min per 1.73 m2) was calculated by using the abbre-
viated four-variable modification of diet in renal disease 
(MDRD) study equation: GFR=186.3×(Pcr)–1.154×(age)–
0.203×(0.742 if female)×(1.210 if black) [10].

CKD was defined as eGFR less than 60 mL/min per 1.73 
m2 according to CKD stage 3 (moderate decrease of GFR: 

30–59 mL/min per 1.73 m2) [11]. The eGFR was measured 
every 6 months until 3 years postoperatively. 

Because preoperative eGFR was a qualitative variable 
as well as a categorical variable, by explicating an ordinal 
scale, we transformed the preoperative eGFR scale into a 
quantitative variable by expressing the values as 1, 2, and 
3. When the preoperative eGFR value increased by one unit 
(i.e., 60–69 or 70–79 or ≥80), the odds ratio of postoperative 
eGFR＜60 compared with eGFR≥60 was 0.192.

Age was analyzed as less than 60 years versus 60 years 
or greater according to the National Kidney Foundation 
Practice Guidelines for Chronic Kidney Disease [12].

The chi-square and Student t-tests were used for com-
parative analysis, and multivariate regression analysis 
was used for the variables associated with the development 
of postoperative CKD. All statistical analysis was done by 
using IBM SPSS ver. 19.0 (IBM Co., Armonk, NY, USA), 
and differences were considered statistically significant 
when the p-value was ＜0.05.

RESULTS

The patients’ median age was 62.5 years, and 71 patients 
(65.7%) were men. The mean preoperative eGFR was 
89.7±18.4 mL/min per 1.73 m2. Of the 108 patients without 
preoperative CKD, CKD developed in 43 (39.8%).

In the analysis of clinical factors between patients with 
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TABLE 2. Multivariate multiple logistic regression analysis for predicting chronic kidney disease

Variable
Multivariate

Odds ratio 95% CI p–value

Gender (female/male)
Age (≥60/＜60)
Diabetes mellitus (yes/no)
Hypertension (yes/no)
Body mass index
Preoperative GFR (60–69/70–79/≥80)
Type of operation (partial/radical)

0.642
1.318
1.202
0.833
1.055
0.192
0.074

0.212–2.066
0.450–4.541
0.235–5.860
0.237–2.745
0.864–1.270
0.072–0.501
0.013–0.385

0.474
0.539
0.814
0.762
0.577

 0.001a

 0.002a

CI, confidence interval; GFR, glomerular filtration rate.
a:Statistically significant with p＜0.05.

and those without CKD development, gender, BMI, dia-
betes mellitus, hypertension, and tumor size were not sig-
nificant clinical factors. Statistical significance for CKD 
development was found in patients aged 60 years or older 
(p=0.013), in patients with decreased preoperative eGFR 
(p＜0.001), and in the RN group (p＜0.001) (Table 1). In the 
multivariate analysis, decreased preoperative eGFR 
(p=0.001) and RN group (p=0.002) were significant in-
dependent predictors (Table 2).

DISCUSSION

The development of CKD after curative renal surgery has 
been known to be associated with an increased risk of car-
diovascular events, hospitalization, and death [4]. In con-
trast with patients participating in donor nephrectomy 
procedures, patients with renal tumors are generally older 
and have significant comorbidities, such as obesity, dia-
betes mellitus, and hypertension [13,14]. Because these 
factors can influence renal function outcomes post-
operatively, the surgical procedure for renal tumors should 
be chosen by taking these factors into account. Currently, 
with consideration of oncological and functional outcomes, 
PN is viewed as a standard surgery for small renal tumors 
sized 4 cm or less. This means that PN contributes to longer 
patient survival compared with RN. Recent reports have 
shown that PN for renal tumors sized 4 to 7 cm (T1b) has 
oncological outcomes equivalent to those of RN [15,16].

Regarding the development of postoperative CKD, our 
results also showed that nephron-sparing surgery was su-
perior to RN. The incidence of CKD in our study was 36.1% 
in the RN group and 3.8% in the PN group. This is higher 
than the rates reported in other series of 9% to 22.4% in the 
RN group and 0% to 11.6% in the PN group. This difference 
may be associated with postoperative renal insufficiency 
defined by serum creatinine values＞2 mg/dL in previous 
studies. However, findings similar to ours were reported 
in several studies that used the MDRD formula. Barlow et 
al. [17] reported new-onset renal insufficiency at ≥3 
months after surgery in 95 of 133 patients (71.4%) who un-
derwent RN and in 13 of 76 patients (17.1%) who under-
went PN with a preoperative GFR of ＞60 mL/min/1.73 m2. 

In Huang et al. [18]’s study, the incidence of CKD in pa-
tients who underwent RN or PN was 69.7% and 17.4%, re-
spectively, and in Lucas et al. [19]’s study it was 60.1% for 
RN and 29.3% for PN at the 3-year follow-up, respectively.

In patients with normal renal function who undergo 
nephrectomy, the use of serum creatinine remains a some-
what imprecise means of determining renal function [20]. 
There are reports that approximately 25% of patients with 
a normal serum creatinine level have at least moderate 
CKD, which means a GFR less than 60 mL/min per 1.73 m2 
[18]. The eGFR has been shown to reflect renal function 
more accurately than does serum creatinine, and the ab-
breviated MDRD formula has been used in several other 
reports [18,19]. Recent evidence suggests that this formula 
accurately predicts eGFR in CKD and underestimates 
GFR by approximately 9 mL/min per 1.73 m2 in kidney do-
nors [20]. Particularly because of the difficulty of perform-
ing renal scans in all patients, the MDRD formula is the 
best available method for estimating renal function in pa-
tients undergoing nephrectomy.

In our study, we used the four-variable MDRD formula, 
which has been shown to be more precise than the 
Cockcroft-Gault equation [17], and 20.0% of our patients 
had a GFR of ＜60 mL/min per 1.73 m2 before surgery. This 
result is compatible with previous reports in which 10.6% 
to 29.9% of patients with renal tumors had CKD with GFR 
less than 60 mL/min per 1.73 m2 [8,17-19,21].

There are reports that age, diabetes mellitus, hyper-
tension, tumor size, and preoperative renal function could 
be predictive factors for the development of postoperative 
renal insufficiency. But, whereas Jeon et al. [8] reported 
that older age and diabetes are prognostic factors for the 
development of CKD, Lane et al. [9] reported that male gen-
der and older age are prognostic factors. Our results 
showed that diabetes and male gender were not prognostic 
factors; in our study, only preoperative eGFR by use of the 
four-variable MDRD formula was associated with the de-
velopment of CKD in the multivariate regression analysis.

Our study had some limitations. The patients were ana-
lyzed retrospectively and were from a single institution 
and the sample size was not large. However, to investigate 
predictive factors associated with the development of CKD 
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in patients with renal cell carcinoma, we performed eGFR 
measurements by use of the four-variable MDRD formula 
within 3 years of surgery in the vast majority of our 
patients. In the future, to reduce the selection bias on the 
observed functional outcomes between patients treated 
with PN and those treated with RN, a prospective study 
may be needed with a larger sample size and a longer fol-
low-up.

CONCLUSIONS

The results of our study show that decreased preoperative 
renal function and RN were significant independent pre-
dictors of CKD in patients undergoing curative surgery for 
renal cell carcinoma. In patients who have a relatively de-
creased preoperative eGFR, especially when estimated by 
use of the MDRD formula, nephron-sparing surgery should 
be considered for the treatment of small renal tumors.
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