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were significant factors for predicting postoperative eGFR 
(p  <  0.001, p =  0.02, and p =  0.046, respectively). The 
estimated postoperative eGFRs correlated well with the 
actual postoperative eGFRs (r = 0.65, p < 0.001).
Conclusions  Preoperative eGFR, age, and TSF were inde-
pendent preoperative factors for determining postopera-
tive renal function in patients who had undergone RC and 
intestinal urinary diversion. These results may be used for 
patient counseling before surgery, including the planning of 
perioperative chemotherapy administration.

Keywords  Bladder cancer · Radical cystectomy · Renal 
function · CKD-EPI · Subcutaneous fat tissue

Introduction

Radical cystectomy (RC) and pelvic lymph node dissec-
tion remain the gold standard of care for muscle-invasive 
or recurrent high-grade non-muscle-invasive bladder can-
cer and provide excellent local control and survival bene-
fits [1]. However, despite radical treatment, the prognosis 
for patients with non-organ-confined or lymph node-pos-
itive bladder cancer remains insufficient, with a 5-year 
recurrence-free survival rate <50% [2]. Growing evi-
dence supports a greater survival benefit associated with 
cisplatin-based systemic chemotherapy, including that in 
the neoadjuvant and adjuvant setting [3–6], and several 
clinical guidelines recommend the consideration of perio-
perative systemic chemotherapy for patients with clinical 
muscle-invasive or pathological non-organ-confined and/
or lymph node-positive bladder cancer [1, 7]. However, 
recent data suggest limited use of perioperative systemic 
chemotherapy [8], and the persistence of variation in the 
use of perioperative chemotherapy between centers or 

Abstract 
Purpose  To identify preoperative factors correlated with 
postoperative early renal function in patients who had 
undergone radical cystectomy (RC) and intestinal urinary 
diversion.
Methods  We retrospectively identified 201 consecutive 
bladder cancer patients without distant metastasis who had 
undergone RC at our institution between 2003 and 2012. 
The estimated glomerular filtration rate (eGFR) was cal-
culated using the modified Chronic Kidney Disease Epide-
miology equation before RC and 3 months following RC. 
Univariate and stepwise multiple linear regression analyses 
were applied to estimate postoperative renal function and to 
identify significant preoperative predictors of postoperative 
renal function.
Results  Patients who had undergone intestinal urinary 
diversion and were available for the collection of follow-up 
data (n = 164) were eligible for the present study. Median 
preoperative and postoperative eGFRs were 69.7 (inter-
quartile range [IQR] 56.3–78.0) and 70.7 (IQR 57.3–78.1), 
respectively. In univariate analyses, age, preoperative pro-
teinuria, thickness of abdominal subcutaneous fat tissue 
(TSF), preoperative serum creatinine level, preoperative 
eGFR, and urinary diversion type were significantly associ-
ated with postoperative eGFR. In a stepwise multiple lin-
ear regression analysis, preoperative eGFR, age, and TSF 
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physicians [9, 10]. Although a survival benefit has been 
demonstrated, especially for neoadjuvant chemotherapy 
(NAC), some favor the use of adjuvant chemotherapy 
(AC). This may be because of the potential advantage of 
knowing the exact postoperative pathological staging or 
lymph node status while considering AC, as NAC may 
represent a potential overtreatment for organ-confined 
disease, concerns that NAC may delay definitive surgical 
treatment and may increase perioperative complications, 
and patients’ preferences. However, as a proportion of 
patients experience compromised renal function during 
the early perioperative periods following RC [11, 12], 
some may miss the chance to receive AC when needed. 
The ability to predict postoperative renal function preop-
eratively would allow for the identification of those whose 
renal function is likely to decrease or increase following 
RC, facilitating the discussion with patients regarding 
the best timing for perioperative systemic chemotherapy 
administration.

Post-cystectomy early renal function is determined 
by several patient-related and exogenous factors, includ-
ing patient age, inherent comorbidities (diabetes mellitus 
[DM], hypertension [HT], preoperative kidney disease, 
etc.), presence of preoperative hydronephrosis, and perio-
perative blood loss or transfusion. However, limited data 
exist regarding potential preoperative factors that may be 
predictive of postoperative renal function following RC. 
Moreover, previous researches have failed to include pos-
sible preoperative factors such as hematological and meta-
bolic parameters that may be associated with postoperative 
renal function [11, 12].

In the current study, several potential preoperative fac-
tors associated with early postoperative renal function 
in patients who had undergone RC and intestinal urinary 
diversion were investigated. Additionally, the develop-
ment of a nomogram using preoperative factors to predict 
postoperative renal function was attempted, because to our 
knowledge, no such predictive nomogram for postoperative 
renal function following RC in patients with bladder cancer 
has been described.

Materials and methods

Patient selection

The institutional review board approved this retrospective 
study and issued a waiver of informed consent. Consecu-
tive bladder cancer patients who had undergone RC at our 
university hospital from May 2003 to May 2012 (n = 201) 
were reviewed. The indications for RC included muscle-
invasive or high-grade T1 bladder cancer without evidence 
of distant metastasis. We excluded patients with performed 

ureterocutaneous urinary diversion (n  =  6), without uri-
nary diversion due to dialysis (n = 4), performed preopera-
tive intervention (percutaneous nephrostomy) for ureteral 
obstruction (n  =  2), patients whose urine analysis data 
were unavailable (n = 3), or patients with unavailable pre-
operative computed tomography (CT) or magnetic reso-
nance imaging (MRI) scans due to procedures conducted 
outside our hospital (n = 6). We also excluded patients for 
whom postoperative follow-up, including blood examina-
tion at 3  months after surgery, was not conducted at our 
institution (n = 16). The final patient population consisted 
of 164 patients, none of whom received NAC during the 
study period.

Data analyzed and statistical methods

The preoperative factors analyzed were age at RC, gender, 
smoking history, concomitant comorbidity (DM and HT), 
preoperative proteinuria, body mass index (BMI), thick-
ness of abdominal subcutaneous fat tissue (TSF), presence 
of hydronephrosis, level of hemoglobin, preoperative renal 
function, and type of urinary diversion (ileal conduit or 
ileal neobladder). The estimated glomerular filtration rate 
(eGFR), a proxy for renal function, was calculated using 
the modified Chronic Kidney Disease Epidemiology (CKD-
EPI) equation as follows: eGFR  =  141  ×  min(SCr/κ, 
1)α  ×  max(SCr/κ, 1)−1.209  ×  0.993Age  ×  1.018 [if 
female] × 0.813 [if Japanese], where SCr is serum creati-
nine, κ is 0.7 for females and 0.9 for males, α is −0.329 for 
females and −0.411 for males, min indicates the minimum 
of SCr/κ or 1, and max indicates the maximum of SCr/κ 
or 1 [13, 14]. Preoperative and postoperative eGFRs were 
calculated just before RC and 3 months after surgery. If AC 
was performed within 3 months following RC, renal func-
tion just before AC was used. All patients underwent urine 
analysis at the time of admission for RC at our institution, 
and preoperative proteinuria was determined as urine con-
taining >30 mg/dL of protein. TSF was evaluated preopera-
tively using CT or MRI at a location just below the umbili-
cus, as described in a previous report [15].

The interquartile ranges (IQRs) for each continuous 
variable were summarized, as were the percentages for 
categorical variables. Correlation between variables was 
analyzed using the Mann–Whitney rank sum test or the 
Fisher’s exact test. Simple regression analysis was used to 
evaluate the correlation between the continuous variables 
and to investigate the relationship between preoperative 
variables and postoperative eGFRs 3 months after surgery. 
Multiple linear regression analyses with a forward stepwise 
selection procedure were performed to identify significant 
preoperative predictors of postoperative eGFRs and to 
estimate postoperative eGFRs. All probabilities were two-
sided, and a p value of <0.05 was considered significant. 
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All analyses were performed using STATA 12 (Stat Corp., 
College Station, TX, USA).

Results

Patient demographic information and clinical character-
istics are presented in Table  1. Overall, RC and intesti-
nal urinary diversion had a minimal effect on the change 
between the absolute values of the preoperative and post-
operative eGFRs, which were 69.7 (IQR 56.3–78.0) and 
70.7 (IQR 57.3–78.1), respectively. The preoperative and 
postoperative eGFRs correlated significantly (p  <  0.001). 
Of the 164 patients, postoperative eGFRs decreased in 66 
(40%: median change; 10.65 mL/min/1.73 m2, range 0.48–
56.39), increased in 92 (56%: median change; 8.77  mL/

min/1.73  m2, range 0.46–61.72), and remained stable in 
6 (4%) patients in comparison with that for preoperative 
eGFRs. In univariate regression analyses, age, preoperative 
proteinuria, TSF, preoperative serum creatinine level, pre-
operative eGFR, and urinary diversion types were signifi-
cantly associated with postoperative eGFRs (Table 2). Age 
correlated significantly with smoking history (p = 0.001), 
HT (p  =  0.041), hemoglobin level (p  =  0.001), preop-
erative eGFR (p  <  0.001), and urinary diversion type 
(p  <  0.001). Preoperative eGFR correlated significantly 
with presence of hydronephrosis (p  =  0.01), preopera-
tive creatinine level (p  <  0.001), and urinary diversion 
type (p  <  0.001). In a stepwise multiple linear regression 
analysis, preoperative eGFR, age, and TSF were signifi-
cant factors in predicting postoperative eGFRs (p < 0.001, 
p = 0.02, and p = 0.046, respectively; Table 3). The pre-
dictive equation for postoperative renal function was as fol-
lows: predicted postoperative eGFR = a1 + a2 × preop-
erative eGFR − a3 × Age − a4 × TSF. The values of a1, 
a2, a3, and a4 were 52.7, 0.57, 0.27, and 0.27, respectively. 
The adjusted R-square for this multivariate model was 
0.43. The predicted postoperative eGFRs were well corre-
lated with the actual postoperative eGFRs (Fig. 1, r = 0.65, 
p < 0.001). We also created a nomogram to predict postop-
erative eGFR using three independent factors on multivari-
ate regression analysis (Fig. 2). To use the nomogram, the 
patient’s value must first be located on each predictor varia-
ble scale. Each value has corresponding “Points” (top axis). 
For example, a preoperative eGFR of 70 mL/min/1.73 m2 
is equivalent to approximately 40 points. This is deter-
mined by comparing the location of 70  mL/min/1.73 m2 
value on the “Preoperative eGFR” axis to the correspond-
ing “Points” scale above and then drawing a vertical line 
between the two axes. The point values for all predictor 
variables were determined in a similar manner and summed 
to arrive at a “Total Points” value. This value is then plotted 
on the “Total Points” axis, which is a vertical line drawn 
from the “Total Points” axis to the “Postoperative eGFR” 
axis and indicates the patient’s predictive postoperative 
eGFR value.

Discussion

In the present study, determinants of postoperative renal 
function were found to be multifactorial. Although a host 
of potential confounding factors may have correlated with 
renal function, study results confirmed that preoperative 
eGFR, age, and TSF were significant preoperative deter-
minants of postoperative renal function 3 months after RC 
and intestinal urinary diversion. It should be noted that 
changes in renal function were not uniform across patients. 
For example, renal function decreased in 40%, increased 

Table 1   Patient characteristics

IQR interquartile range, HT hypertension, DM diabetes mellitus, BMI 
body mass index, TSF thickness of subcutaneous fat, eGFR estimated 
glomerular filtration rate, CKD-EPI Chronic Kidney Disease Epide-
miology

Variable

Age, years, median (IQR) 71 (62–75)

Gender, n (%)

 Male 134 (82)

 Female 30 (18)

Smoking history, n (%)

 No 82 (50)

 Yes 82 (50)

HT, n (%)

 No 89 (54)

 Yes 75 (46)

DM, n (%)

 No 138 (84)

 Yes 26 (16)

Preoperative proteinuria, n (%)

 No 81 (49)

 Yes 83 (51)

BMI, kg/m2/median (IQR) 22.6 (20.6–25.4)

TSF, mm, median (IQR) 17.5 (12.0–22.5)

Preoperative hydronephrosis, n (%)

 No 130 (79)

 Yes 34 (21)

Hemoglobin level, mg/dL, median (IQR) 12.9 (12.0–14.1)

Serum creatinine, mg/dL, median (IQR) 0.85 (0.72–1.02)

eGFR (modified CKD-EPI), mL/min, median 
(IQR)

69.7 (56.3–78.0)

Urinary diversion, n (%)

 Ileal conduit 99 (60)

 Continent (e.g., Studer’s ileal neobladder) 65 (40)
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in 56%, and showed highly variable change ranges across 
patients.

The significance of age on perioperative renal function 
changes after RC has been reported in prior studies [11, 
12]. Thompson et  al. [12] investigated the factors corre-
lated with GFR changes in patients with bladder cancer 
who were treated with RC without NAC. In multivariable 
analyses, they found that older age (p < 0.001), higher pre-
operative GFR (p < 0.001), and continent urinary diversion 
(p = 0.011) significantly associated with a negative change 
in GFR after RC [12]. Canter et al. [11] found that 33–41% 
of patients with bladder cancer before RC and 29–40% 
of patients after RC were not eligible for cisplatin-based 
chemotherapy based on their GFR values. They reported 
that age at surgery and preoperative renal function were 
significant preoperative factors associated with postop-
erative renal function on multivariate regression analysis. 
The results from the current study are in good agreement 
with those of these previous studies, in that age and preop-
erative eGFRs associated significantly with postoperative 
renal function on both univariate and multivariate analyses. 

Table 2   Results of univariate 
simple regression analyses

HT hypertension, DM diabetes mellitus, BMI body mass index, TSF thickness of subcutaneous fat, eGFR 
estimated glomerular filtration rate, B unstandardized coefficients, SE standard error, CI confidence interval

Covariate Simple regression  
p value

B SE 95% CI

Age (continuously coded) <0.001 −0.66 0.13 −0.92 to −0.41

Sex (male vs. female) 0.79 −0.94 3.44 −7.74 to 5.86

Smoking history (yes vs. no) 0.36 2.45 2.66 −2.8 to 7.69

HT (yes vs. no) 0.067 −4.88 2.65 −10.1 to 0.34

DM (yes vs. no) 0.068 −6.63 3.61 −13.8 to 0.5

Preoperative proteinuria (yes vs. no) 0.031 −5.7 2.63 −10.9 to −0.51

BMI (continuously coded) 0.12 −0.64 0.41 −1.45 to 0.17

TSF (continuously coded) 0.014 −0.43 0.17 −0.77 to −0.09

Preoperative hydronephrosis (yes vs. no) 0.63 1.58 3.28 −4.9 to 8.06

Hemoglobin level (continuously coded) 0.18 0.96 0.72 −0.46 to 2.38

Serum creatinine (continuously coded) <0.001 −25.5 3.19 −31.8 to −19.2

Preoperative eGFR (continuously coded) <0.001 0.65 0.06 0.53–0.77

Urinary diversion (ileal conduit vs.  
continent)

0.048 5.36 2.69 0.05–10.7

Table 3   Results of multivariate 
regression analyses with a 
forward stepwise procedure

TSF thickness of subcutaneous fat, eGFR estimated glomerular filtration rate, B unstandardized coeffi-
cients, SE standard error, CI confidence interval

Covariate Stepwise multiple  
regression p value

B SE 95% CI

Age (continuously coded) 0.02 −0.27 0.11 −0.48 to −0.03

TSF (continuously coded) 0.046 −0.27 0.13 −0.54 to −0.01

Preoperative eGFR (continuously 
coded)

<0.001 0.57 0.07 0.45–0.72

y = 0.9978x - 0.1019
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Fig. 1   Scatter plot showing the relationship between actual and esti-
mated postoperative eGFRs 3  months after radical cystectomy and 
intestinal urinary diversion in 164 patients with bladder cancer. The 
solid line indicates the trend line
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In addition, we found that age significantly correlated 
with smoking history, HT, hemoglobin level, preoperative 
eGFR, and urinary diversion type in our cohort. Further-
more, TSF was also confirmed as a significant determinant 
of postoperative renal function in multivariate analyses. 
These results suggest that a more comprehensive assess-
ment of renal function may assist in clarifying the patho-
physiology underlying the change between pre- and post-
RC renal function.

We have thought that preoperative hydronephrosis could 
be one of the potential factors to affect postoperative renal 
function after radical cystectomy (in terms of renal func-
tion recovery) because of release of the ureteral obstruction 
by surgery; however, it was not an independent factor in the 
present study. Indeed, we observed that the renal function 
in patients with preoperative hydronephrosis did not nec-
essarily improve postoperatively. In the 34 patients with 
preoperative hydronephrosis, renal function improved in 
24 patients and did not improve in 10. If we categorize the 
hydronephrosis as unilateral or bilateral, 20 of 29 patients 
with unilateral hydronephrosis and 4 of 5 with bilateral 
hydronephrosis showed increased eGFR postoperatively, 
but this difference was not statistically significant (two-
sided Fisher’s exact p value of >0.05). We think that if 
hydronephrosis develops suddenly and the degree of ure-
teral obstruction is severe, postoperative renal function 
may improve dramatically because damage to the renal 
parenchyma in such cases might be minimal. However, in 
most cases with hydronephrosis due to bladder cancer, ure-
teral obstruction progresses slowly (over several months 
before diagnosis) and irreversible renal damage may have 
occurred in a proportion of the patients. Furthermore, espe-
cially in patients with preoperative unilateral hydronephro-
sis, if the contralateral normal kidney functions well and 
can compensate for the renal function, the overall renal 
function may not be much affected even if the hydrone-
phrosis is released by surgery.

Recent evidence supports correlations between renal 
dysfunction and BMI [16] and central obesity [17]. Oh 

et  al. [18] suggested that central obesity was associated 
with a more rapid decline in renal function in an Asian pop-
ulation. A mechanism relating obesity to renal damage may 
include inflammation, oxidative stress, insulin resistance, 
and pathophysiological alterations. Adipose tissue may 
affect the incidence and progression of chronic kidney dis-
ease (CKD) through the release of inflammatory cytokines 
such as interleukin-6 or tumor necrosis factor-α [19]. In the 
present study, TSF was a significant predictor of postopera-
tive eGFR, as opposed to BMI, on multivariate analysis. 
This finding may suggest that patients with thicker TSF 
may have a decreased renal functional reserve (de novo 
kidney disease) preoperatively and their renal function 
would likely decrease during the early post-RC periods. 
These findings are supported by the results of a previous 
study that demonstrated waist-to-hip ratio, but not BMI, 
was associated with incident CKD [17]. As central obesity 
is reported to be a risk factor for DM [20] and HT [21], 
and these diseases could increase the risk of renal dysfunc-
tion [16], a higher susceptibility to DM or HT among those 
with thicker TSF may explain the significant correlation 
between TSF and perioperative renal function in the pre-
sent study. However, the associations between TSF and HT 
or DM were marginal (p = 0.069 and 0.083, respectively), 
suggesting that adiposity may have direct effects on the 
development of renal damage independent of DM or HT, as 
suggested by Oh et al. [18].

To our knowledge, this is the first study to demonstrate 
that TSF, which may represent obesity, is a significant fac-
tor associated with postoperative renal function following 
RC and intestinal urinary diversion. Although prior studies 
have shown the clinical significance of age and preopera-
tive renal function as factors correlated with postoperative 
renal function [11, 12], those studies did not assess correla-
tions between metabolic factors and renal function in their 
analyses. Findings from the current study provide a more 
detailed profile of perioperative renal function changes 
in patients with bladder cancer who undergo RC and uri-
nary diversion, and may facilitate more comprehensive 

Fig. 2   A nomogram to predict postoperative eGFR using three independent factors on multivariate regression analysis
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discussions between patients and doctors regarding periop-
erative chemotherapy administration prior to RC. However, 
our study had several limitations. The retrospective, single 
institution study design may be associated with unknown 
biases. In addition, the study cohort included Asian patients 
only. Because ethnic differences have been observed in the 
amount and distribution of adipose tissues [22], validation 
studies will be necessary in order to determine whether the 
results of the current study are generalizable to those of 
other races and from different countries.

Conclusion

TSF, as well as preoperative eGFR and age, correlated sig-
nificantly with early postoperative renal function in patients 
with bladder cancer who had undergone RC and intestinal 
urinary diversion. The nomogram developed using these 
variables may be applied preoperatively to predict the post-
operative eGFR value with good accuracy. These findings 
may be beneficial when counseling patients about poten-
tial changes in renal function following RC and decision 
regarding perioperative chemotherapy administration.
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