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The Course of Renal Function After Radical Cystectomy with Ileal
Conduit Diversion for Bladder Cancer
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What’s known on the subject? and What does the study add?
Renal function deterioration is one of the important adverse events related to radical cystectomy with ileal conduit diversion. However,
most of the previous studies have evaluated change in renal function using serum creatinine values. In the present study, we retrospectively
analyzed the yearly changes in the renal function assessed by the estimated glomerular filtration rate, more reliable parameter, in order to
identify potentially modifiable risk factors associated with worsening of the renal function.

Abstract
Objective: We evaluated the course of the renal function and potential risk factors for renal deterioration in patients who had undergone radical
cystectomy with ileal conduit diversion.
Materials and Methods: A retrospective study evaluated 121 patients, including 114 male and 7 female who underwent radical cystectomy with
ileal conduit diversion. Estimated glomerular filtration rate (eGFR) was calculated and postoperative changes in renal function were reviewed. The
clinical variables influencing renal function were evaluated.
Results: The median follow-up period was 35.6 months (range, 12.2 to 139.6 months). The mean eGFR was 78.37±27.58 mL/min/1.73 m2 before
surgery and 90.14±29.68 mL/min/1.73 m2 at 5 years postoperatively. The comparison of preoperative eGFR and the last follow-up eGFR showed
the no statistically significant difference (p=0.195). Statistical analysis showed that development of postoperative urinary tract obstruction and
postoperative urinary tract infection were significant adverse factors (p=0.008, p=0.026, respectively).
Conclusion: Thirty two patients (53.3%) developed renal deterioration during the follow-up period. Development of urinary tract obstruction and
urinary tract infection in the postoperative period were found to be significant adverse factors affecting renal function.
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Öz
Amaç: Bu çalışmada mesane kanseri nedeniyle radikal sistektomi ve ileal kondüit diversiyon uygulanan hastalarda böbrek fonksiyonlarındaki
değişiklik ve böbrek fonksiyon kaybı için potansiyel risk faktörleri değerlendirildi.
Gereç ve Yöntem: Retrospektif çalışmada radikal sistektomi ve ileal kondüit diversiyon yapılan 114 erkek ve 7 kadın, 121 hasta değerlendirildi.
Tahmini glomerüler filtrasyon hızı (eGFR) hesaplandı ve postoperatif böbrek fonksiyon değişiklikleri gözden geçirildi. Böbrek fonksiyonlarını etkileyen
klinik değişkenler değerlendirildi.
Bulgular: Medyan izlem süresi 35,6 ay (dağılım 12,2-139,6 ay) idi. Ortalama eGFR, ameliyat öncesi 78,37±27,58 mL/dakika/1,73 m2 ve ameliyat
sonrası 5. yılda 90,14±29,68 mL/dakika/1,73 m2 idi. Ameliyat öncesi eGFR ile son takipteki eGFR k arşılaştırması istatistiksel olarak anlamlı bir fark
göstermedi (p=1,95). İstatistiksel analiz postoperatif üriner sistem tıkanıklığı gelişiminin ve postoperatif üriner sistem enfeksiyonunun anlamlı
olumsuz faktörler olduğunu gösterdi (sırası ile p=0,008, p=0,026).
Sonuç: İzlem süreci boyunca, 32 hastanın (%53,3) böbrek fonksiyonlarında azalma görüldü. Postoperatif üriner sistem tıkanıklığının böbrek
fonksiyonlarını etkileyen önemli bir olumsuz faktör olduğu bulundu.
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Introduction
Radical cystectomy (RC) and urinary diversion are the optimal
treatment for muscle-invasive and high-grade non-muscleinvasive bladder cancer (1,2). Ileal conduit diversion (ICD) and
orthotopic bladder substitution (BS) are two most frequently
used urinary diversions after RC (3). Although BS has recently
become more popular for urinary diversion, ICD is still believed
to be appropriate for urinary diversion in most patients because
of its relative simplicity, acceptable complication rate and
satisfactory postoperative quality of life (4).
Deterioration in renal function is one of the most important
adverse events related to RC and urinary diversion. Several
studies have reported a high incidence of renal impairment
in ICD patients. However, most of the previous studies have
evaluated renal function using serum creatinine values, whereas
estimated glomerular filtration rate (eGFR), in addition to serum
creatinine, is a more accurate parameter for the measurement
of renal function because it takes into account other relevant
factors such as age, race and gender (5).
In the present study, we retrospectively analyzed the year-byyear changes in the renal function assessed by eGFR in order
to identify potentially modifiable risk factors associated with
worsening of the renal function in patients with primary bladder
cancer who underwent RC with ICD.

Materials and Methods
A total of 121 (114 male and 7 female) patients, who had
undergone RC with ICD for primary bladder cancer between
March 2001 and July 2017, were identified. In this period,
patients with RC and BS for bladder cancer were not included in
the study because there were only 2 patients. The patient’s desire
and the surgeon’s preference are major determinants for choice
of urinary diversion methods. Cases of non-primary bladder
cancer (direct extension of adenocarcinoma of the rectum in
1 patient), non-urothelial bladder cancers (carcinosarcoma in
1 patient and fibrosarcoma in 1 patient) and non-malignant
bladder conditions (emphysematous cystitis in 1 patient and
eosinophilic cystitis in 1 patient) were excluded. All data were
obtained in accordance with the privacy protection policy of
our institution. This study was approved by Başkent University
Institutional Review Board (project no: KA16/16) and was
supported by Başkent University Research Fund.
All patients underwent RC using standard techniques through
the open approach. For urinary diversion, an ileal segment 1520 cm long was isolated approximately 25 cm proximal to the
ileocecal valve. The ureters were split and anastomosed to the
proximal end of the ileum using the Wallace technique (6).
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The primary outcome measure of this study was eGFR. Changes in
renal function were examined using eGFR. eGFR was calculated
using the modification of diet in renal disease (MDRD) equation:
GFR (mL/min per 1.73 m2)=186 x (serum creatinine, mg/dL)-1.154
x (age)-0.203 x (0.742 if female) (7,8). Renal deterioration was
defined as a reduction in the eGFR >1 mL/min/1.73 m2 annually
after RC. This definition, consistent with previous studies, is
based on the fact that physiologic age-related GFR decreases 1
mL/min/1.73 m2 per year (9,10).
Evaluated clinical variables that might influence renal function
included age, gender, pathological tumor-node-metastasis
stage, a prior history of hypertension or diabetes mellitus and
renal function status, American Society of Anesthesiologists
class risk, anatomical or functional solitary kidney, presence
of preoperative urinary tract dilatation, postoperative febrile
urinary tract infection, development of postoperative urinary
tract obstruction, and presence of systemic chemotherapy.
Patients with systolic blood pressure >140 mmHg and/or diastolic
blood pressure >90 mmHg were regarded as hypertensive,
patients with diabetes mellitus were defined as those who met
the relevant diagnostic criteria and required glycemic control.
Febrile urinary tract infection was defined as a febrile episode
(>38 °C axillary) with a positive urine culture (bacteriuria of
>105/mL colony-forming units) in the absence of another
indication for the cause of fever (1). Dilation encountered during
upper tract imaging in patients with or without documentation
of ureteroenteric or stomal obstruction was accepted as urinary
tract obstruction (2). Solitary functioning kidney was defined as
the presence of a contralateral non-functional kidney (uptake
<10% in dimercaptosuccinic acid scan) (11). The renal function
status of patients was determined according to the Kidney
Disease Outcomes Quality Initiative (KDOQI) guidelines. KDOQI
guidelines stratify chronic kidney disease (CKD) into five stages
according to eGFR level (Table 1) (12).
Statistical Analysis
Statistical analyses were performed using the statistical
package SPSS version 24.0 (SPSS Inc., Chicago, IL, USA). For each
continuous variable, normality was checked by the KolmogorovTable 1. Stages of chronic kidney disease
Stage

Description

GFR (mL/
min/1.73 m2)

1

Kidney damage with normal or GFR

≥90

2

Kidney damage with mild GFR

60-89

3

Moderate GFR

30-59

4

Severe GFR

15-29

5

Kidney failure

<15 or dialysis

GFR: Glomerular filtration rate
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Smirnov test, Shapiro-Wilk test and histograms. The categorical
variables between the groups were analyzed using a chi-square
test or Fisher’s exact test. A p value of less than 0.05 was
considered statistically significant.

Results
The mean age of the patients was 62.03±7.37 years. The median
follow-up period after RC with ICD for patients alive at the last
visit was 35.6 months (range, 12.2 to 139.6 months). Table 2
summarizes the characteristics of the 121 patients included in
this study. The overall survival rate was 43.2% (35/81) at 5 years.
Forty patients who were lost-to-follow-up were excluded from
the overall survival assessment.

had increased from 77.43 mL/min/1.73 m2 to 79.2 mL/min/1.73
m2. The change in eGFR was statistically insignificant.
The patients were evaluated with the CKD classification; in 14
(23.3%) patients, CKD stage was found to be worsened (Table 3).
Moreover, preoperative and postoperative CKD stage was similar
(p=0.80).
Statistical analysis showed that the development of
postoperative urinary tract obstruction and postoperative
urinary tract infection were significant adverse factors for

Figure 1 shows the median eGFR course. A decrease in eGFR was
documented in 32 of 60 patients (53.3%) who could be followed
at least one year. At 5 years postoperatively, the median eGFR
Table 2. Patient characteristics
Characteristic

n (%)

Gender
Female
Male

7 (5.8)
114 (94.2)

Comorbidity
Hypertension
Diabetes mellitus
Preoperative hydronephrosis
Solitary kidney

27 (22.3)
16 (13.2)
35 (28.9)
14 (11.6)

pTNM stage
Tcis
Ta
T0
T1
T2
T3
T4

7 (5.8)
1 (0.8)
13 (10.7)
10 (8.3)
28 (23.1)
28 (23.1)
34 (28.1)

CKD stage
1
2
3
4
5

41 (33.9)
48 (39.7)
27 (22.3)
2 (1.7)
3 (2.5)

ASA class
1
2
3
4

7 (5.8)
74 (61.2)
39 (32.2)
1 (0.8)

pTNM: Pathological tumor-node-metastasis, CKD: Chronic kidney disease, ASA:
American Society of Anesthesiologists, Tcis: Carcinoma in situ

Baseline

1st Year

2rd 3rd

4th

5th

No. pts with RF
deterioration

0

32

18 13

7

7

No.
pts evaluated

121

60

38 25

19

17

Figure 1. Change in median estimated glomerular filtration rate after radical
cystectomy with ileal conduit diversion across the postoperative period
eGFR: Estimated glomerular filtration rate, RF: Renal function, Pts: Patients

Table 3. Postoperative course of renal function according to
chronic kidney disease stage
CKD stage

Preoperative
n (%)

Postop alteration
of renal function
(n)

Last follow-up
n (%)

1

41 (33.9)

Worsening: 7
To stage 2: 5
To stage 3: 2

16 (26.7)

2

48 (39.7)

Worsening: 7
To stage 3: 6
To stage 4: 1
Improvement: 1
To stage 1: 1

30 (50)

3

27 (22.3)

Improvement: 4
To stage 1: 1
To stage 2: 3

13 (21.7)

4

2 (1.7)

-

1 (1.6)

5

3 (2.5)

-

-

CKD: Chronic kidney disease
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Table 5. Location and management of urinary tract dilatation
Side

Treatment

n

Left

Right

Bilateral

Ntp

Nux

Nux +
Uc

Ntp +
SWL

Follow-up

Lost-to
follow-up

Stricture

8

4

1

3

7

-

-

-

1

-

Tumor

4

1

-

3

1

1

1

-

-

1

Compression

1

-

1

-

1

-

-

-

-

-

Stone

1

1

-

-

-

-

-

1

-

-

No cause

7

4

-

3

1

2

-

-

4

-

Ntp: Nephrostomy tube placement, Nux: Nephroureterectomy, Uc: Ureterocutaneostomy (contralateral), SWL: Shock wave lithotripsy

deterioration of kidney function. The other risk factors did not
affect the renal function outcomes (Table 4).
Of the 21 (17.3%) patients with postoperative urinary tract
dilatation, 8 (38.1%) had ureteroileal stricture, 4 (19%) had
ureteral recurrence, 1 (4.8%) ureteral compression secondary to
a metastatic lymph node, and 1 (4.8%) had ureteral stone. For 7
patients (33.3%), no cause for the upper urinary tract dilatation
was found. The location and approach towards urinary tract
dilatation are summarized in Table 5.

Discussion
Renal function is one of the most important points to be
assessed after RC and urinary diversion and, protection of the
renal function is an essential goal after RC and urinary diversion.
In the literature, there is no consensus on how to assess renal
function after RC. GFR is widely accepted as the best marker
of renal function (13). Although urinary inulin clearance is
considered the gold standard measurement for GFR, the use
of inulin is expensive, invasive, complex and has limited use
in routine clinical settings (14,15,16). The creatinine-based
eGFR equations are alternative non-invasive methods for easily
assessing renal function because of their simplicity (16,17,18).
The MDRD equation is one of these equations and has gained
widespread acceptance (17). Serum creatinine measurement,
intravenous urography and radioisotope renography also have
been used to evaluate renal function (1,3,16,19,20,21). Serum
creatinine is the most commonly used biochemical marker
of renal function, but is not a sensitive marker to assess
deterioration of renal function (3,18,22). This marker is affected
by numerous factors such as age, gender, race, hydration level
and muscle mass (2,23).
Definition of renal deterioration is also unclear. When we look
at the small number of studies available in the literature which
have used eGFR, we see that there are different definitions such
as CKD stage changes, 25% decline in eGFR from baseline and
a decrease in eGFR by >1 mL/min/1.73 m2 per year (1,2,3,24). In
this study, we used the eGFR and annual change in eGFR.
24

Our study shows that 53.3% of patients who underwent RC with
ICD experienced renal deterioration during the follow-up period.
However, the changes in renal function were not statistically
significant. In a study by Osawa et al. (1), the renal deterioration
rate was 29% in 25 patients who underwent RC with ICD for
bladder cancer. In the report by Osawa et al. (1), the definition
of renal deterioration was described as a >25% decrease in eGFR
compared to the preoperative renal function. However, in our
study, we described renal deterioration as any decrease from the
expected GFR. Thus, this difference may explain why this ratio is
lower than ours (29% vs 53.3%). Jin et al. (3) reported that 36%
of 50 patients (42 of them had bladder cancer), who underwent
RC with ICD, experienced renal function decline in a followup period of more than 10 years. In this study, deterioration
in renal function was defined as a decrease in GFR by >10 mL/
min/1.73 m2 in 10 years (3). In another study with a followup of 10 years, the rate of renal deterioration in 73 patients,
who underwent RC with ICD for bladder cancer, was reported as
71%. This rate has been reported as 26% in the first year of the
follow-up and 54% in the fifth year of follow-up (2). In a study
by Rouanne et al. (10), these rates were reported as 39.3% and
20.3%, respectively. In our study, renal function deterioration
was seen in 53.3% of patients in the first year and 41.1% of
patients in the fifth year.
Jin et al. (3) reported that 13 of 50 patients (26%) developed
stage 3-5 CKD in more than 10 years after RC with ICD for
bladder cancer. In our study, 9 patients (15%) developed stage
3-5 CKD during the follow-up period. Although we have
detected a worsening in the CKD stage in 23.3% of patients
during the follow-up period, this was not statistically significant.
Considering that the median follow-up in our study was 35.6
months, a longer follow-up period might reveal if worsening of
CKD is time-related.
Urinary diversion-related and -unrelated potential factors
which may affect renal function deterioration include age,
gender, a prior history of hypertension or diabetes mellitus,
preoperative renal function, presence of preoperative urinary
tract dilatation, postoperative febrile urinary tract infection,
development of postoperative urinary tract obstruction, and
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systemic chemotherapy (1,2,3,24,25,26,27). Although the
preoperative and postoperative eGFR values were statistically
insignificant, the development of postoperative urinary tract
obstruction and postoperative urinary tract infection were the
only significant risk factors for renal deterioration.
The pathophysiology of urinary obstruction resulting from
inflammatory process, apoptosis and fibrosis is highly complex
(28). The effect of urinary obstruction on renal function depends
on numerous factors, such as the duration (acute or chronic),
side (unilateral or bilateral) and degree (partial or complete) of
dilatation, contralateral kidney function, age, compliance of
ureter and renal pelvis, pyelolymphatic backflow, presence of
accompanying urinary tract infection and use of nephrotoxic
agents and medications (29). The relief of obstruction for the
improvement or the stabilization of the renal function is almost
universally accepted. However, in practice, it may not be easy
to separate the obstructive dilatation from the non-obstructive
(30).
Ureteroileal anastomosis technique is controversial. Selection
of anastomosis technique is generally based on surgeon’s
preference. Bricker and Wallace remain the two most common
surgical techniques of ureteroenteric anastomosis for ileal
conduit (31). These techniques are proven to be reliable and safe.
In terms of ureteroileal stricture, both techniques provide similar
and acceptable rates (31,32). We cannot make a comparison
because only Wallace technique was used in our study.
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