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Abstract 

Background: Acute kidney injury (AKI) is a common complication after surgery and increases 
costs, morbidity, and mortality of hospitalized patients. While radical cystectomy associates sig-
nificantly with an increased risk of serious complications, including AKI, risk factors of AKI after 
radical cystectomy has not been reported. This study was performed to determine the incidence 
and independent predictors of AKI after radical cystectomy. 
Methods: All consecutive patients who underwent radical cystectomy in 2001–2013 in a single 
tertiary-care center were identified. Their demographics, laboratory values, and intraoperative 
data were recorded. Postoperative AKI was defined and staged according to the Acute Kidney 
Injury Network criteria on the basis of postoperative changes in creatinine levels. Independent 
predictors of AKI were identified by univariate and multivariate logistic regression analyses.  
Results: Of the 238 patients who met the eligibility criteria, 91 (38.2%) developed AKI. Univariate 
logistic regression analyses showed that male gender, high serum uric acid level, and long operation 
time associated with the development of AKI. On multivariate logistic regression analysis, pre-
operative serum uric acid concentration (odds ratio [OR] = 1.251; 95% confidence interval [CI] = 
1.048–1.493; P = 0.013) and operation time (OR = 1.005; 95% CI = 1.002–1.008; P = 0.003) re-
mained as independent predictors of AKI after radical cystectomy.  
Conclusions: AKI after radical cystectomy was a relatively common complication. Its inde-
pendent risk factors were high preoperative serum uric acid concentration and long operation 
time. These observations can help to prevent AKI after radical cystectomy. 
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Introduction 
Radical cystectomy is a definitive treatment for 

high-grade muscle-invasive bladder cancer. However, 
it associates with significant serious medical (e.g., 
renal insufficiency, cardiovascular complications, 
pulmonary complications, and sepsis), surgical (e.g., 
uretero-intestinal anastomotic stricture and reservoir 
rupture/perforation), metabolic (e.g., metabolic aci-
dosis), and functional (e.g., urinary incontinence and 

chronic retention) complications.[1, 2] These postop-
erative complications could be reduced by improving 
the perioperative management of the patient, thereby 
promoting good patient outcomes after radical cys-
tectomy. 

One of the complications after surgery, including 
radical cystectomy, is acute kidney injury (AKI). AKI 
is characterized by an abrupt and sustained reduction 
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in renal function, and increases the costs, morbidity, 
and mortality of hospitalized patients.[3, 4] When 
defined according to Acute Kidney Injury Network 
(AKIN) criteria (mainly increased serum creatinine 
levels and decreased urine output), the incidence of 
AKI after cardiac surgery is 27.9% and the 5 year 
mortality rate is 26.5%.[5] Since the definitive treat-
ment for postoperative AKI has not been established, 
it is essential to prevent it or detect it early. To im-
prove the preventive management for AKI, a better 
understanding of the risk factors for postoperative 
AKI is needed.  

Little is known about the risk factors that asso-
ciate with AKI after radical cystectomy. Therefore, the 
present study was performed to evaluate the inci-
dence and independent risk factors of AKI after radi-
cal cystectomy. For this purpose, postoperative AKI 
was defined by using AKIN criteria. 

Materials and Methods 
Study population  

A retrospective review of the computerized pa-
tient record system of our hospital was performed to 
identify all consecutive patients who underwent rad-
ical cystectomy at our tertiary-care institution in 
Seoul, Korea between January 1, 2001 and December 
31, 2013. Patients who met the following criteria were 
excluded: age below 20 years and incomplete pre-
operative and postoperative laboratory data missing 
either one of following, C-reactive protein, estimated 
glomerular filtration rate (eGFR), uric acid, and serum 
creatinine. In addition, we excluded patients with 
preoperative end stage renal disease. The demo-
graphic, clinical, and intraoperative and postoperative 
data were collected from the computerized databases. 
The study protocol was approved by our institutional 
review board. 

Anesthetic and surgical technique 
Anesthetic techniques were performed accord-

ing to institutional standards. General anesthesia was 
induced by using a bolus intravenous (IV) injection of 
pentotal sodium (5 mg/kg) or propofol (2 mg/kg). In 
all but 7 patients, the general anesthesia was main-
tained with volatile anesthetics (isoflurane, sevoflu-
rane, or desflurane). The remaining 7 patients were 
maintained with a continuous infusion of propofol 
and remifentanil that was delivered by a target con-
trol infusion pump (Orchestra® Base Prima; Fresenius 
Kabi, Brezins, France). To facilitate orotracheal intu-
bation, all patients received a bolus IV injection of 
0.5–0.8 mg/kg of rocuronium.  

Crystalloid (lactated Ringer’s solution or plas-
malyte) and colloid solution (Voluven®, 6% hydroxy-

ethyl starch 130/0.4) were administered during sur-
gery. Arterial blood pressure during anesthesia was 
maintained at above 65 mmHg of mean arterial pres-
sure or above 90 mmHg of systolic arterial pressure. 
Furosemide was administered intravenously if the 
central venous pressure exceeded 10 mmHg. Packed 
red blood cell transfusion was performed during the 
perioperative period if the hemoglobin concentration 
reached <8 g/dL.  

As described previously,[6] all surgical proce-
dures were performed by experienced surgeons. In all 
cases, the surgeon and the patient chose together 
which type of urinary diversion would be used. All 
patients underwent orthotopic or non-orthotopic 
urinary diversion, except the patient who have the 
presence of absolute contraindications of urinary di-
version.  

Measurements and definitions 
The data that were collected included the de-

mographic data, laboratory values, intraoperative 
data, and postoperative outcomes. Anemia was de-
fined by serum hemoglobin concentration <13.0 g/dL 
in man and <12.0 g/dL in female. Hypertension was 
defined as systolic blood pressure >140 mmHg, dias-
tolic blood pressure >90 mmHg, or medication with 
an anti-hypertensive drug. Heart failure was defined 
as a history of any type of heart failure that was di-
agnosed by a cardiologist with/without medication 
or decreased ejection fraction (<40%). Cerebrovascu-
lar disease was defined as a history of carotid artery 
stent or angioplasty, transient ischemic attack, stroke, 
or cerebral hemorrhagic event. Central venous pres-
sure was evaluated as an average of three values (after 
induction of general anesthesia, at the end of bladder 
excision, and at the end of surgery). Preoperative re-
nal function was defined as the eGFR, which was 
calculated using the Modification of Diet in Renal 
Disease equation II (eGFR = 186 × serum creati-
nine−1.154 × age−0.203 × [0.742 if female] × [1.210 if Afri-
can-American]).[7] 

Postoperative AKI after radical cystectomy was 
defined and staged according to the AKIN criteria on 
the basis of postoperative change in serum creatinine 
levels. Stage I was defined as an increase to ≥0.3 
mg/dL or 150–200% of baseline values. Stage II was 
defined as an increase of 201–300% relative to baseline 
values. Stage III was defined as an increase of >300% 
relative to baseline values, an increase to ≥4.0 mg/dL 
with an acute increase of at least 0.5 mg/dL, or the 
need for renal replacement therapy.[8] The urine 
output criteria of AKIN were not used in the present 
study. Patients who underwent radical cystectomy 
with neobladder reconstruction were received mas-
sive and frequent bladder irrigation (normal saline 
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3–4 L/day), at least, until postoperative 2 weeks. And, 
hourly urine output was not checked for patients 
transferred to general ward postoperatively. Moreo-
ver, intraoperative use of diuretics also can make it 
inconsistent to detect AKI by urine output criteria.[9] 
Thus, the application of urine output criteria is inco-
herent and inaccurate to evaluate postoperative AKI 
in these patients. 

Postoperative outcomes included length of hos-
pital stay and the Clavien–Dindo classification sys-
tem.[10]  

Statistical analysis 
All continuous variables were expressed as mean 

± standard deviation or median with interquartile 
range. Categorical variables were expressed as num-
ber and percentage. To compare the patients with and 
without AKI in terms of demographics and in-
traoperative characteristics, Student’s t-test or the 
Mann–Whitney U test were used for continuous var-
iables, while the Chi-square test or Fisher’s exact test 
were used for categorical variables. To identify inde-
pendent risk factors for AKI after radical cystectomy, 
logistic regression analysis was performed. All factors 
that had a P value <0.05 on univariate logistic regres-
sion analysis were included in a stepwise multivariate 
logistic regression analysis. To summarize the 
strength of the association of each variable with 
postoperative AKI, odds ratios (ORs) with 95% con-
fidence interval (CI) were calculated. To evaluate 
model calibration, the Hosmer–Lemeshow statistic 
was used. All reported P values were two-sided. P 
values <0.05 were considered to indicate statistical 

significance. All data manipulations and statistical 
analyses were performed by using SPSS® Version 21.0 
software.  

Results 
The medical chart review identified 698 patients 

who underwent radical cystectomy during the study 
period. Of these, 460 were excluded because their age 
was below 20 years (n = 20) and they did not per-
formed some laboratory examination such as 
C-reactive protein, eGFR, uric acid, and serum creati-
nine (n = 399). Patients with end stage renal disease 
also excluded (n = 41). The baseline and intraopera-
tive characteristics of the remaining 238 patients are 
summarized in Tables 1 and 2, respectively. Of these, 
91 (38.2%) developed postoperative AKI. They were 
more likely to have higher baseline serum uric acid 
levels than the patients who did not develop postop-
erative AKI (Table 1). Their surgical times were longer 
than the patients without AKI (Table 2).  

In addition, there were no significant differences 
in hematological and biochemical variables such as 
hematocrit, platelet count, albumin, aspartate ami-
notransferase, alanine transaminase, sodium, potas-
sium, and chloride levels between no-AKI and AKI 
groups until postoperative day 2 (data not shown). 
There was no significant difference in median length 
of hospital stay between two groups (P = 0.152). 
Postoperative complications according to the Cla-
vien–Dindo classifications were not significantly dif-
ferent between two groups (P = 0.424). 

Table 1. Baseline demographic and clinical characteristics of 238 patients who underwent radical cystectomy 
 All patients 

(N = 238) 
No–AKI group 
(n = 147) 

AKI group 
(n = 91) 

P value 

Age (yr) 63.8 ± 9.6 63.7 ± 9.4 63.9 ± 10.0 0.902 
Male 201 (84.5%) 118 (80.3%) 83 (91.2%) 0.017 
Body mass index (kg/m2) 24.2 ± 3.15 23.91 ± 2.80 24.41 ± 3.14 0.205 
ASA    0.467 

1 and 2 185 (77.7%) 115 (78.2%) 70 (76.9%)  
3 and 4 53 (22.3%) 32 (21.8%) 21 (23.1%)  

Anemia 121 (50.8%) 75 (51%) 46 (50.5%) 0.525 
Diabetes mellitus 46 (19.3%) 31 (21.1%) 15 (16.5%) 0.242 
Smoking 104 (43.7%) 61 (41.5%) 43 (47.3%) 0.231 
COPD 6 (2.5%) 3 (2.0%) 3 (3.3%) 0.419 
Hypertension 103 (43.3%) 58 (39.5%) 45 (49.5%) 0.084 
Heart failure 2 (0.8%) 1 (0.7%) 1 (1.1%) 0.620 
Cerebrovascular disease 5 (2.1%) 3 (2.0%) 2 (2.2%) 0.634 
Coronary artery disease 10 (4.2%) 6 (4.1%) 4 (4.1%) 0.575 
Hematocrit (%) 38.1 [33.3–41.8] 37.8 [32.5–41.8] 38.3 [33.8–41.8] 0.478 
Creatinine (mg/dL) 1.13 ± 0.88 1.16 ± 1.06 1.08 ± 0.49 0.480 
Bilirubin, total (mg/dL) 0.65 ± 0.32 0.65 ± 0.35 0.65 ± 0.26 0.940 
Albumin (g/dL) 3.82 ± 0.54 3.84 ± 0.56 3.77 ±0.50 0.336 
Uric acid (mg/dL) 5.33 ± 1.60 5.08 ± 1.58 5.73 ± 1.59 0.003 
CRP (mg/dL) 0.28 [0.10–0.73] 0.27 [0.10–0.51] 0.34 [0.10–0.92] 0.017 
eGFR (mL/min/1.73 m2) 57.7 ± 10.8 56.9 ± 11.0 58.9 ± 10.5 0.153 
The data are expressed as mean ± standard deviation, number of patients (%), or median [first-third quartiles]. AKI = acute kidney injury; ASA = American Society of An-
esthesiologist Classification; COPD = chronic obstructive pulmonary disease; CRP = C-reactive protein; eGFR = estimated glomerular filtration rate. 
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Table 2. Intraoperative data of 238 patients who underwent radical cystectomy  

 All patients 
(N = 238) 

No–AKI group 
(n = 147) 

AKI group 
(n = 91) 

P value 

Operation time (min) 451.3 [387.0–501.5] 436.9 [378.0–477.0] 474.4 [414.0–548.0] 0.005 
Crystalloid (mL) 3923.4 ± 1431.6 3900.0 ± 1466.0 3961.2 ± 1381.4 0.749 
Colloid (mL) 810.7 ± 393.6 800.3 ± 367.6 827.5 ± 434.0 0.605 
CVP (mmHg)* 7.2 ± 2.4 7.3 ± 2.4 7.0 ± 2.4 0.251 
RBC transfused (U) 2.6 ± 2.3 2.7 ± 2.3 2.3 ± 2.2 0.116 
Use of FFP 18 (7.6%) 11 (7.5%) 7 (7.7%) 0.570 
Use of platelet concentrates 3 (1.3%) 2 (1.4%) 1 (1.1%) 0.674 
Use of diuretics 12 (5.0%) 7 (4.8%) 5 (5.5%) 0.512 
The data are expressed as mean ± standard deviation, number of patients (%), or median [first-third quartiles]. *Central venous pressure was evaluated as the average of 
three values (after induction of general anesthesia, at the end of bladder excision, and at the end of surgery). AKI = acute kidney injury; CVP = central venous pressure; RBC 
= red blood cell; FFP = fresh frozen plasma. 

 

Table 3. Univariate and multivariate regression analyses to identify factors that associate with acute kidney injury after radical cystectomy 

 Univariate analysis  Multivariate analysis 
 Odds ratio (95% CI) P value  Odds ratio (95% CI) P value 
Sex (female/male) 0.392 (0.171–0.901) 0.027    
Hypertension 1.501 (0.886–2.544) 0.131    
Serum uric acid  1.297 (1.089–1.546) 0.004  1.251 (1.048–1.493) 0.013 
CRP  0.851 (0.722–1.002) 0.053    
eGFR  1.019 (0.992–1.047) 0.159    
Operation time 1.004 (1.001–1.007) 0.003  1.005 (1.002–1.008) 0.003 
RBC transfused  0.908 (0.805–1.025) 0.118    
CI = confidence interval; CRP = C-reactive protein; eGFR = estimated glomerular filtration rate; RBC = red blood cell. 

 
 
Univariate logistic regression analysis revealed 

that male gender, high baseline serum uric acid level, 
and a long operation time associated with the devel-
opment of AKI (Table 3). Multivariate logistic regres-
sion analysis revealed that independent risk factors 
for postoperative AKI were high baseline serum uric 
acid concentration (OR = 1.251; 95% CI 1.048–1.493; P 
= 0.013) and a long operation time (OR = 1.005; 95% CI 
= 1.002–1.008; P = 0.003) (Table 3).  

Discussion 
The present study showed that 38.2% of the pa-

tients who underwent radical cystectomy developed 
postoperative AKI and that this complication associ-
ated independently with high baseline serum uric 
acid concentration and long operation time.  

Bladder cancer is the ninth most common cancer. 
It develops more frequently in men than in 
women,[11] and its most common histological type is 
transitional cell carcinoma. Approximately 30% of 
bladder cancers have invaded the muscle at the time 
of diagnosis.[12, 13] While non-muscle-invasive 
bladder cancer is not life threatening, muscle-invasive 
bladder cancer associates with a high risk of distant 
metastasis and death. The standard treatment of 
muscle-invasive bladder cancer is radical cystectomy 
and urinary diversion. The complication rate after 
radical cystectomy ranges between 20% and 
58%.[14-17] These complications include ileus, wound 
dehiscence, urinary tract infection, and renal insuffi-
ciency.[18]  

With regard to the latter complication, a previ-
ous study showed that between 4% and 7% of patients 
who undergo radical cystectomy develop acute renal 
failure (ARF).[19] Similarly, a recent observational 
study reported that 6.7% of patients who underwent 
urological surgery developed postoperative AKI.[20] 
By contrast, the present study found an incidence of 
AKI after radical cystectomy of 38.2%. This disparity 
may relate to the criteria that were used to detect the 
kidney injury and the nature of the patient popula-
tion. ARF is defined as severe kidney injury that re-
quires renal replacement therapy. On the other hand, 
AKI is defined on the basis of relatively small changes 
in creatinine levels relative to baseline. Thus, the use 
of AKI criteria would lead to a considerably higher 
incidence of kidney injury than if the classical ARF 
criteria were used.[21] The relatively high incidence of 
AKI that was detected by the present study is im-
portant because it is well-known that postoperative 
AKI increases costs, morbidity, and mortality.[3, 4] 
Thus, physicians should be aware of the strong pos-
sibility that AKI may develop after radical cystecto-
my. 

Since definitive treatments for postoperative AKI 
have not been established, it is important to identify 
risk factors that will facilitate the early detection of 
AKI and aid risk management strategies. The present 
study showed that a higher preoperative serum uric 
acid level was an independent risk factor for AKI after 
radical cystectomy. It was shown previously that pa-
tients with a large tumor burden and those receiving 
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chemotherapy can develop uric acid-induced AKI. In 
such patients, AKI is caused by hyperuricemia and 
the intratubular deposition of uric acid crystals after 
the rapid release of nucleotides after tumor cell 
death.[22, 23] However, several recent studies showed 
that preoperative hyperuricemia may also associate 
with an increased risk of postoperative AKI even if 
intratubular uric acid crystal deposition does not oc-
cur. One of these studies was by Ejaz et al.,[24] who 
reported that elevated preoperative serum uric acid 
may be a risk factor for AKI in patients undergoing 
high-risk cardiovascular surgery. The other study was 
an observational study by our center that also sug-
gested that preoperative hyperuricemia is an inde-
pendent risk factor for AKI after cardiovascular sur-
gery.[25] The possible mechanisms by which uric acid 
induces AKI are renal vasoconstriction, endothelial 
dysfunction, impairment of renal auto-regulation, and 
tubular obstruction by uric acid crystals.[23, 26] With 
regard to endothelial dysfunction, uric acid activates 
intracellular protein kinases (p38 and extracellu-
lar-signal-regulated kinases 1/2) and nuclear tran-
scription factors (nuclear factor-κB and activator pro-
tein-1), thereby stimulating vascular smooth muscle 
cell proliferation and local inflammation.[27, 28] 
Hyperuricemia also seems to stimulate the production 
of proinflammatory substances, such as C-reactive 
protein, interleukin-1, interleukin-6, and tumor ne-
crosis factor α-2, which may further promote 
endothelial dysfunction. Uric acid also appears to 
activate the renin–angiotensin system by 
up-regulating the expression of angiotensinogen, 
angiotensin-converting enzyme, and angiotensin II 
receptor expression. This suppresses nitric oxide 
synthesis and increases vascular tone.[29, 30] 

The present study also showed that a longer op-
eration time associated independently with the de-
velopment of AKI after radical cystectomy. Similarly, 
Tomas et al.[31] reported that a longer operation time 
associated independently with a higher overall inci-
dence of complications after radical cystectomy. Pro-
longed operation time also associates with a greater 
risk of AKI after surgical procedures for lung 
cancer.[32] A long surgical time may reflect the need 
for complex surgical procedures that may directly 
and/or indirectly damage the kidney.  

The present observational study has some pos-
sible limitations. First, it was a retrospective observa-
tional study. Although we considered many variables 
and performed multivariate analysis to obtain reliable 
results, we cannot exclude the possibility that factors 
that were not evaluated may have influenced the 
outcomes. Second, large numbers of patients were 
excluded in the present study. Although it might act 
as a selection bias, the quality of data and reliability of 

analysis could be increased. Third, we measured the 
serum uric acid levels preoperatively and only once. 
Although these levels associated significantly with 
AKI in this study, we cannot exclude the possibility 
that uric acid levels at other time points may also as-
sociate with the risk of AKI. Indeed, Ejaz et al.[33] 
reported that postoperative serum uric acid levels 
associate with a higher risk of AKI after cardiac sur-
gery. Further studies investigating the association of 
uric acid levels with AKI risk after radical cystectomy 
should include serial measurements of serum uric 
acid in the preoperative and postoperative periods. 

In conclusion, the present study showed that 
AKI was a common complication after radical cys-
tectomy and that it associated with a higher preoper-
ative serum uric acid level and a longer operation 
time. The identification of these risk factors can be 
useful for preventing the development of AKI after 
radical cystectomy. 
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