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Background. The C-reactive protein (CRP)/albumin ratio is a useful index used to represent patient inflammation and nutritional
status. Elderly patients are at the highest risk for acute kidney injury (AKI). We clarified the impact of the preoperative
CRP/albumin ratio on AKI and evaluated the impact of postoperative AKI on end-stage renal disease (ESRD) among elderly
cystectomy patients. Methods. We included elderly patients ≥ 65 years of age who underwent radical cystectomy. Multivariate
logistic regression analysis and receiver operating characteristic curve analysis were performed to identify risk factors for AKI.
Propensity score-matched analysis and conditional logistic regression analysis were performed to elucidate the impact of the
CRP/albumin ratio on AKI. The incidence of ESRD was compared between the non-AKI and AKI groups at 12 months after
radical cystectomy. Results. AKI occurred in 110 patients (32.2%). The CRP/albumin ratio and 6% hydroxyethyl starch amount
were risk factors for postoperative AKI. The optimal cut-off value for the CRP/albumin ratio predicting AKI was 0.1. After
propensity score matching, the AKI incidence in the CRP/albumin ratio ≥ 0:1 group was higher than that in the CRP/albumin
ratio < 0:1 group (46.7% vs. 20.6%, P < 0:001), and a CRP/albumin ratio ≥ 0:1 was associated with a higher AKI incidence
(odds ratio = 4:111, P < 0:001). The ESRD incidence was higher in the AKI group than in the non-AKI group (7.3% vs.
1.2%, P = 0:017). Conclusion. A CRP/albumin ratio ≥ 0:1 was associated with an increased incidence of AKI, which was
associated with higher ESRD incidence among elderly cystectomy patients.

1. Introduction

The risk of bladder cancer increases with age [1]. Radical
cystectomy is the gold standard therapy for muscle-
invasive bladder cancer. However, radical cystectomy is
known to be the most complicated procedure in urological
surgery [2]. The rates of complications, morbidity, and
mortality associated with radical cystectomy are high
among elderly patients [3]. In particular, postoperative
acute kidney injury (AKI) is common after radical cystect-
omy and is associated with increased hospital stay dura-
tions, healthcare costs, and mortality [4]. Elderly patients
are at the highest risk for AKI and AKI-associated mortality
[5]. Furthermore, the diagnosis of AKI among elderly

patients is prone to be masked and delayed because muscle
mass decreases with age [6]. Nonetheless, to date, there
have been few reports about AKI after radical cystectomy
for elderly patients.

C-reactive protein (CRP) is a useful marker for monitor-
ing infection and inflammation [7]. CRP elevation is known
to provide valuable short-term prognostic information for
elderly patients [8]. Moreover, serum albumin is a negative
acute-phase protein associated with acute inflammation,
and it is also an indicator of nutritional status [9, 10]. There-
fore, the ratio of CRP to albumin (CRP/albumin ratio) is used
to represent patient inflammation and nutritional status,
and it is known as a prognostic factor in the context of
malignancy and critical illness [11, 12]. However, to our
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knowledge, no published studies have investigated the pre-
dictive ability of the CRP/albumin ratio on AKI after radical
cystectomy for elderly patients.

Therefore, we clarified the impact of the preoperative
CRP/albumin ratio on AKI after radical cystectomy for
elderly patients using propensity score-matched analysis
and conditional logistic regression analysis. We also evalu-
ated the impact of postoperative AKI on end-stage renal dis-
ease (ESRD) among elderly patients.

2. Patients and Methods

2.1. Patients. Ethical approval for this study (approval no.
2019-1627) was provided by the institutional review board
of Asan Medical Center, Seoul, Republic of Korea, on 18
December 2019. We retrospectively recruited and reviewed
patients ≥ 65 years of age who underwent radical cystectomy,
between August 2007 and December 2018, for bladder cancer
treatment at Asan Medical Center. Patients with incomplete
medical records and known ESRD were excluded. The
requirement for written informed consent was waived by
the institutional review board due to the retrospective study
design. All methods were carried out in accordance with rel-
evant guidelines and regulations.

2.2. Study Protocols. General anesthesia was performed
according to our standard protocol [13]. General anesthesia
was induced with propofol or thiopental sodium and rocuro-
nium and maintained with sevoflurane. Arterial catheteriza-
tion and central venous catheterization were performed.
Tidal volume was adjusted to 8–10mL per kg of ideal body

weight, and respiratory rate was controlled to maintain an
end-tidal carbon dioxide concentration of 35–40 cmH2O.
The concentration of sevoflurane was modified to main-
tain a bispectral index of 40–60. The mean arterial blood
pressure was maintained at > 65mmHg with fluid and
vasopressors/inotropics, such as ephedrine, phenylephrine,
and norepinephrine. Crystalloids, such as plasma solution
A or lactated Ringer’s solution, and colloids, such as 6%
hydroxyethyl starch or 5% albumin, were administered. Gel-
atins and plasma derivatives were not administered. Red
blood cells were transfused when the hemoglobin concentra-
tion was < 8 g/dL. Reversal of neuromuscular blockade was
performed with a neostigmine-glycopyrrolate mixture or
sugammadex, as decided by the anesthesiologists. Intrave-
nous patient-controlled analgesia with fentanyl was used to
manage postoperative pain.

Radical cystectomy was performed with the standard
technique at our center [14]. Standard or extended pelvic
lymph node dissection was performed at the discretion of
urologic surgeons. Standard pelvic lymph node dissection
included the perivesical, obturator, internal iliac, external
iliac, and distal common iliac lymph nodes. Extended lymph
node dissection included the lymph nodes to the extent of the
proximal common iliac artery, distal aorta, and inferior vena
cava. Urinary diversion with an ileal conduit or ileal neoblad-
der was subsequently performed according to the urologic
surgeon’s discretion. Ileal conduit urinary diversion was per-
formed as follows: an ileal segment measuring 20 cm in
length was harvested, sparing the distal 15 cm of the ileum,
and the remaining ileal segment was reanastomosed. Both
ureters were implanted in the conduit. The stoma was

Patients ≥ 65 years of age who underwent radical cystectomy
(n = 434)

Included
(n = 342)

Propensity score-matched analysis according to
the optimal cut-off value of CRP/albumin ratio

CRP/albumin ratio
< 0.1 group

(n = 107)

CRP/albumin ratio
≥ 0.1 group

(n = 107)

Multivariate logistic regression analysis
for risk factors associated with AKI

Non-AKI group
(n = 232)

AKI group
(n = 110)

Figure 1: Flowchart of study patient enrollment: 434 elderly patients who underwent radical cystectomy were evaluated, and 342 elderly
patients were included in the study. Patients were categorized according to the occurrence of AKI, and multivariate logistic regression
analysis was performed. Then, patients were dichotomized according to the optimal CRP/albumin ratio cut-off value (i.e., 0.1), and a
propensity score-matched analysis was performed. ESRD: end stage renal disease; AKI: acute kidney injury; CRP: C-reactive protein.
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formed at the selected site on the surface of the abdomen.
Ileal neobladder urinary diversion was performed as fol-
lows: depending on the type of neobladder, a specific length
of the distal ileum (15–20 cm away from the ileocecal valve)
was harvested to create an orthotopic continent diversion.
Continuity of the remnant bowel was reestablished by ileoi-
leostomy [15].

2.3. Definitions of CRP/Albumin Ratio, AKI, and ESRD. The
CRP/albumin ratio was calculated by dividing the serum
CRP level (mg/dL) by the serum albumin level (g/dL) [12].
Postoperative AKI was defined according to the Kidney Dis-
ease: Improving Global Outcomes (KDIGO) criteria: an
increase in the serum creatinine level by 0.3mg/dL from
the baseline value within 2 postoperative days or an increase

Table 1: Demographic and clinical characteristics of elderly cystectomy patients.

Variables All patients (n = 342) Non-AKI group (n = 232) AKI group (n = 110) P value∗

Sex (male) 280 (81.9) 184 (79.3) 96 (87.3) 0.098

Age (years) 72:1 ± 4:9 71:9 ± 4:9 72:6 ± 4:7 0.221

Body mass index (kg/m2) 23:9 ± 3:1 23:9 ± 3:0 23:9 ± 3:3 0.975

ASA physical status 0.868

≤2 294 (86.0) 200 (86.2) 94 (85.5)

3 48 (14.0) 32 (13.8) 16 (14.5)

Diabetes mellitus 79 (23.1) 56 (24.1) 23 (20.9) 0.583

Hypertension 175 (51.2) 125 (53.9) 50 (45.5) 0.165

Coronary artery disease 27 (7.9) 15 (6.5) 12 (10.9) 0.197

Cerebrovascular disease 16 (4.7) 13 (5.6) 3 (2.7) 0.286

COPD 17 (5.0) 10 (4.3) 7 (6.4) 0.431

Smoking history 0.876

Nonsmoker 169 (49.4) 117 (50.4) 52 (47.3)

Current smoker 26 (7.6) 17 (7.3) 9 (8.2)

Ex-smoker 147 (43.0) 98 (42.2) 49 (44.5)

Tumor stage 0.767

1 34 (9.9) 22 (9.5) 12 (10.9)

2 197 (57.6) 138 (59.5) 59 (53.6)

3 69 (20.2) 44 (19.0) 25 (22.7)

4 42 (12.3) 28 (12.1) 14 (12.7)

Tumor grade >0.999
2 9 (2.6) 6 (2.6) 3 (2.7)

3 333 (97.4) 226 (97.4) 107 (97.3)

Neoadjuvant chemotherapy 78 (22.8) 59 (25.4) 19 (17.3) 0.100

Preoperative laboratory tests

White blood cells (103/μL) 6:8 ± 2:7 6:6 ± 2:2 7:2 ± 3:4 0.037

Hemoglobin (g/dL) 11:9 ± 1:9 12:2 ± 1:9 11:4 ± 1:9 <0.001
Platelets (103/μL) 241:9 ± 84:2 245:8 ± 81:4 235:6 ± 89:8 0.209

Albumin (g/dL) 3:6 ± 0:5 3:7 ± 0:4 3:4 ± 5:5 0.001

Creatinine (mg/dL) 1:0 ± 0:4 1:0 ± 0:3 1:1 ± 0:4 0.032

eGFR (mL/min/1.73m2) 72:7 ± 15:6 73:6 ± 15:9 70:9 ± 15:0 0.134

Sodium (mmol/L) 139:4 ± 3:1 139:6 ± 2:7 139:0 ± 3:8 0.099

Potassium (mmol/L) 4:4 ± 0:4 4:4 ± 0:4 4:4 ± 0:4 0.346

Chloride (mmol/L) 104:4 ± 3:5 104:4 ± 3:1 104:4 ± 4:2 0.959

Uric acid (mg/dL) 5:1 ± 1:5 5:1 ± 1:5 5:2 ± 1:6 0.838

CRP (mg/dL) 1:0 ± 2:2 0:4 ± 0:4 2:2 ± 3:4 <0.001
CRP/albumin ratio 0:33 ± 0:86 0:10 ± 0:13 0:79 ± 1:40 <0.001

Continuous variables are presented as themean ± standard deviation and categorical variables as number (%). ∗For comparisons between the AKI and non-AKI
groups. AKI: acute kidney injury; ASA: American Society of Anesthesiologists; COPD: chronic obstructive pulmonary disease; eGFR: estimated glomerular
filtration rate; CRP: C-reactive protein.
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in the serum creatinine level by 50% from the baseline value
within 7 postoperative days [16]. AKI stage was classified
according to the KDIGO criteria: stage 1, increase in serum
creatinine by ≥ 0.3mg/dL or increase to ≥ 150–199% of the
baseline value; stage 2, increase in serum creatinine to ≥
200–299% of the baseline value; and stage 3, increase in
serum creatinine to 300% of the baseline value, or serum
creatinine ≥ 4:0mg/dL, or initiation of renal replacement
therapy [16]. ESRD was evaluated at 12 months after radical
cystectomy and was defined by the initiation of dialysis
therapy or an eGFR < 15mL/min/1.73m2 [17]. The eGFR
was calculated using the Chronic Kidney Disease Epidemiol-
ogy Collaboration (CKD-EPI) equation: eGFRCKD‐EPI = 141
× ðminimumof standardized serum creatinine ½mg/dL �/κ
or 1Þα × ðmaximumof standardized serum creatinine ½mg/
dL�/κ or 1Þ−1:209 × 0:993age × ð1:018 if femaleÞ, where κ is 0.7
for women and 0.9 for men and α is −0.329 for women
and −0.411 for men [18].

2.4. Data Collection. Patient demographic and clinical char-
acteristics included sex, age, body mass index, American
Society of Anesthesiologists Physical Status, comorbidities,
smoking history, tumor stage, tumor grade, neoadjuvant che-
motherapy, and preoperative laboratory tests performed
within 2 weeks before radical cystectomy. Tumor stage was
classified according to the 2010 American Joint Committee
on Cancer tumor-node-metastasis staging system [19].
Tumor grade was classified according to the 2016 World
Health Organization grading system [20]. Neoadjuvant
chemotherapy was performed using one of the following
regimens: gemcitabine and cisplatin; methotrexate and

vinblastine; sulfate, cisplatin, and doxorubicin; or gemcitabine
and carboplatin. Intraoperative data included operation dura-
tion, anesthesia duration, crystalloid and colloid amounts, red
blood cell transfusion, estimated blood loss, intraoperative
hypotension, reversal agent of neuromuscular blockade, and
urinary diversion type. Estimated blood loss was calculated
using the following equation: estimated blood loss ðmLÞ =
estimated blood volume ðmLÞ × ðpreoperative hematocrit ð%Þ
− postoperative hematocrit ð%ÞÞ + ðtransfused red blood cell
in units × 213mL × 70%Þ. In this equation, the estimated
blood volume was 75mL/kg for males and 65mL/kg for
females, the mean volume of red blood cell was 213mL, and
the mean hematocrit was 70% [21, 22]. Intraoperative hypo-
tension was defined as a mean arterial blood pressure < 65
mmHg for > 5minutes recorded in the intraoperative anesthe-
sia records. Postoperative outcomes included postoperative
urinary infection, postoperative urinary obstruction, postoper-
ative nonsteroidal anti-inflammatory drug (NSAID) use, hos-
pital stay duration, AKI status, and ESRD status.

2.5. Statistical Analysis. Categorical variables are expressed as
the number (%), and continuous variables are expressed as
the mean ± standard deviation. Categorical variables were
compared using the chi-square test or the Fisher’s exact test,
and continuous variables were compared using the Student’s
t-test or the Mann–Whitney U-test between the AKI and
non-AKI groups. Univariate and multivariate logistic regres-
sion analyses were performed to identify independent risk
factors for AKI. The most relevant factors associated with
AKI were included in the univariate logistic regression
analysis. Multivariate logistic regression analysis using the

Table 2: Intraoperative and postoperative data of elderly cystectomy patients.

Variables All patients (n = 342) Non-AKI group (n = 232) AKI group (n = 110) P value∗

Operation duration (min) 413:1 ± 110:1 409:0 ± 109:2 421:8 ± 111:9 0.314

Anesthesia duration (min) 437:2 ± 101:6 434:7 ± 99:8 442:3 ± 105:7 0.517

Crystalloid amount (mL/kg) 50:3 ± 22:3 50:1 ± 22:2 50:7 ± 22:7 0.827

Colloid amount

6% hydroxyethyl starch (mL/kg) 7:4 ± 7:0 6:6 ± 6:5 9:2 ± 7:8 0.001

5% albumin (mL) 32:2 ± 88:1 34:5 ± 92:4 27:3 ± 78:3 0.480

Red blood cell transfusion 196 (57.3) 120 (51.7) 76 (69.1) 0.003

Estimated blood loss (mL) 899:9 ± 300:4 891:9 ± 289:4 916:7 ± 323:0 0.476

Intraoperative hypotension 46 (13.5) 30 (12.9) 16 (14.5) 0.735

NMB reversal agent 0.646

Neostigmine-glycopyrrolate 283 (82.7) 190 (81.9) 93 (84.5)

Sugammadex 59 (17.3) 42 (18.1) 17 (15.5)

Urinary diversion type 0.015

Ileal conduit 181 (52.9) 112 (48.3) 69 (62.7)

Ileal neobladder 161 (47.1) 120 (51.7) 41 (37.3)

Postoperative urinary infection 77 (22.5) 25 (22.7) 52 (22.4) >0.999
Postoperative urinary tract obstruction 1 (0.3) 0 (0.0) 1 (0.4) >0.999
Postoperative NSAID use 160 (46.8) 58 (52.7) 102 (44.0) 0.134

Continuous variables are presented as themean ± standard deviation and categorical variables as number (%). ∗For comparisons between the AKI and non-AKI
groups. AKI: acute kidney injury; NMB: neuromuscular blockade; NSAID: nonsteroidal anti-inflammatory drug.
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backward conditional method included all covariates with
P < 0:05 from the univariate logistic regression analysis.
The ability of the preoperative CRP/albumin ratio for pre-
dicting AKI after radical cystectomy was determined by cal-
culating the area under the receiver operating characteristic
(ROC) curve using the trapezoid rule. The optimal cut-
off value was determined by the maximum value of sensi-

tivity and specificity. The variance inflation factor was exam-
ined to assess multicollinearity. The Hosmer–Lemeshow
goodness-of-fit statistic and the C-statistic were used to mea-
sure the calibration and discrimination of the logistic regres-
sion model.

To elucidate the impact of the CRP/albumin ratio on
postoperative AKI among elderly patients, a 1 : 1 propensity

Table 3: Univariate and multivariate logistic regression analyses of risk factors for acute kidney injury after radical cystectomy among
elderly patients.

Variables
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Sex (female) 0.559 (0.293–1.065) 0.077

Age 1.029 (0.983–1.078) 0.221

Body mass index 1.001 (0.931–1.077) 0.975

ASA physical status

≤2 1.000

3 1.064 (0.556–2.034) 0.852

Diabetes mellitus 0.831 (0.480–1.439) 0.508

Hypertension 0.713 (0.452–1.125) 0.146

Coronary artery disease 1.771 (0.799–3.925) 0.159

Cerebrovascular accident 0.472 (0.132–1.693) 0.249

COPD 1.509 (0.559–4.076) 0.417

Tumor stage

1 1.000

2 0.784 (0.364–1.687) 0.533

3 1.042 (0.442–2.456) 0.926

4 0.917 (0.354–2.375) 0.858

Tumor grade

2 1.000

3 0.947 (0.232–3.859) 0.939

Neoadjuvant chemotherapy 0.612 (0.344–1.089) 0.095

White blood cells 1.091 (1.003–1.186) 0.042

Hemoglobin 0.804 (0.710–0.910) 0.001

eGFR 0.989 (0.975–1.003) 0.135

Uric acid 1.016 (0.874–1.181) 0.837

CRP/albumin ratio 20.398 (6.379–65.227) <0.001 21.747 (6.506–72.683) <0.001
Operation duration 1.001 (0.999–1.003) 0.313

Crystalloid amount 1.001 (0.991–1.011) 0.826

6% hydroxyethyl starch amount 1.054 (1.020–1.089) 0.002 1.053 (1.014–1.093) 0.007

Red blood cell transfusion 2.086 (1.292–3.370) 0.003

Estimated blood loss 1.000 (1.000–1.001) 0.475

Intraoperative hypotension 1.146 (0.596–2.205) 0.683

Urinary diversion type

Ileal conduit 1.000

Ileal neobladder 0.555 (0.349–0.882) 0.013

Postoperative urinary infection 1.018 (0.592–1.751) 0.948

Postoperative urinary tract obstruction 0.000 (0.000–0.000) >0.999
Postoperative NSAID use 1.422 (0.902–2.241) 0.130

OR: odds ratio; CI: confidence interval; ASA: American Society of Anesthesiologists; COPD: chronic obstructive pulmonary disease; eGFR: estimated
glomerular filtration rate; CRP: C-reactive protein; NSAID: nonsteroidal anti-inflammatory drug. Multivariate logistic regression analysis included white
blood cells, hemoglobin, CRP/albumin ratio, 6% hydroxyethyl starch amount, red blood cell transfusion, and urinary diversion type from the univariate
logistic regression analysis.
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score-matched analysis was conducted using the nearest-
neighbor method with a 0.2 caliper size. The propensity score
was calculated using logistic regression analysis to reduce
selection bias and confounding factors. The standardized
mean difference (SMD) was measured to estimate the bal-
ance between the two groups before and after propensity
score matching. After 1 : 1 propensity score matching, cate-
gorical variables were compared using McNemar’s test, and
continuous variables were compared using the paired t-test.
Conditional logistic regression analysis was conducted to
evaluate the ability of the CRP/albumin ratio to predict the
incidence of postoperative AKI in the propensity score-
matched cohort. All statistical analyses were carried out using
SPSS Statistics for Windows, version 21.0 (IBM Corp.,
Armonk, NY, USA), and Stata, version 13.1 (Stata Corp.,
College Station, TX, USA). P values < 0.05 were considered
statistically significant.

3. Results

Among 434 elderly patients who underwent radical cystect-
omy between August 2007 and December 2018, 92 patients
were excluded because of incomplete medical records and
known ESRD. Therefore, 342 elderly patients were included
in the analysis (Figure 1). One hundred ten patients
(32.2%) had AKI after radical cystectomy (stage 1, 91/110;
stage 2, 17/110; and stage 3, 2/110). None of the AKI patients
had urinary tract obstruction during their hospital stays, 58
used perioperative NSAIDs, and 16 had intraoperative
hypotension.

Patient demographic and clinical characteristics, as well as
intraoperative and postoperative data, are listed in Tables 1
and 2. Multivariate logistic regression analysis showed that
the CRP/albumin ratio (odds ratio ðORÞ = 21:747, 95% confi-
dence interval ðCIÞ = 6:506–72.683, P < 0:001) and 6% hydro-
xyethyl starch amount (OR = 1:053, 95% CI = 1:014–1.093,
P = 0:007) were significantly associated with AKI after radical
cystectomy (Table 3). The ROC curve analysis revealed that
the area under the curve of the CRP/albumin ratio was 0.712
and the optimal cut-off value was 0.1, with a sensitivity of
61.8% and specificity of 72.4% (Figure 2). The all variance
inflation factor was < 10, ensuring a lack of multicollinearity.
The Hosmer–Lemeshow goodness-of-fit probability was
0.413, and the C-statistic for the model was 0.742, with good
calibration and discrimination.

Patients were dichotomized according to the optimal
CRP/albumin ratio cut-off value (i.e., 0.1), as determined by
the ROC curve analysis. Of the 342 patients, 206 (60.2%)
had a CRP/albumin ratio < 0:1, and 136 (39.8%) had a
CRP/albumin ratio ≥ 0:1 (Table 4). After applying 1 : 1
propensity score matching, 107 matched pairs were gener-
ated, and the patients were divided into a CRP/albumin
ratio < 0:1 group (n = 107) and a CRP/albumin ratio ≥ 0:1
group (n = 107) (Table 4). All covariates were well-balanced,
with an SMD < 0:2, and there were no significant differences
between the two groups (Table 4). After applying 1 : 1
propensity score matching, the intraoperative data and post-
operative outcomes of the patients, including operation time,
crystalloid and 6% hydroxyethyl starch amounts, estimated

blood loss, intraoperative hypotension, postoperative urinary
infection, postoperative urinary tract obstruction, postopera-
tive NSAID use, and hospital stay duration were not signifi-
cantly different between the two groups (Table 5).

The incidences of AKI in the CRP/albumin ratio ≥ 0:1
group were significantly higher than those in the CRP/albu-
min ratio < 0:1 group both before (50.0% [68/136] vs.
20.4% [42/206], P < 0:001) and after (46.7% [50/107] vs.
20.6% [22/107], P < 0:001) propensity score matching
(Figure 3). The ability of a CRP/albumin ratio ≥ 0:1 to predict
the incidence of AKI after radical cystectomy among elderly
patients is summarized in Figure 4. The incidences of AKI
in the CRP/albumin ratio ≥ 0:1 group were significantly
higher than those in the CRP/albumin ratio < 0:1 group
in the unadjusted (OR = 3:905, 95% CI = 2:423–6.294,
P < 0:001), multivariate-adjusted (OR = 3:591, 95% CI =
2:142–6.020, P < 0:001), and propensity score-matched
cohorts (OR = 4:111, 95% CI = 1:984–8.518, P < 0:001)
(Figure 4).

ESRD was evaluated in 249 elderly patients at 12 months
after radical cystectomy. Patients with incomplete medical
records (n = 93) were excluded. The incidence of ESRDwas sig-
nificantly higher in the AKI group than in the non-AKI group
at this time point (7.3% [6/82] vs. 1.2% [2/167], P = 0:017)
(Figure 5). The CRP/albumin ratio was significantly higher
among patients with ESRD than among those without
ESRD at 12 months after radical cystectomy (0:59 ± 0:86
vs. 0:19 ± 0:44, P = 0:015).

4. Discussion

We observed that AKI after radical cystectomy occurred in
32.2% of the elderly patients included in this study. The
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Figure 2: Receiver operating characteristic curve analysis of the
CRP/albumin ratio to predict AKI after radical cystectomy. The
AUC is 0.712, with an optimal cut-off value of 0.1. AUC: area
under the curve; CRP: C-reactive protein; AKI: acute kidney injury.
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CRP/albumin ratio and intraoperative 6% hydroxyethyl
starch amount were independent risk factors associated with
AKI after radical cystectomy. The optimal preoperative
CRP/albumin ratio cut-off value for predicting AKI in this
study was 0.1. After propensity score matching, the incidence

of AKI in the CRP/albumin ratio ≥ 0:1 group was signifi-
cantly higher than that in the CRP/albumin ratio < 0:1 group,
and a preoperative CRP/albumin ratio ≥ 0:1 was significantly
associated with an increased incidence of AKI after radical
cystectomy among elderly patients. ESRD at 12 months after

Table 4: Demographic and clinical characteristics of elderly cystectomy patients dichotomized according to the optimal CRP/albumin ratio
cut-off value (0.1) before and after propensity score matching.

Variable

Before propensity score matching After propensity score matching
CRP/albumin

ratio <0:1 group
(n = 206)

CRP/albumin
ratio ≥0.1 group

(n = 136)
SMD P value

CRP/albumin
ratio <0:1 group

(n = 107)

CRP/albumin
ratio ≥0:1 group

(n = 107)
SMD P value

Sex (male) 171 (83.0) 109 (80.1) -0.072 0.567 85 (79.4) 86 (80.4) 0.023 >0.999
Age (years) 71:5 ± 4:7 73:0 ± 5:0 0.297 0.005 72:5 ± 5:1 72:4 ± 4:8 -0.011 0.932

Body mass index (kg/m2) 24:3 ± 2:8 23:4 ± 3:5 -0.263 0.008 23:9 ± 3:0 23:6 ± 3:4 -0.107 0.352

ASA physical status 0.096 0.427 0.126 0.405

≤2 180 (87.4) 114 (83.8) 5 (88.8) 90 (84.1)

3 26 (12.6) 22 (16.2) 12 (11.2) 17 (15.9)

Diabetes mellitus 53 (25.7) 26 (19.1) -0.167 0.190 23 (21.5) 21 (19.6) -0.047 0.851

Hypertension 108 (52.4) 67 (49.3) -0.063 0.582 55 (51.4) 56 (52.3) 0.019 >0.999
Coronary artery disease 13 (6.3) 14 (10.3) 0.131 0.220 8 (7.5) 10 (9.3) 0.061 0.804

Cerebrovascular disease 9 (4.4) 7 (5.1) 0.035 0.796 3 (2.8) 6 (5.6) 0.126 0.508

COPD 10 (4.9) 7 (5.1) 0.013 >0.999 7 (6.5) 5 (4.7) -0.084 0.774

Tumor stage -0.056 0.639 -0.020 >0.999
<3 137 (66.5) 94 (69.1) 74 (69.2) 75 (70.1)

≥3 69 (33.5) 42 (30.9) 33 (30.8) 32 (29.9)

Tumor grade 0.048 0.747 0.127 0.625

2 6 (2.9) 3 (2.2) 3 (2.8) 1 (0.9)

3 200 (97.1) 133 (97.8) 104 (97.2) 106 (99.1)

Neoadjuvant chemotherapy 44 (21.4) 34 (25.0) 0.084 0.433 26 (24.3) 27 (25.2) 0.022 >0.999
White blood cells (103/μL) 6:351 ± 2:021 7:424 ± 3:327 0.322 <0.001 6:610 ± 2:121 6:560 ± 1:948 -0.015 0.856

Hemoglobin (g/dL) 12:4 ± 1:8 11:2 ± 1:9 -0.601 <0.001 11:7 ± 1:8 11:6 ± 1:8 -0.046 0.645

eGFR (mL/min/1.73m2) 74:3 ± 14:1 70:2 ± 17:5 -0.236 0.017 71:8 ± 14:4 71:9 ± 16:5 0.005 0.966

Uric acid (mg/dL) 5:1 ± 1:4 5:2 ± 1:7 0.099 0.327 5:1 ± 1:4 5:2 ± 1:7 0.061 0.660

Continuous variables are presented as the mean ± standard deviation and categorical variables as number (%). CRP: C-reactive protein; SMD: standardized
mean difference; ASA: American Society of Anesthesiologists; COPD: chronic obstructive pulmonary disease; eGFR: estimated glomerular filtration rate.

Table 5: Intraoperative data and postoperative outcomes of elderly cystectomy patients dichotomized according to the optimal CRP/albumin
ratio cut-off value (0.1) after propensity score matching.

Variables All patients (n = 214) CRP/albumin ratio <0:1 group
(n = 107)

CRP/albumin ratio ≥0:1 group
(n = 107) P value

Operation time (min) 410:0 ± 108:4 398:5 ± 109:4 421:4 ± 106:6 0.143

Crystalloid amount (mL) 3165:9 ± 1281:0 3062:6 ± 1326:8 3269:2 ± 1231:0 0.256

6% hydroxyethyl starch amount (mL) 442:3 ± 426:1 408:0 ± 410:4 476:6 ± 440:5 0.242

Estimated blood loss (mL) 881:9 ± 306:1 855:3 ± 308:7 908:5 ± 302:5 0.170

Intraoperative hypotension 33 (15.4) 20 (18.7) 13 (12.1) 0.296

Postoperative urinary infection 47 (22.0) 23 (21.5) 24 (22.4) >0.999
Postoperative urinary tract obstruction 1 (0.5) 1 (0.9) 0 (0.0) >0.999
Postoperative NSAID use 96 (44.9) 42 (39.3) 54 (50.5) 0.141

Hospital stay (days) 25:3 ± 25:9 23:4 ± 14:9 27:3 ± 33:5 0.267

Continuous variables are presented as the mean ± standard deviation and categorical variables as number (%). NSAID: nonsteroidal anti-inflammatory drug.
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radical cystectomy occurred more frequently in the AKI
group than in the non-AKI group.

Radical cystectomy is among the most complex and high-
risk surgical procedures in urology [23, 24]. Elderly patients
are more vulnerable to postoperative complications and poor
outcomes associated with radical cystectomy [25]. In partic-
ular, postoperative AKI is among the most common compli-
cations associated with radical cystectomy. In the present
study, the incidence of AKI after radical cystectomy was
32.2% among elderly patients, while the incidence of AKI
after major abdominal surgery has been reported to be
approximately 13% in the general population [26]. With
aging, the kidneys undergo anatomic changes, including
decreased renal mass, glomerulosclerosis, decreased tubular
size and number, and tubulointerstitial fibrosis. The kidneys
also undergo age-related physiologic changes, including

decreased renal blood flow and glomerular filtration rate,
diminished urinary concentrating and diluting ability, and
decreased plasma renin and aldosterone levels. These
changes result in renal functional reserve loss and increased
sensitivity to pathological stresses and medications, leading
to increased susceptibility to AKI [27]. Moreover, among
elderly patients, serum creatinine elevations following AKI
might be underestimated due to reduced muscle mass [27].
Therefore, meticulous perioperative management and risk
assessments are required to reduce or prevent the occurrence
of AKI after radical cystectomy in elderly patients.

In the present study, the CRP/albumin ratio was signifi-
cantly higher in the AKI group. AKI is associated with
inflammatory status [28]. Several studies have demonstrated
that CRP is significantly associated with AKI [29, 30]. CRP is
considered a useful tool for detecting active inflammatory
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Figure 3: Comparison of the incidences of AKI after radical cystectomy between the CRP/albumin ratio ≥ 0:1 and CRP/albumin ratio < 0:1
groups before (a) and after (b) propensity score matching. The incidences of AKI in the CRP/albumin ratio ≥ 0:1 group were significantly
higher than those in the CRP/albumin ratio < 0:1 group both before and after propensity score matching. AKI: acute kidney injury; CRP:
C-reactive protein.
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Figure 4: Predictive ability of a CRP/albumin ratio ≥ 0:1 for the occurrence of acute kidney injury after radical cystectomy among elderly
patients. ∗The multivariate-adjusted odds ratio was adjusted using the variables in Table 3. †The propensity score matching was
performed using the variables in Table 4. CRP: C-reactive protein.
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processes. CRP is a powerful chemoattractant that promotes
the expression of adhesion molecules, potentiates plasmino-
gen activator inhibitor-1, and diminishes nitric oxide
production. Increased CRP levels result in endothelial dys-
function, which induces vasoconstrictive, prothrombotic,
and proinflammatory pathways [31]. Then, the platelet and
coagulation systems are activated, leading to reduced renal
blood flow and oxygen delivery [32]. Therefore, elevated
CRP levels could influence the occurrence of AKI. Further-
more, serum albumin levels reflect a patient’s nutritional
and inflammatory status. The synthesis of serum albumin is
inhibited by malnutrition and inflammation. Serum albumin
is reported to have renoprotective effects; it acts to prolong
potent renal vasodilation, which improves glomerular filtra-
tion and renal perfusion [33]. Additionally, serum albumin
suppresses apoptosis of renal tubular cells by discarding reac-
tive oxygen species and carrying protective lysophosphatidic
acid; it also proliferates renal tubular cells by activating phos-
phatidylinositol 3-kinase [34, 35]. Therefore, elevated CRP
and decreased albumin levels might contribute to the occur-
rence of AKI after radical cystectomy among elderly patients.
Several studies have shown that the CRP/albumin ratio has a
prognostic value for diseases wherein inflammation plays an
important role [11, 36, 37]. A previous study evaluating the
effect of the CRP/albumin ratio on overall survival after rad-
ical cystectomy in bladder cancer patients found that a high
CRP/albumin ratio was the most effective prognostic indica-
tor [36]. In another study, the association between the
CRP/albumin ratio and therapy responsiveness was assessed
among patients with severe acute ulcerative colitis. It was
found that the CRP/albumin ratio was a more accurate pre-
dictor of therapy responsiveness than CRP or albumin alone
[37]. Additionally, the CRP/albumin ratio has been demon-
strated to have a prognostic value, in terms of overall sur-
vival, comparable to other inflammation-based prognostic
scores, such as the Glasgow Prognostic Score, the modified
Glasgow Prognostic Score, and the neutrophil/lymphocyte
ratio, for patients with hepatocellular carcinoma [11, 36, 37].

Aging is characterized by decreased immune function
and physiological deterioration [38–40], and elderly people
are often in a chronic inflammatory state, which is character-

ized by chronic heightened levels of inflammatory bio-
markers [38]. Several previous studies have reported a
chronic low-grade inflammatory status in elderly patients;
this has been termed “inflamm-aging” [39, 40]. Circulating
inflammatory mediators are associated with cardiovascular
disease, sarcopenia, atherosclerosis, and mortality and may
be sensitive markers of subclinical disorders in elderly patients
[39]. The CRP/albumin ratio, which is an inflammation-based
prognostic factor, has been reported to be higher among
elderly patients than younger patients. Turco et al. demon-
strated that elderly patients with ST-segment elevation
myocardial infarction undergoing percutaneous coronary
intervention had higher CRP/albumin ratios than younger
patients [41]. The unfavorable inflammatory status among
elderly patients can negatively affect postoperative renal func-
tion. Therefore, for elderly patients with chronic low-grade
inflammation, the CRP/albumin ratio might be an important
biomarker of AKI after radical cystectomy.

The present study also demonstrated that the intraopera-
tive 6% hydroxyethyl starch amount was associated with
postoperative AKI among elderly patients who underwent
radical cystectomy. The issue of renal function after the
intraoperative use of synthetic colloids remains controversial.
Our findings agree with previous studies that have suggested
that colloids might be associated with kidney dysfunction
[42, 43]. The proposed mechanism of AKI development by
synthetic colloid solutions is osmotic nephrosis. Synthetic
colloid solutions cause hyperviscosity of the urine, which
results in the obstruction of the tubular lumen of the kidney,
leading to tubular nephrosis, resulting in renal toxicity [42].
However, inconsistent with our study, several trials have
demonstrated that synthetic colloids are as safe as crystalloids
for intraoperative use, with no evidence of an association
with renal insufficiency [44]. Furthermore, a recent study
showed that synthetic colloid-based intraoperative goal-
directed fluid therapy was associated with a significantly lower
incidence of postoperative complications, including renal
failure [45]. Nonetheless, the intraoperative use of synthetic
colloid solutions is not recommended for patients at risk of
AKI [46, 47]. Therefore, clinicians should be cautious when
considering the use of synthetic colloids to improve postoper-
ative outcomes for elderly radical cystectomy patients.

It is remarkable that we demonstrated a negative impact
of postoperative AKI on ESRD at 12 months after radical
cystectomy. AKI has been considered to be self-limiting, with
a good prognosis when recovery from AKI occurs during
hospitalization [48]. However, postoperative AKI was associ-
ated with a high incidence of ESRD in our present cohort. In
concordance with our study, AKI has been shown to be
associated with a high risk of ESRD in the elderly [49]. Fur-
thermore, the CRP/albumin ratio was significantly higher
among patients with ESRD than among those without ESRD
at 12 months after radical cystectomy in our study. These
results suggest that the preoperative CRP/albumin ratio can
predict both short-term and long-term changes in postoper-
ative renal function. Therefore, preoperative evaluation of
the CRP/albumin ratio can provide useful information
regarding the occurrence of AKI and ESRD after radical
cystectomy among elderly patients.
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Figure 5: Comparison of the incidence of ESRD between the non-
AKI and AKI groups after radical cystectomy among elderly
patients. ESRD: end-stage renal disease; AKI: acute kidney injury.
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This study had several limitations. First, this study had
biases associated with its retrospective design. However, we
tried to include all possible factors potentially associated with
AKI after radical cystectomy and performed a propensity
score-matched analysis to minimize the bias. Second, because
our study included patients who underwent radical cystect-
omy performed by highly specialized surgeons at a single
large center, our results may not be generalizable and should
be interpreted cautiously. Third, since 12.6% (43/342)
patients died during the 12 months after radical cystectomy,
the death event could be a bias in the evaluation of ESRD.

5. Conclusion

AKI occurred in 32.2% of elderly patients after radical
cystectomy. The CRP/albumin ratio was an independent risk
factor for postoperative AKI. A CRP/albumin ratio ≥ 0:1 was
significantly associated with an increased incidence of AKI
after radical cystectomy among elderly patients. Moreover,
ESRD incidence at 12 months after radical cystectomy was
significantly higher among elderly patients who had postop-
erative AKI. Therefore, elderly patients with elevated preop-
erative CRP/albumin ratios should be carefully managed to
minimize or prevent postoperative AKI and subsequent
ESRD after radical cystectomy.

Data Availability

The data used in the present study are available from the cor-
responding author upon reasonable request.
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