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Introduction

Most patients with bladder cancer are 65 years 
old or older, and bladder cancer is the fourth cause of 
cancer-related deaths among people 80 or older [1]. 
Radical cystectomy with pelvic lymphadenectomy is 
the treatment of choice for patients with muscle in-
vasive bladder cancer (MIBC), because it provides the 
longest cancer-specific survival [2, 3]. However, the 

risk of major complications of radical cystectomy may 
be increased in older patients due to frequent comor-
bidities among these patients [4–7]. Thus, it is often 
difficult to qualify elderly patients with MIBC for rad-
ical cystectomy and various transurethral procedures 
are proposed [8]. On the other hand, considerable im-
provements in perioperative management and a wid-
er availability of minimally invasive procedures, which 
are associated with low blood loss and short recovery, 
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A b s t r a c t

Introduction: Radical cystectomy is the treatment of choice for patients with muscle invasive bladder cancer (MIBC), 
but it may be unsafe in older patients.
Aim: In this study, we investigated whether age and selected clinical characteristics were associated with outcomes 
of radical cystectomy.
Material and methods: We enrolled 434 patients with MIBC who underwent radical cystectomy between 2012 and 
2016, and we classified them into three age groups: < 65, 66–74, and ≥ 75 years. Postoperative complications were 
classified on the Clavien-Dindo scale. Regression models were used to find predictors of major postoperative compli-
cations (Clavien-Dindo score of 3 or more), long hospital stay (> 7 days), blood loss, and operating time. The models 
included American Society of Anesthesiologists scores, age group, sex, body mass index, Tumor Nodes Metastasis 
scores, type of urine derivation (ileal conduit or orthotopic bladder vs. ureterocutaneostomy), and operation type 
(open vs. laparoscopic).
Results: In the regression models, age was not a significant predictor of major complications, long hospital stay, or 
blood loss (p ≥ 0.206). Older age was associated with shorter surgery times (p = 0.002). Higher preoperative Amer-
ican Society of Anesthesiologists scores tended to be associated with a greater risk of major complications (odds 
ratio, 1.47; p = 0.092).
Conclusions: Older age was not associated with an increased risk of major complications in patients who undergo 
radical cystectomy because of MIBC. Therefore, older age alone should not be a contraindication to this operation.
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offer a favorable risk-benefit profile for elderly adults 
who were previously disqualified from surgery [9].

To date, few studies have investigated whether 
the safety of radical cystectomy in patients with 
MIBC depends on age. Thus, we compared periop-
erative complications of radical cystectomy among 
patients in different age groups in our center. 

Aim 

In this study, we investigated whether age and 
selected clinical characteristics were associated with 
outcomes of radical cystectomy, performed for inva-
sive urothelial carcinoma.

Material and methods 

Patients 

This work is a retrospective chart review. We en-
rolled all consecutive patients who underwent radi-
cal cystectomy between 2012 and 2016.

Indications for the cystectomy, in accordance 
with the guidelines of the European Association of 
Urology (EAU), were as follows: urothelial cT2-cT4a 
disease or noninvasive papillary cancer that could 
not be controlled by transurethral resection, as well 
as other non-urothelial neoplastic disease of the 
lower urinary tract (due to radiotherapy of prostate 
cancer or bladder neurogenic dysfunction). During 
the radical cystectomy, which included resection of 
the prostate in men and of the reproductive system 
in woman, we performed bilateral pelvic and iliac 
lymphadenectomy [10].

Ethical considerations

The study was a retrospective chart review; thus, 
informed consent was not required. All procedures 
performed in studies involving human participants 
were in accordance with the ethical standards of the 
local ethic committee and with the Declaration of 
Helsinki (1964) and its later amendments or compa-
rable ethical standards.

Variables 

Patients were classified into three age groups: 
< 65 years, 66–74 years, and ≥ 75 years. Patients’ 
characteristics included sex, body mass index (BMI), 
cancer stage – TNM scores, and American Society of 
Anesthesiologists (ASA) scores [11].

Additionally, we analyzed operating time (dura-
tion of anesthesia), length of hospital stays after 
surgery, and estimated blood loss. Complications 
were scored on the Clavien-Dindo classification of 
surgical complications (from grade 1 – any devia-
tion from normal postoperative course, to grade 5 
– death) [12]. Major complications were defined as 
a Clavien-Dindo score of 3 or more.

Statistical analysis 

Clinical characteristics were presented with de-
scriptive statistics. Multivariate logistic regression 
was used to find predictors of major postoperative 
complications and long hospital stay (> 7 days). Mul-
tivariate linear regression was used to find predic-
tors of intraoperative blood loss and operating time. 
The predictors included ASA score, age group, BMI, 
TNM score (all as continuous variables), sex, urine 
derivation (ileal conduit and orthotopic neobladder 
vs. ureterocutaneostomy), and operation type (lap-
aroscopic vs. open). A  p-value < 0.05 was consid-
ered statistically significant. The R software (version 
3.5.3) was used for all analyses.

Results 

Of all 434 patients enrolled, 146 (34%) were ≤ 65 
years, 157 (36%) were 66–74 years, and 131 (30%) 
were ≥ 5 years. About 80% of all patients in each 
group were men. In each age group, laparoscopic 
surgery was performed in about 70% of patients. 
Patients aged 75 years and older had ureterocutane-
ostomy more often and had higher ASA scores than 
the remaining patients. The clinical characteristics of 
all patients according to their age group are present-
ed in Table I.

In each age group, about 80% of complications 
were minor (grades 1–2), but patients aged ≥ 75 
years had slightly higher (but not significantly) rates 
of grade-4 and grade-5 complications. Hospital 
stay and blood loss were similar in each age group, 
whereas operating time was the shortest in patients 
aged ≥ 75 years.

In the regression models, age group was not 
a significant predictor of major complications, long 
hospital stays, and blood loss (p ≥ 0.206, Tables 
I and II), but older age was associated with shorter 
surgery times (p = 0.002, Table III).

Higher ASA scores tended to be associated with 
a greater risk of major complications (odds ratio = 
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1.47; p = 0.092); none of the remaining predictors 
approached statistical significance (Table II).

Compared to ureterocutaneostomy, ileal conduit 
and orthotopic neobladder were associated with 
both longer hospital stays and surgery times (p ≤ 
0.012, Tables II and III). 

Open surgery was associated with longer hospi-
tal stays and greater blood loss compared to laparo-
scopic surgery (p < 0.001, Tables II and III). 

In addition, male sex and lower BMIs were associ-
ated with shorter surgery times (p ≤ 0.010; Table II). 

In order to eliminate the impact of urinary di-
version on the results, the whole study group was 
divided according to the type of diversion. In the 
subgroup of patients with the simplest derivation 
(ureterocutaneostomy) in three age groups the num-
ber of severe complications is not statistically differ-
ent between groups.

Table I. Clinical characteristics of patients after radical cystectomy according to age group

Parameter Patients ≤ 65 years
(n = 146)

Patients 66–74 years
(n = 157)

Patients ≥ 75 years
(n = 131)

Age, median [IQR], N.A. 59.00 [54.25, 62.00] 67.00 [65.00, 70.00] 78.00 [75.00, 81.00]

Men, n (%) 117 (80.1) 125 (79.6) 108 (82.4)

BMI, median [IQR], (N.S.) 25.62 [23.11, 29.40] 26.79 [24.00, 30.00] 25.34 [22.90, 27.80]

TNM, n (%):

0 (N.S.) 29 (21.6) 20 (13.7) 8 (6.9)

1 (N.S.) 22 (16.4) 23 (15.8) 16 (13.8)

2 (N.S.) 27 (20.1) 20 (13.7) 25 (21.6)

3 (N.S.) 19 (14.2) 46 (31.5) 28 (24.1)

4 (N.S.) 37 (27.6) 37 (25.3) 39 (33.6)

ASA score, n (%):

1 (N.S.) 9 (6.5) 3 (2.1) 0 (0.0)

2 (p = 0.032) 59 (42.8) 46 (31.5) 25 (20.7)

3 (N.S.) 61 (44.2) 85 (58.2) 78 (64.5)

4 (p = 0.043) 9 (6.5) 12 (8.2) 18 (14.9)

Operation, n (%):

Laparoscopic 107 (73.3) 110 (70.1) 89 (67.9)

Open 39 (26.7) 47 (29.9) 42 (32.1)

Urine derivation, n (%):

Ileal conduit (p = 0.081) 76 (52.8) 74 (47.1) 33 (25.8)

Orthotopic neobladder 11 (7.6) 17 (10.8) 8 (6.2)

Ureterocutaneostomy (p = 0.003) 57 (39.6) 66 (42.0) 87 (68.0)

Clavien-Dindo score, n (%):

1 (N.S.) 60 (41.4) 68 (44.2) 38 (29.5)

2 (N.S.) 60 (41.4) 61 (39.6) 62 (48.1)

3 (N.S.) 19 (13.1) 19 (12.3) 11 (8.5)

4 (N.S.) 2 (1.4) 3 ( 1.9) 10 ( 7.8)

5 (death) (N.S.) 4 (2.8) 3 (1.9) 8 (6.2)

Operating time, median [IQR] (N.S.) 270 [220, 325] 255 [200, 312] 210 [170, 270]

Blood loss, median [IQR] (N.S.) 350 [200, 600] 400 [200, 600] 400 [200, 700]

Hospital stay, median [IQR] (N.S.) 9.00 [7.00, 12.00] 9.00 [7.00, 12.00] 8.00 [6.00, 13.00]

N.A. – not applicable, N.S. – no significant differences.
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Discussion 

Open radical cystectomy with neoadjuvant or 
adjuvant chemotherapy is the treatment of choice 
for both men and women with advanced MIBC. Ac-
cording to the EAU guidelines, this treatment should 
be offered to most patients, because it is associated 
with better cure rates than radiotherapy or chemo-
therapy alone [2–5]. Older age used to be a barrier 
to surgical treatment in patients with MIBC. It was 
believed that older patients should not be offered 
cystectomy due to high rates of complications and 
death. However, some recent research showed that 
open radical cystectomy can be safe in elderly pa-
tients, with similar mortality and morbidity rates as 
in younger patients [13, 14]. In line with previous 
research, we found that the risk of major complica-

tions was similar in all age groups. Reduced compli-
cation rates in older patients in more recent studies 
might be explained by greater availability of mini-
mally invasive operations and better perioperative 
management [15, 16].

In our study, we decided to analyze the predic-
tors of major complications, because most minor 
complications can be managed successfully and do 
not increase the risk of postoperative outcomes. 
We defined major complications as grade 3 or high-
er on the Clavien-Dindo scale. A  similar definition 
was adopted in many previous studies investigating 
the outcomes of radical cystectomy [17–21]. About 
20% of all complications were major (Clavien-Dindo 
Grade 3 or higher) among our patients, which is in 
line with published data [18]. In previous analyses, 

Table II. Logistic regression models predicting major postoperative complications and long hospital stay in 
patients after radical cystectomy

Parameter Major postoperative complications Long hospital stay

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Age group 1.10 (0.76–1.59) 0.593 1.24 (0.88–1.74) 0.206

Male sex 1.91 (0.89–4.58) 0.113 1.01 (0.53–1.92) 0.968

ASA score 1.47 (0.93–2.32) 0.092 1.33 (0.85–2.08) 0.202

BMI 1.01 (0.95–1.07) 0.744 0.79 (0.92–1.03) 0.434

TNM 0.96 (0.79–1.18) 0.745 1.11 (0.92–1.34) 0.250

Urine derivation (vs. ureterocutaneostomy):

Ileal conduit 1.30 (0.68–2.46) 0.417 6.13 (3.40–11.39) < 0.001

Orthotopic neobladder 0.35 90.05–1.48) 0.205 7.95 (1.81–55.85) 0.012

Open operation (vs. laparoscopic) 1.34 (0.662.64) 0.402 9.71 (4.09–27.31) < 0.001

Table III. Linear regression models predicting blood loss and operating time in patients after radical cys-
tectomy

Parameter Blood loss [ml] Operating time [min]

Estimate (standard error) P-value Estimate (standard error) P-value

Age group 14.17 (24.34) 0.561 –13.90 (4.37) 0.002

Male sex –0.43 (47.84) 0.993 –21.38 (8.29) 0.010

ASA score 20.90 (29.94) 0.486 –1.66 (5.41) 0.758

BMI 3.17 (3.86) 0.413 2.58 (0.70) < 0.001

TNM 7.88 (13.39) 0.556 0.92 (2.43) 0.702

Urine derivation (vs. ureterocutaneostomy):

Ileal conduit –61.48 (43.20) 0.156 85.10 (7.69) < 0.001

Orthotopic neobladder –96.03 (74.90) 0.201 136.25 9 (14.30) < 0.001

Open operation (vs. laparoscopic) 625.38 (49.18) < 0.001 2.35 (8.48) 0.781
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postoperative death rates after cystectomy varied 
from 0.3% to 7.9%, and we observed similar figures 
in our series [22, 23]. The death rate was the great-
est in patients aged ≥ 75 years; however, the overall 
death rate was low, so our sample was too small to 
look for predictors of death in multivariable analyses.

In our study, older age did not increase the risk of 
major postoperative complications, prolonged hos-
pital stays, or blood loss among patients with MIBC 
who underwent radical cystectomy. Our findings 
are in line with previous reports. For example, Lee 
et al. found no association of age with complication 
risk among 126 patients after robot-assisted radical 
cystectomy [24]. Similarly, other studies did not find 
a significant relationship between age and the risk 
of complications of radical cystectomy [21, 23, 25]. 
Among all the studied clinical factors, we found that 
only higher ASA scores tended to be associated with 
a greater risk of major complications (similarly to 
previous reports) [21, 25].

When operating on older patients, we consider 
the following three issues especially important: low 
blood loss, short operating time, and safe urine der-
ivation. Our findings seem to reflect our approach, 
because blood loss was similar across all age groups, 
operating time was shorter in older patients, and ure-
terocutaneostomy was used most frequently in the 
oldest patients. The most serious complications in 
older patients who undergo radical cystectomy are 
related to the type of urinary diversion [10]. Any type 
of urine derivation can be offered to older patients 
who undergo radical cystectomy, but the choice 
should be made based on the patients’ general con-
dition. Because single-site ureterocutaneostomy 
is simple and associated with few complications, it 
should be considered in older patients and patients 
in a  poor general condition [7, 15, 26]. Notably, in 
patients older than 85–90 years, reoperation due 
to urine leakage frequently leads to death [27]. Al-
though both ileal conduits and orthotopic neoblad-
ders were successfully created in our patients, we 
typically choose simple urine diversions in elderly pa-
tients in a poor general condition [5]. In addition, to 
eliminate the impact of urinary diversion type on the 
results, the whole study group was divided according 
to the type of diversion. In the subgroup of patients 
with the simplest derivation (ureterocutaneostomy) 
in three age groups the number of severe complica-
tions was not statistically significantly different be-
tween groups. Therefore it can be assumed that age 

does not impact per se number of complications on 
such a great level as it was previously believed [4, 5].

Longer operations are associated with a  great-
er risk; therefore operations in patients who are in 
a  poor general condition should not be prolonged 
unnecessarily. In our series, the surgery time was the 
shortest in patients 75 years old and older, which 
was likely because we often used ureterocutaneos-
tomy in these patients. In regression models, both il-
eal conduit and orthotopic neobladder substantially 
prolonged the operating time and increased the risk 
of a long hospital stay. This is an important finding, 
because longer operating time is an independent 
predictor of major postoperative complications after 
radical cystectomy [21].

Precise surgical technique and coagulation to 
avoid excessive bleeding can be achieved by both an 
open approach and with laparoscopy, but the least 
invasive techniques seem preferable. Thus, we used 
laparoscopy in about 70% of all operations. Regres-
sion models showed that laparoscopy did not pro-
long surgery and was associated with lower blood 
loss and shorter hospital stays.

Our study had limitations. It was retrospective, 
which could lead to biased assessments of perioper-
ative outcomes. Moreover, the retrospective nature 
of the study did not allow us to obtain data that 
could be relevant predictors of postoperative com-
plications, such as smoking status [17]. Although 
our sample was one of the largest published series 
among patients after radical cystectomy, it was too 
small to study the predictors of perioperative death. 
However, we were able to perform multivariable 
analyses to investigate other outcomes. It is also 
important to note that the percentage of elderly pa-
tients included in the study group does not represent 
real life elderly patients with MIBC in our region due 
to the specific character of our department, which is 
specialized in surgical treatment of elderly patients, 
who are disqualified in other places. 

Conclusions 

Radical cystectomy can be offered to all patients 
with MIBC, irrespectively of age. Low blood loss, 
short surgery times, and urine derivation are import-
ant for postoperative outcomes.
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