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Objective
To contribute to the debate regarding the minimum volume of radical cystectomies (RCs) that a hospital should perform by
evaluating the association between hospital volume (HV) and postoperative mortality.

Patients and Methods
Patients who underwent RC for bladder cancer between 1 January 2008 and 31 December 2018 were retrospectively
identified from the Netherlands Cancer Registry. To create a calendar-year independent measure, the HV of RCs was
calculated per patient by counting the RCs performed in the same hospital in the 12 months preceding surgery. The
relationship of HV with 30- and 90-day mortality was assessed by logistic regression with a non-linear spline function for
HV as a continuous variable, which was adjusted for age, tumour, node and metastasis (TNM) stage, and neoadjuvant
treatment.

Results
The median (interquartile range; range) HV among the 9287 RC-treated patients was 19 (12–27; 1–75). Of all the included
patients, 208 (2.2%) and 518 (5.6%) died within 30 and 90 days after RC, respectively. After adjustment for age, TNM stage
and neoadjuvant therapy, postoperative mortality slightly increased between an HV of 0 and an HV of 25 RCs and steadily
decreased from an HV of 30 onwards. The lowest risks of postoperative mortality were observed for the highest volumes.

Conclusion
This paper, based on high-quality data from a large nationwide population-based cohort, suggests that increasing the RC
volume criteria beyond 30 RCs annually could further decrease postoperative mortality. Based on these results, the volume
criterion of 20 RCs annually, as recently recommended by the European Association of Urology Guideline Panel, might
therefore be reconsidered.
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Introduction
Radical cystectomy (RC) as treatment for bladder cancer is a
complex surgical procedure. It is the ’gold standard’ in
localized carcinoma invading bladder muscle (MIBC) [1],

although the role of trimodal therapy is also increasing [2].
The procedure results in substantial postoperative morbidity
and mortality. Multiple European countries have
implemented policies towards centralization of RCs based on
previous studies that showed a negative association between
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hospital volume (HV) and postoperative mortality [3]. For
example, in the Netherlands, hospitals currently have to
perform a minimum of 20 RCs per year [4], and the UK
implemented a combined minimum of 50 RCs and/or radical
prostatectomies annually [5]. There was, however, no
evidence-based advice on the minimum number of RCs until
the recently performed systematic review of the European
Association of Urology (EAU) Guidelines Panel for MIBC on
this topic [6].

The guidelines group recommends at least 10, but preferably
20, RCs per hospital annually, but most of the included
studies on which this recommendation is based had a
moderate to high risk of bias according to the guideline
group [6]. Apart from the risk of bias, analyses commonly
used to assess the association between HV and outcomes can
be considered suboptimal. Almost all studies categorized HV
using highly varying thresholds across studies [7–13], thereby
impeding efforts to determine an RC threshold. More
important, however, are the statistical consequences of
distribution-based or self-chosen thresholds. In the best-case
scenario, categorizing HV only obscures the underlying shape
of the relationship over the range of possible volumes. In the
worst case, it will lead to misspecification of the model [14].

To avoid loss of information through categorization or
inappropriate assumptions of a linear relationship, splines can
be used to model a flexible effect of HV on mortality [14]. A
spline function yields insight into the functional form (e.g.
linear, exponential, or other shapes) of the relationship
between HV and postoperative mortality. To date, only one
study has used a flexible model, i.e. one with no assumptions
on the linearity of the relationship, to investigate the
functional form of the relationship between RC HV and
inpatient complications, and that study found a plateau effect
at 50–55 RCs [15]. However, no study has yet used this
method with postoperative mortality as an endpoint.

This large population-based study using individual patient
data aims to estimate the relationship between volume of RCs
performed by a hospital and postoperative mortality.
Ultimately, this should contribute to an evidence-based
criterion for the minimum number of RCs performed per
operating centre.

Patients and Methods
Cohort and Data

A historic cohort of bladder cancer patients undergoing RC
was identified through the Netherlands Cancer Registry
(NCR). The NCR is a nationwide population-based registry
serving the total Dutch population of 17.4 million inhabitants.
All newly diagnosed malignancies are included, mainly based
on notification from the nationwide network and registry of
histopathology and cytopathology in the Netherlands

(PALGA). Independent and trained data managers of the
NCR extract data on each patient’s diagnosis, staging and
treatment from the medical records.

All patients diagnosed with bladder cancer, regardless of stage
and histology, who underwent an RC in a Dutch hospital
between 1 January 2008 and 31 December 2018 were
included. As only inhabitants of the Netherlands are included
in the NCR, non-inhabitants surgically treated in a Dutch
hospital could therefore not be included in this cohort. For all
patients in the final cohort, data on the patient (age, sex),
tumour (TNM stage) and treatment (RC date and hospital,
neoadjuvant therapy) were retrieved from the NCR.
Topography and histology were coded according to the
International Classification of Diseases for Oncology (ICD-O-
3) [16]. Tumours were staged according to the TNM
classifications of the Union for International Cancer Control
(UICC) that were applicable at the time of diagnosis [17].
Both initial and re-transurethral resections were considered to
determine clinical T-stage. Vital status in the NCR was
obtained through annual linkage with the Personal Records
Database, in which (date of) emigration and (date of) death is
recorded for all inhabitants of the Netherlands.

According to the Central Committee on Research involving
Human Subjects (CCMO), this descriptive type of study does
not require approval from an ethics committee in the
Netherlands. The study was approved by the Privacy Review
Board of the NCR.

Hospital Volume and Outcome

Hospital volume of RC was determined per patient, by
calculating the number of preceding RCs in the same hospital
in the 12 months prior to surgery where the specific patient
underwent RC. This approach ensures a more accurate
reflection of the experience with RCs in the preceding year for
a specific patient than the overall year volume that can vary
strongly between calendar years. In case of a hospital merger,
the RCs performed in both of the merged hospitals in the
preceding 12 months were counted. No distinction was made
between different surgical approaches (open, laparoscopic or
robot-assisted). The primary and secondary outcomes were
mortality within 30 and 90 days of the RC date.

Statistical Analyses

The effect of HV on mortality was modelled through
multivariable logistic regression with the individual patient as
the unit of analysis. Outcome variables were 30- and 90-day
mortality. HV was modelled through a spline function to
allow a flexible (i.e. non-linear) relationship. A restricted
cubic spline with four knots at a priori-determined percentiles
of the distribution of HV was used [18]. The effect of HV
was adjusted for age at RC, clinical TNM stage, and
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neoadjuvant chemotherapy based on a priori hypothesized
causal relationships (Appendix 1). Because of the low event
rate of 30- and 90-day mortality, penalized estimation (Firth’s
procedure) instead of maximum likelihood estimation was
used to eliminate small-sample bias and to produce stable
estimates [19,20]. All analyses were performed in SAS 9.4
(SAS Institute Inc., Cary, NC, USA).

Results
Cohort

From the NCR, 9319 patients who underwent RC for bladder
cancer in the period 2008–2018 were identified. Twenty

patients were excluded because their exact RC date could not
be determined. After excluding two other patients who
emigrated within 90 days after RC, 9297 patients were
included in the analyses.

Patient and tumour characteristics at diagnosis are shown in
Table 1. Patients treated in hospitals with higher HV were more
often female, and more often had a cT3/4 tumour and cTN+
disease. They also received neoadjuvant treatment more often.

The median (interquartile range; range) HV was 19 (12–28;
1–83).

The distribution of HV shifted over the years towards more
patients undergoing RC in hospitals with higher volumes

Table 1 Patient and disease characteristics at diagnosis and neoadjuvant treatment.

All Hospital volume

N Column % 0–9 10–19 20–39 ≥40

All (row %) 9297 100 16.8 35.0 37.8 10.5
Sex, %
Male 6860 73.8 75.7 74.6 72.7 72.2
Female 2437 26.2 24.3 25.4 27.3 27.8

Age at diagnosis, %
0–50 years 497 5.3 5.7 4.5 5.1 8.5
51–60 years 1486 16.0 15.9 16.0 16.3 14.9
61–70 3532 38.0 38.2 37.3 38.5 38.3
71–80 3322 35.7 36.0 37.2 34.8 33.8
80+ 460 4.9 4.2 5.1 5.2 4.5

Clinical T-stage, %
T0/Ta 224 2.4 1.7 2.2 2.5 3.7
Tis/T1 1382 14.9 11.9 14.7 15.8 16.8
T2 5365 57.7 66.1 59.8 55.2 46.3
T3 1399 15.0 10.5 14.1 16.9 18.6
T4 582 6.3 6.2 5.4 6.2 9.4
Unknown 345 3.7 3.5 3.7 3.4 5.2

Clinical N-stage, %
N0/X 8320 89.5 91.1 90.1 89.5 84.8
N+ 977 10.5 8.9 9.9 10.5 15.2

Clinical M-stage, %
M0/X 9161 98.5 98.1 98.6 98.6 98.7
M+ 136 1.5 1.9 1.4 1.4 1.3

Pathological T-stage, %
T0 776 8.3 5.6 7.8 9.8 9.4
Ta/Tis/T1 1233 13.3 9.8 12.8 14.2 16.9
T2 2676 28.8 33.2 29.9 26.6 26.3
T3/4 4221 45.4 47.6 46.0 44.7 42.2
Unknown 391 4.2 3.8 3.5 4.8 5.2

Pathological N-stage, %
N0/X 7130 76.7 77.5 77.0 76.2 76.0%
N+ 2167 23.3 22.5 23.0 23.8 24.0%

Pathological M-stage, %
M0/X 9190 98.8 99.2 98.8 98.8 98.7
M+ 107 1.2 0.8 1.2 1.2 1.3

Histology, %
Urothelial cell carcinoma 8727 93.9 93.6 93.8 94.2 93.4
Squamous cell carcinoma 303 3.3 3.4 3.5 2.8 3.9
Mixed small/large cell carcinoma 68 0.7 0.8 0.7 0.6 1.1
Adenocarcinoma 75 0.8 0.8 1.0 0.7 0.4
Small cell carcinoma 45 0.5 0.4 0.3 0.8 0.2
Other/not specified 79 0.8 0.9 0.7 0.9 0.9

Neoadjuvant treatment, %
No neoadjuvant treatment 7731 83.2 90.6 84.9 80.2 76.3
Neoadjuvant chemotherapy 1536 16.5 9.4 14.9 19.4 23.3
Neoadjuvant radiotherapy 30 0.3 0.1 0.3 0.5 0.4
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(Fig. 1). In 2008, there were 86 hospitals performing RC,
whereas in 2018 only 36 hospitals performed RC.

Postoperative Mortality

Of the 9297 patients, 208 (2.24%) died within 30 days of
RC and 518 (5.57%) within 90 days (Table 2). Figure 2

shows the spline curves for HV in relationship to 30- and
90-day postoperative mortality, adjusted for age,
TNM stage and neoadjuvant therapy. For both outcomes,
the curves show an initial slight increase between HV
of 0 and HV of 25 and a decrease for HV above
30, with lowest risks of mortality among the highest
HVs.
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Discussion
In the present study, we investigated the relationship between
HV and 30- and 90-day mortality using data from the NCR.
We observed that the adjusted associations of HV with both
30- and 90-day mortality were similarly shaped. There was a
very slight increase in the mortality up to volumes of
approximately 25 and a steady decrease thereafter. There was
no indication of a plateau beyond a certain HV, where
mortality did not decrease further with increasing HV.

The crude 30- and 90-day mortality rates among RC-treated
patients were 2.2% and 5.6%, respectively, between 2008 and
2018 in the Netherlands. These postoperative mortality rates
are lower compared to the rates presented in previous
national and international studies [7,8,13,21]. For example, a
Dutch study by Goossens-Laan et al. [7] showed overall 30-
and 90-day mortality rates of 3.4% and 7.7% among RCs
executed between 2004 and 2006. At that time, no RC
volume criteria were in place in the Netherlands. The first
volume criterion of 10 RCs annually was introduced in 2010

Table 2 Postoperative mortality by year and hospital volume.

Number of RCs 30-day mortality 90-day mortality

N % 95% CI N % 95% CI

All 9297 208 2.24 1.94–2.54 518 5.57 5.11–6.04
Year of RC
2008 703 16 2.28 1.31–3.67 47 6.69 4.95–8.79
2009 673 15 2.23 1.25–3.65 45 6.69 4.92–8.85
2010 720 17 2.36 1.38–3.75 44 6.11 4.48–8.12
2011 883 20 2.27 1.39–3.48 53 6.00 4.53–7.78
2012 844 18 2.13 1.27–3.35 44 5.21 3.81–6.94
2013 925 26 2.81 1.84–4.09 44 4.76 3.48–6.33
2014 895 21 2.35 1.46–3.56 43 4.80 3.50–6.42
2015 924 22 2.38 1.50–3.58 52 5.63 4.23–7.31
2016 890 22 2.47 1.56–3.72 48 5.39 4.00–7.09
2017 924 15 1.62 0.91–2.66 42 4.55 3.30–6.10
2018 916 16 1.75 1.00–2.82 56 6.11 4.65–7.87

HV*
0–9 1559 34 2.18 1.51–3.03 90 5.77 4.67–7.05
10–19 3249 73 2.25 1.77–2.82 180 5.54 4.78–6.38
20–29 2423 64 2.64 2.04–3.36 149 6.15 5.23–7.18
30–39 1091 25 2.29 1.49–3.36 58 5.32 4.06–6.82
40–60 975 12 1.23 0.64–2.14 41 4.21 3.03–5.66

HV, hospital volume; RC, radical cystectomy. *Individual patient-level HV in preceding 12 months.
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and this was raised to a 3-year-based average of 20 RCs per
year in 2015 [4]. This corresponded with a shift from low RC
volumes to higher RC volumes. It is noteworthy, however,
that the short-term mortality rates in this study have not
dropped to the mortality rates of high-volume hospitals (>10
RCs) as presented by Goossens-Laan et al. [7], i.e. 1.2% and
4.9% for 30- and 90-day mortality, respectively. This might be
explained by changes in patient selection for RC, as previous
studies have shown that the percentage of patients
undergoing RC increased until 2014 and only dropped as a
result of more widespread use of chemoradiation [7].

Some methodological choices made in the present study
strengthen our conclusions. The finding that postoperative
mortality risks decrease beyond a certain HV is in line with
the general conclusion of the majority of previous studies
[6,21], but this study is the first one presenting the functional
form of the volume–outcome association across the whole
range of volumes. Previous studies have categorized HV
based on distribution properties (e.g. tertiles or quartiles [8–
12]) or self-chosen thresholds [7,13]. Apart from the great
diversity in the definition of high volume, categorization leads
in all cases to loss of information and possibly even to
misspecification of the model [14]. Additionally, through the
use of splines, no prior assumptions (e.g. linearity) about the
relationship of volume and outcomes were forced. This
approach provides new insight into the shape of the
association across all volumes. We calculated HV at an
individual patient level. Most studies calculated HV as the
annual number of RCs performed at one hospital [7–12]. As
the overall annual volume can vary greatly over years,
especially after the introduction of volume criteria, this might
result in imprecise measures of volume and affect the
volume–outcome relationship. HV calculated per patient
circumvents these issues and gives a more accurate reflection
of the experience with RCs in the preceding year for a
specific patient.

Several limitations of this study should also be noted. First,
only RCs for bladder cancer were included in this study. The
HV including RC for other indications might therefore be
slightly higher. From the viewpoint that RC is a
multidisciplinary effort where the total package of care
determines the final outcome, including the selection of the
patients for operation, the surgeon, anaesthesiology team,
intensive care unit and ward team [6], one could argue that
all RCs performed at a hospital should be included in the
calculation of HV, but because the number of RCs for other
indications than bladder cancer is very small relative to the
number of bladder cancer RCs, the impact of this omission is
expected to be small. Second, potential (residual) confounding
of the relationship between HV and postoperative mortality
by other factors has been an important issue in previous
studies. Although the aetiology of each of the outcomes (30-
and 90-day mortality) may be somewhat different [22], the

relevant factors are considered to be overlapping. An a priori-
defined set of relevant confounders for both outcomes
included age, tumour stage, (neo)adjuvant chemotherapy, and
factors associated with overall fitness (by Bruins et al. [6]
specified as body mass index, and comorbidity). Within the
NCR, highly accurate individual patient data were available
on age, TNM stage, and neoadjuvant chemotherapy, but data
on body mass index and comorbidities were lacking. The
influence of these factors is questionable, however, because
they are incorporated in patient selection for RC and
therefore vary less among the RC-treated patient population.
Among surgically treated patients, it is unclear whether body
mass index and comorbidities have predictive value for the
occurrence of complications after RC [23,24]. Lastly, it should
be considered that clustering of patients within hospital in
which the surgery was performed may have led to a slight
underestimation of standard errors and, consequently,
underestimation of the width of the confidence interval
around the HV effect.

Multiple studies have investigated the effect of surgeon
volume in relation to postoperative mortality [6]. According
to the EAU Guidelines Panel for MIBC, the main driver of
postoperative mortality is HV rather than surgeon volume
[6]. Since literature is less suggestive of a surgeon volume
effect on postoperative mortality and because of the lack of
surgeon-level data in this cohort, we limited the scope of this
analysis to HV.

The present study suggests that increasing the volume criteria
beyond the current recommendation of 20 RCs annually from
the EAU guideline group and the Dutch Association of
Urology will further decrease postoperative mortality. Volume
criteria should, however, not only be based on attaining the
lowest possible postoperative morbidity and mortality rates,
but should also take the practical consequences of
centralization, such as access to care or training of residents,
into account. The balance between those factors may differ
across countries and healthcare infrastructures. We therefore
recommend policy makers in charge of defining RC volume
criteria to search for a balance between reductions in
postoperative mortality on the one hand and access to care in
a region on the other. Undeniably, by stimulating
centralization of the surgical procedure as well as patient
selection per area and discouraging the performing of RC in
hospitals that can barely perform 20 RCs each year, further
improvements can be made.

In conclusion, the relationship between RC HV and
postoperative mortality shows a ’more is better’ principle
from volumes of 30 and higher. These results warrant a
further increase in the RC volume criterion to decrease
postoperative mortality, and should initiate a discussion
among the national bladder cancer tumour board to reassess
the annual HV of RC in the Netherlands.
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Appendix 1

Causal diagram of relevant factors and their assumed relations

Hospital RC
volume

Complications Post-operative
mortality

Quality of care
processes*

General
fitness**AgeStage (cTNM)

Radical
cystectomy

Neoadjuvant
therapy

Hospital
volume Bca

patients

Fig. A1 It shows the directed acyclic graph of the hypothesized structure of causal paths between factors involved with radical cystectomy (RC),

making the assumptions explicit that underlie the analysis. Hospital volume of RC is hypothesized to only influence postoperative mortality through

complications and quality of care processes. Neither of the other factors is hypothesized to influence postoperative mortality except through

complications. Based on Figure A1, the minimal adjustment set to estimate an unbiased association for hospital volume and postoperative mortality

among RC-treated patients would include: age, general fitness, TNM stage, and neoadjuvant therapy. *Quality of care processes include the expertise

of recognizing and adequately dealing with postoperative complications. **General fitness summarizes the overall health of the patient, which may

include performance status, comorbidities and body mass index.
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