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ABSTRACT ARTICLE HISTROY
Objective: Radical cystectomy (RC) for bladder cancer is associated with an inherent risk of complica- Received 15 February 2024
tions and even postoperative mortality. The number of hospitals performing RC has decreased in Sweden Accepted 15 April 2024
over time, and since a formal regional centralization in 2017 cystectomy care is currently provided by nine Published 29 April 2024
hospitals. KEYWORDS
Material and methods: In the Swedish National Urinary Bladder Cancer Register (SNRUBC) 90-day com- bladder cancer: radical
plications after RC have begn reg|§tered with hlgh coverage since 2012. Descriptive da.ta 'and short-term cystectomy; centralization;
outcomes were compared in relation to centralization of the cystectomy care by stratifying data before hospital volume
(2012-2016) and after (2017-2023).

Results: Out of all 4,638 cystectomies, 2,738 (59%) were performed after the centralization in 2017 and onwards.

The median age at RC increased from 71 (Inter Quartile Range [IQR] 65-76) to 73 (IQR 67-77) years, and the pro-

portion of patients with comorbidity (American Society of Anesthesiologists [ASA] 3 or 4) increased from 32% to

37% after the centralization (p < 0.001). The number of patients suffering from high-grade complications within

90 days of surgery corresponding to Clavien grade three were 345 (18%) and 407 (15%), and corresponding

to Clavien grade four 61 (3%) and 64 (2%) before and after centralization, respectively. Reoperations within 90

days of RC decreased from 234/1,900 (12%) to 208/2,738 (8%) (p < 0.001), and 90-day mortality decreased from

84/1,900 (4%) to 85/2,738 (3%) (p = 0.023) before and after centralization, respectively.

Conclusion: After the centralization of the cystectomy-care in Sweden, older patients and individuals with

more extensive comorbidity were offered RC whereas 90-day mortality and the proportion of patients

subjected to reoperations within 90 days of surgery decreased without increasing waiting times.

Introduction endeavor to investigate the association between surgical vol-
ume and outcomes was initiated over four decades ago [2]. For
such complex surgery as RC, higher hospital volumes have been
linked to decreased postoperative mortality and quality of care
[3], as well as long term survival [4]. Between 1997 and 2014, RC
was performed in 44 different hospitals in Sweden [4]; and based
on available evidence on the association between hospital vol-
ume and outcomes, a centralized cystectomy care commenced
in January 1st 2017 [5]. Awaiting longer follow-up to also enable
studying survival outcomes, we investigate indications, lead
times and short-term outcomes after RC in Sweden 5 years
before centralization with the subsequent 7 years up to now.

Neoadjuvant chemotherapy (NAC) and radical cystectomy (RC)
with extended lymphadenectomy is the treatment standard for
muscle-invasive bladder cancer (MIBC), and RC is also recom-
mended for primary non-muscle invasive bladder cancer
(NMIBC) with very high risk of progression. In men RC includes
extirpation of the prostate, and in women the anterior vaginal
wall and internal genitalia are also excised en bloc with the uri-
nary bladder. Today, the most common urinary diversion after
RC is an ileal conduit, and the use of continent diversion has
declined over the years, also in countries with previously a more
frequent use of continent cutaneous pouches and orthotopic
bladder substitutes [1]. Such a shift in practice patterns for uri-
nary diversion, together with improved diagnostic and interven-
tional methods to treat complications after RC might have In the Swedish National Urinary Bladder Cancer Register
improved short-term outcomes after RC over time. The scientific  (SNRUBC) complications 90 days after RC have been registered
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since 2011, but with high coverage since 2012, where data are
presented in an interactive and open online data resource
(RODRET) [6]. The aim of SNRUBC is to assess adherence to
national guidelines [7], monitor quality-indicators for bladder
cancer care; it has also been the basis for studying different
aspects of bladder cancer management [8, 9].

From January 1st 2017, RC was performed in 10 hospitals in
Sweden, which was further reduced to currently 9 units compared
to 24 hospitals in 2012 [5]. Data for all patients registered with RC
as primary treatment for patients with date of surgery between
2012 and 2023 were retrieved from SNRUBC in January 2024.
Information about indications (proportion of NMIBC subjected to
RC), patient and treatment characteristics, and complications 90
days after RC (proportion high grade complications (Clavien
grade 3-5), reoperations, and mortality at 90 days) were stratified
before and after centralization January 1st 2017 (i.e,, 2012-2016
vs.2017-2023). Additionally, lead times, that is time from urology
referral to date of first urologic outpatient consultation,
transurethral resection of the bladder tumor (TURB), and RC,
were stratified by year of diagnosis comparing before and after
centralization (2012-2016 vs. 2017-2023).

Only descriptive statistics applying chi-squared test to
compare proportions of categoric variables and Wilcoxon rank-
sum test to compare medians of continuous variables between
the two groups were used. To visualize outcomes from each
hospital, the proportion of positive outcomes are displayed in a
funnel plot [10]. A funnel plot is created by calculating intervals
so that the probability is 95% and 99%, respectively, for a
hospital’s proportion to be inside the interval if positive outcome
is equally probable at each hospital (hypergeometric
distribution). If a hospital’s proportion is outside any of these
intervals, this is a signal that the deviation is larger than could be
explained by chance. The intervals are arranged from bottom to
top in order of increasing hospital size, and consequently the
intervals are narrower the larger the hospital is, which creates
the characteristic ‘funnel’ shape. For all statistical analyses, the R
statistical package version 4.2.2 was used.

Ethical approval for the study was obtained (EPM 2020-
02397).

Results

Out of the 4,638 cystectomies registered in 2012-2023, 2,738
(59%) were performed after the centralization of RC in January
2017. The median age at cystectomy increased from 71 (IQR
65-76) years before 2017 to 73 (IQR 67-77) years after the cen-
tralization. The proportion of patients with comorbidity corre-
sponding to an American Society of Anesthesiologists (ASA)
score 3 or 4 also increased, from 32% before the centralization to
37% after 2017 (p < 0.001). NMIBC was the indication for RC in
680 (36%) patients operated prior to 2017, increasing to 1,101
(40%) after centralization of RC. Use of NAC in patients with
MIBC increased from 515/889 (58%) to 724/1,084 (67%) (p <
0.001) after the centralization. Also, the use of robotic-assisted
radical RC (RARC) increased during the whole period, from
42/272 (15%) in 2012 and is since 2021 the most common type

of RCin Sweden. In 2023, 140/257 (54%) patients were operated
with RARC. Lymphadenectomy to the aortic bifurcation was
more frequently applied after 2017, with 383 (20%) receiving
such surgery prior to 2017 compared to 730 (27%) after central-
ization of the cystectomy care (p < 0.001). On the other hand,
patients operated prior to 2017 were twice as often subjected to
continent urinary diversion (12%) (continent cutaneous pouch
or orthotopic neobladder) compared to after the centralization
(6%) (Table 1).

Median delay from referral to RC without NAC decreased
from 110 (IQR (81-146) days to 98 (IQR 75-132) days after the
centralization (p = 0.005). During the same time-periods, time
from referral to urologic outpatient consultation decreased
from 14 (IQR 4-26) days to 10 (IQR 4-19) days (p < 0.001), and
the delay from referral to TURB decreased from 35 (IQR 20-56)
days to 27 (IQR 16-41) days (p < 0.001).

Unplanned readmissions within 90 days of RC occurred in
28% of patients operated before and after the centralization.
Thenumber of patients registered with high-grade complications
within 90 days of surgery corresponding to Clavien grade three
were 345 (18%) and 407 (15%), and corresponding to Clavien
grade four were 61 (3%) and 64 (2%) before and after
centralization, respectively (p < 0.001). Mortality 90 days after RC
was 19/274 (7%) in 2012, but decreased over time (Figure 1), and
before centralization 85/1,900 (4%) patients died within 90 days
of RC compared to 85/2,738 (3%) after the centralization (p =
0.023). Similarly, reoperations within 90 days of surgery
decreased over time (Figure 2), from 234/1,900 (12%) before to
208/2,738 (8%) after centralization (p < 0.001). The distribution
of proportions 90-day mortality between hospitals before and
after centralization of cystectomy care in Sweden is displayed
for each hospital throughout Figures 3 and 4.

Discussion

Since centralization of the cystectomy care in 2017, older and
more comorbid patients are subjected to RC in Sweden. At the
same time, the 90-day mortality rate and proportion of patients
reoperated within 90 days of RC have decreased.

The current study was undertaken in data from the SNRUBC
with a high coverage for the investigated years [11], although
some underreporting of high-grade complications Clavien
grade 3-5 was identified at third party validation of the primary
registration [12]. Both under- and overreporting of 90-day
mortality has also been reported, mainly related to erroneous
reporting of dates into the SNRUBC [11]. Nonetheless, the
decline in 90-day mortality observed over time in the current
study is more pronounced compared to the postoperative
mortality reduction reported after centralization of cystectomy
care in England, where 90-day mortality decreased from 10% in
1998 to 5% in 2012 [13]. The lowest national 90-day mortality
rate has been published from Iceland (1/108 [1%)]), where one
surgeon performed the vast majority of all procedures [14],
although surgeon volume is likely less important than hospital
volume regarding association with postoperative morbidity and
mortality. Still, one limitation in the current study is the lack of
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Table 1. Description of patient characteristics, treatments data and short-term outcomes before and after centralization of cystectomy care in Sweden.

Cystectomies in the Swedish National Urinary Before (2012-2016) After (2017-2023) p

Bladder Cancer Register

Median age at RC (IQR)
Proportion ASA score 3 or 4
Proportion RC for NMIBC
NAC (below 76 years of age) for MIBC
Proportion RARC
Extent of lymphadenectomy
None
Only enlarged nodes
Obturator fossa
Iliac bifurcation
Aortic bifurcation
Missing data
Urinary diversion
lleal conduit
Continent cutaneous pouch
Orthotopic neobladder
Other
Missing data
Median blood loss (IQR) ml
Median length of stay (IQR) days
Unplanned readmission within 90 days
90-day Clavien complication grade
3
4
90-day mortality
90-day reoperation

71 (65-76) 73 (67-77) <0.001
601 (32%) 997 (37%) <0.001
680 (36%) 1,101 (40%) 0.008
515/889 (58%) 724/1,084 (67%) <0.001
489 (26%) 1,273 (47%) <0.001
221 (12%) 253 (9%) <0.001
43 (2%) 17 (1%)
126 (7%) 94 (3%)
1,114 (59%) 1,642 (60%)
383 (20%) 730 (27%)
13 (1%) 2 (0%)
1,644 (87%) 2,539 (93%) <0.001
14 (1%) 15 (1%)
207 (11%) 143 (5%)
33 (2%) 33 (1%)
2 (0%) 8 (0%)

600 (250-1,050) 350 (150-700) <0.001
12(10-16) 11(8-15) <0.001
527 (28%) 763 (28%) 0.9
345 (18%) 407 (15%) <0.001

61 (3%) 64 (2%)
84 (4%) 85 (3%) 0.023
234 (12%) 208 (8%) <0.001

IQR: Inter Quartile Range; RC: radical cystectomy; ASA: American Society of Anesthesiologists; NMIBC: non-muscle invasive bladder cancer; NAC: neoadjuvant
chemotherapy; MIBC: muscle-invasive bladder cancer; RARC: robotic assisted radical cystectomy.

data on surgeon volume, and consequently no formal mediation
analysis disentangling the individual role of surgeon and
hospital volume on the outcomes after centralization of RC in
the current study were possible. Considering the gradually
declining proportion of patients subjected to a reoperation
within 90 days of RC, from 13%in 2012 to 5% in 2023, the current

Percent

T T T T T T
2012 2014 2016 2018 2020 2022

Year of surgery

Figure 1. Proportion 90-day mortality after RC over time with 95% confi-
dence intervals (Cl) (p = 0.023).

reoperation rate in Sweden is lower compared to 12% reported
in a recently published systematic review [15].

It is not possible to claim causality between centralization of
cystectomy care and the improved short-term outcomes
identified in the current study, although other studies have
reported similar improvements when associating hospital
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Figure 2. Proportion reoperation within 90 days of RC stratified by year of
surgery with 95% Cl (p < 0.001).
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A No. of cases B No. of cases
SWEDEN 234 of 1900 12 %
SWEDEN 208 of 2738 8 %
Karolinska 49 of 413 12%
Sahlgrenska** 22 of 296 7%
Karolinska** 30 of 609 5%
SuS** 18 of 255 7%
Uppsala*™ 330f 135 24 %
. sus 36 of 469 8%
Orebro** 28 of 122 23 %
Umed 20 of 114 18 %
Sahl ka* 19 of 410 5%
Helsingborg 7 of 84 8% ahgrenska © I °
Linképing 90f 83 1%
Jonkoping 90f 78 12% Orebro 28 of 325 . 9%
Sundsvall 3 of 54 6 %
Kalmar 2 of 38 5% Linképing 27 of 319 . 8%
Vasteras 20f 35 6 %
Halmstad 6 of 31 19 % Uppsala ** 33 of 235 - 14 %
Karlstad 4 0f 29 14 %
Falun 4 of 26 15 % Umeéd* 21 of 143 - 15 %
Gavle-Sandviken 60of 25 24 %
Eskilstuna 30of22 14 % Helsingborg 8 of 91 . 9%
Karlskrona 20f20 10 %
Uddevalla 20of 10 20 % Sundsvall 30f75 I 4%
Varberg 20f8 25 %
T 0y
vaxje Tof7 14% Varberg 3of48 I 6%
Carlanderska 0of5 0%
Eksjo-Nassjo 10f5 20 % Figure 3. Proportion of reoperations within
Other/Missing 0of 14 0% 90 days of surgery in hospitals performing
o o
Other/Missing Tof5 20% RC (A) before centralization 2012-2016 and
0 20 0 0 20 (B) after centralization 2017-2023. p-values
Percant Percent compared to the whole country. SuS: Skane
w*p<001 *p<0.05 *p<001 *p<005 University Hospital.

volume RC and 90-day mortality [4, 16, 17]. Other parallel
developments over time such as the introduction of restrictive
perioperative fluid administration [18], implementation of the
early recovery after surgery (ERAS) concept [19], and the
decreased use of continent reconstruction [20], might also have
contributed to the observed decrease in 90-day mortality and
reoperation rates over time. Based on randomized data, the risk
of complications after RC increases when performed in older
individuals with comorbidity such as hypertension, diabetes,
cardiovascular and pulmonary diseases [21]. Nonetheless, based
on an increased median age at RC after centralization in the
current study (73 vs. 71 years prior to 2017) and an increased
proportion of patients subjected to RC with American Society of
Anesthesiologists (ASA) score 3 or 4 (37% after centralization
compared to 32% prior to 2017), it is unlikely that patients more
selectively are offered RC after centralizing the cystectomy care
in Sweden.

Prior to the centralization of RC in Sweden, concerns were
raised that an increased workload in fewer units performing RC

would increase the delay to RC. As standardized care pathways
for bladder cancer were introduced in September 2015, it is not
possible to disentangle if the centralization per se affected lead
times. Thus in 2015, national lead time goals were for the first
time defined in conjunction with investigating macroscopic
hematuria, including diagnostic procedures and time to RC.
Since this health care reform was launched, time from referral to
RC decreased from 110 to 98 days in 2023, which still is too long
based on reported associations between treatment delay in
conjunction with RC [22]. On the other hand, the previously
reported worsened survival outcomes after bladder cancer
surgery during holiday periods in Sweden have not been
confirmed for RC until 2014, when both similar disease-specific
and overall survival were similar during the whole year [23].
Another change in cystectomy care in Sweden occurring
parallel to centralization was the dissemination of RARC, and
since 2021 RARC is more commonly performed than open RC.
Between 2011 and 2019, patients operated with RARC were
more frequently subjected to unscheduled readmissions within
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A No. of cases B No. of cases
SWEDEN 84 of 1900 D 4%
SWEDEN 85 0f2738 3%
Karolinska 14 of 413 l 3%
Sahigrenska 14 of 296 . 5%
Karolinska 16 of 609 3%
SuS*  50f255 I 2%
Uppsala® 13 0f135 - 10%
3 SuS™ 2 0f469 0%
Orebro  20t122 | 2%
umea  5of114 [ 4%
0y
Helsingborg 40f84 . 59 Sahlgrenska 13 0f 410 I 3%
Linkoping 2083 I 2%
Jonksping 60f78 - 8% Orebro* 20 of 325 I 6%
Sundsvall 20f54 l 4%
Kalmar 3 0f 38 - 8% Linkdping 14 of 319 I 4%
Vasteras 30f35 - 9%
Halmstad 20f 31 . 6% Uppsala 6 of 235 I 3%
Karlstad 00f29 | 0%
Falun 00of 26 ‘ 0% Umea 7 of 143 I 5%
Gavle-Sandviken 1ot25 [ 4%
Eskilstuna 1ot22 [} 5% Helsingborg™ 0 of91 0%
Karlskrona 20f20 - 10 %
0y
Uddevalla 20f10 _ 20 % Sundsvall 30f75 I 1%
Varberg 10f8 - 12%
Vaxjo 00of7 ‘ 0%
Varberg 4 0of 48 8%
Carlanderska 0of 5 ‘ 0%
Eksjo-Nassjo 00of5 \ 0% -
Other/Missing 0of 14 0%  Figure 4. 90-day mortality rates per hospi-
o .
Other/Missing 20f5 _ 40% tal (A) before centralization 2012-2016 and
o 20 400 0 20 (B) after centralization 2017-2023. p—vaI:Jes
Percent Percent compared to the whole country. SuS: Skane

w*p <001 *p<0.05

90 days of surgery (29% vs. 25% after open RC), whereas high-
grade complications (Clavien grade 3-5) and reoperations
within 90 days were less common after RARC odds ratio (OR)
0.58 (95% Cl 0.47-0.72) and OR 0.53 (95% Cl 0.39-0.71),
respectively) compared to open RC [24]. Thus, the simultaneous
transition to RARC during centralization of RC might also have
affected short-term outcomes in the current study. A recently
published cost effective-analysis comparing the two surgical
methods found that RARC is more expensive [25], although the
presence of surgical complications is to a larger extent than the
surgical technique (RARC or open RC) determining the variation
in costs after RC [26]. An additional factor contributing to
improved short-term outcomes after RC in Sweden during the
study period might be the registration of 90-day complications
in the SNRUBC per se, that is, improved performance due to
subjects’ knowledge of being observed (Hawthorne effect) [27].

The centralization of the cystectomy care in Sweden is
accompanied by possibilities and needs to perform education,
clinical development, and research. Currently, several pro-

#p<0.01 *p<0.05 University Hospital.

spective multicenter studies are ongoing, where patients are
offered inclusion in regions within the informal network of the
centralized care now treating these patients (ISRCTN1817210;
ISRCTN99427820; ISRCTN64538003). Although it is likely that
many other factors have contributed to improved short-term
outcomes after RC reported here, the absence of increased
waiting times for RC support a continued centralization of RC.
This is also in line with the recent decision to nationally
centralize pelvic exenterations in Sweden to three units from
June 2024.

Conclusions

Since centralization of the cystectomy care in Sweden 2017,
older patients and individuals with more extensive comorbidity
are offered RC compared to previously. At the same time, 90-day
mortality and the proportion of patients subjected to reopera-
tions within 90 days of surgery decreased without increasing
waiting times, justifying the centralization of RC in Sweden.
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