
Bladder Cancer 2 (2016) 251–261
DOI 10.3233/BLC-150043
IOS Press

251

Research Report

A Multi-Center International Study
Assessing the Impact of Differences
in Baseline Characteristics and
Perioperative Care Following Radical
Cystectomy

Takahiro Osawaa,b, Cheryl T. Leea, Takashige Abeb, Norikata Takadab, Khaled S. Hafeza,
Jeffrey S. Montgomerya, Alon Z. Weizera, Brent K. Hollenbecka, Ted A. Skolarusa,
Sachiyo Muraib, Nobuo Shinoharab and Todd M. Morgana,∗
aDepartment of Urology, University of Michigan Health System, Ann Arbor, MI, USA
bDepartment of Urology, Hokkaido University, Sapporo, Japan

Abstract.
Background: To identify potential avenues for quality improvement, we compared the variations in clinical practice and their
association with perioperative morbidity and mortality following radical cystectomy (RC) for bladder cancer in the United
States (US) and Japan.
Methods: We reviewed our retrospectively collected database of 2240 patients who underwent RC for bladder cancer at
the University of Michigan (n = 1427) and in 21 Japanese institutions (n = 813) between 1997 and 2014. We performed a
systematic comparison of clinical and perioperative factors and assessed predictors of perioperative morbidity and mortality.
Death within 90 days of surgery was the primary outcome.
Results: There were apparent differences between the two study populations. Notably, US patients had a significantly greater
BMI and higher ASA score. In Japanese institutions, median postoperative hospital stay was significantly higher (40 days
vs. 7 days, p < 0.001) and 90-day readmission rates were significantly lower (0.6% vs. 26.8%, p < 0.001). There was a total
of 1372/2240 (61.2%) patients with complications within 90 days and 66/2240 (2.9%) patient deaths. Significant predictors
of 90-day mortality were older age (OR 1.04, CI 1.01–1.07), higher body mass index (OR 1.07, CI 1.02–1.12), node-positive
disease (OR 3.14, CI 1.78–5.47), increased blood loss (OR 1.02, CI 1.01–1.03), and major (Clavien-grade 3 or greater)
complication (OR 3.29, CI 1.88–5.71).
Conclusion: Despite major differences in baseline characteristics and care of cystectomy patients between the two study
populations, peri-operative mortality rates proved to be comparable. This data supports an exploration of non-traditional
factors that may influence mortality after cystectomy.
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INTRODUCTION

Radical cystectomy (RC) is associated with high
perioperative morbidity and mortality, ranging from
50–80% and 2–8%, respectively [1, 2]. Despite
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improvements in surgical techniques and advance-
ments in anesthesia, these substantial perioperative
risks are challenging in every country where the pro-
cedure is performed [3, 4]. While there have been
numerous proposed approaches to improving periop-
erative care surrounding RC coming from multiple
countries [5, 6], few studies have explored the diver-
sity in clinical practice between countries to gain
additional insights.

The United States (US) and Japan are two countries
known to have broadly disparate practice patterns in
managing patients undergoing RC. For example, data
from The Organization for Economic Co-operation
and Development (OECD) show that the US has
the shortest hospital stay among OECD countries,
whereas Japan has the longest [7]. Furthermore,
charges for RC are three times higher in the US com-
pared to Japan [8]. Although these differences are
likely primarily driven by larger scale differences in
healthcare systems, they provide a background for
potential quality improvement in both countries.

The aim of the present study was to identify the key
differences in clinical practice patterns for patients
undergoing RC at a US institution compared to sev-
eral Japanese institutions and to determine whether
any can be linked to reduced perioperative morbidity
and mortality.

MATERIALS AND METHODS

Patients

We performed a retrospective review of patients
with bladder cancer who underwent RC, pelvic lym-
phadenectomy and urinary diversion at the University
of Michigan Hospital System and 21 Japanese insti-
tutions, consisting of Hokkaido University Hospital
and 20 affiliated institutions. In these 20 affiliated
hospitals, all surgeries were performed under the
supervision of Japanese Board Certified Urologists.
Institutional review board approval was obtained and
all analyses were performed using de-identified data.
We identified 1450 consecutive patients who under-
went RC without simultaneous nephroureterectomy
at the US institution from January 1997 through
April 2014 and 834 consecutive patients who under-
went RC without simultaneous nephroureterectomy
at the Japanese institutions from May 1997 through
April 2010. Twenty-three patients (1.6%) from the
US institution and twenty-one patients (2.5%) from
the Japanese institutions were excluded because of
incomplete data. In total, 1427 patients from the US

institution and 813 patients from the Japanese insti-
tutions were considered for the final analyses. Ninety
day follow-up was available for all patients.

The postoperative care at the US institution and
Japanese institutions was performed as previously
described and in accordance with institutional care
pathways [1, 9]. This generally included periopera-
tive subcutaneous low-molecular-weight heparin at
the US institution from the time of surgery to hos-
pital discharge, while prophylactic anticoagulation
was not given at any of the Japanese institutions.
Additionally, while urinary diversions in both coun-
tries included ileal conduits and continent diversions,
some patients in Japan underwent cutaneous ureteros-
tomy. This was generally reserved for older patients
with a short life expectancy, patients with severe
comorbidity, and/or those, with a low performance
status. The extent of lymph node dissection was indi-
vidually determined by each surgeon at all institutions
included in this study.

Patient information, including age, sex, body mass
index (BMI), American Society of Anesthesiologists
(ASA) score, prior comorbidity (cerebrovascular
comorbidity, pulmonary comorbidity, history of
diabetes, history of hypertension, history of coro-
nary artery disease), administration of neoadjuvant
chemotherapy, pathological stage, urinary diversion
type, estimated blood loss (EBL), and postopera-
tive hospital stay were all recorded from patient
charts. Pathologic staging was reported according
to the current AJCC staging system (7th edition).
The primary endpoint was death within 90 days
of surgery, and complications within 90 days were
assessed as a secondary endpoint. Each complica-
tion was graded in accordance with the modified
Clavien-Dindo classification system and grouped into
11 categories as reported by Shabsigh et al. [10].
In cases of multiple complications, each one was
individually counted when analyzing categories of
complications.

Statistical analysis

For analysis of the primary and secondary
endpoints, univariable and multivariable logistic
regression using stepwise bidirectional variable
selection were performed in order to assess how
patient factors and practice patterns were associated
with 90-day major morbidity (Clavien grade 3 or
greater) and mortality. For the stopping rule, a p-value
threshold of 0.20 was used, indicating that effects
were entered into or removed from the model during
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a mixed step at p values below or above 0.20, respec-
tively. Odds ratios are presented with the 95% CI.
Medians and interquartile ranges (IQRs) were gen-
erated for continuously coded variables; frequencies
and proportions were generated for categorical vari-
ables. The Mann-Whitney and Pearson’s χ2-test were
used to assess differences in medians and proportions,
respectively. Statistical analysis was performed using
JMP® software (SAS Institute, Cary, NC).

RESULTS

Patient characteristics

The characteristics of the 2240 patients are listed
in Table 1. Of these patients, 1733 (77.4%) were male
and 507 (22.6%) female, and the male to female ratio
was similar between the two groups. The median
(IQR) age was 68 (60–75) years and the median
(IQR) BMI was 26.0 (22.9–29.7) kg/m2. There were
a number of differences in baseline characteristics
between the two groups, as the US cohort tended
to be younger, have a greater BMI, and a higher
ASA score, while the Japanese cohort tended to have
more recorded comorbidities. Additionally, patients
in the US more commonly received neoadjuvant
chemotherapy (32.0% to 3.4%, p < 0.001) and under-
went a robotic operative approach, whereas patients
in Japan more commonly had T2 or greater disease at
cystectomy (66.8% vs. 49.2%, p < 0.001). Ileal con-
duits represented about 60% of all diversion in both
groups, while cutaneous ureterostomy was not per-
formed at the US institution.

Within 90 days from cystectomy, there were 1372
patients (61.2%) experiencing any complication, 410
(18.4%) with major complications. There were 388
patients (17.3%) requiring readmission and 66 (2.9%)
deaths within 90 days. The median (IQR) postopera-
tive hospital stay was 7 (6–10) days in the US and 40
(30–55) days in Japan (p < 0.001), and 90-day read-
mission rates were significantly lower in Japan (0.6%
vs. 26.8%, p < 0.001). In terms of surgical volume,
the median (IQR) number of annual cystectomies per
institution was 119 (103–177) in the US and 4 (3–6)
in Japan (p < 0.001). Differences in clinical practice
patterns between the US and JP are summarized in
supplementary Table 1.

Perioperative morbidity

The unadjusted complication rates were higher
in Japan for total complications (70.0% vs. 56.1%,

p < 0.001) and major complications (23.4% vs.
15.6%, p < 0.001). Table 2 shows a summary of
complication types and categories between the two
groups. Across all patients, the most frequent mor-
bidities were gastrointestinal (29.3%), infectious
(24.0%), wound-related (14.4%), and genitourinary
(12.3%). The most common major morbidities were
genitourinary (24.7%), gastrointestinal (19.3%),
infectious (18.1%), and wound-related (17.3%). All
morbidities and major morbidities between the two
groups were calculated and illustrated as a pie chart
(Fig. 1a and 1b).

There were a number of differences in complica-
tion types between institutions. For complications of
any grade, patients in the US more commonly had
post-operative bleeding (3.5 vs. 0.5%, p < 0.001), car-
diac (5.1 vs. 0.7%, p < 0.001), gastrointestinal (31.0
vs. 26.2%, p = 0.013), thromboembolic (4.7 vs. 0.3%,
p < 0.001), and unclassified (8.5 vs. 1.7%, p < 0.001)
complications. Patients in the Japanese cohort were
more likely to have genitourinary (16.1 vs. 10.3%,
p < 0.001), infectious (29.3 vs. 21.1%, p < 0.001), and
wound-related (21.7 vs. 10.5%, p < 0.001) morbidi-
ties. Major morbidities occurring more frequently
in the US cohort were infectious (24.2 vs. 10.0%,
p < 0.001), thromboembolic (3.8 vs. 0.4%, p = 0.009),
intraoperative such as bowel or vascular injury (5.7
vs. 1.3%, p = 0.006), and unclassified (11.5 vs. 0.8%,
p < 0.001), whereas the Japanese institutions had
more gastrointestinal (37.1 vs. 5.7%, p < 0.001) and
wound related (23.3 vs. 12.7%, p = 0.001) major com-
plications. Perioperative blood transfusion was more
common in Japan (77 vs. 20%, p < 0.001), although
transfusions in the Japanese cohort frequently were
autologous (Supplementary Table 2).

Predictors of 90-d mortality

There were a total of 49 deaths within 90 days
in the US cohort (3.4%) compared with 17 in the
Japanese cohort (2.1%, p = 0.071). Table 3 gives the
unadjusted and multivariable logistic regression anal-
yses predicting 90-day mortality in this cohort. After
stepwise modeling, age (OR 1.04 per year, 95% CI
1.01–1.07, p = 0.011), BMI (OR 1.07 per each kg/m2,
95% CI 1.02–1.12, p = 0.004), pathologic nodal stage
(OR 3.14, 95% CI 1.78–5.47, p < 0.001), EBL (OR
1.02 per 100 ml, 95% CI 1.01–1.03, p = 0.006) and the
occurrence of a major complication (OR 3.29, 95%
CI 1.88–5.71, p < 0.001) were independent predictors
of 90-day mortality. There was no significant differ-
ence in mortality rates between the US and Japanese
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Table 1
Comparison of clinical characteristics in the US institution (n = 1427) and Japanese institutions (n = 813)

Total US institution Japanese institutions p value

Sex, n (%)
Male 1733 (77.4%) 1107 (77.6%) 626 (77.0%) 0.754
Female 507 (22.6%) 320 (22.4%) 187 (23.0%)

Median age (IQR) 68 (60–75) 67 (59–74) 71 (62–76) <0.001
BMI, kg/m2 (n = 2213)

Median (IQR) 26.0 (22.9–29.7) 28.1 (25.0–31.6) 23 (20.8–25.2) <0.001
No. ASA score, n (%) (n = 2158)

I–II 1414 (65.5%) 724 (51.2%) 690 (92.7%) <0.001
III–IV 744 (34.5%) 690 (48.8%) 54 (7.3%)

Number of comorbidities, n (%)
0–1 1539 (68.7%) 1045 (73.2%) 494 (60.8%) <0.001
2–5 701 (31.3%) 382 (26.8%) 319 (39.2%)

Neoadjuvant chemotherapy, n (%)
Yes 484 (21.6%) 456 (32.0%) 28 (3.4%) <0.001
No 1756 (78.4%) 971 (68.0%) 785 (96.6%)

Pathologic T stage, n (%) (n = 2236)
�T1 993 (44.4%) 724 (50.8%) 269 (33.2%) <0.001
�T2 1243 (55.6%) 702 (49.2%) 541 (66.8%)

Pathologic N stage, n (%) (n = 2083)
Positive 389 (18.7%) 250 (18.8%) 139 (18.5%) 0.849
Negative 1694 (81.3%) 1080 (81.2%) 614 (81.5%)

Surgical approach, n (%)
Open 2084 (93.0%) 1271 (89.1%) 813 (100%) <0.001
Robot-assisted 156 (7.0%) 156 (10.9%) –

Form of urinary diversion, n (%)
Continent 714 (31.9%) 553 (38.8%) 161 (19.8%) <0.001
Ileal conduit 1336 (59.6%) 869 (60.8%) 467 (57.4%)
Cutaneous ureterostomy 178 (8.0%) – 178 (21.9%)
No diversion 12 (0.5%) 5 (0.4%) 7 (0.9%)

EBL, mL (n = 2224)
Median (IQR) 750 (400–1300) 550 (350–900) 1298 (800–1964) <0.001

Postoperative hospital stay, days
Median (IQR) 11 (7–33) 7 (6–10) 40 (30–55) <0.001
Hospital volume, RC/yr, median (IQR) 119 (103–177) 4 (3–6) <0.001

90 day complication, n (%)
Yes 1372 (61.2%) 801 (56.1%) 571 (70.0%) <0.001
No 868 (38.8%) 626 (43.9%) 242 (30.0%)

90 day major complication, n (%) (n = 2227)
Yes 410 (18.4%) 223 (15.6%) 187 (23.4%) <0.001
No 1817 (81.6%) 1204 (84.4%) 613 (76.6%)

90 day readmission, n (%)
Yes 388 (17.3%) 383 (26.8%) 5 (0.600%) <0.001
No 1852 (82.7%) 1044 (73.2%) 808 (99.4%)

90 day mortality, n (%)
Yes 66 (2.9%) 49 (3.4%) 17 (2.1%) 0.071
No 2174 (97.1%) 1378 (96.6%) 796 (97.9%)

Continuous data: Mann–Whitney U-test. Categorical data: Pearson’s χ2-test.

cohorts after adjusting for relevant covariates. As
an exploratory analysis, we also used a propensity
score-matched approach (n = 459 each) with a caliper
coefficient of 0.20. No significant difference in post-
operative 90-d mortality was identified between the
subset of US patients and their Japanese counterparts
(p = 0.53). We also performed multivariable logis-
tic regression with BMI as a binary variable (<30,
30+). The Odds Ratio (OR) for BMI (<30 kg/m2,
30+ kg/m2) was 2.67 (95% CI 1.51 – 4.68) and the

other significant variables remained the same (Sup-
plementary Table 3). Although we also included all
the variables in the multivariable analysis that have a
p-value < 0.2 on univariable analysis (Supplementary
Table 4), the significant variables remained the same
in the multivariable analyses.

In addition, we analyzed the differences in mortal-
ity rates among Japanese institutions. We categorized
patients as having undergone surgery at high or low
volume hospitals, using the median hospital cystec-
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Table 2
Summary of all complication types in the US institution and Japanese institutions

Complications All complications Major complications
Clavien-Dindo grade � 3

Total, n (%) US Japanese p value Total, n (%) US Japanese p value
institution institutions, institution, institutions,

n (%) n (%) n (%) n (%)

Bleeding 61 (2.4) 57 (3.5) 4 (0.5) <0.001 11 (2.0) 7 (2.2) 4 (1.7) 0.638
Anemia requiring transfusion 59 56 3 9 6 3
postoperative bleed other than GI 2 1 1 2 1 1

Cardiac 89 (3.6) 83 (5.1) 6 (0.7) <0.001 10 (1.8) 6 (1.9) 4 (1.7) 0.831
Arrhythmia 44 42 2 3 2 1
Congestive Heart Failure 6 4 2 2 – 2
Myocardial infarction 13 11 2 5 4 1
Other 26 26 – – – –

Gastrointestinal 735 (29.3) 505 (31.0) 230 (26.2) 0.013 107 (19.3) 18 (5.7) 89 (37.1) <0.001
Anastomotic bowel leak 19 5 14 12 5 7
Clostridium difficile colitis 109 96 13 2 1 1
Gastrointestinal bleeding 24 16 8 6 3 3
Ileus 524 338 186 80 4 76
Other 59 50 9 7 5 2

Genitourinary 309 (12.3) 168 (10.3) 141 (16.1) <0.001 137 (24.7) 86 (27.4) 51 (21.3) 0.010
Renal failure/insufficiency 63 59 4 15 14 1
Stomal ischemia 7 2 5 6 1 5
Stomal stenosis 2 1 1 1 – 1
Ureteral obstruction 125 32 93 55 29 26
Urinary fistula 18 15 3 14 12 2
Urinary leak 82 48 34 41 26 15
Other 12 11 1 5 4 1

Infections 601 (24.0) 344 (21.1) 257 (29.3) <0.001 100 (18.1) 76 (24.2) 24 (10.0) <0.001
Abscess 54 51 3 46 44 2
FUO 28 3 25 – – –
Sepsis 97 87 10 26 21 5
UTI 377 196 181 22 9 13
Other 45 7 38 6 2 4

Neurological 42 (1.7) 27 (1.7) 15 (1.7) 0.920 4 (0.7) 4 (1.3) 0 (0) 0.079
CVA/TIA 15 9 6 4 4 –
Delirium/Agitation 16 11 5 – – –
Peripheral neuropathy 7 5 2 – – –
Other 4 2 2 – – –

Pulmonary 53 (2.1) 41 (2.5) 12 (1.4) 0.057 17 (3.1) 11 (3.5) 6 (2.5) 0.498
Aspiration pneumonia 32 26 6 3 1 2
Pleural effusion 3 2 1 2 1 1
Respiratory distress 13 10 3 9 6 3
Other 5 3 2 3 3 –

Intraoperative 22 (0.9) 18 (1.1) 4 (0.5) 0.097 21 (3.8) 18 (5.7) 3 (1.3) 0.006
Bowel injury 14 11 3 13 11 2
Vascular injury 3 3 – 3 3 –

Other 5 4 1 5 4 1
Thromboembolic 80 (3.2) 77 (4.7) 3 (0.3) <0.001 13 (2.3) 12 (3.8) 1 (0.4) 0.009
Deep venous thrombosis 58 57 1 6 6 –
Pulmonary embolism 22 20 2 7 6 1

Wound 361 (14.4) 171 (10.5) 190 (21.7) <0.001 96 (17.3) 40 (12.7) 56 (23.3) 0.001
Facial dehiscence/evisceration 5 4 1 4 3 1
Incisional hernia 3 – 3 1 1 –
Wound dehiscence 60 33 27 37 19 18
Wound infection 287 128 159 52 17 35
Other 6 6 – 2 – 2

Other 154 (6.1) 139 (8.5) 15 (1.7) <0.001 38 (6.9) 36 (11.5) 2 (0.8) <0.001
Acidosis 6 5 1 – – –
Electrolyte abnormality 13 11 2 1 1 –
Failure to thrive 40 40 – 3 3 –
Lymphocele 23 21 2 18 18 –
Rare complications 70 61 9 10 8 2
Trauma 1 – 1 – – –
Other 1 1 – 6 6 –

Total 2507 1630 877 554 314 240

Continuous data: Mann–Whitney U-test. Categorical data: Pearson’s χ2-test.
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Fig. 1. Pie chart showing breakdown of total (a) and major (b) complications in the US institution (inside) and Japanese institutions
(outside).
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tomy volume as the cut-point (4 cases). Although
there was an apparent lower mortality rate in higher
volume facilities (3.1% vs. 1.8%), the difference was
not significant (p = 0.31).

Predictors of 90-d major (grade 3–5) morbidity

Next, we examined factors associated with
major perioperative complications in this patient
population. The results of the univariable and
multivariable logistic regression analyses are given
in Table 4 and indicate that BMI (OR 1.04, 95%

CI 1.02–1.07, p < 0.001), ASA score (OR 1.35, 95%
CI 1.02–1.80, p = 0.037), number of comorbidities
(OR 1.33, 95% CI 1.04–1.69, p = 0.022), form of
urinary diversion (p = 0.001), EBL (OR 1.02, 95%
CI 1.01–1.03, p < 0.001) and treatment at the US
institution (OR 0.47, 95% CI 0.34–0.65, p < 0.001)
were independent predictors of 90-day major
complications. We also assessed multivariable
models which included all variables having a
p-value < 0.2 on univariable analysis (Supplementary
Table 5), and the significant variables remained
unchanged.

Table 3
Uni- and multivariable analyses of variables potentially involved in the risk of 90 day mortality

Variable Univariable analysis Multivariable analysis

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Sex (referent: Female) 0.99 (0.57–1.85) 0.990
Age yr, (continuous) 1.03 (1.00–1.06) 0.020 1.04 (1.01–1.07) 0.011
BMI, kg/m2 (continuous) 1.05 (1.00–1.09) 0.031 1.07 (1.02–1.12) 0.004
ASA score III-IV (referent: I-II) 1.88 (1.14–3.09) 0.013
Number of comorbidities, 2–5 (referent: 0-1) 1.64 (0.99–2.69) 0.054
Pathologic stage �T2 (referent: �T1) 2.18 (1.28–3.86) 0.004
Pathologic N stage, pN+ (referent: pN0) 2.84 (1.63–4.87) <0.001 3.14 (1.78–5.47) <0.001
Neoadjuvant chemotherapy (referent: non) 0.98 (0.52–1.73) 0.940
Surgical approach (referent: robotic) 1.59 (0.58–6.56) 0.410
Form of urinary diversion 0.200

Continent Referent
No diversion 4.55 (0.24–25.95) 0.240
Cutaneous ureterostomy 2.05 (0.77–5.00) 0.150
Ileal conduit 1.70 (0.95–3.24) 0.074

EBL, 100 mL interval 1.02 (1.01–1.03) 0.001 1.02 (1.01–1.03) 0.006
Postoperative hospital stay, 10day interval 0.96 (0.85–1.05) 0.380
US institution or Japanese institutions 1.66 (0.97–2.99) 0.064

(referent: Japanese institutions)
Major complication, (referent: non) 3.5 (2.1–5.75) <0.001 3.29 (1.88–5.71) <0.001

Table 4
Uni- and multivariable analyses of variables potentially involved in the risk of 90-day major morbidity

Variable Univariable analysis Multivariable analysis

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Sex (referent: Female) 1.28 (0.98–1.68) 0.068 1.28 (0.97 – 1.71) 0.087
Age yr, (continuous) 1.01 (1.00–1.02) 0.019
BMI, kg/m2 (continuous) 1.02 (0.99–1.04) 0.083 1.04 (1.02–1.07) <0.001
ASA score III-IV (referent: I-II) 1.18 (0.94–1.48) 0.157 1.35 (1.02–1.80) 0.037
Number of comorbidities, 2–5 (referent: 0-1) 1.74 (1.39–2.16) <0.001 1.33 (1.04–1.69) 0.022
Pathologic stage �T2 (referent: �T1) 1.16 (0.93–1.44) 0.191
Pathologic N stage, pN+(referent: pN0) 1.00 (0.75–1.33) 0.983
Neoadjuvant chemotherapy (referent: non) 0.73 (0.55–0.95) 0.021
Surgical approach (referent: robotic) 0.99 (0.66–1.53) 0.952
Form of urinary diversion <0.001 0.001

Continent Referent Referent
No diversion 1.29 (0.20 – 4.98) 0.753 1.34 (0.19 – 5.76) 0.727
Cutaneous ureterostomy 1.41 (0.89–2.17) 0.141 0.85 (0.49–1.42) 0.535
Ileal conduit 1.73 (1.35–2.23) <0.001 1.57 (1.20–2.07) 0.009

EBL, 100 mL interval 1.02 (1.01–1.03) <0.001 1.02 (1.01–1.03) <0.001
US institution or Japanese institutions 0.61 (0.49–0.75) <0.001 0.47 (0.34 – 0.65) <0.001

(referent: Japanese institutions)
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DISCUSSION

Given the complex nature of caring for patients
who undergo RC, the present study sought to cap-
italize on the wide variation in care between a US
institution and several Japanese institutions in order
to determine whether differences in clinical prac-
tices may lead to differences in 90-day morbidity
and mortality. While substantial differences in patient
characteristics and perioperative management were
identified, the primary outcome of 90-day mortality
proved to be comparable between two countries. To
the best of our knowledge, this is the first study com-
paring the perioperative characteristics and outcomes
between institutions in the US and Japan following
RC for bladder cancer.

There were a number of fundamental differences
in the approach to patients undergoing RC that were
identified in this study. Most notably, there were
large discrepancies in the length of hospital stay, with
a median length of hospital stay of 7 days in the
US compared to 40 days in Japan. The question of
whether a much longer hospital stay may be protec-
tive against perioperative morbidity and mortality has
generally remained unanswered and is particularly
relevant as enhanced recovery after surgery proto-
cols are being rapidly implemented in the US and
Europe in order to expedite post-operative recovery
[5]. Conversely, it is the custom in Japan that patients
remain in the hospital until all catheters and drains
have been removed, as has been observed elsewhere
[11]. While this practice in Japan may be driven by
both patients and providers as well as by the nature
of the health care systems, the substantially longer
hospital stay after RC did not appear to provide any
benefit in terms of reducing complications or deaths
following surgery. However, patients in the Japanese
cohort were significantly less likely to require read-
mission. This is particularly relevant as cystectomy
has one of the highest readmission rates of any major
surgery, indicating perhaps that longer hospital-based
or equivalent outpatient care may be warranted in the
US in order to avoid readmission and its burden on
patients and health systems [12].

We also found that the use of neoadjuvant
chemotherapy was significantly higher in the US
compared to Japan (32.0% and 3.4%, respectively)
and may be reflected in the higher rate of pT2 dis-
ease at cystectomy in the Japanese cohort (49.2% vs.
66.8%). The pT0 rate was also significantly higher in
the US compared to Japan (17.2% and 9.0%, respec-
tively). Although the infrequent administration of

neoadjuvant chemotherapy at Japanese institutions
is comparable to many published series [13, 14],
this finding raises important concerns regarding the
underutilization of neoadjuvant chemotherapy. While
there have previously been concerns that neoadjuvant
chemotherapy could increase the risk of periopera-
tive complications [15], we found no such correlation
in this study. The results of the present study sug-
gest that increasing the administration of neoadjuvant
chemotherapy in Japan, and potentially at the US
institution as well, may be a key opportunity for qual-
ity improvement.

There were also notable differences in baseline
characteristics between the two study populations
that are worthy of mention. Patients in the US tended
to have a greater BMI (median 28.1 kg/m2 compared
to 23 kg/m2) and higher ASA score (51.2% catego-
rized as ASA I or II in the US compared to 92.7% in
Japan). This could reflect differences in the general
health of the populations and/or selection of candi-
dates for RC. The US population is known to have the
highest BMI of high-income countries [16], and mean
BMI in the USA (28.5 kg/m2 for male and 28.3 kg/m2

for female) is substantially higher than that in Japan
(23.5 kg/m2 for male and 21.9 kg/m2 for female).

Despite these significant differences, the 90-day
mortality rates between cohorts were similar and
compatible with previous reports [1, 2]. As antici-
pated, age, nodal metastasis, EBL, and the occurrence
of a major complication were all associated with 90-
day mortality in this unique patient set [14, 17, 18].
Interestingly, we also found BMI to be an important
predictor of 90-day mortality. While some institutes
previously reported an association between BMI and
morbidity (both low and high grade) after RC [3, 15],
no direct association with perioperative mortality was
reported. Additionally, very low BMI is also a strong
predictor of 90-day mortality [19].

While there were some observed differences in the
overall rate of post-operative complications in the
two cohorts, perhaps the most salient findings from
this study arise from a comparison of the types of
complications that occurred. For example, clostrid-
ium difficile infections were far more common in
the US, while Japanese institutions had a consider-
ably larger number of patients who suffered from
high grade ileus. The latter may be explained by the
relatively common placement of a transnasal ileus
tube extending into the distal small bowel, performed
under radiologic guidance in patients with moderate
to severe nausea/emesis or abdominal distention [20].
Additionally, the higher EBL and rate of major com-
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plications in the Japanese cohort could directly affect
the postoperative ileus rates, as previously reported
[21].

In assessing predictors of 90-day major compli-
cations, we identified obesity (BMI), comorbidity
(ASA and number of comorbidities), form of urinary
diversion, EBL, and treatment location as signifi-
cant factors. These specific findings are in line with
prior reports and demonstrate that these key predic-
tors are robust across a highly diverse set of patients
managed by very distinct care pathways [22–24].
While some factors, such as diversion type, are likely
simply markers of patient age and comorbidity (i.e.
confounding by indication), factors such as BMI
and comorbidity are likely to be causal in nature.
Additionally, the decreased probability of major com-
plications observed in the US cohort may be primarily
related to differences in hospital volume [24]. This
did not translate into significant differences in peri-
operative mortality between the two groups, however,
implying that the ability to rescue patients from these
complications was comparable [25].

It is also important to note the substantially higher
rate of thromboembolic complications in the US
in this study (4.7% vs. 0.3%). This is particularly
notable in light of the standard use of periopera-
tive subcutaneous heparin during most of the study
period in the US but not in Japan. While contempo-
rary RC series demonstrate that the incidence ranges
from 2.9% to7.4% in the US [26, 27], Japanese
cohorts have previously been shown to have low
rates of thromboembolic events, ranging from 0.3%
to 0.5% [1, 28]. Similarly, the annual incidence of
venous thromboembolism in the US is estimated at
70 to 120 events per 100,000 people compared to
16 to 17 events per 100,000 persons in Asia [29,
30]. Interestingly, Singhal et al. recently reported
that Asians and Caucasians demonstrate different
hemostatic responses to surgery, at least in part due
to differences in baseline levels of clotting factors
[30]. While we are unable to tease out the factors
behind the discrepancy in thromboembolic complica-
tions observed here, these data suggest that baseline
risk likely drive the occurrence of thromboembolic
events to a much greater extent than perioperative
prophylactic measures.

The present study has important limitations that
must be considered. Given the retrospective design,
we were unable to identify or control for the variations
in clinical pathways and postoperative monitoring
resulting from the heterogeneous clinical pathways
among the Japanese institutes, as well as potential

differences in data acquisition. Complications may
be charted more completely in Japan as patients are
in the hospital for a much longer period compared to
the US. Perioperative standards, including surgical
approaches, were not equally distributed between the
two countries during the study period, and there were
significant differences in patient baseline charac-
teristics. Unfortunately, some important information
relevant to morbidity and mortality was not available
for analysis in our current study, including length of
antibiotic use, time to oral diet, length of surgery,
frailty score, and discharge disposition. In addition,
there were significant differences in surgical volume
between the US and Japanese institutions, which may
explain some important differences in post-operative
outcomes. Last, a single high volume center in the US
was compared with 21 centers in Hokkaido. Includ-
ing other lower volume US centers could result in
different baseline and surgical characteristics and
offer additional insights into differences in practice
patterns between the US and Japan. However, we
believe that our cohort includes representative patient
populations from all of the participating institutions,
facilitating the unique findings identified here. We
believe that these data present a meaningful oppor-
tunity for continued quality improvement leveraging
international differences in patterns of care.

We identified considerable differences in the man-
agement of patients undergoing RC in the US
compared to Japan, most notably the administration
of neoadjuvant chemotherapy, surgical approach, and
length of hospital stay. Despite these differences in
patient care as well as the marked differences in
baseline characteristics between the two groups, post-
operative mortality rates were similar. This suggests
that efforts to further drive down peri-operative mor-
tality following this complex procedure will require
new and innovative management approaches.
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