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Urinary Diversion and Morbidity After
Radical Cystectomy for Bladder Cancer

John L. Gore, MD"?; Hua-Yin Yu, MD?; Claude Setodji, PhD?; Jan M. Hanley, MS% Mark S. Litwin, MD, MPH®456,
Christopher S. Saigal, MD, MPH>*®; and the Urologic Diseases in America Project

BACKGROUND: The rate of continent urinary diversion after radical cystectomy for bladder cancer varies by patient
and provider characteristics. Demonstration of equivalent complication rates, independent of diversion type, may
decrease provider reluctance to perform continent reconstructions. The authors sought to determine whether conti-
nent reconstructions confer increased complication rates after radical cystectomy. METHODS: From the Nationwide
Inpatient Sample, the authors used International Classification of Disease (ICD-9) codes to identify subjects who
underwent radical cystectomy for bladder cancer during 2001-2005. They determined acute postoperative medical
and surgical complications from ICD-9 codes and compared complication rates by reconstruction type using the
nearest neighbor propensity score matching method and multivariate logistic regression models. RESULTS: Adjusting
for case-mix differences between reconstructive groups, continent diversions conferred a lower risk of medical, surgi-
cal, and disposition-related complications that was statistically significant for bowel (3.1% lower risk; 95% confidence
interval [95% Cl], —6.8% to —0.1%), urinary (1.2% lower risk; 95% Cl, —2.3%, to —0.4%), and other surgical complica-
tions (3.0% lower risk; 95% Cl, —6.2% to —0.4%), and discharge other than home (8.2% lower risk; 95% Cl, —12.1% to
—4.6%) compared with ileal conduit subjects. Older age and certain comorbid conditions, including congestive heart
failure and preoperative weight loss, were associated with significantly increased odds of postoperative medical and
surgical complications in all subjects. CONCLUSIONS: Mode of urinary diversion after radical cystectomy for bladder
cancer is not associated with increased risk of immediate postoperative complications. These results may encourage
broader consideration of continent urinary diversion without concern for increased complication rates. Cancer
2010;116:331-9. © 2070 American Cancer Society.
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Removal of the bladder for bladder cancer, or radical cystectomy, is a complex, potentially morbid procedure. Unlike
most cancer-directed surgeries, the extirpation is followed by a reconstruction. Historically, the overwhelming majority of
patients received an ileal conduit, in which a tube of ileum connects the urine draining from the kidneys to a cutancous
stoma, and the urine collects in an external bag. Over the last 2 decades, techniques designed to improve the quality of life
of patients after radical cystectomy have obviated the need for external appliances. These continent urinary tract recon-
structions involve creation of a spherical neobladder from bowel that is connected either to the urethra to replicate voli-
tional voiding, or to a small skin opening that requires intermittent catheterization to empty the reservoir. Advantages of
the ileal conduit include a shorter operative time and relative ease of the surgical technique. Advantages of the neobladder
include continence and preserved body image.

Despite the presumed benefits inherent in a continent urinary diversion, analysis of nationally representative data
reveals significant disparities in the utilization of continent reconstructions."* Among patients who underwent radical cys-
tectomy for bladder cancer between 1992 and 2001, <20% received a continent diversion. Most pronounced was the
effect of provider on diversion type: those undergoing surgery at high-volume or teaching hospitals had 50% higher odds

of continent reconstruction than those treated elsewhere.
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From these data, we presumed that provider reluc-
tance to perform continent diversions may relate to a per-
ceived increase in morbidity and mortality outcomes
secondary to the increased complexity and magnitude of
these operations. Confronting this perception may
decrease provider reluctance to advocate for continent
diversions when counseling bladder cancer patients about
reconstructive options. Herein, we sought to determine
whether continent urinary diversion is associated with an
increased risk of medical or surgical postoperative compli-
cations after radical cystectomy.

MATERIALS AND METHODS

Identification of Study Subjects

Subjects were identified from the Healthcare Cost and
Utilization Project Nationwide Inpatient Sample, a strati-
fied random sample of US hospitals sponsored by the
Agency for Healthcare Research and Quality. The most
recent iteration of the Nationwide Inpatient Sample cap-
tures >8 million patient discharges annually and general-
izes to the US population.

We examined Nationwide Inpatient Sample data
for admissions from 2001 to 2005. We identified study
subjects with a primary diagnosis of bladder cancer who
underwent radical cystectomy as the primary admission
procedure (International Classification of Diseases, ninth
revision [ICD-9] code 57.71) for whom codes representa-
tive of the type of urinary diversion performed were avail-
able (84% of radical cystectomy subjects). We classified
the type of reconstruction as continent (orthotopic neo-
bladder or continent cutaneous reservoir, ICD-9 code
57.87) or incontinent (ileal urinary conduit, ICD-9 code
56.51) based on secondary procedure codes for the index

admission.

Covariates

We examined patient and provider variables thought to
correlate with the risk of postoperative adverse events.
Patient-level variables examined included age, sex, race/
ethnicity, income, primary payer, comorbid conditions,
and the type of urinary diversion. With so few subjects of
nonwhite race/ethnicity in the sample, we dichotomized
race into white and nonwhite categories. Primary payer
was collapsed into fewer categories and includes subjects
with private insurance, Medicare, and Medicaid or other
payer coverage. We analyzed subject comorbidity with the
Elixhauser method, which permits adjustment for indi-
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vidual comorbid conditions rather than a count of the
number of comorbidities.’

Provider-level variables examined included hospital
location and teaching status, hospital region, and hospital
cystectomy volume. We categorized hospital type as rural,
urban nonteaching, or urban teaching. Hospital region
conformed to US Census regions. We dichotomized hos-
pital volume according to its 90th percentile for the sam-
ple and categorized hospitals with a cystectomy volume
greater than the 90th percentile (14 cases during the study
period) as high-volume hospitals.

Outcomes

Medical complications were subdivided into cardiovascu-
lar, respiratory, and other medical events. We focused on
acute diagnoses to eliminate confounding from diagnoses
that may represent acute or chronic conditions. We con-
solidated the occurrence of any of the medical complica-
tion categories above into a measure of any postoperative
medical complication.

Surgical complications were subdivided into bowel,
urinary, wound, and other surgical events. Definition of
adverse surgical events used diagnosis and procedure
codes. Procedure codes specific for surgical complication
categories were identified from known complications of
radical cystectomy and urinary diversion and from classifi-
cation of observed secondary procedure codes for the
study sample. We consolidated the occurrence of any of
the adverse surgical events above into a measure of any
postoperative surgical complication. The complications
codes used represent an expansion of ICD-9 codes used in
the Complications Screening Program to reflect the
adverse outcomes that may result after an operation of
the magnitude of a radical cystectomy.* We estimated the
effect of continent diversion on postoperative wound
complications as determined by the Complications
Screening Program and our expanded ICD-9 coding algo-
rithm and found no difference in either the treatment
effect or the significance level.

Other outcomes evaluated included subject disposi-
tion, death during the admission, and length of stay. We
dichotomized disposition to compare those discharged
home unassisted with all other disposition categories.
Postoperative death referred to death during the index
admission regardless of subject length of stay. We dicho-
tomized length of stay according to its 90th percentile for
the sample and categorized those with a length of stay
greater than the 90th percentile (17 days) as having a pro-
longed length of stay. The Nationwide Inpatient Sample
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contains information on the index admission only and
precludes examination of events that occur after discharge,
such as readmissions and follow-up surgeries.

Statistical Methods

All statistics were performed using SAS statistical software
(version 9.02; SAS Institute, Inc, Cary, NC) and Stata sta-
tistical software (version 10.0;StataCorp LP, College Sta-
tion, Tex). Data were analyzed as pooled observations,
and survey weights were used according to the sampling
design of the Nationwide Inpatient Sample to account for
the clustering of cystectomy subjects and their outcomes
within hospitals. Categoric variables were compared on
bivariate analysis by diversion type using chi-square analy-
sis. Continuous variables were compared by reconstruc-
tion modality using independent—samples Student # tests.
Bivariate analysis of the association between patient and
provider characteristics and complications outcomes
determined covariates to be included in each respective
multivariate complication model. Variables that were sig-
nificant at an o level of .15 were included. Age and hospi-
tal type were a priori included in the multivariate models
regardless of significance level on univariate analysis.

To attempt to adjust for the selection bias inherent
in an analysis of outcomes stratified by diversion type, we
used propensity scores methodology.”® Propensity scores
attempt to statistically reproduce randomized trials by bal-
ancing the characteristics of different treatment groups.
The propensity to undergo continent urinary diversion
was calculated from unconditional logistic regression
models using patient and provider level covariates associ-
ated with continent reconstruction. We used nearest
neighbor propensity score matching to determine, for
each complication category, the average treatment effect
on the treated.” For each subject who underwent conti-
nent urinary diversion, the algorithm identifies ileal con-
duit subjects with the closest propensity score and
calculates the difference between the outcome predictions.
Thus, the subjects matched and compared had nearly
identical patient and provider characteristics. The algo-
rithm then averages the difference across all matched pairs
in the sample to yield the average treatment effect on the
treated. We bootstrapped with 1000 repetitions to obtain
95% confidence intervals for the average treatment effect
on the treated. The matching method identifies individual
subjects for calculation of the average treatment effect on
the treated and thus, the unweighted sample was used.
Propensity score methodology has been used previously to
study the effects of arthritis treatment and to compare re-
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nal and cardiovascular outcomes after partial and radical
nephrectomy.”'*

The propensity score matching method balances the
analytic sample on the covariates to compare complication
risk by diversion type, but we are also interested in estimat-
ing the effect of the covariates on the postoperative out-
comes. Thus, we composed additional multivariate logistic
regression models to determine the impact of covariates on
the odds of postoperative complications. We accounted for
the clustering of subjects within hospitals to adjust the
standard errors in these estimates. The weighted study sam-
ple used for our bivariate statistics and for the logistic
regression models that determine covariate associations
with postoperative outcomes permits correspondence of
our estimates to all US discharges for a primary procedure
of radical cystectomy over the study period.

RESULTS

From our weighted sample, we identified 27,494 bladder
cancer subjects from the Nationwide Inpatient Sample
who underwent radical cystectomy with urinary diversion
between 2001 and 2005. Of those, 4539 (16.5%) under-
went a continent diversion, and 22,955 (83.5%) under-
went an ileal conduit. Table 1 displays the characteristics
of the study sample stratified by urinary diversion. Sub-
jects who received a continent reconstruction were
younger than those who received a conduit. Continent
diversion was more prevalent among males and less com-
mon among subjects with Medicare as their primary
payer. A trend was observed toward increased comorbid-
ity among recipients of incontinent diversions, which was
significant for valvular disease, hypothyroidism, and obe-
sity (Table 2).

Propensity scores for our matched unweighted sam-
ple ranged from 0.031 to 0.297 for ileal conduit subjects
and from 0.059 to 0.297 for continent diversion subjects.
Within propensity score quartiles, subject demographic
and clinical characteristics and hospital type were similar
between reconstruction groups (Table 3). Examination of
the propensity score quartiles allowed us to verify that the
treatment groups were balanced. Quartile 1 contains sub-
jects with the lowest likelihood of continent diversion;
quartile 4 contains those with the highest likelihood. The
highest propensity score quartile contained 1601 (23.3%)
continent diversion subjects and 5272 (76.7%) ileal con-
duit subjects; the lowest quartile contained 818 (11.9%)
continent diversion subjects and 7802 (88.1%) ileal con-
duit subjects.
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Table 1. Characteristics of the Study Sample (Weighted)

Characteristic Urinary Diversion, P
No. (%)
Continent lleal Conduit

Total 4539 (16.5) 22,955 (83.5)

Mean age, y 65.9 68.8 <.001
<55 740 (16.3) 2321 (10.1) <.001
55-64 1195 (26.3) 4744 (20.7)

65-74 1500 (33.1) 8340 (36.3)
>75 1104 (24.3) 7550 (32.9)

Sex
Male 3035 (79.7) 19,077 (83.1) .02
Female 605 (20.3) 3878 (16.9)

Race/ethnicity
White 2778 (61.2) 14,756 (64.3) 18
Nonwhite 391 (8.6) 1655 (7.2)

Missing 1370 (30.2) 6544 (28.5)

Primary payer
Private 1920 (42.3) 7421 (32.4) <.001
Medicare 2374 (52.3) 14,471 (63.1)
Medicaid/other 245 (5.4) 1034 (4.5)

ZIP code income quartile
1 (lowest income quartile) 955 (21.0) 4524 (19.7) 13
2 1215 (26.7) 5734 (25.0)

3 684 (15.1) 4061 (17.7)
4 (highest income quartile) 697 (15.4) 3897 (17.0)
Missing 989 (21.8) 4739 (20.6)

Hospital type
Urban teaching 3067 (67.6) 14,309 (62.4) .07
Urban nonteaching 1181 (26.0) 7194 (31.3)

Rural 291 (6.4) 1452 (6.3)

Hospital volume, mean 26.9 23.9 .08
High volume hospital® 2191 (48.3) 10,491 (45.7) .36

Hospital region
Northeast 818 (18.0) 4883 (21.3) .30
Midwest 1189 (26.2) 5973 (26.0)

South 1756 (38.7) 7943 (34.6)
West 776 (17.1) 4157 (18.1)

2Based on 90th percentile hospital volume or >14 cases over the study
period.

Table 4 displays the unadjusted risk differences and
average treatment effect on the treated from propensity
score matching of the postoperative complications catego-
ries analyzed. From the unadjusted analyses, ileal conduit
subjects had a similar risk of adverse events as continent
diversion subjects for most complications categories. Ileal
conduit subjects were more likely to have a medical or sur-
gical complication and were 10% less likely to be dis-
charged home after surgery.

The propensity score algorithm using the un-
weighted sample matched all 921 continent diversion sub-
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Table 2. Comorbid Conditions by Urinary Diversion
(Weighted)

Comorbid Condition Urinary Diversion, P
No. (%)
Continent  lleal Conduit
Congestive heart failure 186 (4.1) 1239 (5.4) 1
Valvular disease 100 (2.2) 840 (3.7) .02
Pulmonary circulation disease 19 (0.4) 142 (0.6) .48
Peripheral vascular disease 154 (3.4) 1002 (4.4) 22
Paralysis 46 (1.0) 269 (1.2) .69
Other neurologic disorders 45 (1.0) 428 (1.9) .05
Chronic pulmonary disease 912 (20.1) 4612 (20.1) .99
Uncomplicated diabetes 587 (12.9) 3300 (14.4) .29
Complicated diabetes 28 (0.6) 253 (1.1) A7
Hypothyroidism 140 (3.1) 1055 (4.6) .03
Renal failure 20 (0.4) 107 (0.5) .92
Liver disease 24 (0.5) 88 (0.4) .51
Lymphoma 24 (0.5) 84 (0.4) .46
Rheumatoid arthritis/CVD 52 (1.2) 260 (1.1) .96
Coagulopathy 103 (2.3) 457 (2.0) .58
Obesity 74 (1.6) 731 (3.2) .02
Weight loss 122 (2.7) 816 (3.6) .19
Deficiency anemia 437 (9.6) 2366 (10.3) .56
Alcohol abuse 83 (1.8) 392 (1.7) .81
Psychoses 25 (0.6) 296 (1.3) .06
Depression 154 (3.4) 643 (2.8) .36
Hypertension 1898 (41.8) 10,141 (44.2) .26

CVD indicates collagen vascular disease.

jects with 3646 to 3653 ileal conduit subjects. Univariate
differences in complication risk were rendered nonsignifi-
cant for the medical complications analyzed. For all medi-
cal complications, continent diversion subjects averaged a
2.8% lower risk of an adverse event than ileal conduit sub-
jects. Recipients of continent reconstructions had a lower
risk of adverse surgical outcomes overall and in all catego-
ries of surgical complications with the exception of wound
complications, in which no difference was noted (P =
.98). The effect ranged from a 1.2% lower risk of urinary
complications (P = .01) to a 3% reduced risk of bowel
and other surgical complications (P = .04 for both).
Opverall, continent diversion subjects had a 5.0% reduced
risk of any surgical complication compared with recipi-
ents of ileal conduits (P = .01). Length of stay and death
during the hospitalization did not vary by reconstructive
modality. Disposition, however, yielded the largest treat-
ment effect of any complication category analyzed. Conti-
nent diversion subjects were 8.2% more likely to be
discharged home unassisted (P < .001).

Table 5 displays the results of weighted multivariate
logistic regression models of factors associated with post-
operative complications. Among all subjects, older age was
associated with increased odds of cardiovascular complica-
tions, any medical event, and alternative disposition.
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Table 3. Covariate Balance by Quartiles of the Calculated
Propensity to Receive a Continent Urinary Diversion?®

Characteristic Propensity
Score Quartile®
1 2 3 4
Proportion continent diversions 11.9% 13.6% 171% 23.3%
Age, P .85 .93 .20 .08
Sex, P .27 A7 .23 .36
Race/ethnicity, P .67 .83 .45 .48
Primary payer, P .65 42 .99 .96
Subject comorbid condition, P
Congestive heart failure .98 .95 47 .51
Valvular disease .62 .93 A1 .66
Other neurologic disorders .30 .26 .36 ¢
Chronic pulmonary disease .84 .43 .81 .61
Uncomplicated diabetes 72 A2 .63 .99
Complicated diabetes 15 10 .52 °©
Hypothyroidism .16 .70 .39 .63
Obesity .36 .40 ¢ ¢
Weight loss .34 .93 .30 72
Psychoses .37 .49 °© °©
Hospital type, P .37 .83 42 .38

2For each quartile, the number displayed represents the significance test
for chi-square analysis comparing the proportion of each patient- and pro-
vider-level covariate by type of urinary diversion.

P Propensity score quartile 1 contains subjects with the lowest likelihood of
receiving a continent diversion, and quartile 4 contains those with the high-
est likelihood.

©Within this propensity score quartile, no subject had a history of this
comorbid condition.

Subjects treated at urban nonteaching hospitals had higher
odds of urinary complications and any surgical event than
subjects treated at urban teaching hospitals; those treated
at high-volume hospitals had lower odds of postoperative
death than their lower-volume counterparts.

Individual comorbid conditions were commonly
associated with increased odds of postoperative medical,
surgical, and disposition complications. Subject conges-
tive heart failure increased the odds of all medical and dis-
position complications categories as well as increasing
odds of any surgical event, with >4-fold increased odds of
cardiovascular events and postoperative death. Comorbid
chronic pulmonary disease significantly increased the
odds of postoperative cardiovascular and respiratory
events, wound complications, alternate discharge disposi-
tion including postoperative death, and the consolidated
measure of any medical complication. Preoperative
weight loss increased the odds of adverse medical and sur-
gical events, with >4-fold increased odds of bowel com-
plications and any medical or surgical complication.

DISCUSSION

We demonstrated that continent diversion does not
increase complication risk after radical cystectomy for
bladder cancer. Given the higher preponderance of

Table 4. Unadjusted and Propensity Score Matching Method Determination of the Risk Difference
of Having a Complication for Subjects Who Underwent Continent Diversion Compared With Those

Who Underwent lleal Conduit Urinary Diversion

Complication

Medical complications

Any medical complication —0.058 (.002)
Cardiovascular complications —0.014 (.26)
Respiratory complications —0.025 (.08)
Other medical complications —0.045 (.004)
Surgical complications

Any surgical complication —0.063 (.001)
Bowel complications —0.037 (.04
Urinary complications —0.009 (.0
Wound complications —0.001 (.82
Other surgical complications —0.033 (.02

Disposition complications
Disposition other than home
Prolonged length of stay®

Death during hospitalization

Unadjusted
Risk Difference (P)

~0.100 (<.001)
~0.012 (.36)

0.003 (.96)

Propensity Score
Matched ATT (95% CI)

~0.028 (—0.070 to 0.005)

0.012 (~0.012 to 0.038)
—0.015 (~0.044 to 0.012)
—0.031 (—0.061 to 0.001)
—0.050 (—0.090 to 0.011)
—0.031 (—0.068 to 0.001)

0.001 (-0.014 to 0.015)

(,
(_
~0.012 (~0.023 to —0.004)
(,
—0.030 (~0.062 to —0.004)

~0.082 (~0.121 to —0.046)
—0.005 (~0.027 to 0.018)

0.008 (—0.002 to 0.020)

ATT indicates average treatment effect in the treated from the propensity score matching algorithm (analogous to the risk
difference comparing the likelihood of each complication outcome among continent diversion subjects compared with
those who underwent ileal conduit urinary diversions); 95% Cl, 95% confidence interval.

@Based on 90th percentile length of stay or >17 days.
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comorbid conditions among ileal conduit subjects, the
finding of increased medical complications among these
subjects on unadjusted analyses is not surprising.
Accounting for case-mix differences with propensity
scores techniques, these differences persisted, albeit with a
smaller effect size.

Despite increased technical complexity and incorpo-
ration of a larger bowel segment into continent urinary
tract reconstructions, the rate of surgical complications
was not higher among these subjects. The lower risk of
medical and surgical complications likely produced the
differential disposition outcomes seen for continent diver-
sion subjects. Those reconstructed with a continent diver-
sion had an 8% lower risk of discharge to a subacute
facility. At least 1 postoperative complication was shown
to increase admission charges by $15,000 and length of
stay by 4 additional days."" Complications may increase
the likelihood of postoperative disability requiring nurs-
ing care and thus, alternate disposition.

Retrospective series from high-volume academic
centers corroborate our results.'>4 Compared with these
series from high-volume tertiary referral centers, our anal-
ysis attempts to minimize selection bias and examines
complications outcomes broadly through inclusion of
small practices that may perform few cystectomies. Terti-
ary referral centers likely have dedicated surgeons, nursing
care, and ancillary support to facilitate efficient delivery of
care for recipients of orthotopic or cutaneous neobladders.
Our results offer more generalizable estimates of compli-
cations after cystectomy and urinary diversion.

Among covariates, age and comorbidity were associ-
ated with postoperative medical and surgical complica-
tions. Older patients had a higher risk of cardiovascular
events and any medical complication, as well as increased
odds of discharge to a subacute facility. Age confers a step-
wise increase in postoperative cardiovascular events
regardless of the surgery performed.'’ Age also correlates
with functional status, known to correlate with occurrence
of any postoperative complication and a risk factor for
postoperative disability.'® Yet age alone should not affect
the consideration of radical cystectomy, as elderly patients
derive a survival benefit from extirpative treatment com-
pared with those managed conservatively.17 Rather,
advanced age mandates more diligent attention to preop-
erative medical optimization.

Similarly, certain comorbid conditions were associ-
ated with dramatically increased odds of postoperative
medical and surgical complications. A medical history of
congestive heart failure immediately attunes a surgical
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provider to the increased risk of perioperative adverse
events; however, beyond intuitive promotion of cardio-
vascular and respiratory events, heart failure patients suf-
fer worse bowel and urinary outcomes and have higher
odds of any surgical complication. Preoperative weight
loss likewise impacts medical and surgical complications.
Impaired wound healing imposed by poor nutrition likely
mediates the increased surgical risk. Among cystectomy
patients, preoperative serum albumin inversely correlates
with risk of 1 or more postoperative complications."®
Among a cohort of veterans, preoperative serum albumin
was a more powerful correlate of postoperative events
than age or comorbidity.'® Attention to nutritional inter-
ventions among those with preoperative weight loss may
improve postoperative outcomes.

Our results may decrease provider reluctance to con-
sider continent urinary diversion when counseling patients
about reconstructive options after radical cystectomy for
invasive bladder cancer. Patient-related concerns regarding
consideration of continent reconstruction often relate to the
aggressiveness of the cancer, the presence of comorbid
chronic kidney disease, their functional status and ability to
perform self-catheterization, if needed, and the overall
health status of the patient and ability to withstand longer
anesthetics. Provider-specific concerns relate to the
increased operative time because of the technical complexity
of continent diversions, the possibility of increased morbid-
ity and mortality, and the increased nursing care in the con-
valescent period. Demonstration of the safety of continent
urinary diversion may mitigate these surgical concerns.

Regionalization of care for complex surgical proce-
dures has been proposed as a solution to operations with
defined volume-outcome relations. For these operations,
high-volume providers have lower mortality rates than
low-volume providers. Cancer operations with significant
mortality rate differendials include pancreatectomy and
esophagectomy.'” A similar volume-outcome relation was
not identified for radical cystectomy.*® However, the ben-
efits of regionalization extend beyond survival benefits;
patients treated by high-volume cystectomy providers are
more likely to undergo continent diversions." These high-
volume surgeons may have a level of expertise with conti-
nent diversions such that they can offer this reconstruction
solely on the basis of patient clinical characteristics. At the
same time, patients may be unwilling to travel long dis-
tances to high-volume surgeons and may face longer wait
times for surgery if they do. Delays in definitive extirpa-
tion >3 months have been associated with decreased blad-
der cancer-specific survival.”! More feasibly, we must
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disseminate those processes affiliated with utilization of
continent urinary diversion. Although volume and aca-
demic affiliation correlate with use of continent recon-
struction,' mean cystectomy volume at hospitals in which
>40% of diversions were continent was 0.8 cystectomies
annually in a nationally representative cohort.”” Beyond
academic centers, in which 35% to 52 % of cystectomies

232
325 some low-

are followed by continent reconstructions,
volume providers prioritize continent reconstruction. The
differences between these and providers who eschew con-
sideration of continent techniques must be better under-
stood to increase rates of continent reconstruction from
the low rate of 16.5% documented in this study.

The current study is confounded by several limita-
tions. First, we were unable to account for cancer-specific
characteristics and patient surgical history in our compli-
cations outcomes. The inability to stratify utilization of
differing reconstruction types by stage or grade or to
examine complications outcomes by those same patho-
logic parameters may have affected our analyses. More
aggressive cancers require more extensive dissection that
can predispose patients to adverse postoperative events.
These patients more commonly undergo ileal conduit
diversion. Failure to account for cancer characteristics
may bias the ileal conduit group toward worse complica-
tions outcomes. Similarly, those undergoing neoadjuvant
chemotherapy may have different tendencies toward cer-
tain diversions and, possibly, varying complications out-
comes. Those with an extensive history of prior
abdominal surgery are predisposed to adverse surgical
events. The increased difficulty of the surgery likely pre-
disposes these patients to ileal conduit diversion as well,
further biasing these subjects to worse outcomes.

We were also restricted to assessing complication
outcomes that occurred during the index admission.
Adverse postoperative events that postdated the index
admission and that are common after radical cystectomy
and urinary diversion may include readmissions for infec-
tions, bowel obstructions and other gastrointestinal com-
plications, stoma complications, stones, and metabolic
consequences of bowel reconstructions.”® These may
increase the burden of care on recipients of continent
diversions if they are predisposed to higher rates of these
adverse events. Future work should examine long-term
sequelae of urinary diversion after radical cystectomy.

In using propensity score methods, we assume that
the patient- and hospital-level covariates are balanced
between subjects with similar propensity scores. If unob-
served characteristics determined diversion type, our
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results would be confounded by persistent selection bias.
For this analysis, several unmeasured variables may have
influenced the type of reconstruction performed, includ-
ing patient preferences and self-efficacy, body habitus,
performance status, social support, and cancer severity.
Unmeasured variables may likewise affect our complica-
tions outcomes, such as the use of clinical care pathways,
surgeon training, and hospital nursing magnet status.
Hospital characteristics associated with use of continent
urinary diversion are likely associated with many of these
unmeasured variables, such as use of clinical care path-
ways, which may be associated with reduced complication
rates among continent diversion patients. We assume,
however, that the observed characteristics of our sample—
patient sociodemographics, patient comorbidity, hospital
type—are associated with those unobserved characteristics
such that balance is maintained between continent diver-
sion subjects and those diverted with an ileal conduit.
Lastly, we assessed morbidity in the immediate postopera-
tive period. Given the data source, we were unable to
compare morbidity incurred beyond the index admission,
and thus were unable to represent long-term outcomes
including readmissions and reoperations.

Despite these limitations, we demonstrated that the
type of urinary diversion after radical cystectomy for blad-
der cancer is not associated with the risk of immediate
postoperative complications. These results may decrease
provider reluctance to consider a more complex diversion
when counseling patients with invasive bladder cancer
about reconstruction options after radical cystectomy.
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