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Abstract

Background: Radical cystectomy has one of the highest 30-d hospital readmission rates but
circumstances leading to readmission remain poorly understood.
Objective: To examine the postdischarge period and better understand hospital readmission
after radical cystectomy.
Design, setting, and participants: We conducted a retrospective cohort study of patients treated
with radical cystectomy for bladder cancer from 2005 to 2012 using our institutional database.
Outcome measurements and statistical analysis: We assessed patient communication with
any healthcare system after hospital discharge based on timing, methods, and concern types.
Logistic regression and Cox proportional-hazards analyses were used to compare post-
discharge concerns among readmitted and nonreadmitted patients. We internally validated
the logistic model using a bootstrap resampling technique.
Results and limitations: One-hundred patients (23%) were readmitted within 30 d of index
discharge. Readmitted patients were more likely to use the emergency department with initial
concerns compared with nonreadmitted patients (27% vs 1.0%, p < 0.001). Patients who took
longer to first communicate their concerns and who were able to tolerate their symptoms
longer had lower odds of readmission. Patients who reported infection (adjusted hazard ratio:
2.8, 95% confidence interval: 1.4–5.8) and failure to thrive concerns (adjusted hazard ratio:
4.4, 95% confidence interval: 2.0–9.3) were more likely to be readmitted compared with those
who communicated noninfectious wounds and/or urinary concerns.
Conclusions: Radical cystectomy patients who contact the health system soon after discharge
or communicated infectious or failure to thrive symptoms (fever, poor oral intake, or
vomiting) are more likely to experience readmission as opposed to those that endorse pain,
constipation, or ostomy issues. Better understanding of this pre-readmission interval can
optimize postdischarge practices.
Patient summary: We looked at bladder cancer patients who had surgery and the reasons

itted to hospital. We found patients who had a fever or difficulty with
g their weight had the highest chance of being readmitted.
why they were readm
eating and maintainin
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1. Introduction

Radical cystectomy is a complex and morbid operation

with one of the highest 30-d hospital readmission rates

across all major surgical procedures (�25%) [1–4]. The

Centers for Medicare and Medicaid Services Hospital

Readmissions Reduction Program scrutinizes excess 30-d

readmissions and reduces payments to hospitals with high

rates [5,6]. Readmission after radical cystectomy could

become the focus of cost-saving policies for healthcare

systems [7].

Understanding how, when, and why readmissions occur

after hospital discharge is critical to developing effective

interventions. We have shown that most readmissions after

cystectomy occur within 2 wk of discharge, and patients are

hospitalized for an average of 1 wk upon readmission. The

most common etiologies for readmission include infection,

failure to thrive, and urinary and gastrointestinal disorders

[8,9]. However, how readmissions occur is still not well

characterized. Further, there is limited understanding of the

evolution of clinical concerns and patient communications

after hospital discharge but before readmission.

For these reasons, we conducted an in-depth analysis of

communications with patients during the pre-readmission

interval to unpack how readmissions occur. Overall, our

study aims to inform how readmissions occur after radical

cystectomy patients leave the hospital.

2. Materials and methods

2.1. Study population

We conducted a retrospective cohort study of patients treated with

radical cystectomy for bladder cancer from 2005 to 2012 based on our

tertiary care institutional database. We included patients regardless of

operative technique (ie, robotic vs open), neoadjuvant chemotherapy,

and urinary diversion type (ie, ileal conduit vs neobladder). Prior studies

have shown an index length of stay of longer than 11 d for radical

cystectomy patients is associated with an increased rate of readmissions

[9]. Therefore, we chose to examine cystectomy patients who had an

initial length of stay of less than 10 d to target findings toward the

majority of patients who will be communicating with the health system

and for whom optimizing follow-up communication strategies could

help understand readmission risk beyond typical known factors

(eg, postoperative complications). We also excluded patients with

insufficient records for analyses (n = 45). Insufficient records include

patients who did not have one or more variables recorded in the electronic

medical system. This resulted in a study population of 440 patients.

2.2. Outcomes

The primary outcome was hospital readmission within 30 d following

radical cystectomy discharge. Patients readmitted after 30 d of their

index hospital discharge date were defined as nonreadmitted per the

Centers for Medicare and Medicaid Services definition [6]. Several

secondary outcomes were assessed including: (1) the timing and

methods used for patient communications with the healthcare system

(both at their operative hospital and at other institutions), (2) the

specific concerns that patients or caregivers had during those

communications, and (3) how these varied across readmitted and

nonreadmitted patients.
2.3. Pre-readmission communications and concerns

We used data from our institutional radical cystectomy database and

electronic medical record review to conduct this study. Communication

and concern data were independently extracted by two authors (N.K.

and B.L.). To examine the timing of initial communication between the

patient and the healthcare system, we assessed the first time (in days)

patients or caregivers had any type of documented communication with

a healthcare system after index discharge. The method of first

communication could be a telephone call, follow-up office visit, or

emergency department encounter (both at operative and secondary

hospitals).

We categorized the reason for the first communication as either a

concern or nonconcern with respect to its clinical relevance. We defined a

concern as any clinical difficulty the patient or their caregiver might

experience that subsequently results in communication with the

healthcare system (eg, postoperative pain). This was further character-

ized based on clinical organ system. A nonconcern represented any

communication with the healthcare system not due to clinical concerns

for the patient or their family (eg, question about scheduling outpatient

follow-up care, medication prescription refill request, etc.).

We further categorized each concern based on its timing, method of

communication, and symptoms. We assessed the days to first concern

based on index hospital discharge date and lead time to first

concern. Lead time (in days) was defined as how long a patient

experienced his or her concern prior to the postdischarge communication

(eg, patient had been vomiting for 3 d). We also characterized the

method used to communicate the concern as telephone call, scheduled

follow-up office visit, or emergency department encounter (both at

operative and secondary hospitals).

Next, we grouped each concern according to signs and symptoms

based on prior work [8,9]. These groups included infectious, gastroin-

testinal, noninfectious wound and urinary. We classified gastrointestinal

concerns as nausea, vomiting, constipation, obstipation, poor oral intake,

or diarrhea. To further stratify gastrointestinal concerns, we separated

those patients with symptoms of failure to thrive (including poor oral

intake, weight loss, and vomiting). Infectious concerns included fever,

culture proven or urinalysis positive urinary tract infection, surgical site,

and wound infections (ie, redness, swelling and/or pain around the

incision, fever, or purulent discharge), or urinary sepsis (as diagnosed

and documented by a healthcare practitioner). Noninfectious wound and

urinary concerns included discoloration in the urine (eg, hematuria),

urinary catheter-related difficulty, ostomy care issues, as well as redness

around the surgical incision site, wound dressing difficulty, and

postoperative pain. There was agreement for the majority of cases

according to these categories during the chart abstraction. In cases of

disagreement, there was discussion among the coauthors until a

consensus was reached to ensure fidelity of the results.

2.4. Statistical analyses

First, we conducted bivariate analyses to examine demographic and

clinical factors among readmitted and nonreadmitted cystectomy

patients. We examined demographic factors (age, sex, race, American

Society of Anesthesiologists [ASA] physical status classification score

[I–II, III–IV], body mass index [BMI]), as well as clinical factors such as

use of neoadjuvant chemotherapy and Clavien-Dindo classification of

surgical complications during the index admission. We used a Student t

test, Mann-Whitney U test, and Cochran-Mantel-Haenszel chi-square

tests where appropriate.

Secondly, we performed multivariable logistic regression analyses

adjusting for the following variables: age, sex, race, ASA score, BMI,

inpatient Clavien-Dindo complication grade, days to first concern, first

concern lead time, and all three concern categories, with the main
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outcome being 30-d hospital readmission. To conduct internal validation

of our final model, we used nonparametric bootstrapping (n = 10 000)

with stratified resampling for sensitivity analyses [10–12]. A logistic

regression model with bias-corrected 95% confidence intervals (CIs) was

generated using the 10 000 bootstrapped samples. We also further

distinguished the failure to thrive concerns from the gastrointestinal

concerns for risk stratification purposes in our bootstrapped model.

Lastly, we used a Cox proportional-hazards model to test the degree

to which days to first concern and type of concern were associated with

freedom from readmission (in days; calculated as 1 minus the

probability of readmission) among the readmitted cohort. We included

the same set of covariates in our time-to-event model as in our logistic

regression models. We used the noninfectious wound and urinary

concern type as the reference category because these clinical concerns

were the least concerning risk factors for readmission compared with the

other two concern types, infection, and failure to thrive.

All analyses were performed using SAS version 9.4 software (SAS

Institute, Cary, NC, USA) and IBM SPSS software for Windows

7.0 Enterprise (SPSS Inc., Chicago, IL, USA). All testing was two-sided,

and the probability of a Type I error was set at 0.05. The study protocol

was approved by the University of Michigan Institutional Review Board.

3. Results

Our total population included 440 cystectomy patients of

which 23% were readmitted within 30 d during the years

2005–2012 (Table 1). On bivariate analyses, nonreadmitted

and readmitted cystectomy patients did not differ on age,

sex, race, ASA classification, BMI, Clavien complications,

neoadjuvant chemotherapy, or urinary diversion type.
Table 1 – Demographic and clinical characteristics of the study popula

Nonreadmitted

Variable n = 340 (77)

Age, mean, yr (SD) 66 (11)

Sex, n (%)

Male 256 (75)

Race, n (%)

Nonwhite 10 (3)

White 330 (97)

ASA classification, n (%)

ASA Class I and II 166 (48)

ASA Class III and greater 174 (51)

BMI, mean, kg/m2 (SD) 28 (5)

Neoadjuvant chemotherapyb, n (%) 143 (42)

Clavien-Dindo classification, n (%)

Grade 0 and I 275 (81)

Grade II and greater 65 (19)

Urinary diversion type, n (%)

Ileal conduit 206 (61)

Neobladder 132 (39)

Concern categoryc, n (%)

Noninfectious wound and urinary 130 (38)

Infection 27 (8)

Gastrointestinal 67 (20)

Failure to thrived 20 (6)

Days to first concern, mean, d (SD) 17 (19)

First concern lead time, mean, d (SD) 6.1 (12)

ASA = American Society of Anesthesiologists Physical Status; BMI = body mass in
a The p values for age and BMI done using a Student t test; days to first concern

ASA score, concern category, and diversion type done using Mantel-Haenszel chi
b Neoadjuvant chemotherapy includes patients receiving and not receiving cispl
c Proportion of concern category among nonreadmitted and readmitted patients
d Failure to thrive is a subgroup of gastrointestinal patients.
Among the four concern categories, the readmitted cohort

had significantly greater infectious, gastrointestinal, and

failure to thrive concerns (all p < 0.05). Conversely, the

nonreadmitted cohort reported a greater proportion of

noninfectious wound and urinary concerns (p < 0.001).

With respect to timing of communication, readmitted

patients had a shorter time to first concern versus their

nonreadmitted peers (mean 6.9 d vs 17 d, respectively,

p < 0.001) and trended toward a shorter first concern lead

time (mean 2.3 d vs 6.1 d, respectively, p = 0.06). The

median index length of stay was 7 d.

As illustrated in Figure 1, readmitted and nonreadmitted

patients differed in their methods of first communication.

Readmitted cystectomy patients were more likely to use the

emergency department as the means to communicate their

first concern versus the nonreadmitted cohort (27% vs 1%,

respectively, p < 0.001) and less likely to use telephone

services (56% vs 72%, respectively, p < 0.001). Within

gastrointestinal, infection, noninfectious wound and uri-

nary concern groups, patients’ readmission risk differed

depending on the nature of their first postdischarge

communication (p � 0.001, 0.054, 0.049, respectively;

Appendix). Patients appeared more likely to be readmitted

when their first communication postdischarge was an

emergency room visit compared with a first communication

in the clinic or by telephone.

As shown in Table 2, other than age of the patient, no

demographic variables were predictive of hospital read-
tion

Readmitted

n = 100 (23) p valuea

65 (10) 0.73

0.64

63 (63)

0.82

5 (5)

95 (95)

0.51

41 (41)

59 (59)

29 (6) 0.29

44 (44) 0.73

0.84

80 (80)

20 (20)

0.37

56 (56)

44 (44)

15 (15) <0.001

42 (42) <0.001

31 (31) 0.02

26 (26) <0.001

6.9 (6) <0.001

2.3 (2) 0.06

dex; SD = standard deviation.

and first concern lead time doing using Mann-Whitney U test; sex, race,

-square statistic.

atin.

.
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Fig. 1 – Communication method for relaying first concerns after hospital
discharge among radical cystectomy patients. There were dramatic
differences in the methods used by readmitted and nonreadmitted
patients to first communicate their concerns. Readmitted cystectomy
patients were more likely to use the emergency department as the
means to communicate their first concern versus the nonreadmitted
cohort (27% vs 1%, respectively, p < 0.001) and less likely to use
telephone services (56% vs 72%, respectively, p < 0.0001).
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mission following radical cystectomy in our initial multi-

variable model. We excluded neoadjuvant chemotherapy

and urinary diversion type as these were not significant on

bivariate analyses. Further, cancer stage and urinary

diversion type were not found to be associated with

readmission on univariate analysis, validating previous

work on readmissions following radical cystectomy

[9]. Patients classified as ASA Class III or greater had

increased odds of readmission (adjusted odds ratio [aOR]:

2.2, 95% CI: 1.1–4.4). We also found that increasing days to

first concern (aOR: 0.95, 95% CI: 0.91–0.98), increasing lead

time (aOR: 0.88, 95% CI: 0.78–0.99), as well as noninfectious

wound and urinary concerns (aOR: 0.15, 95% CI: 0.05–0.47)

were all associated with decreased odds of readmission.
Table 2 – Influence of demographics and concern category informatio

Patient characteristics & concern category Multivariable

adjusted, OR (95% CI)

Age 0.97 (0.93, 0.99)

Male Reference

Female 1.1 (0.51, 2.3)

Nonwhite Reference

White 0.80 (0.15, 4.3)

ASA Class I and II Reference

ASA Class III or greater 2.2 (1.1, 4.4)

BMI 1.0 (0.96, 1.1)

Clavien-Dindo Grade II or less Reference

Clavien-Dindo Grade III or greater 2.0 (0.8, 4.6)

Noninfectious wound and urinary 0.15 (0.05, 0.47)

Infection 1.8 (0.53, 6.0)

Gastrointestinal 0.53 (0.17, 1.7)

Days to first concern 0.95 (0.91, 0.98)

First concern lead time 0.88 (0.78, 0.99)

ASA = American Society of Anesthesiologists Physical Status; BMI = body mass in
a Bias corrected OR with 10 000 bootstrap iterations.
We next performed a sensitivity analysis with gastroin-

testinal concerns stratified further as failure to thrive. We

found that infection concerns noted during the first

communication were associated with more than a 7-fold

increase in the odds of readmission (bias corrected odds

ratio [bcOR]: 7.1, 95% CI: 3.6–18; Table 3). Furthermore,

failure to thrive concerns had an almost 9-fold increase in

the odds of readmission (bcOR: 8.8, 95% CI: 4.4–23).

Noninfectious urinary and wound concerns were predictive

of decreased odds of readmission (bcOR: 0.52, 95% CI: 0.38–

0.70). We again found decreasing odds of readmission with

increasing days to first concern (bcOR: 0.94, 95% CI: 0.92–

0.97) as well as increasing lead time (bcOR: 0.86, 95% CI:

0.76–0.95). Patients classified as ASA III or greater trended

towards increased odds of readmission as well (p = 0.06).

Lastly, we found several demographic, concern type, and

communication variables associated with freedom from

readmission in our Cox proportional-hazards model

(Table 4). For example, every decade of increasing age

was associated with a 50% increase in earlier readmission

(adjusted hazard ratio: 1.5, 95% CI: 1.1–2.0). Patients who

reported infection and failure to thrive concerns had a

significantly higher risk of earlier readmission compared

with those who expressed noninfectious wound and

urinary concerns (both p < 0.05). Patients with inpatient

complications Grade III or greater also had an increased risk

of readmission (p = 0.02). With respect to communication

with the healthcare system, increased time (in days) to the

first communication for any concern was again associated

with a decreased risk of readmission (p < 0.001). As

illustrated in Figure 2, first concerns related to infection

and failure to thrive had the lowest adjusted probabilities of

being free from hospital readmission.

4. Discussion

This study revealed that patients readmitted after radical

cystectomy tend to communicate infectious and failure to

thrive type concerns (including fever, poor oral intake, and
n on hospital readmission following radical cystectomy

Multivariable

p value bias corrected, ORa (95% CI) p value

0.05 0.97 (0.94, 1.0) 0.23

Reference

0.80 1.1 (0.43, 2.6) 0.91

Reference

0.79 0.62 (<0.01, 5.8) 0.65

Reference

0.02 2.1 (0.88, 5.6) 0.06

0.55 1.0 (0.95, 1.1) 0.64

Reference

0.13 2.1 (0.60, 8.4) 0.19

0.001 0.52 (0.38, 0.70) 0.006

0.35 7.1 (3.6, 18) <0.001

0.29 8.8 (4.4, 23) <0.001

0.004 0.94 (0.92, 0.97) 0.002

0.03 0.86 (0.76, 0.95) 0.03

dex; CI = confidence interval; OR = odds ratio.



Table 3 – Cox proportional-hazard model of readmitted radical cystectomy patients based on demographic and first concern category data

Risk factors Parameter coefficient Adjusted hazard ratio (95% CI) p value

Age per 10 yr 0.04 1.5 (1.1, 2.0) 0.005

Male Reference

Female –0.29 0.75 (0.43, 1.3) 0.32

Nonwhite Reference

White –0.80 0.45 (0.13, 1.6) 0.22

ASA Class II or less Reference

ASA Class III or greater 0.78 1.1 (0.62, 1.9) 0.78

BMI 0.03 1.0 (0.99, 1.1) 0.15

Clavien-Dindo Grade II or less Reference

Clavien-Dindo Grade III or greater 0.70 2.0 (1.1, 3.7) 0.02

Noninfectious wound and urinary Reference

Infection 1.1 2.8 (1.4, 5.8) 0.003

Failure to thrive 1.5 4.4 (2.0, 9.3) <0.001

Days to first concern –0.15 0.86 (0.81, 0.91) <0.001

First concern lead time 0.03 1.0 (0.90, 1.2) 0.65

ASA = American Society of Anesthesiologists Physical Status; BMI = body mass index; CI = confidence interval.
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vomiting) more frequently than their nonreadmitted peers.

Furthermore, these patients were at greater risk of

readmission especially when compared with patients

who communicated catheter-related difficulty or postop-

erative pain. This unique clinical data helps to contextualize

the evolution of clinical concerns and how they lead to

readmission.

We found that readmitted patients were more likely to

use the emergency department as a means of first

communication for any concern both at their operative

and secondary hospitals versus nonreadmitted patients.

Patients were also much less likely to be readmitted if they

communicated their first concern at a later point in time

from their index discharge or if they were experiencing

their concerns for a longer period of time (ie, longer lead

time). The significance of this finding is that cystectomy

patients who are readmitted tend to contact the healthcare

system with concerns earlier during their postdischarge

period and after fewer days of experiencing symptoms.

Targeting interventions during symptomatic lead time

periods may thwart readmissions or lessen their burden

through earlier patient support. These findings could help

[(Fig._2)TD$FIG]

Fig. 2 – Freedom from hospital readmission among 100 readmitted
radical cystectomy patients according to communication concerns
during the pre-readmission interval. First concerns related to infection
and failure to thrive (FTT) had the lowest adjusted probabilities of
being free from hospital readmission after radical cystectomy discharge.
improve risk stratification for readmission and aid in

patient counseling during outpatient follow-up care and

communications [13,14]. Overall, this information provides

further context as well as a more patient-centric viewpoint

of the pre-readmission interval.

Radical cystectomy is accompanied with a significant

risk of adverse events, and hospital readmission for these

patients tends to be resource intensive [9,15,16]. Consistent

with prior literature, we found most demographic and

clinical characteristics did not predict readmission [17]. Our

findings help elucidate the differences in the postdischarge

communication trends between readmitted and nonread-

mitted cystectomy patients.

The time to communicate clinical concerns after leaving

the hospital and the types of concerns remained important

factors for readmission. Improved understanding of the

communication characteristics after radical cystectomy

could lead to better discharge and follow-up care practices,

more complete risk stratification, and streamlined care

coordination [13]. For example, operative hospitals could

establish telemedicine services for ease of communication

after hospital discharge focusing on patients who call

within the 1st 10 d [18]. Care transition strategies in other

disease states that could be relevant include communica-

tion with primary care providers [19], team-based transi-

tion-of-care programs [20], and hospital-community

partnerships [21], among others. One example of this

involves primary care providers contacting patients within

24 h of hospital discharge, leading to fewer postdischarge

medication discrepancies. Others include more embedded,

systems-level strategies, like The Greater New Haven

Coalition for Safe Transitions and Readmission Reductions

[21] and Project Re-engineered Discharge [22]. With finite

resources available, it is important for providers and

hospital administrators to work together to tailor findings

given the specific needs of their patients and health

systems; the findings presented here can guide the

adoption of previously successful interventions in high-

risk surgical patient populations. Better readmission risk

prediction models and optimal follow-up care practices

using multidisciplinary approaches could also reduce the
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readmission burden [23,24]. For instance, delay-time

analysis, a systems engineering method, can derive optimal

outpatient care regimens based on our current understand-

ing of radical cystectomy outcomes [25]. However, although

this study adds clarity to the timing and nature of initial

communication with respect to readmission risk, it does not

directly address the frequency of patient-provider commu-

nications. The frequency of communication, a more

nuanced parameter in the pre-readmission interval, could

be associated with the severity of a patient concern,

provider follow-up protocols, or individual patient factors.

Previous studies have shown the positive effect of regular,

vigilant follow-up communication between patient and

provider; future investigation should aim to implement and

tailor this knowledge for radical cystectomy patients

[26]. Without further research regarding follow-up care

practices after radical cystectomy, readmissions following

this surgery will remain a significant burden.

These findings should be considered in the context of

several limitations. First, the retrospective nature of this

study created challenges consistent with any observational

study [27]. However, to our knowledge, no longitudinal

administrative data exists that collects information regard-

ing communication or other factors in the pre-readmission

interval. The American College of Surgeons National

Surgical Quality Improvement Program, State Inpatient

Databases, or readily available data resources from the

Department of Veterans Affairs do not routinely capture this

type of data [28–30]. Secondly, clinical documentation

practices may also limit the precision of the data. However,

these data are obtained from a robust electronic medical

record used for both clinical documentation and billing

purposes. This would be particularly relevant to patients

going to the emergency department, which accounted for

nearly one-third of the first communications in our study. In

addition, we minimized data entry errors by having two

authors independently collect the data. Thirdly, we

acknowledge that there may be unmeasured communica-

tions in our study. Nonetheless, we believe our rigorous

approach to data extraction from inpatient and outpatient

electronic medical records captured the majority of

postdischarge communications. Further, our study popula-

tion focuses on cystectomy patients with an index

hospitalization length of stay of less than 10 d. This helps

to minimize potential confounding from patients with

longer index hospitalizations, and therefore, required more

intensive outpatient follow-up. We acknowledge that the

readmission rate for this cohort is borderline low given that

we examined a relatively average risk cohort so that the

findings are generalizable to the majority of patients.

Finally, geographic distance from the operating hospital

may affect a patient’s readmission risk. It has been shown

that farther distance from the hospital does not affect

quality metrics for radical cystectomy such as time to

cystectomy or utilization of chemotherapy, although it does

predict 90-d mortality in multivariate analysis [31]. While

radical cystectomy patients receive comparable care on

well-defined perioperative quality metrics, it may be

more difficult to provide uniform care in the vague
pre-readmission interval given geographic differences. This

deserves further investigation. Furthermore, readmission

and postoperative care may indeed depend on transition

practices between the operating hospital, primary care

physician, and local community resources. These factors

should be taken into account when designing patient

follow-up protocols and evaluating integrated care systems.

5. Conclusions

This study characterized key differences between nonread-

mitted and readmitted patients after radical cystectomy. We

believe outpatient follow-up care strategies for cystectomy

patients should take into consideration communications

during the pre-readmission interval as a bellwether for

readmission. This may lead to a better understanding of how

to best prevent readmissions, or at least, lessen their

intensity for patients in need of inpatient care.

Author contributions: Naveen K. Krishnan had full access to all the data

in the study and takes responsibility for the integrity of the data and the

accuracy of the data analysis.

Study concept and design: Krishnan, Li, Jacobs, Borza, Lesse, Lavieri, Helm,

Skolarus.

Acquisition of data: Krishnan, Li, Hollenbeck, Morgan, Hafez, Weizer,

Montgomery, Lee, Lesse, Skolarus.

Analysis and interpretation of data: Krishnan, Li, Jacobs, Borza, Hollenbeck,

Morgan, Hafez, Weizer, Montgomery, Lee, Lesse, Lavieri, Helm, Skolarus.

Drafting of the manuscript: Krishnan, Li, Lavieri, Helm, Skolarus.

Critical revision of the manuscript for important intellectual content:

Krishnan, Li, Jacobs, Ambani, Borza, He, Hollenbeck, Morgan, Hafez,

Weizer, Montgomery, Lee, Lesse, Lavieri, Helm, Skolarus.

Statistical analysis: Krishnan, He, Lavieri, Helm, Skolarus.

Obtaining funding: None.

Administrative, technical, or material support: Krishnan, Jacobs, Ambani,

He, Hollenbeck, Morgan, Hafez, Weizer, Montgomery, Lee, Lesse, Lavieri,

Helm, Skolarus.

Supervision: Krishnan, Jacobs, Ambani, Borza, He, Hollenbeck, Morgan,

Hafez, Weizer, Montgomery, Lee, Skolarus.

Other: None.

Financial disclosures: Naveen K. Krishnan certifies that all conflicts of

interest, including specific financial interests and relationships and

affiliations relevant to the subject matter or materials discussed in the

manuscript (eg, employment/affiliation, grants or funding, consultan-

cies, honoraria, stock ownership or options, expert testimony, royalties,

or patents filed, received, or pending), are the following: None.

Funding/Support and role of the sponsor: Bruce Jacobs is supported in part

by the National Institutes of Health Institutional KL2 award

(KL2TR000146-08), the GEMSSTAR award (R03AG048091), the Jahnigen

Career Development Award, and the Tippins Foundation Scholar Award.

Brent Hollenbeck is supported in part by Research Scholar Grant RSGI-13-

323-01-CPHPS from the American Cancer Society and by NIH/NCI grant

R01 CA168691, National Institute of Aging, Agency for Healthcare

Research and Quality (R01 HS18726). He is also an Associate Editor of

Urology. Ted Skolarus is supported by a VA HSR&D Career Development

Award-2 (CDA 12-171).

Appendix A. Supplementary data

Supplementary data associated with this article can be found,

in the online version, at doi:10.1016/j.euf.2016.07.004.

http://dx.doi.org/10.1016/j.euf.2016.07.004


E U R O P E A N U R O L O G Y F O C U S 4 ( 2 0 1 8 ) 7 1 1 – 7 1 7 717
References

[1] Goodney PP, Stukel TA, Lucas FL, Finlayson EV, Birkmeyer JD.

Hospital volume, length of stay, and readmission rates in high-risk

surgery. Ann Surg 2003;238:161–7.

[2] Stimson CJ, Chang SS, Barocas DA, et al. Early and late perioperative

outcomes following radical cystectomy: 90-day readmissions, mor-

bidity and mortality in a contemporary series. J Urol 2010;184:

1296–300.

[3] Aghazadeh MA, Barocas DA, Salem S, et al. Determining factors for

hospital discharge status after radical cystectomy in a large con-

temporary cohort. J Urol 2011;185:85–9.

[4] Jacobs BL, Zhang Y, Tan HJ, Ye Z, Skolarus TA, Hollenbeck BK.

Hospitalization trends after prostate and bladder surgery: Implica-

tions of potential payment reforms. J Urol 2013;189:59–65.

[5] Hines AL, Barrett ML, Jiang HJ, et al. Conditions with the largest

number of adult hospital readmissions by payer, 2011. Statistical

brief/Healthcare Cost and Utilization Project web site. April 2014.

http://www.hcup-us.ahrq.gov/reports/statbriefs/sb172-Conditions-

Readmissions-Payer.pdf. Accessed May 22, 2015.

[6] Readmissions Reduction Program. Centers for Medicare and Med-

icaid Services website. August 4, 2014. http://www.cms.gov/

Medicare/Medicare-Fee-for-Service-Payment/AcuteInpatientPPS/

Readmissions-Reduction-Program.html. Accessed May 18, 2015.

[7] Stitzenberg KB, Chang Y, Smith AB, Nielsen ME. Exploring the

burden of inpatient readmissions after major cancer surgery. J Clin

Oncol 2015;33:455–64.

[8] Hu M, Jacobs BL, Montgomery JS, et al. Sharpening the focus on

causes and timing of readmission after radical cystectomy for

bladder cancer. Cancer 2014;120:1409–16.

[9] Skolarus TA, Jacobs BL, Schroeck FR, et al. Understanding hospital

readmission intensity after radical cystectomy. J Urol 2015;193:

1500–6.

[10] Efron B, Tibshirani R. An Introduction to the Bootstrap. 1st ed.

New York, NY: Chapman and Hall; 1993.

[11] Efron B, Tibshirani R. Bootstrap methods for standard errors, confi-

dence intervals, and other measures of statistical accuracy. Stat Sci

1986;1:54–77.

[12] Harrell Jr FE, Lee KL, Mark DB. Multivariable prognostic models:

issues in developing models, evaluating assumptions and adequacy,

and measuring and reducing errors. Stat Med 1996;15:361–87.

[13] Shariat SF, Karakiewicz PI, Palapattu GS, et al. Nomograms provide

improved accuracy for predicting survival after radical cystectomy.

Clin Cancer Res 2006;12:6663–76.

[14] Carroll-Silow S, Edwards JN, Lashbrook A. Reducing hospital

readmissions: Lessons from top-performing hospitals. The Common-

wealth Fund website. April 2011. http://www.commonwealthfund.

org/�/media/Files/Publications/Case%20Study/2011/Apr/1473_

SilowCarroll_readmissions_synthesis_web_version.pdf. Accessed

June 4, 2015.

[15] Quek ML, Stein JP, Daneshmand S, et al. A critical analysis of

perioperative mortality from radical cystectomy. J Urol 2006;175:

886–9, discussion 889-90.
[16] Kim SP, Shah ND, Karnes RJ, et al. The implications of hospital

acquired adverse events on mortality, length of stay and costs for

patients undergoing radical cystectomy for bladder cancer. J Urol

2012;187:2011–7.

[17] Gore JL, Lai J, Gilbert SM. The Urologic Diseases in America Project.

Readmissions in the postoperative period following urinary diver-

sion World J Urol 2011;29:79–84.

[18] Harrison PL, Hara PA, Pope JE, Young MC, Rula EY. The impact of

postdischarge telephonic follow-up on hospital readmissions.

Popul Health Manag 2011;14:27–32.

[19] Lindquist LA, Yamahiro A, Garrett A, Zei C, Feinglass JM. Primary

care physician communication at hospital discharge reduces medi-

cation discrepancies. J Hosp Med 2013;8:672–7.

[20] Hitch B, Parlier AB, Reed L, Galvin SL, Fagan EB, Wilson CG. Evalua-

tion of a team-based, transition-of-care management service on

30-day readmission rates. N C Med J 2016;77:87–92.

[21] Jenq GY, Doyle MM, Belton BM, Herrin J, Horwitz LI. Quasi-

experimental evaluation of the effectiveness of a large-scale

readmission reduction program. JAMA Intern Med. 2016;176:

681–90.

[22] Ceppa EP, Pitt HA, Nakeeb A, et al. Reducing readmissions after

pancreatectomy: limiting complications and coordinating the care

continuum. J Am Coll Surg 2015;221:708–16.

[23] Kansagara D, Englander H, Salanitro A, et al. Risk prediction models

for hospital readmission: a systematic review. JAMA 2011;306:

1688–98.

[24] Torisson G, Minthon L, Stavenow L, Londos E. Multidisciplinary

intervention reducing readmissions in medical inpatients: a

prospective, nonrandomized study. Clin Interv Aging 2013;8:

1295–304.

[25] Helm JE, Alaeddini A, Jon M, Stauffer JM, et al. Reducing hospital

readmissions by integrating empirical prediction with resource

optimization. Prod Oper Manag 2016;25:233–57. http://dx.doi.

org/10.1111/poms.12377.

[26] Lee KK, Yang J, Hernandez AF, Steimle AE, Go AS. Post-discharge

follow-up characteristics associated with 30-day readmission after

heart failure hospitalization. Med Care 2016;54:365–72.

[27] Carlson MD, Morrison RS. Study design, precision, and validity in

observational studies. J Palliat Med 2009;12:77–82.

[28] The American College of Surgeons National Surgical Quality Improve-

ment Program website. https://www.facs.org/quality-programs/

acs-nsqip. Accessed June 4, 2015.

[29] The Healthcare Cost and Utilization Project State Inpatient Data-

bases website. https://www.hcup-us.ahrq.gov/sidoverview.

jsp. Accessed June 4, 2015.

[30] The United States Department of Veterans Affairs Office of Research

and Development website. http://www.research.va.gov/programs/

csp/585/researchers.cfm. Accessed June 4, 2015.

[31] Haddad AQ, Singla N, Gupta N, et al. Association of distance to

treatment facility on quality and survival outcomes after radical

cystectomy for bladder cancer. Urology 2015;85:876–82.

http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0160
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0160
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0160
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0165
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0165
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0165
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0165
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0170
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0170
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0170
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0175
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0175
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0175
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb172-Conditions-Readmissions-Payer.pdf
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb172-Conditions-Readmissions-Payer.pdf
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/AcuteInpatientPPS/Readmissions-Reduction-Program.html
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/AcuteInpatientPPS/Readmissions-Reduction-Program.html
http://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment/AcuteInpatientPPS/Readmissions-Reduction-Program.html
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0190
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0190
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0190
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0195
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0195
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0195
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0200
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0200
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0200
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0205
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0205
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0210
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0210
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0210
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0215
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0215
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0215
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0215
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0220
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0220
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0220
http://www.commonwealthfund.org/~/media/Files/Publications/Case%20Study/2011/Apr/1473_SilowCarroll_readmissions_synthesis_web_version.pdf
http://www.commonwealthfund.org/~/media/Files/Publications/Case%20Study/2011/Apr/1473_SilowCarroll_readmissions_synthesis_web_version.pdf
http://www.commonwealthfund.org/~/media/Files/Publications/Case%20Study/2011/Apr/1473_SilowCarroll_readmissions_synthesis_web_version.pdf
http://www.commonwealthfund.org/~/media/Files/Publications/Case%20Study/2011/Apr/1473_SilowCarroll_readmissions_synthesis_web_version.pdf
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0230
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0230
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0230
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0235
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0235
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0235
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0235
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0240
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0240
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0240
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0245
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0245
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0245
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0250
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0250
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0250
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0255
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0255
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0255
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0260
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0260
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0260
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0260
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0265
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0265
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0265
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0270
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0270
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0270
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0275
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0275
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0275
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0275
http://dx.doi.org/10.1111/poms.12377
http://dx.doi.org/10.1111/poms.12377
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0285
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0285
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0285
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0290
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0290
https://www.facs.org/quality-programs/acs-nsqip
https://www.facs.org/quality-programs/acs-nsqip
https://www.hcup-us.ahrq.gov/sidoverview.jsp
https://www.hcup-us.ahrq.gov/sidoverview.jsp
http://www.research.va.gov/programs/csp/585/researchers.cfm
http://www.research.va.gov/programs/csp/585/researchers.cfm
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0310
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0310
http://refhub.elsevier.com/S2405-4569(16)30102-X/sbref0310

	Title
	Section1
	Section2
	Section3
	Section4
	Section5
	Section6

	Section7
	Section8
	Section9
	SectionApp10
	Section11


