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Abstract

Aims
To explore the feasibility of recruiting surgical oncology patients and imple-

menting a surgical integrated discharge (SID) programme led by advanced

practice providers (APP).

Background
Burden of illness and complexity of treatment regimen makes it challenging for

surgical oncology patients to participate in research. Surgical oncology nurses

may have the necessary expertise to overcome this problem.

Design
Controlled longitudinal prospective observational study.

Methods
The SID programme included multidisciplinary care coordination, regular com-

munication among APPs and proactive postdischarge follow-up. Administrative

databases were used to identify matching historical controls (n = 113) and eval-

uate programme outcomes.

Results
Patient enrolment was 84%. The main challenges for the programme imple-

mentation included incompatible health information systems among care set-

tings, variation in care processes among hospital units and need for provider

behaviour change.

Conclusions
Most surgical oncology patients are willing to participate in outcomes pro-

grammes when contacted by familiar clinical personnel but programme imple-

mentation requires leadership support, communication among care teams and

training and infrastructure.

Introduction

Since the passage of the Patient Protection and Affordable

Care Act in March 2010, the Centers for Medicare and

Medicaid Services (CMS) has been authorized to penalize

hospitals for unplanned readmission rates deemed to be

‘excessive’ (Cms.Gov 2014b). In the first year alone, CMS

procured about $300 million through the application of a
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1% penalty for this infraction, which increased to 3% in

2015 (Joynt & Jha 2013). While this measure is currently

being applied only to discharge diagnoses of heart failure,

pneumonia and myocardial infarction, it is envisaged to

soon expand and encompass other clinical areas, includ-

ing surgical readmissions (Brandao et al. 2014, Keeney

et al. 2015a,b).

Unlike most medical admissions, most surgical admis-

sions are elective or scheduled in advance (Figure 1). In

other words, the patient has some control over the timing

of surgery. Potential advantages of an elective admission

include the opportunity to plan for postdischarge care,

the time to perform a comprehensive risk assessment as

well as to provide training and education about self-man-

agement to patients and family members. Hence, the con-

ceptual model of surgical admission needs to account for

patient and provider communication, shared decision-

making, risk assessment and patient and care-giver train-

ing – factors that play a much smaller role in urgent

medical admissions and readmissions. Whether patients

and providers use these opportunities for preparation

offered by elective surgical admissions is not known.

Background

As the population ages, the numbers of older patients

with cancer are likely to increase. If current patterns of

cancer incidence hold, by 2030, 70% of persons with can-

cer will be over 50 years of age and over 65% of deaths

will occur in this age group. Approximately, 400,000 older

patients with cancer are currently alive in the USA and at

least two-thirds require management of their cancers and

other comorbid conditions (Balducci & Stanta 2000).

Burden of illness and complexity of treatment regimens

make it challenging for older oncology patients to partici-

pate in research, which impedes researchers’ ability to

develop and test effective intervention for this population

group.

Another challenge of evaluating interventions for older

cancer patients is the choice of the primary outcome.

While most oncology clinical trials traditionally focused

on reducing mortality and recurrence at any cost, there is

also growing pressure from public payers and government

to control cost of medical care and use of unnecessary

services, such as unplanned readmissions and excessive

inpatient days. Furthermore, because surgery may exacer-

bate comorbid problems, a crucial first step is to ade-

quately assess patients with regard to comorbid illness,

disability and geriatric syndromes. Once these steps are

taken, evaluation of interventions to improve overall out-

comes can focus not only on survival but also on mainte-

nance of function and improvement of quality of life in

the context of postoperative care.

Several studies have attempted to identify risk factors

predictive of adverse perioperative outcomes in the elderly

– for example, emergency surgery, American Society of

Figure 1. Inpatient surgical care pathway. Advance scheduling of most surgical admissions provides an opportunity to plan for post-discharge

care (including availability of informal caregivers), time for comprehensive risk assessment, and patient self-management training during

pre-operative and inpatient periods.
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Anesthesiologists’ perioperative risk score (ASA), pre-

operative comorbidities and advancing age – but the

evidence is inconsistent and surgical decision algorithms

remain unsatisfactory (Leung & Dzankic 2001). The dis-

crepancy in data may in part reflect the lack of informa-

tion concerning common risk factors unique to the

elderly cancer population. Identification of pre-operative

markers reflecting the variability in cancer patients may

help predict poor outcomes and aid in pre-operative deci-

sion-making. Current risk stratification models, such as

Colorectal Physiologic and Operative Severity Score for

enumeration or Mortality and Morbidity (CR-POSSUM)

(Tekkis et al. 2004, Bromage & Cunliffe 2007) and

National Surgery Quality Improvement Program (NSQIP)

morbidity and mortality risk calculator (Cohen et al.

2009), employ chronological age as a predictor of adverse

perioperative outcomes; chronologic age, however, does

not accurately reflect functional, physical and cognitive

decline or socio-economic barriers and availability of

care-giver support.

To date, efforts to improve postdischarge outcomes

have focused on postdischarge care coordination and

inpatient education for high-risk medical patients, with

mixed results (Dhalla et al. 2014, Leppin et al. 2014).

Multidisciplinary multimodal programmes and interven-

tions that focus on factors affecting poor outcomes (e.g.

patient–provider communication, early postdischarge pri-

mary care physician (PCP) visit, care transition coaches,

medication reconciliation and patient ability for self-care)

are more effective than single-modality interventions.

However, little is known about the effectiveness of care

planning and the role of APPs on reducing surgical read-

missions (Azimuddin et al. 2001, Kelly et al. 2013, 2014).

Since hospitals and health care providers will likely be

held accountable for unplanned surgical readmissions and

other surgical outcomes, it is imperative to learn how to

recruit and retain surgical patients for research pro-

grammes focused on postdischarge care along with how

to implement study protocols in a busy surgical clinic or

unit. The focus on quality improvement and outcomes

becomes even more important for all providers after CMS

introduced several programmes giving hospitals a finan-

cial incentive to improve quality of care and share their

quality metrics with the CMS and consumers (Cms.Gov

2013, 2014a).

The study

Study aim

The aim of this study was to explore the feasibility of

recruiting surgical oncology patients and implementing a

surgical integrated discharge (SID) programme led by

advanced practice providers (APP). The purpose of the

study was to examine the barriers and facilitators of

patient recruitment and retention in an inpatient surgical

setting and evaluate resources required to implement a

surgical integrated discharge intervention. Finally, we

explored the feasibility of using administrative and clinical

institutional databases for data collection, to reduce the

burden of data collection on patients.

Study design

To develop the study protocol and guide the analysis and

result presentation, we followed the commonly used Stan-

dards for Quality Improvement Reporting Excellence

(SQUIRE 2.0) (Ogrinc et al. 2015). Because of the volume

and organization of surgical services, no concurrent

blinded two-arm randomization design was achievable.

Hence, we used a longitudinal prospective observational

design. Each clinical service identified a lead inpatient

APP, an outpatient APP and a lead attending surgeon to

coordinate study recruitment and follow-up. The lead

APPs for each service worked together to coordinate care,

patient training, discharge procedures and postdischarge

follow-up through weekly in-person meetings involving

all study APPs, shared electronic medical records and

daily virtual communication. All patient care-related

issues and study protocol problems were addressed at

weekly research team meetings which included the project

staff and APPs (Figure 2).

The APPs served as patient gatekeepers and liaisons

with other providers before, during and after surgical

admission. At the time of discharge, patients were pro-

vided with phone numbers to contact the care team

directly during regular business hours as well as after

hours. Within 24 hours after discharge, the APP con-

tacted the newly discharged patient with a personal call to

ensure the patient was following discharge instructions

such as taking medications including VTE prophylaxis

and maintaining appropriate care of the stoma and other

wounds. In addition, the APP confirmed that follow-up

appointments with the PCP and the surgeon had been

scheduled, helped arrange patient transportation if

needed, ensured that the visiting nurse service had initi-

ated contact as appropriate and addressed any remaining

postdischarge concerns (Figure 3).

Study participants

Between August 2013–October 2014, eligible patients

were identified through daily screening of surgical clinic

schedules. Patients aged 50 and older with colorectal,

bladder or pancreatic cancer and being considered for

surgery were eligible. After surgery, any patients who

170 ª 2016 The Authors. Nursing Open published by John Wiley & Sons Ltd.

Surgical readmissions K. Noyes et al.



were discharged to another facility were excluded from

the study.

A comprehensive physiologic, functional and social

assessment of patients at the time of pre-operative assess-

ment was conducted to identify any patients with high

unmet needs and those at risk for readmission, The inter-

vention was first implemented for bladder cancer patients

in August 2013, followed by colorectal (November 2013)

and pancreatic cancer patients (January 2014).

Comparison cohort

Control group patients were selected from the institu-

tional electronic medical record system (EPIC) using the

‘Informatics for Integrating Biology and the Bedside

(i2b2)’ electronic data system. Patients matched by demo-

graphic (age, gender, race) and clinical (tumour type,

stage) characteristics (Figure 4), who underwent the same

elective procedures as the study cohort (‘Cystectomy’,

‘Whipple’, ‘Colectomy’, ‘Ileocolostomy’, ‘Low anterior

resection’, ‘Hemicolectomy’, ‘Sigmoidectomy’) in the year

prior to the intervention (July 2012–July 2013) were

selected for comparison. i2b2 is an NIH-funded informat-

ics framework that allows users to query existing clinical

data (EPIC) and form patient cohorts for prospective fol-

low-up or retrospective analysis.

Description of programme implementation

The integrated care approach started as soon as the deci-

sion about surgery was made, at the first pre-operative

meeting between the patient and an APP (Figures 2 & 3).

The intervention included a comprehensive pre-operative

patient assessment to identify any medical problems or

unmet needs that would require management during the

postoperative period, advance multidisciplinary commu-

nication between inpatient and outpatient surgical care

teams (weekly multidisciplinary APP meetings, twice a

week meetings between clinical and study teams), at least

three postdischarge follow-up phone calls with the patient

(at 2-3 days, 1-2 weeks and 30 days postdischarge) and

daily care coordination communication between the sur-

gical team and advanced care partners (APPs: nurse prac-

titioners, unit managers, care coordinators, visiting nurse

services and social workers). The intervention also

focused on improving patient and staff adherence to

existing evidence-based practice guidelines (e.g. prompt

provider communication after patient appointments,

comprehensive pre-surgical patient assessment) and

reducing existing system limitations (e.g. patient confu-

sion about which number to call in case of emergency

after discharge, proactively screening postdischarge

patients for early symptoms of problems that could be

addressed in the clinic, before the patient decides to go to

the emergency room).

Three major amendments to the original study proto-

col were made a month after starting the enrolment. To

minimize disruption for the clinic schedule, we changed

the process of identifying new potential subjects. Instead

of surgical attendings nominating eligible patients in their

clinics, the study coordinator and outpatient APP

prospectively reviewed each clinic’s schedule every day.

We also expanded the eligibility age from 70-50 years of

age after we identified early in the study several younger

patients with multiple risk factors for readmission and

complications. Finally, to reduce patient stress and

improve study enrolment rate, we made every effort to

schedule pre-operative clinic visits early in the day and

give patients detailed instructions ahead of time about

how long the appointment was going to take so that they

could have realistic expectations and schedule accordingly.

This allowed study staff adequate time to conduct all the

necessary assessments and forms and answer all questions

patients may have about the study.

Hospital
Intergrated 

care

Community 
practice

Emergency 
department

Hospital

Imaging

Imaging
Labs/ test

Labs/ test

Intergrated 
care

Community 
practice

Community 
practice

Community 
practice

A

B

Figure 2. Study Flowchart. The integrated care approach (A) started as soon as the decision about surgery was made and focused on

streamlining care, avoiding delays, and minimizing patient burden. Usual surgical care pathways (B) are characterized by unnecessary

appointments, redundant tests, and care inefficiencies.
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Recruitment feasibility and data quality

Among contacted patients, the enrolment rate was 84%.

The main reason for refusal was patients’ perceived lack

of time for baseline assessment. Overall, 10 patients had

missing follow-up phone calls, mainly the second and

third follow-up calls, which is equivalent to about a 7%

missing call rate (Figure 4). One patient had two missing

ASA values which were imputed. The two main reasons

for missing follow-up calls were patients not responding/

not returning calls and the APP not having time to make

a call. Twenty-five patients of 86 (30%) did not have

completed baseline evaluations, either because the patient

did not return completed forms to the study coordinator

or because the patient was admitted with less than

48-hour notice.

Data analysis

Initially, 86 patients agreed to participate in the study

and were followed up for up to 120 days after hospital

discharge. Our final sample consisted of 164 patients, of

Pre-hospital appointment Inpatient recovery Discharge planning Outpatient recovery

Screen all patients for 
medical, functional, cognitive, 
and social risk factors for 
readmission

Educate patients about relevant 
diagnoses throughout hospital 
stay.

Finalize postdischarge services 
and appointments (social work, 
home care/skilled needs, 
rehabilitation, PCP, surgery 
follow-up)

Give the patient a written 
discharge plan/AVS at the time 
of discharge including phone 
numbers and providers to call

Discuss expectations for 
recovery and postoperative 
care

Revise expectations for 
recovery and postoperative care

Confirm that patient knows 
location for appointments and 
has transportation plan; review 
and address barriers to keeping 
appointments

Within 24 hours after discharge, 
inpatient APP to call patients 
(Scripted conversation)

Discuss role of informal 
caregivers during recovery 
and postoperative care

Involve informal caregivers as 
much as possible in patient 
training and education

Medication reconciliation plan For patients qualified for home 
care/rehabilitation, establish an 
initial contact with the agency 
with 24 hours after patient 
discharge to ensure care 
initiation, address any 
remaining questions

Discuss possibility of 
complications and initiate self-
care training as appropriate

Discuss complications and 
provide training/Teach Back as 
appropriate

Review appropriate steps for 
what to do if a problem arises 
including phone numbers and 
providers to call

Outpatient APP to call patient at 
least once (call #2) within the 
first week and one more time at 
30 days post DC (#3)

Initiate follow-up care 
arrangements including 
transportation to and from 
appointments

Finalize follow-up care 
arrangements including 
insurance coverage approval, 
meeting with visiting nurse 
services/rehabilitation facility 
representative, PT, nutrition, 
stoma and wound care 
specialists, transportation to and 
from appointments

Transmit discharge summary 
and AVS (eRecord, FAX, 
email) to all physicians and 
services accepting responsibility 
for patient’s care post discharge, 
close communication loop by 
confirming receipt and 
addressing any questions

Communicate red flags and 
special care needs to the rest of 
the patient’s surgical and 
medical care team

Communicate red flags and 
special care needs to the rest 
of the patient’s surgical and 
medical care team

Communicate red flags and 
special care needs to the rest of 
the patient’s surgical and 
medical care team

Assess the degree of 
understanding by asking the
patient to explain in his or her 
own words the details of the 
plan

Keep all documentation in EHR
up-to-date

Keep all documentation in 
EHR up-to-date

Figure 3. Summary of integrated care intervention. Each patient- and care-related activity of this multidisciplinary intervention was incorporated

into organization strategy and work flow diagrams for each care setting were modified appropriately.
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whom 51 were in the case group and 113 were in the

control group (Figure 4). After identifying patient

cohorts, we abstracted data from electronic medical

records and billing systems to obtain additional patient

information (e.g. insurance status, comorbidities) and to

calculate three outcomes: length of inpatient stay (LOS),

30-day readmission rate and total 90-day healthcare costs,

including charges for inpatient and outpatient services.

The primary outcome in this study was patients’ LOS

after surgery. Secondary outcomes included readmission

rate and overall 90-day healthcare costs since the day of

admission. We controlled for other patient risk factors

using Charlson comorbidity scores (Charlson et al. 1987),

blood loss volume during the procedure, ASA scores,

race, gender and age. Two dummy variables, ‘pancreatic’

and ‘bladder’ were created to compare patients by tumour

type. We also included a continuous time variable to

account for any institutional or policy changes affecting

inpatient services between 1 January 2012 and the date of

each patient’s admission, as well as any time–intervention
interaction.

To compare the intervention and control groups, we

used the t-test or Wilcoxon test for continuous variables

and chi-squared or Fisher’s exact test for categorical vari-

ables. We performed bivariate analysis to explore the rela-

tionship between patient characteristics and outcomes

(LOS, 30-day readmissions rate, 90-day total costs). We

then developed a multivariate risk-adjusted model to

estimate the effect of the intervention on the outcomes,

controlling for patient risk factors, which could indepen-

dently affect the outcomes (e.g. patient demographics and

comorbidity). The LOS was modelled using a negative

binomial model to remedy for overdispersion (Abdul-Aziz

et al. 2013). Readmission rate was modelled using a logis-

tic regression model. For the cost analysis, we used a

multivariable linear regression model on log-transformed

total costs.

Validity and reliability

As this was a feasibility study, we used an adaptive design

allowing for changes in enrolment criteria without

interim analysis of the treatment effect (blinded adapta-

tion). All analyses were performed using SAS 9.4 (SAS

Institute, Cary, NC, USA). We used the Markov Chain

Monte Carlo (MCMC) multiple imputation method to

impute missing values (i.e. ASA scores) (Patterson 2007).

Ethical considerations

The study was approved by the University of Rochester

Institutional Review Board (Study ID00038826). With the

attending approval, an advanced practice provider (APP)

introduced the study to the patient after the pre-operative

assessment appointment. Interested patients then met

with the study coordinator to obtain more information

about the study and to complete the consent process. No

pressure was applied to any person to participate and we

were especially considerate to patients and caregivers who

were unable to stay for the enrolment evaluation or

unavailable to take a follow-up phone calls by offering

alternative times.

Results

Description of participants

Overall, 86 patients and 113 controls were identified (Fig-

ure 4, Table 1). The intervention and control cohorts

were similar at baseline (about two-thirds male, 40% col-

orectal cancer, 40% bladder cancer, 20% pancreatic can-

cer, over 90% Whites, on average 2�7 comorbidities,

ASA = 2�8) except for age. Patients in the intervention

group were older than control patients (72 vs. 67 years

old, range 50-90). The baseline readmission rate was 17%,

ranging from 8% among colorectal patients to 23%

among patients with bladder cancer.

Postsurgical and postdischarge outcomes

Among enrolled patients in the intervention arm, 59%

(n = 51) had non-missing data adequate for the analysis,

with similar missing data rate among controls (62%,

n = 113). Most missing data were comorbidity status (ob-

tained from electronic health records using i2b2) and

Patients contacted 
(n = 102)

Patients identified 
through EMR/i2b2

Patients enrolled 
(n = 86, 84%)

Missing follow-up calls 
(n = 10, 70%)

Intervention cohort
(n = 51, 59%)

Total study cohort
(n = 164)

Comparison cohort
(n = 113)

Cost data not available
(n = 19, 22%)

Didn’t meet inclusion 
criteria

(n = 16, 19%)

Patient exclusions

Figure 4. Study Enrollment. We recruited colorectal, bladder and

pancreatic cancer patients age 50 and older who were considered for

surgery between October 2013 and October 2014, and who were

discharged home, with or without home care. Control group patients

were selected using electronic medical records from surgical inpatients

who underwent the same elective procedures a year prior to the

intervention implementation (July 2012-July 2013).
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charges (from billing system). In the intervention arm,

five patients stopped returning phone calls (10 missed

phone calls total). Completion of baseline assessment

varied widely, from 100% for in-office frailty test to less

than 5% (n = 2) for exercise physiology assessment.

On univariate analysis, LOS did not differ between the

intervention and control cohorts (8�0 vs. 8�8 days,

P = 0�5). After controlling for patient demographics, as

shown in Table 3 using a negative binomial regression

model, clinical characteristics and time trends, integrated

care was found to be associated with shorter LOS

(IRR = 0�42, P = 0�034). There was no significant differ-

ence in the readmission rates between the intervention

and control groups on both bivariate (15�7% vs. 16�8%,

P = 0�9) and multivariate analyses (OR = 0�94, P = 0�9).
The overall costs tended to be higher in the intervention

arm (univariate analysis: $26,607 vs. $22,827, P = 0�15),
with the difference reaching significance in the multivari-

ate analysis of log-transformed costs (IRR = 1�15,
P = 0�028).

Our results demonstrated significant differences in

enrolment, implementation and adherence to the inter-

vention by cancer type (surgical unit), risk factors and

demographics. The highest rate of enrolment and pro-

gramme completion was among bladder cancer patients.

After adjusting for differences in patient demographics

and disease severity, patients with colorectal cancer had

significantly lower average LOS, both with and without

the intervention (7�7 vs. 8�0 days for bladder cancer

and 9�9 days for pancreatic cancer). CRC patients also

had lower risk-adjusted 90-day costs (median for col-

orectal $21,085, bladder $26,399, pancreatic $24,684,

P < 0�001) (Table 2). Older age and greater amounts of

perioperative blood loss were consistently associated

with longer LOS and higher costs of 90-day care epi-

sodes (Table 3).

Discussion

Discussion of results

Our multimodal SID programme included several tightly

linked components, including pre, peri- and postsurgical

care coordination and enhanced communication

approaches. We demonstrated that implementation of this

advanced surgical discharge planning programme was

associated with shorter hospital LOS (reducing LOS on

average by 1 day), without any negative effect on read-

mission rates. Our analysis also indicated that the health-

care costs in the intervention arm (after the integrated

intervention protocol was implemented) were higher than

costs during the baseline (preceding) year for the patients

in the control arm. Our findings also demonstrated the

importance of an institutional culture of quality improve-

ment including clear expectations, standardized protocols

and staff buy-in and training.

Several reasons may explain why costs were higher in

the intervention group compared with the controls. First,

the hospital billing data may not reflect the efficiency

gains (e.g. in the use of medications, in-hospital tests and

procedures and staff time on activities included within

the 90-day surgical global fee) associated with the inte-

grated care approach. It is also conceivable that extensive

follow-up and postdischarge communication with patients

resulted in more frequent outpatient non-surgical primary

care and specialist visits within the first 90 days after dis-

charge, not included in the 90-day surgical global fee,

which helped offset some of the future healthcare cost

reductions not captured here (due to fewer long-term

complications, earlier diagnosis of cancer recurrence and

slower functional decline) (Nicolaije et al. 2015). Some

medications associated with the protocols may have

increased the immediate costs (for instance, use of alvi-

mopan to reduce side effects of narcotic medicines used

to control postsurgical pain in patient who underwent

gastrointestinal surgery). Alternatively, the higher costs

may have resulted from annual changes in payer contracts

and reimbursement schedules, unrelated to the interven-

Table 1. Patients characteristics.

Cases (N = 51) Controls (N = 113) P value

Race

Black 2 (3�92) 5 (4�42) 0�910
Other 2 (3�92) 7 (6�19)
White 47 (92�16) 101 (89�38)

Sex

Female 21 (41�18) 39 (34�51) 0�412
Male 30 (58�82) 74 (65�49)

Cancer type

Colorectal 22 (43�14) 41 (36�28) 0�664
Pancreatic 9 (17�65) 25 (22�12)
Urology 20 (39�22) 47 (41�59)

Insurance

Medicare 27 (52�94) 51 (245�13) 0�640
Others 2 (3�92) 6 (5�31)
Private 22 (43�14) 56 (49�56)

Readmitted

Not Readmitted 42 (84�31) 94 (83�19) 0�857
Readmitted 8 (15�69) 19 (16�81)

Age 72�02 (8�39) 66�88 (9�49) 0�001
Comorbidity score 2�69 (2�09) 2�66 (1�8) 0�944
ASA score 2�84 (0�58) 2.8 (0�6) 0�642
Time 742�98 (198�91) 478�42 (102�9) <0�001
Total costs 26607 (17220) 22827 (14669) 0�150
Length of stay 8�78 (6�95) 8�02 (5�81) 0�463

ASA Score, American Society of Anesthesiologists’ perioperative risk

score; LOS, length of stay.
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tion. In addition, robotic surgery, which was used in both

groups but more often in the intervention group, has

higher direct medical costs. Last, the higher intervention

costs may reflect the non-randomized study design; a

small group of patients in the later time period with out-

lier prolonged lengths of stay and complications may have

occurred by chance alone. This issue needs to be further

addressed with a randomized, concurrently controlled,

multi-institutional study design.

The results of our study are consistent with recent

reports of other similar interventions (Dhalla et al. 2014,

Leppin et al. 2014). Among studies testing readmission

reduction interventions, studies published before 2002

demonstrated greater effect (RR, 0�56 [95% CI, 0�40-
0�79]). This probably has to do with the fact that even

simple system changes, like implementation of a new care

coordination checklist, require time to penetrate the sys-

tem and for staff to learn, practice and master (Johnson

et al. 2004, Sartorius 2006). Hence, complex interventions

that require participant learning may require a longer

evaluation period to allow for intervention maturity and

to fully capture the intervention effect. Furthermore, the

standards of care have improved over time, biasing the

intervention effect towards the null (Dhalla et al. 2014,

Leppin et al. 2014).

In addition to integrated care model tested here, other

strategies for preventing avoidable harm and minimizing

the risk of adverse events in surgical patients are also

available. These include implementation of standardized

evidence-based care pathways, such as the enhanced sur-

gical recovery pathway (Arriaga et al. 2009, Varadhan

et al. 2010) and escalation of care pathways (EOC). The

aim of the enhanced recovery after surgery (ERAS) path-

way, or ‘multimodal rehabilitation’, is to attenuate the

Table 2. Univariate analyses of the study outcomes: length of stay, readmissions and total 90-day total healthcare costs, by individual risk

factors.

Name Description LOS, Mean days

Not readmitted

N (%) SD

n = 137

Readmitted

N (%) SD

n = 27 Total Cost Mean $

Race Black 7�14 7 (5�11) 0 (0) 21,046

Other 7�11 8 (5�84) 1 (3�7) 21,618

White 8�38 122 (89�05) 26 (96�3) 24,287

Sex Female 7�87 53 (38�69) 7 (25�93) 22,822

Male 8�48 84 (61�31) 20 (74�07) 24,683

Cancer type* Colorectal 7�68 58 (42�34) 5 (18�52) 21,085

Pancreatic 9�88 27 (19�71) 7 (25�93) 24,684

Bladder 7�97 52 (37�96) 15 (55�56) 26,399

Insurance Medicare 9�14 64 (46�71) 14 (17�95) 26,968

Others 7�38 7 (5�11) 1 (3�7) 23,701

Private 7�46 66 (48�18) 12 (15�38) 21,067

Intervention Case 8�78 43 (31�39) 8 (29�63) 26,607

Control 8�02 94 (68�61) 19 (70�37) 22,827

Age 68�34 9�41 69�15 9�74
Comorbidity 2�66 1�96 2�7 1�46
ASA Score 2�82 0�61 2�78 0�51
Follow-up, days 550 183 580 170

The P values were calculated by ANOVA for numerical covariates; and by chi-square test or Fisher’s exact for categorical covariates (*P < 0�05).
ASA score, American Society of Anesthesiologists’ perioperative risk score; LOS, length of stay.

Table 3. Multivariate analysis of the impact of patient and tumour

characteristics on inpatient length of stay, readmission rate and total

90-day costs.

Variable

Total cost Length of stay Readmission

Coefficient IRR OR

0�01* 1�01* 1�01
Black vs. White �0�13 1�05 <0�001
Other vs. White 0�18 0�85 0�49
Male vs. female 0�01 1�00 1�30
Pancreatic cancer 0�24* 1�25 2�86
Bladder cancer 0�08 0�75* 2�92
Blood Lost 0�19* 1�23*
Case vs. Control 0�37* 0�42* 0�94
ASA Score 1�08
Comorbidity Score 1�01
Follow-up, days 1�00*

*P < 0�05.
ASA Score, American Society of Anesthesiologists’ perioperative risk

score; IRR, incidence rate ratio from negative binomial model (IRR >1

means greater LOS compared with the reference group); OR, odds

ratio from logistic analysis (OR >1 means greater readmission risk).
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stress response to surgery and enable rapid recovery. The

ERAS pathway may include pre-operative counselling, no

bowel preparation, no premedication, no pre-operative

fasting, provision of clear carbohydrate enriched liquids

until 2 hours before surgery, non-opioid analgesia, early

removal of bladder catheters and early postoperative feed-

ing and mobilization, among others. The ERAS protocol

has been demonstrated to reduce LOS and complications,

but it has no effect on mortality or readmissions (Arriaga

et al. 2009, Varadhan et al. 2010) (Wick et al. 2015). The

EOC involves recognition of patient deterioration and

timely communication of this information to a senior

colleague who could then arrange definitive management.

The concept of EOC has been based on safety procedures

developed for high-risk industries like aviation, auto man-

ufacturing and the military where redundancy mecha-

nisms are incorporated into the system to compensate for

a potential failure at any one point – for example,

through the use of backup behaviours, dual-tasking and

debriefing (Catchpole et al. 2010, Johnston et al. 2015).

Future studies may learn from ERAS and EOC techniques

and incorporate the most relevant approaches into surgi-

cal readmission reduction programmes.

On the health system level, the main challenges for the

successful implementation of the intervention were lack of

integration between the initiative and other organizational

changes and lack of organized and consistent training for

involved clinical and administrative personnel (Salas et al.

2008, Salas & Rosen 2013). When the intervention was

implemented as a department-wide quality improvement

programme as in the Department of Urology in our study,

including strong leadership support and emphasis on

departmental culture change, we observed greater provider

adherence and less variation in their performance, similar

to other published reports (Henrickson et al. 2009, Hicks

et al. 2014). Other barriers to implementation included

misaligned financial and clinical incentive, lack of care

coordination and limited patient self-care ability (Lucas &

Pawlik 2014, Barnett et al. 2015).

Study limitations

As this was a feasibility study, we focused on the assess-

ment of processes and resources, not the effect size.

Hence, our quantitative findings should be interpreted

with caution, mainly to illustrate feasibility of collecting

the necessary data. We also did not control for temporal

trends due rolling enrolment, study personnel and clini-

cians’ learning curve, or seasonal fluctuations in-hospital

census which may have resulted in biased estimates of

costs and rates. Similarly, we were unable to control for

statistical variation in processes of care among different

hospital units (e.g. APP scope of work, enhanced recovery

protocols and after-hours call triage policies) (Aiken et al.

2002, Kane et al. 2007, Catchpole et al. 2010, Petrovic

et al. 2012, Zhu et al. 2012). Finally, several surgical

attendings implemented some elements of the ERAS pro-

tocol during the study control period (July 2012–July
2013), which may have biased the comparison results

towards the null.

In summary, this study demonstrates the feasibility of

developing and implementing a surgery-specific integrated

care coordination programme using a multidisciplinary

multimodal collaborative approach, recruiting surgical

oncology patients undergoing major surgery for their can-

cer and the importance of the APPs role in surgical care

integration. To improve patient short-term (in-hospital)

and long-term (postdischarge) outcomes, the implemen-

tation of such programme will require addressing current

barriers to effective pre-, peri- and postoperative care

coordination; communication among patients, informal

caregivers and healthcare teams and management of

patient expectations and unmet needs. Further research is

needed to understand patient preferences for engagement

into integrated surgical care pathways, determine optimal

times and settings for the integrated care processes and

define the minimum necessary intervention ‘core’ compo-

nents to guide financially sustainable practice changes.

We conclude that strong institutional support, provider

collaboration across various care settings and alignment

of financial and clinical incentives are the key elements of

successful implementation and dissemination of inte-

grated surgical readmission reduction programmes.
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