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Abstract

Background—Patients who undergo colorectal surgery with new ileostomies incur high rates of 

readmission. Ostomates face a steep learning curve to master the skills and knowledge needed for 

success at home. We designed and implemented a patient-centered checklist promoting 

independence and validating self-care knowledge and care skills, and evaluated its effect on 

readmissions after ileostomy creation.

Methods—On a single inpatient unit, new ileostomy patients were taught and evaluated using a 

novel postoperative self-care checklist, while perioperative care for ostomates remained 

unchanged elsewhere in the institution. In a retrospective cohort including all consecutive 

ileostomy patients from two years before (Period 1) and one year after (Period 2) checklist 

implementation, we identified univariable predictors of readmission within 30 days of discharge 

and used a multivariable, difference-in-differences approach to compare trends in readmission 

between the intervention and control units.

Results—Of the 430 patients in the study period, there were 116 with readmissions (26%). 

Readmitted patients had significantly higher All Patient Refined-Diagnosis Related Group weights 

(3.6 vs. 3.3, p=0.006), longer initial length of stay (13.3 vs. 11.3 days, p=0.006) and were more 

likely to be emergency admissions (49% vs. 38%, p=0.04). The readmission rate on the 

intervention unit decreased from 28% in Period 1 to 20% in Period 2. The logistic regression-

based difference-in-differences approach revealed that implementation of the checklist was an 

independent negative predictor of readmission (p=0.04).

Conclusion—Implementation of a patient-centered, self-care oriented postoperative education 

checklist was associated with significantly reduced odds of readmission after ileostomy creation in 

colorectal surgery.
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Background

Patients who undergo colorectal surgery with the creation of a new ileostomy incur high 

rates of readmission 1–3. These unplanned readmissions are costly and are potentially 

preventable in nearly half of cases 3, 4. With the advent of Accountable Care Organizations, 

and the Center for Medicare and Medicaid Services Value Based Purchasing Readmissions 

Reduction Program, hospitals and payers are facing mounting pressure to reduce unwanted 

readmissions. Yet, at the same time, there is increasing implementation of fast-track 

enhanced recovery pathways to reduce postoperative length of stay. For patients with a new 

ileostomy, a shorter hospital course means less time to acquire the skills and knowledge 

required for stoma care after discharge. As a result, there is growing interest in promoting 

stoma self-care efficacy in order to arm patients with the knowledge to combat common 

challenges associated with ostomy creation 5, 6.

Although perioperative stoma education is considered a standard of care for new ileostomy 

patients 7, and a key factor in preventing readmissions, there are few studies to inform the 

optimal timing, content, and effectiveness of ileostomy care pathways in the setting of 

accelerated postoperative discharge. As a part of enhanced recovery programs, peri-operative 

stoma teaching reduces postoperative length of stay and complications, but has not been 

associated with an overall reduction in readmissions 8, 9. Nagle and colleagues reported that 

an “ileostomy pathway” focused on patient self-management eliminated readmissions for 

dehydration, but did not significantly change readmission rates overall 6. Stoma self-care 

efficacy has been shown to improve psychological adaptation following discharge but its 

impact on managing common complications related to ileostomy creation is unknown 5, 10.

With a goal of reducing readmissions among new ileostomates in an academic colorectal 

surgery specialty practice, we sought to evaluate a novel postoperative education checklist. 

Unlike standard educational approaches, this patient-initiated, self-care oriented checklist 

emphasized development of the independence and autonomy that are required after hospital 

discharge. While checklists are common in the healthcare setting 11–13, the use of discharge 

checklists in assessment of patient education has been very limited and no prior studies have 

assessed the use of checklists in ileostomy patients 14. In this context, we evaluated the 

effect of this checklist in an observational study, using a difference-in-differences approach 

to compare trends in readmission for patients on the intervention unit, as compared with 

similar patients in the same institution who were not exposed to the intervention.

Methods

Checklist and Pathway

Prior to initiation of this project, all new ileostomy patients in our tertiary care hospital were 

educated about stoma care predominantly through three, approximately one hour each, post-

operative teaching sessions with our hospital based certified Wound, Ostomy, and 

Continence Nurses (WOCN’s), in addition to teaching materials provided by the WOCN’s. 

In addition, most patients also had a pre-operative education and marking session. A folder 

of educational materials including information on dehydration, ostomies, and appliances 

were also given to the patient. Most patients receive home health care support in the initial 
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post-discharge period, though care agencies but logistics vary widely depending on their 

geographic location.

Through our hospital unit-based quality improvement process on a single inpatient unit in 

the hospital, a multidisciplinary group including physicians, nurses, WOCN’s, social work, 

and unit managers drafted, ratified, and implemented a patient-centered checklist of 

knowledge and skills felt to be essential for post-discharge success with an ileostomy. The 

purpose of the checklist was to ensure that prior to discharge, patients understood the 

education that was being provided and that they were able to perform the necessary tasks for 

caring for their ileostomy. The intervention unit is the most common site of admission for 

the authors’ clinical service (and admitted 47 % of new ileostomy patients during the study 

period), whereas other surgical services predominated on the control units. On a single 

inpatient unit, since implementation on December 1, 2013, all new ileostomy patients were 

responsible for completion of the checklist with a health care provider prior to discharge 

(Figure 1). An answer key was developed (red portions of Figure 1) of ideal answers to be 

used by providers when assessing patients with the checklist. Patients were given the 

checklist and instructed in its use within 24 hours of completion of surgery. Patients would 

indicate their progress with each component and take graduated responsibility for ileostomy 

care throughout their stay. Prior to institution of the checklist, nurses, physician’s assistants 

and house officers on the intervention unit were educated about its use. Progress in patient 

learning and skills were assessed throughout the patients’ hospital stay and patients were 

required to have completed the checklist prior to discharge. Care pathways for ostomates on 

other inpatient units were unchanged during the study period.

Data Source

Patients who underwent surgery that included creation of a new ileostomy at the University 

of Michigan Hospital from two years prior to institution of the checklist (Period 1) to one 

year after (Period 2) were included in this retrospective review. We truncated analysis one 

year after introduction, because informal use of the checklist was increasingly noted in 

comparison units thereafter, often attributable to house officers who had previously observed 

its use on the intervention unit. Patients were identified by searching the Health System’s 

Research Data Warehouse and MiChart Clarity Database (Epic Systems Corporation, 

Verona, WI) for International Classification of Diseases, Ninth Revision codes including 

ileostomy creation (46.01, 46.02, 46.20, 46.21, 46.23, 46.24). This database included patient 

demographics, admission date, unit, and diagnoses, procedure at index admission, All 

Patients Refined Diagnosis Related Groups weighting (APR-DRGwt – a normalized 

measure of severity of illness for inpatient stay), age, gender, length of stay, admission class 

(emergent/urgent/elective), labs at discharge, discharge status (self care, home with home 

health nursing visits, nursing facility), readmission date, readmission diagnosis, labs at 

readmission, and procedures at readmission. We defined acute renal failure according to 

published criteria, as an acute increase in serum creatinine at readmission of 1.5 times 

baseline 18. Readmission was defined as a secondary inpatient stay in our tertiary care 

hospital within 30 days after discharge from the primary index procedure. Patients were 

divided into 4 categories based on admission unit and time period: intervention unit before 

intervention, intervention unit after intervention, control units before intervention, and 
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control unit after intervention. Patients under the age of 18 were excluded. The study was 

reviewed and approved for publication by the University of Michigan Institutional Review 

Board and was deemed exempt because it was undertaken as quality improvement.

Statistical Analysis

In our retrospective cohort, we compared patient characteristics between units and between 

pre- and post- intervention time periods using univariate analysis. We identified univariate 

predictors of readmission within 30 days of discharge during the 2 years before, and the year 

after, checklist implementation. Categorical data were compared using Fisher’s exact test 

and continuous data were compared using two-tailed t tests.

Multivariable logistic regression-based difference-in-differences analysis was performed to 

isolate the effect of the checklist, independent of secular trends in readmission on 

intervention and control units. In the model, we assessed the relationship of the checklist to 

readmission while adjusting for admission type (scheduled or Urgent/Emergent), unit 

(intervention or control) and checklist time period (checklist used or not used) 15–17. 

Candidate predictors were those with a univariable p value less than 0.2 in addition to 

clinical factors thought to potentially be important such as diagnosis, surgery performed, 

age, surgeon, and admitting service. Backward selection was then used to eliminate 

predictors with multivariable p value greater than 0.5. All statistical analyses were conducted 

using SAS version 9.4 (SAS Corporation, Cary, NC).

Results

Patient characteristics by time period and care unit

There were a total of 430 patients who met inclusion criteria, 255 in Period 1 and 175 in 

Period 2. The proportion of patients admitted to the intervention unit, versus control units, 

was greater in Period 2 than in Period 1 (60% vs. 39%). The overall rate of readmission for 

the entire study period was 25.6%, and did not differ significantly between the two periods 

(25.9% in Period 1 versus 25.1% in Period 2).

Table 1 compares the characteristics of patients in intervention and control units between 

Period 1 and Period 2. There were no statistically significant differences in age, weight, 

acuity or severity of admission, length of stay, or indications for surgery between time 

periods in either the intervention or control units. However, control units patients were 

significantly older (53.2 ± 16.6 vs. 46.4 ± 15.9 years, p<0.001), less likely to have a 

diagnosis of inflammatory bowel disease (22% vs. 46%, p<0.001), more likely to have 

emergent or urgent admissions, (59% vs. 20%, p<0.001), and had a higher APR-DRGwt (4.2 

± 3.1 vs 2.4 ± 1.3, p<0.001) and longer average length of stay (14.8 ± 14.7 vs 8.6 ± 8.1 days, 

p<0.001). In addition, patients on control units were more likely to be admitted for a 

diagnosis in the “other” category (18% vs. 48%, p< 0.001), including intestinal perforation, 

other digestive system complications, adhesions with obstruction, fistula, septicemia, acute 

vascular insufficiency, and Clostridium diffcile colitis.
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Predictors of readmission and effect of the checklist

Univariate predictors of readmission are shown in Table 2. Readmitted patients were 

significantly more likely to have had urgent or emergency operations (49% vs. 38%, 

p=0.04), had higher APR-DRGwt (3.6 ± 2.1 vs 3.3 ± 2.8, p=0.006), and longer index 

postoperative length of stay (13.3 ± 11.5 vs 11.3 ± 12.7 days, p=0.006). The distribution of 

indications for surgery did not differ between patients readmitted and those not readmitted. 

There was also no difference in the overall distribution of readmissions between the 

intervention and control units. However, the readmission rate on the intervention unit 

decreased from 28% in Period 1 to 20% in Period 2, after introduction of the checklist.

Difference-in-differences analysis (Table 3), adjusting for time period trends, unit of 

admission, implementation of the checklist, and significant confounding predictors 

identified a significant decrease in readmission attributable to the checklist (odds ratio 0.40, 

p=0.04).

We assessed the diagnosis at readmission on the intervention unit and found that the reasons 

for readmission were similar in Period 1 and Period 2 (Table 4). The most common cause for 

readmission was infection, responsible for 43% of intervention unit readmissions in Period 1 

and 39% of readmissions in Period 2. Because patients are often readmitted with multiple 

diagnosis including dehydration but this may not be the primary diagnosis, we assessed 

dehydration at readmission further. We defined dehydration as an increase in serum 

creatinine at readmission of 1.5 times baseline 18 and found that on the intervention unit, the 

rate of dehydration at readmission was not statistically different before versus after 

institution of the checklist (46.4% vs 33.3%, respectively, p=0.35). The most common 

“other” causes of readmission in table 4 included: complication of enterostomy, other 

digestive system complication, pulmonary embolism, attention to ileostomy, and shock.

Discussion

In this study, we find that a novel, patient-centered, self-care oriented checklist focused on 

building autonomy and independence significantly improved the rate of readmission after 

ileostomy creation in a specialty colorectal surgery practice. In a time period with no overall 

improvement in readmission rates after ileostomy in our institution, the intervention care 

unit experienced a nearly 30% reduction in rates of readmission. In other ileostomy care 

studies, it has been difficult, to attribute improved readmission rates to the study 

intervention, as increased attention to preventing readmissions may already have been 

present throughout the institution 4, 6. Thus, it was essential to compare the change in rates 

from Period 1 and Period 2 on the intervention unit against trends on control units in the 

hospital, and to further account for the most important differences between patients in these 

areas. A simple pre-intervention versus post-intervention design, as used in other studies 

would have been susceptible to selection bias, conflation with secular trends, regression to 

the mean, confounding by surgeon or clinical service characteristics, and chance. 

Accordingly, we used a difference-in-differences approach to account for these potential 

sources of bias and isolate the effect of the intervention itself.
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The checklist was developed with a goal of rapidly building and assessing skills and 

knowledge to allow for early postoperative discharge in accordance with modern enhanced 

recovery principles. Our clinical teams placed the checklist at the patient’s bedside during 

the post-operative stay, assessed progress during the hospitalization, and required 

completion before discharge. We found this checklist straightforward to implement and easy 

to use, and we recognized that readmission rates declined on the intervention unit. It is not 

possible to know if the checklist itself was responsible for the decrease in readmissions seen 

in our study or the time it took to use it. Anecdotally, the patients receiving the checklist 

during the intervention period were better able to report measures of output and skin issues 

enabling early intervention by phone rather than late by readmission. Subjectively, there was 

immediate interest in the checklist from nursing staff and from house officers involved in the 

care of colorectal surgery patients. In fact, our study had to be limited to only one year in 

Period 2 because during this period, house officers began taking the checklist to other units 

in the hospital to facilitate postoperative education. The perceived success of the checklist 

for ileostomies also led to development of a similar checklist for patients with new 

urostomies on the same care unit.

If this patient-centered approach proves successful in other settings and other institutions, it 

could substantially improve the rate of postoperative readmission after new ileostomy 

creation. With the advent of bundled payments for surgery, and potential reimbursement 

penalties associated with unplanned readmissions in the Center for Medicare and Medicaid 

Services Readmissions Reduction Program, hospitals will be increasingly dependent on such 

programs to improve their rate of unwanted readmissions. We sought to further understand 

the effect of the intervention by examining the reasons for readmission before and after 

intervention. However, the readmission diagnoses were quite varied and did not clearly 

differ between periods. Infection was the most common cause of readmission, an etiology 

not expected to be affected by the checklist. Thus, we concluded that the effect of the 

intervention was not specific to the prevention of any particular complication or adverse 

event. Though this was somewhat contrary to our expectation that the checklist would 

primarily decrease readmissions due to dehydration, the study was not sufficiently powered 

to confirm differences in etiology of readmission, only the overall rate of readmissions as a 

whole.

This study is limited by its retrospective, observational design. Beyond the use of control 

units and a difference-in-differences design, there is the possibility that the effects of the 

intervention are unique to the unit on which it was developed, and may not be immediately 

generalizable to other care units, non-specialty practices, or to other institutions. 

Additionally, because we applied the checklist as a single intervention, we do not know 

which components of the teaching, or increased attention and care, are responsible for its 

effects. The use of administrative and electronic clinical data is potentially subject to coding 

and documentation errors, but we had access to the full detail available in the medical 

records, and thus, as compared with data from administrative databases alone, we had far 

greater richness of clinical detail. Finally, we may have missed readmissions to other 

institutions or other emergency departments, as we only accessed our internal data. 

However, the practice in our region is generally to transfer patients in the early postoperative 

period back to our hospital, and thus, the study sample includes the vast majority of 
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clinically relevant readmissions, as indicated by the consistency between these readmission 

rates and those in other literature. Regardless, it is unlikely that readmissions to other 

institutions would be differentially distributed between groups or time periods. Thus, our 

analytic approach makes the failure to identify admissions to other hospitals conservative, 

and would, if anything, reduce the likelihood of finding an effect of the intervention.

It is impossible to ensure that the improvement in readmission rates is due to the checklist 

itself, rather than other unmeasured care improvements or a “Hawthorne effect” of greater 

staff awareness due to the ongoing clinical quality improvement effort that inspired the 

checklist introduction. Yet, there were no other specific clinical care changes during this 

period, and thus we attribute the success of this particular initiative to its patient-

centeredness and focus on individual skills and autonomy. Before its introduction, patients 

who underwent new ileostomy creation were noted to have a high rate of readmission, 

despite attention and education from certified WOCNs. In some patients, this appeared to be 

due to a lack of comprehension of the education as well as a lack of ownership for their new 

ostomy. The use of the checklist encouraged patient autonomy with care, greater 

participation in teaching, as well as testing of knowledge by all care providers including 

physicians, physician assistants, and nurses beyond the WOCN’s.

There are many ways to perform patient education but if the patients do not comprehend 

what is being taught, they will not succeed. Our checklist is relatively simple and 

inexpensive to institute and appears to decrease readmissions in new ileostomy patients. As 

surgical patients are discharged earlier and earlier, further study is needed to assess the 

efficacy of this and other patient-centered education tools.
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Figure 1. 
Ileostomy Checklist with Key
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Table 2

Predictors of Readmission. P values are for comparisons between patients who were readmitted and those who 

were not, derived from t tests for continuous data and Fisher’s exact test for proportions.

Readmission

Variable (Patients) no (n = 320) yes (n = 110) P Value

Age 50.0 ± 16.3 49.9 ± 17.2 0.96

Gender
% Female (N) 51% (164) 53% (58) 0.79

Weight (kg) 78.4 ± 22.0 77.1 ± 20.2 0.59

% Urgent/Emergent Admission 38% (121) 49% (54) *0.04

APR-DRGwt 3.3 ± 2.8 3.6 ± 2.1 *0.006

Diagnosis

Cancer 30% (96) 25% (28)

0.46
Diverticulitis 3% (10) 5% (6)

IBD 34% (109) 33% (35)

Other 33% (105) 37% (41)

Postop LOS 11.3 ± 12.7 13.3 ± 11.5 *0.006

Unit

Unit-checklist 157 (47%) 52 (45%)
0.67

Unit-other 174 (53%) 64 (55%)

APR-DRGwt = All Patient Refined-Diagnosis Related Groups weighting; IBD=inflammatory bowel disease; LOS=Length of Stay
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Table 3

Effect of institution of the checklist on the checklist Unit. This analysis used multivariable modeling with 

difference-in-differences comparison.

Variable Beta Standard Error P Value

Intercept −1.4443 0.2483 *<0.0001

Admit type: Urgent/Emergent vs Elective 0.4917 0.2454 *0.0451

Intervention Unit 0.4118 0.3116 0.1863

Pre vs Post Intervention Period 0.4383 0.3176 0.1676

Checklist Effect −0.9071 0.4597 *0.0445
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Table 4

Reasons for readmission for Intervention Unit patients, by time period. P value for comparison of diagnosis at 

readmission derived from Fisher’s exact test.

Readmission Diagnosis Period 1 (n=21) Period 2 (n=28) P Value

ARF 19% (4) 14% (4) 0.8264

Ileus 14% (3) 11% (3)

Infection 43% (9) 39% (11)

Other 24% (5) 36%(10)

ARF= Acute Renal Failure
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