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EMERGENCY DEPARTMENT UTILIZATION AND HOSPITAL
READMISSION FOLLOWING BARIATRIC SURGERY
RYAN MACHT
ABSTRACT
Introduction: Unplanned hospital visits have emerged as a quality metric encompassing
many aspects of postoperative morbidity and deficiencies in the transition from inpatient
to outpatient care. This study aims to identify patient, encounter, and organizational
factors that may influence Emergency Department (ED) visits and readmissions
following bariatric surgery.
Methods: A modified version of a framework initially proposed by Vest et al. in their
systematic review of the determinants of preventable readmissions was used as a
conceptual framework for this study. The Michigan Bariatric Surgery Collaborative
(MBSC) database was used to identify patients undergoing all primary bariatric
procedures at 40 centers with >100 patients in the database from 2006—-2015. Multivariate
logistic regression modeling was used to identify factors associated with unplanned
hospital visits. Using an indirect standardization process, each sites’ observed to expected
ratio for 30-day readmission was calculated. The association between each site’s adjusted
readmission rate with their rate of ED visits, Emergency Department-Sourced
readmissions (EDSR), major complications, and compliance with best practices were
calculated with Pearson’s correlation coefficients.
Results: Younger age, greater comorbidities, increased length of stay, procedure type,

and Medicaid/Medicare insurance were significantly associated with readmissions in a



multivariate logistic regression model. There was significant variation among sites’
adjusted rates of readmission, EDSR, best practice compliance, and major complications.
There was a moderately strong association between each sites’ adjusted readmission rate
with their rate of EDSR (r=0.53), major complications (r=0.53), and ED visits (r=0.55).
However, the association between bariatric centers’ compliance with best practices to
reduce unplanned hospital visits and their readmission rates was fairly weak (r=-0.14).
Conclusion: Several individual, encounter, and organization-level characteristics are
associated with an increased risk of unplanned visits after bariatric surgery. Bariatric
centers are more likely to have higher readmission rates if their site has higher rates of
major complications and if their ED is less likely to treat and then discharge bariatric
patients. Further examination of organizational characteristics of bariatric programs that
affect postoperative readmissions, including ED practices, is needed to better guide future

initiatives aimed at improving this quality metric.
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BACKGROUND

Problem Statement

Bariatric surgery has consistently been shown to be more effective than
medical treatments in achieving sustainable weight loss and improving obesity related
comorbidities(1-3). There are several types of bariatric surgery performed including the
adjustable gastric banding, gastric bypass, sleeve gastrectomy, and biliopancreatic
diversion with duodenal switch. Each of these operations differs in its invasiveness,
amount of excess weight loss, and its efficacy at resolving obesity-related comorbidities.
The safety of bariatric surgery continues to improve, with 30-day postoperative mortality
approaching 0% in a recent Cochran analysis(4), and the rate of major adverse outcomes
at 4.3%(5). Newer minimally invasive techniques have become more widespread,
allowing for a faster recovery with fewer postoperative complications. For these reasons,
the overall utilization of bariatric surgery has increased over the past decade with more
patients and providers electing to pursue surgical management of morbid obesity(6,7).
Still, the obesity epidemic in the United States continues to contribute to both significant
morbidity and healthcare-related costs for the population of the United States(8—10).

While the safety of these surgeries has improved greatly over the last decade,

certain preventable morbidities associated with these operations remains relatively high.
Unplanned Emergency Department (ED) visits and hospital readmissions have emerged
as quality metrics that may involve several aspects of postoperative morbidity or
deficiencies in the transition from inpatient to outpatient care(11,12). Rates of unplanned

hospital visits after bariatric surgery vary in the literature but range from 4-8% for



readmissions and 5—15% for ED visits(13—15). While bariatric surgery readmissions are
not currently penalized under the Centers for Medicare and Medicaid Services’
Readmissions Reduction Program, the costs and morbidities associated with readmissions
are relatively high and there is an increasing emphasis on preventing these visits.
However, many of the organizational factors contributing to unplanned hospital visits
after bariatric surgery are unclear. Specifically, little is known about how EDs differ in
their ability to manage bariatric patients and how this may contribute to readmissions.

In this study, the Michigan Bariatric Surgery Collaborative (MBSC) clinical
database was used to identify patient, encounter, and organizational factors that may
influence unplanned hospital encounters following bariatric surgery, including ED visits
and readmissions. As organizational characteristics have been less frequently studied
when evaluating these outcomes, the focus of this study will specifically be the
characteristics of the bariatric program and hospital. One of these organizational
characteristics will be the program compliance with recommended best practices to
reduce readmissions. Another organizational characteristic we will evaluate is the rate of
Emergency Department-sourced readmissions (EDSR) for bariatric patients at each
hospital. This is defined as the “percentage of bariatric patients who are readmitted to
the hospital after an ED visit.” The concept of variation among providers and
departments in the decision to admit patients has been studied frequently in the
Emergency Medicine literature, but only recently in the context of hospital
readmissions(16). Venkatesh et al. found that across several clinical conditions, there was

significant condition-specific variation in the admission rates from the ED(17). Singh et



al. found that while the mean readmission rate following an ED visit was 52.7%, this rate
varied significantly by provider and that a large portion of this variation was due to the
ED facility where the provider worked(16). The EDSR metric has not been evaluated
previously in the bariatric population but may serve as a proxy to identify hospital-level
differences in structural measures involving ED capabilities or bariatric program
resources that contribute to increased rates of readmissions.
Conceptual Model

My proposed conceptual framework will be a modified version of the framework
initially proposed by Vest et al. in their systematic review of the determinants of
preventable readmissions(18). In this review, 37 studies looking at factors influencing
preventable readmissions were evaluated and organized based on their proposed
framework. This framework categorizes factors contributing to unplanned hospital visits
into several classifications including environment, patient, encounter, and organization.
For this study, the framework was modified to include other factors from the bariatric
literature that have been previously proposed as contributors to unplanned hospital visits.
We expanded on the framework proposed by Vest et al., who looked more broadly at all
preventable readmissions by incorporating factors specific to bariatric surgery (Figure 1).

Factors relating to the environment in this framework include rural versus urban
hospital and the geographic region, both of which have been shown to influence
readmissions after surgery. In a study of total knee replacement patients, rural location
and region were both predictors of readmission and similar findings were seen for in a

retrospective analysis of patients in California after undergoing a colectomy (19,20).



Patient factors associated with readmission include considerations, such as demographics,
comorbidities, insurance status, and socioeconomic status, but also more subjective
factors, including the patient’s perceived urgency of their medical problems. The
encounter category of the framework includes factors related to the index hospitalization,
such as the characteristics of the surgery, complications, and hospital length of stay, all of
which have been shown to be important contributors to unplanned bariatric visits(21-23).
For example, patients with a length of stay of greater than three days were 4 times as
likely to readmitted after bariatric surgery(21). Abraham et al. showed that any major
complication from all types of bariatric surgery placed patients at additional risk for
readmission(23). The final category includes organizational factors such as bariatric
program characteristics, patient education on discharge, hospital characteristics, and ED
characteristics, including the EDSR rate. The prior literature on organizational
characteristics contributing to bariatric unplanned visits is relatively limited and will be a

main focus of this study.



FIGURE 1: Conceptual Framework
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Organizational

Research Questions and Hypotheses

Question 1: What patient, encounter, and organizational factors are associated with

unplanned hospital visits following bariatric surgery?

We hypothesize that the patient, encounter, and organizational factors as defined in the
conceptual model will be significantly associated with bariatric readmissions and

unplanned emergency department visits. Specifically, we hypothesize the following:

Patient Factors

1. Younger age will be associated with a higher rate of unplanned hospital visits



than older age.

2. Females will have a higher rate of unplanned hospital visits than males.

3. Patients with higher body mass index (BMI) will have a higher rate of unplanned
hospital visits than those with a lower BMI.

4. Patients with more comorbidities will have a higher rate of unplanned hospital
visits than those with fewer comorbidities.

Encounter Factors

5. Patients undergoing Biliopancreatic Diversion/Duodenal Switch (BPD/DS) and
Gastric Bypass (GB) will have a higher rate of unplanned hospital visits than
those undergoing Sleeve Gastrectomy (SG) or Adjustable Gastric Banding (AGB).

6. Patients who have open surgery will have a higher rate of unplanned hospital
visits than those undergoing laparoscopic surgery.

7. Patients with a longer index hospital length of stay will be at a greater risk for
unplanned hospital visits.

Organizational Factors

8. Patients undergoing surgery at a larger hospital will have a higher rate of
unplanned hospital visits than those undergoing surgery at a smaller hospital.

9. Patients undergoing surgery at a hospital with a higher EDSR rate will have a
greater risk of readmission than patients undergoing surgery at a hospital with a

lower EDSR rate.



Question 2: Which organizational factor (EDSR rate, ED visit rate, compliance with
best practices, major complication rate) will have the strongest association with
hospital readmissions?

We hypothesize that each hospital’s EDSR rate will be most strongly correlated with
adjusted readmission rates among all bariatric hospitals compared to each hospital’s

adjusted rate of ED visits, compliance with best practices, and major complication rates.



METHODS

Data Sources and Sample

The MBSC clinical outcomes database was used to explore unplanned hospital
visits among bariatric patients. The goal of this collaborative is to improve the quality of
care of patients undergoing bariatric surgery in Michigan and includes over forty
hospitals across the state. Data from participating sites is abstracted by trained surgical
clinical reviewers and entered into a combined database. Additionally, as part of this
collaborative, survey data on best practices to reduce unplanned hospital visits are
available from participating hospitals. Survey information was completed for 37 out of
the 40 sites used in this analysis. This survey data includes questions on each individual
hospital’s compliance with various measures to prevent readmissions recommended by
the American Society for Metabolic and Bariatric Surgery (ASMBS). These questions are
focused on elements within the bariatric program occurring at all stages of the
perioperative period and address aspects of patient education, ease of discharge protocols,

provider communication, and follow-up.

All patients within the MBSC database undergoing a primary bariatric procedure
were included in our study sample. Patients from sites that had less than 100 patients in
the database were excluded. This cutoff number was used relatively arbitrarily but was
chosen after examining the data and determining that this number of patients was
necessary in order to have an adequate selection of patients at each site. These sites were

those that had either left the collaborative or had recently joined and had not yet accrued



a significant amount of patients since that time.

Variables and Outcome Measures

Independent variables used in our logistic regression model and indirect
standardization procedure included age, sex, preoperative BMI, total comorbidities,
surgery type, surgery approach, initial hospital length of stay, insurance, year, and
hospital size. Total comorbidities was defined as the sum of prior history of the following
illnesses or categories of illness: pulmonary, cardiovascular, hypertension,
hyperlipidemia, gastroesophageal reflux disease, peptic ulcer disease, cholelithiasis,
urinary incontinence, diabetes, liver, venous thromboembolism, sleep apnea,
musculoskeletal disorders, abdominal hernia, psychological disorder, and renal failure.
Surgery types included gastric bypass (GB), adjustable gastric banding (AGB), sleeve
gastrectomy (SG), and biliopancreatic diversion with duodenal switch (BPD/DS). While
the clinical indications for these procedures are generally similar, they each differ in their
invasiveness with AGB being the least invasive and BPD/DS being the most invasive.
Excess weight loss and comorbidity resolution are greatest for the GB and BPD/DS
procedures. However, given the higher complication rate of BPD/DS, it is performed
relatively rarely compared to the other procedures. Surgery approach was separated into a
dichotomous variable with options of open or minimally invasive, which included
laparoscopic or robotic approaches. Insurance status was categorized into Medicare,
Medicaid, private, or other insurance (self-pay or Canadian insurance) groupings.

Hospital size information was obtained from publically available hospital websites and
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was treated as a categorical variable with groupings of <100, 100-299, 300-499, and >
500 total beds (of note, this same category breakdown is used in the National Surgical

Quality Improvement Project database).

Two primary outcomes were analyzed in separate multivariable logistic
regression models: unplanned readmissions and ED visits within 30-days for any cause.
In the MBSC, the source of where a patient was readmitted from is not collected and
postoperative ED visits are separate variables from readmissions. Therefore, it was
necessary to make an assumption in order to define which patients were admitted from
the ED as opposed to those that were directly admitted to the hospital. An EDSR was
defined as any readmission that occurred on the same day or the day following an ED
visit to account for possible time spent in the ED overnight prior to being admitted. To
calculate the EDSR rate, the total number of EDSR within 30 days were divided by the

total number of ED visits within 30 days at each site.

A composite measure of best practice compliance was calculated for each site
based on the rate of measures that sites reported performing out of the total number of
measures in the survey. Survey measures were divided into preoperative, inpatient, and
postoperative practices. Preoperative practices included showing an educational video,
scheduling a postoperative appointment before surgery, writing postoperative
prescriptions before surgery, and providing at least three phone numbers that can be
contacted if issues arise. Inpatient measures included whether a patient pathway, clinical

pathway, dietician consult, and instructions on follow-up care were given. Postoperative
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practices included calling the patient within 48 hours of discharge, scheduling a follow-
up appointment within 30 days, communicating with the primary care physician, and

having a process for review of readmissions.

Study Design and Statistical Analysis

This study was a cross-sectional retrospective analysis using the MBSC database,
which includes data that is prospectively collected by clinical reviewers. First, descriptive
statistics were performed to characterize the study population by calculating the
frequency and distribution of categorical variables and the mean and standard deviation
of continuous variables. Next, bivariate analysis and multiple logistic regression
modeling were used to identify which of these variables were associated with 30-day
readmissions and ED visits. The calibration and discrimination of the models were
assessed using the Hosmer-Lemeshow goodness-of-fit test and the c-statistic,
respectively.

In order to examine readmissions at individual bariatric centers, an indirect
standardization procedure was performed to identify risk-adjusted readmission rates and
observed-to-expected ratios for each site. The same variables used in the logistic model
above were accounted for in this process. Additionally, MBSC site was included in this
hierarchical logistic model as a random effects variable in order to control for clustering
effects. Pearson correlation coefficients were then used to evaluate the strength of the
association between each sites’ risk-adjusted readmission rates and several organizational
factors including rates of EDSR, ED visits, major complications, and compliance with

best practices. All statistical procedures were performed using SAS 9.3®.
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RESULTS

Our analysis sample demographics were typical of the national population of
patients that undergo bariatric surgery (Table 1). The mean age was 46.1, mean BMI was
47.8, and mean total number of comorbidities was 4.5. The majority of patients were
female (78%), with private insurance (72.7%), and underwent surgery at a hospital with
>500 beds (32.9%). The most common bariatric procedure performed was roux-en-y
gastric bypass (42.4%) followed by sleeve gastrectomy (38.2%) with a laparoscopic
approach taken in the overwhelming majority of patients (97.3%). Patients’ length of stay
following their index operation was a mean of 1.94 days.

TABLE 1: Descriptive statistics of the study sample

All
(n=57,238)
Age: mean (SD) 46.1 (11.7)
BMI: mean (SD) 47.8 (8.4)
Total Comorbidities:
mean (SD) 4.5(2.1)
Length of Stay: mean

(SD) 1.94 (2.1)

Hospital Size <100 18.0%

100-299 24.1%

300-499 24.9%

>500 32.9%

Sex Male 22.0%

Female 78.0%

Procedure RYGB 42.4%

Gastric Band 18.4%

Sleeve Gastrectomy 38.2%

BPD/DS 1.0%

Approach Laparoscopic 97.3%

Open 2.7%

Insurance Medicaid 3.4%

Medicare 14.7%

Private 72.7%

Other 9.2%




13

Risk Factors Associated with Unplanned Hospital Visits

The overall rate of readmission for the sample population was 4.2% and the
overall rate of ED visits was 7.9%. Unadjusted rates of unplanned hospital visits by
categorical variable classifications are shown in Table 2. Unadjusted readmission rates
were highest in patient’s undergoing an operation at a larger hospital (4.8%), who had a
BPD/DS (8.6%) or RYGB (5.4%) procedure, an open surgical approach (8.4%), and who
had Medicare insurance (5.8%). Unadjusted ED visit rates were highest for patients with
similar but slightly different categories: operations performed at hospitals with 100299
beds (9.3%), females (8.1%), BPD/DS (16.2%) or RYGB (9.5%) procedures, an open
surgical approach (13.0%), and those with Medicaid insurance (13.9%). When looking at
the rates of unplanned hospital visits over the study time period, there is a trend of
slightly decreasing rates of readmissions and increasing rates of ED visits (Figure 2). Of
note, observation stays are not included in either of these rates, as this is tracked
separately in the MBSC database. Although, prior studies have indicated that observation

stays are not likely to be associated with decreasing readmission rates(24).



14

TABLE 2: Unadjusted rates of readmissions and Emergency Department visits for
categorical variables

Unadjusted Unadjusted

Readmission ED Visit Rate
Rate (4.2%) (7.9%)
Hospital Size <100 2.9% 2.2%
100-299 4.3% 9.3%
300499 4.3% 9.2%
>500 4.8% 9.0%
Sex Male 4.2% 7.0%
Female 4.2% 8.1%
Procedure RYGB 5.4% 9.5%
Gastric Band 2.1% 3.8%
Sleeve Gastrectomy 3.8% 7.9%
BPD/DS 8.6% 16.2%
Approach Laparoscopic 4.1% 7.8%
Open 8.4% 13.0%
Insurance Medicaid 5.7% 13.9%
Medicare 5.8% 10.8%
Private 4.1% 7.3%
Other 2.5% 5.3%

FIGURE 2

Unadjusted ED Visit and Readmission
Rates Over Time
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Unadjusted bivariate associations between the independent variables and
unplanned hospital visits are shown in Table 3. Compared to patients who had not been
readmitted, those who had been readmitted within 30 days had a statistically significantly
higher mean BMI (47.8 vs. 49.1, p<0.0001), mean total number of comorbidities (4.5 vs.
5.1, p<0.0001), and mean inpatient length of stay (1.9 vs. 2.6, p<0.0001) but did not
differ by age (46.1 vs. 46.5, p=0.07). The frequency distribution of patients who had been
readmitted and those that had not been was significantly different for the size of the
hospital where the operation was performed (p<.0001), procedure type and approach
(p<.00001), and insurance (p<0.0001) but was comparable for sex (p=0.80). All
independent variables were statistically different between patients with and without 30-
day ED visits (all with p<0.0001). Younger age, higher BMI, more comorbidities, longer
length of stay, female sex, and having an open surgical approach were all associated with

an increased risk of postoperative ED visit.



TABLE 3: Bivariate analyses of independent variables with both readmissions and Emergency Department visits

No No ED
Readmission | Readmission Visit ED Visit
(n=54,823) (n=2,415) P-Value (n=52,729) (4,509) P-Value
Age: mean (SD) 46.1 (11.7) 46.5 (11.8) 0.07 46.2 (11.7) | 45.1 (11.8) | <0.0001
BMI: mean (SD) 47.8 (8.4) 49.1 (9.1) <0.0001 47.7 (8.3) | 49.3(9.2) | <0.0001
Total
Comorbidities:
mean (SD) 4.5(2.1) 5.12.2) <0.0001 4.5 (2.1) 5.0(2.2) | <0.0001
Length of Stay:
mean (SD) 1.9 (2.1) 2.6 (2.2) <0.0001 1.9 (2.1) 2.3 (1.7) | <0.0001
Hospital Size <100 18.3% 12.5% <0.0001 19.1% 5.1% <0.0001
100-299 24.1% 24.4% 23.8% 9.3%
300-499 24.9% 25.6% 24.6% 9.2%
>500 32.7% 37.4% 32.5% 9.0%
Sex Male 22.0% 21.8% 22.2% 19.5%
Female 78.0% 78.2% 0.80 77.8% 80.5% <0.0001
Procedure RYGB 41.9% 54.5% 41.7% 51.1%
Gastric Band 18.8% 9.1% 19.2% 8.8%
Sleeve
Gastrectomy 38.4% 34.5% 38.2% 38.1%
BPD/DS 0.9% 2.0% <0.0001 0.9% 2.0% <0.0001
Approach | Laparoscopic 97.4% 94.6% 97.4% 95.5%
Open 2.6% 5.4% <0.0001 2.6% 4.5% <0.0001
Insurance Medicaid 3.4% 4.7% 3.2% 6.1%
Medicare 14.5% 20.1% 14.2% 20.3%
Private 72.8% 69.9% 73.1% 67.5%
Other 9.4% 5.3% <0.0001 9.5% 6.2% <0.0001

91
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Despite age and sex not having a statistically significant association to
readmissions on bivariate analysis, these factors have been previously found to influence
this outcome and were left in our multivariable model. For ED visits, all independent
variables examined in bivariate analyses were incorporated in the multivariate model. A
multivariable model incorporating bariatric center as a clustered factor was also analyzed,
but given similar odds ratios between models and a small within cluster correlation
(0.002), there did not appear to be an appreciable effect of this clustering variable.
Therefore, results from the non-clustered multivariable logistic regression analysis are
presented below (Table 4 and 5).

After adjusting for all other independent variables, significant predictors of
readmissions included younger age (OR 0.99, p<0.0001), higher BMI (OR 1.01, p=0.05),
increased comorbidities (OR 1.12, p<0.0001), increased length of stay (OR 1.04,
p<0.0001), largest hospital size (OR 1.51, p<0.0001), BPD/DS procedure (OR 3.23,
p<0.0001), open approach (OR 1.37, p<0.004), and Medicare insurance (OR 1.26,
p<0.0001). Standardized parameter estimates indicate that procedure type and
comorbidities were the strongest predictors of readmission. The final model showed
credible discrimination and calibration with a C-statistic of 0.65 and a non-significant

Hosmer-Lemeshow test (p=0.26).
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TABLE 4: Multivariable Analysis of independent variables for readmissions

95% Standardized
Odds
. Confidence| P-value Parameter
Ratio .
Interval Estimate

Age 0.99 (0.99,1.00) | <0.0001 -0.05
BMI 1.01 (1.00,1.01) 0.05 0.02
Total 1.12 (1.10,1.15) | <0.0001 0.14

Comorbidities
Length of Stay 1.04 (1.03,1.05) | <0.0001 0.04
Hospital Size <100 0.66 (0.58,0.76) -0.09
(ref=>500) 100-299 0.87 (0.78,0.97) | <0.0001 -0.03
300-499 0.92 (0.83,1.03) -0.02
Sex (ref=Male) Female 1.01 (0.92,1.12) 0.78 0.00
Procedure RYGB 0.71 (0.51,0.98) -0.98

ref=BPD/DS ; -
( ) Gas;ilc Band 0.31 (0.21,0.44) <0.0001 0.25
eeve

Gastrectomy 0.58 (0.41,0.80) -0.15

Approach
(Ref=Lap) Open 1.37 (1.11,1.69) 0.004 0.03
Insurance Medicaid 1.18 (0.97,1.45) 0.02
(Ref=Private) Medicare 1.26 (1.13,1.42) | <0.0001 0.05
Other 0.60 (0.49,0.72) -0.08

After adjusting for all other independent variables, statistically significant

predictors of ED visits included all variables except sex: younger age (OR 0.98,

p<0.0001), higher BMI (OR 1.01, p=0.05), increased comorbidities (OR 1.11, p<0.0001),

increased length of stay (OR 1.02, p<0.0001), hospitals with 300—499 beds (OR 1.07,

p<0.0001), females (OR 1.16, p=0.0003), BPD/DS procedure (OR 3.33, p<0.0001), and

Medicare insurance (OR 1.49, p<0.0001). Standardized parameter estimates indicate that

procedure type and hospital size were the strongest predictors of readmission. The final

model also showed fairly good discrimination and calibration with a C-statistic of 0.68

and a non-significant Hosmer-Lemeshow test (p=0.39).
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TABLE 5: Multivariable Analysis of independent variable for Emergency Department

visits
95% Standardized
Odds Ratio | Confidence | P-value Parameter
Interval Estimate
Age 0.98 (0.98,0.98) | <0.0001 -0.13
BMI 1.01 (1.00,1.01) | <0.0001 0.04
Total

Comorbidities 1.11 (1.11,1.13) | <0.0001 0.12
Length of Stay 1.02 (1.01,1.03) 0.0001 0.02
Hospital Size <100 0.24 (0.21,0.28) -0.30
(ref=>500) 100-299 1.04 (0.96,1.13) | <0.0001 0.01
300-499 1.07 (0.99,1.12) 0.02
Sex (ref=Male) Female 1.16 (1.07,1.25) | 0.0003 0.03
Procedure RYGB 0.70 (0.55,0.90) -0.10

=BPD/D i -
(re /DS) Gasst{:; Beand 0.30 (0.23.0.39) | _4 o001 0.25

v
Gastrectomy 0.56 (0.43,0.72) -0.16
Approach

(Ref=Lap) Open 1.12 (0.94,1.33) 0.203 0.01
Insurance Medicaid 1.41 (1.23,1.62) 0.03
(Ref=Private) Medicare 1.49 (1.37,1.63) | <0.0001 0.08
Other 0.84 (0.74,0.96) -0.03

Examination of Organizational Characteristics and Readmissions

Risk-adjusted readmission rates were examined at each of the MBSC sites (Figure

3A). There was a 4-fold difference in adjusted readmission rates between the lowest and

highest quintiles of sites, with rates ranging from 0.13% to 10.47% at each center. Similar

variability was seen across sites for the other organizational characteristics examined

(Figure 3B-3D). Site EDSR rates ranged from 0% to 60.3% with 3.5-fold difference

between highest and lowest quintiles. Best practice compliance rates ranged from 40% to

100% among sites. Major complication rates at each site ranged from 0.5% to 4.7% with




a 3.5-fold difference between highest and lowest quintiles.

FIGURE 3: Variation among Michigan Bariatric Surgery Collaborative (MBSC) sites
among rates of adjusted readmissions (A), ED-sourced readmissions (B), best practice

compliance (C), and major complications (D).

20

A. Adjusted Readmission Rates by Site ED-Sourced Readmission Rate by
12.00% Site
o 1000% ; 70.00%
& 5 60.00%
& 800% €
# S 50.00%
E ]
T 6.00% £ a0.00%
. g 30.00%
% 400 o
g- E 20.00%
et 8 10.00%
0.00% 0.00%
Compliance By Site Major Complication Rate By Site
100.0% 5.0%
o B0.0% £ aon
e
G| seses 5
o 60.0% E 3.0%
£ 3
= £
g soo% S 20%
S 5
%
20.0% ¥ 10%
0.0% 0.0%

Plots of the association between adjusted readmission rates at each MBSC site

and other organizational characteristics are shown in Figure 4. There was a moderately

strong association between sites’ adjusted readmission rate and rate of EDSR (r=0.53),

major complications (r=0.53), and ED visits (r=0.55). However, the association between

bariatric centers’ compliance with best practices to reduce unplanned hospital visits and

their readmission rates was fairly weak (= -0.14).
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FIGURE 4: The association between each sites’ adjusted readmission rate and the
examined organizational characteristics are shown in this figure: ED-sourced readmission
rate (A), major complication rate (B), ED visit rate (C), and best practice compliance rate
(D). Pearson correlation coefficients for each are shown within each graph.
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To further evaluate how ED characteristics contribute to readmissions and
compare these factors to other patient and encounter variables examined, ED visit rate
and EDSR rate were added into the final multivariable logistic model detailed above.
Both ED visit rate and EDSR rate were statistically significant predictors of readmissions
with p<0.001 for both variables. The standardized parameter estimate for ED visit rate
was 0.18 and for EDSR rate was 0.17, making them the greatest predictors of
readmissions in addition to procedure type. The discrimination and calibration of this
model did not change significantly when these ED variables were added with a C-statistic

of 0.66 and a non-significant Hosmer-Lemeshow test (p=0.06).
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DISCUSSION

Unplanned hospital visits following bariatric surgery are a complex and broadly
encompassing indicator of quality. These visits occur for a variety of reasons and the risk
factors for readmission and ED visits are equally diverse. The aim of this study was to
identify patient, encounter, and organizational risk factors for unplanned hospital visits.
Several risk factors were found to be associated with both readmissions and ED visits
including younger age, higher BMI, increased comorbidities, increased index
hospitalization length of stay, BPD/DS procedure, and Medicare insurance. Additionally,
readmissions were also associated with an open surgical approach and larger hospital
size, while ED visits were also associated with female sex and middle-size hospital size.
As organizational factors relating to this outcome have been less frequently studied, this
study investigated the association between readmissions and several site-level variables
including rates of EDSR, ED visits, major complications, and compliance with best
practices to prevent unplanned visits. Rates of EDSR, ED visits, and major complications
showed moderate correlation to readmission rates, while best practice compliance was

only weakly correlated.

Prior studies on postoperative readmissions following bariatric surgery have
largely focused on patient-level risk factors. Many of these prior studies are limited due
to analysis of patients only from single centers or who have all only had one type of
bariatric procedure. As this study was multicenter and used a large clinical research
database with several bariatric procedures, many of the limitations of prior studies on this

topic were improved upon. Still, our findings on risk factors for readmission were fairly



23

consistent with the prior bariatric literature. Patients undergoing gastric bypass or
BPD/DS have previously been shown to be are more likely to be readmitted than those
having a sleeve gastrectomy or laparoscopic adjustable gastric band(14,22,23,25).
Additionally, our results were consistent with other studies that identified risk factors for
readmission including post-operative complications(14,22,23), comorbidities(22,23,26),
younger age (27), BMI(15), surgical approach(15), length of stay (21,28,29), Medicaid or
Medicare insurance(30,31), and hospital volume(32). There have also been a few other
risk factors for readmission in the literature that were not investigated in this study

including longer operative time(33) and unemployment(15).

Our model for ED visits used the same independent variables as the model for
readmissions but found slightly different results. For instance, female sex was a
significant predictor of unplanned ED visits but not readmissions. The association of sex
and unplanned hospital visits has been mixed in prior literature with some studies
showing that females have a greater likelihood of unplanned visits(34) while others
showing no difference (35). Unplanned ED visits following bariatric surgery have been
studied less frequently than readmissions and our findings expanded on prior literature.
One reason for this is that until recently, ED visits have not been tracked in large national
clinical databases, like the Metabolic and Bariatric Surgery Accreditation and Quality
Improvement Program (MBSAQIP) database. Additionally, some studies evaluating ED
use following bariatric surgery have excluded the initial postoperative period and instead,
focused on more long-term healthcare utilization (36,37). Several studies analyzed both

readmissions and ED visits and found similar risk factors and presentations (15,26,27).
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One multicenter study using a large administrative database found that younger age,
increased comorbidities, region, open approach, and increased length of stay were all
associated with increased odds of a postoperative ED visit (34). Several other factors
previously found in the literature to be predictors of ED visits were not able to be

examined in this study including pre-operative ED use and operative time (34,35).

The patient and encounter factors included in our models are important in
predicting who is at risk for unplanned hospital visits, but they only explain a fraction of
the variability between those who do and do not return to the hospital. Organizational
characteristics of the bariatric sites where patients undergo surgery have been less
frequently studied, but likely contribute to surgical outcomes in this population. We
hypothesized that bariatric centers differed in their practices to prevent readmission. The
MBSAQIP has recognized that sites differ in their readmission rates and hoped to
standardize each organization’s readmission prevention measures through
implementation of a multicenter quality improvement project, the Decreasing

Readmissions through Opportunities Provided (DROP) initiative(13).

The questions in the MBSC survey were designed to evaluate the baseline
compliance of centers in the Michigan collaborative with DROP recommendations.
While none of these centers were formally participating in the DROP initiative,
compliance rates with these measures were still fairly high at most sites. We found that
there was a relatively weak correlation between a site’s compliance with best practices to

reduce readmission and their risk-adjusted readmission rate. This finding does not
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necessarily mean that the DROP measures are not important to implement at bariatric
sites, but implementing them alone or inadequately may not be enough to improve an
organization’s readmission rates. For instance, 100% of sites reported that they used a
clinical pathway for their bariatric patients, a practice which has been shown in the
literature to decrease readmissions and improve outcomes (38,39). However, this may be
too basic of a requirement and the contents of the pathway are likely much more
important than merely the presence of having one. Similarly, having an educational video
alone may be of little use if the bariatric program doesn’t provide a sufficient forum for
the patient to ask questions and communicate with providers to ensure adequate
understanding of the perioperative process. Many of these practices are likely too simple
to truly affect changes in sites’ readmission rates. While scheduling a post-operative
appointment before the patient has surgery instead of at discharge may be important and
more convenient for patients, it’s unlikely that this type of change will translate into
significant improvement in outcomes. Finally, the composite metric used to assess
compliance of best practices was likely too “blunt” of an instrument. Better metrics can
be designed to give a more detailed assessment of the processes and approaches to

reducing unplanned hospital visits at bariatric sites.

While a basic fulfillment of the suggested practices may not be enough, many of
the DROP program recommendations are attempting to get at factors that are likely
important in preventing readmissions, including patient education and follow-up after
surgical discharge. Patient education, specifically focused on nutrition and preventing

dehydration, has been suggested to decrease readmissions(40). Initial work in the MBSC



26

identified several best practices important in decreasing unplanned hospital visits
including patient education, post-discharge phone calls, and more selectively sending
patients to the ED after hours(41). On the other hand, a different center that implemented
a Bariatric Care Coaching Program focused on education and postoperative follow up did
not find that these interventions significantly decreased readmissions(42). These mixed
results are aligned with our findings and support the idea that differing quality of patient
education and implementation practices may be critical in the success of these types of
intervention practices. Future metrics that evaluate patients’ understanding of educational
practices or the effectiveness of different implementation strategies at reducing

readmissions may be valuable.

The institutional rate of major complications was found to be moderately
associated with adjusted readmission rates in our population. This may seem intuitive as
the reason for readmission after surgery is often due to new post-discharge complications
related to the procedure (11). However, this finding is important as it provides further
support that readmissions are an important quality metric that are closely tied to serious
complications. Additionally, bariatric centers that are high-outliers for major
complications are likely deficient in certain aspects of their perioperative care, which
may independently be related to their high readmission rates, even in patients who do not

develop a major complication.

In this study, we also analyzed the EDSR rate as a bariatric center organizational

factor. ED practices are beginning to be evaluated to better understand their role in
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hospital admissions and healthcare costs. However, the association between ED
characteristics and readmissions has not been previously studied in the bariatric
population. In a study examining admissions across a variety of medical conditions and
surgical procedures, there was a large amount of variability across EDs in the rates of
patients admitted(43). Similarly, our data showed a 3.5-fold variation in the EDSR rate
indicating that depending on which ED bariatric patients go to, their chance of being
admitted to the hospital varies significantly. Not only was the EDSR rate quite variable at
different sites, but this rate was also moderately associated with a site’s overall adjusted
readmission rate. Often times, bariatric patients present to an ED with nonspecific
abdominal pain and nausea. The majority of the time this is due to dehydration, which
resolves with several liters of intravenous fluid, but patients with more serious
complications, like an internal hernia or anastomotic leak, can also present this way. If
ED providers are not comfortable with managing bariatric patients or logistically, their
department cannot manage a patient for the time needed to see if their symptoms resolve
with fluids, a patient may end up being readmitted to the bariatric service. Another
possibility for this variation in EDSR rates may be that bariatric surgeons are more
comfortable managing these patients on their own once they present to an ED and request
that they are admitted to their service. Further research is needed to better understand
how the relationship between a bariatric center’s ED and surgery teams contributes to a

site’s readmission rate.

There were several limitations of this study that may have impacted our results.

First, not all potential risk factors for unplanned hospital visits were able to be included in
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our models. Patient-level factors such as socioeconomic status and education-level
information were frequently missing from the MBSC database and the decision was made
to exclude these variables to avoid potential biases. Encounter-level information, such as
operative time, and environmental factors, such as rural versus urban location or
academic versus community hospital, weren’t available to include. One limitation with
the EDSR metric was the lack of information on the location of the ED where the patient
presented. While we assumed that patients would present to the ED in the same hospital
where they had their operation for the majority of visits, it’s likely that some of these ED
visits occurred at different hospitals. However, we believe that this situation likely
occurred in a small proportion of ED visits and wouldn’t drastically change our overall
findings. Another limitation was that our data on compliance with best practices was self-
reported by each site and therefore, could be subject to inaccuracies. Finally, while we
adjusted for the year of the operation to develop our risk-adjusted rates of readmissions,
our sample consisted of patients undergoing operations over nine years. It’s possible that
there were many changes at individual sites during this relatively long time frame that
may have influenced a sites’ cumulative rate of the outcomes that we examined. In the

future, a more complex analysis may be helpful to combat this sample evolution problem.

Preventing unplanned hospital visits following bariatric surgery has become a
priority for improving outcomes in the surgical management of morbid obesity and its
metabolic disease. This study has shown that patient, encounter, and organizational
factors are associated with an increased risk of both readmissions and ED visits. This

information can be useful in designing and improving upon future interventions, like the
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DROP program, to help reduce these visits. However, there are still many factors
contributing to readmissions and ED visits that are unknown, mainly at the
organizational-level. Future studies are needed to further examine the most effective
practices and organizational characteristics that help to prevent these visits. Future
qualitative or mixed-methods approaches may be especially helpful when evaluating
organizations that have successfully maintained a low rate of unplanned visits compared
to those that have struggled with this outcome. Focusing on organizational factors in the
future will be critical to effecting change in this metric on a larger scale, as these factors
have the advantage of being modifiable as potential targets for quality improvement. In
contrast, the majority of the patient-level risk factors we examined are unable to be
modified and may only serve to identify the patient as “high-risk”. The factors
contributing to unplanned hospital visits following bariatric surgery are complex and
span a variety of categories ranging from individual patient characteristics to larger
organizational practices. Understanding this intricate interplay of factors will be critical

in improving patients’ postoperative outcomes following bariatric surgery.
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