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Abstract

Heart failure (HF) is one of the most common chronic and disabling illnesses, resulting in high
morbidity and mortality. Readmission rate, one key indicator of healthcare quality and healthcare
utilization, is prevalent in HF patients. Inconsistent evidences exist about the impact of rural health
disparities on HF patients’ readmissions. The purpose of this explorative study was to examine the
characteristics of hospitalized HF patients and factors related to readmissions in 2009. The results
showed all-cause readmission rates were 13.6%, 23.6%, and 31.6% at 30-, 90- and 180-days
respectively. The factors related readmissions included age, income, discharge/transfer status from
index hospitalization, and comorbidity. Findings from this analysis suggested additional studies
using multiple data sources are needed to have a comprehensive understanding of risk factors
related HF patients’ healthcare utilization.
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Introduction

Heart failure (HF) is one of the most common chronic and disabling illnesses, resulting in
high morbidity and mortality, caregiver burden and mental distress combined with
challenges in disease management and access to appropriate healthcare services [1-3]. It is
estimated that more than 8 million American will be living with HF by 2030 [4]. The total
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medical cost of care in 2030 will be $53.1 billion, and approximately 80% of the cost is
related to hospital-based care [4].

HF is the leading cause of hospitalization in older adults aged 65 or greater in the United
States [5]. Reducing HF patient readmission rates is an important national priority, as a low
readmission rate is one of the primary indicators of health care quality and efficiency for HF
patients [6,7]. Given the impact of HF on the healthcare system and patients’ quality of life,
identifying factors that predict readmissions for HF patients is crucial in order to develop
effective interventions and policies.

A literature review found inconsistent evidence for the role of specific factors that predict
readmission of HF patients. For instance, O’Connor and Giamouzis found that patient
characteristics had a small effect on readmissions [8,9], while others found that patient
characteristics, such as age, gender, and comorbidity, were the strongest factors associated
with readmissions [10]. The impact of rural residence on HF patients’ outcomes has been
widely studied [11-14]. The findings are mixed. Several studies [12-15] reported higher
readmission rates in rural HF patients, while others found patients living in rural
communities had fewer readmissions [16]. The conflicting evidence could be attributed to
the inherent limitations among existing studies in terms of cohort selection, length of follow-
up, and data sources [8,17]. First, many studies reported the risk factors of readmissions in
sub-populations of HF patients, such as Medicare/Medicaid beneficiaries [18-25], nursing
home residents [26,27], veterans [28], and frail HF patients referred for hospice care [29,30].
Second, there are also variations in defining heart failure patients. Most studies included
hospitalized patients with primary diagnoses of HF, leaving out those HF patients admitted
for non-HF related admissions [31,32]. This is significant, since it has been suggested that
patients admitted for HF as secondary diagnosis had higher mortality rate [33]. To capture a
comprehensive cohort of HF patients at risk for adverse health outcomes, all diagnosis codes
should be used to identify HF patients. Third, most studies focused on short-term impact of
index hospitalization on subsequent readmissions (i.e., 30-day readmission) [8,18,34-37].
There is inadequate evidence on factors related to long-term impact of index admission on
readmission. Finally, the risk factors of readmission based on investigator driven data often
lack generalizability due to single-site, convenient, and small sample size [38,39]. Therefore,
it was suggested using all-payer data that provide comprehensive views of risk factors
related to readmissions [40]. Coffey et al. conducted a study to examine factors predicting
readmissions in HF patients using multiple state inpatient data from the Healthcare Cost and
Utilization Project (HCUP) [17], which is a nationally representative, all-payer database
containing hospitalized patients’” demographic, clinical, and cost information over time [41].
However, Coffey’s study only included HF patients who were admitted to home healthcare
agencies. HF patients referred to home health agencies are more likely to have poorer
functioning, greater disease severity, and higher readmission rates [17]. In addition, Coffey’s
study only included patients whose primary discharge diagnosis was HF [17], which could
potentially overestimate HF patients’ readmission rates. Moreover, the study utilized the
incomplete International Classification of Diseases-9 (ICD-9) codes to identify HF patients
(i.e., nine ICD-9 codes, 402.01 through 404.93 were not included) [17].

J Fam Med Dis Prev. Author manuscript; available in PMC 2017 July 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Young et al.

Page 3

Starting in 2010, the Affordable Care Act required Centers for Medicare & Medicaid
Services (CMS) to reduce payments for readmissions in HF patients. To develop an effective
readmission reduction program, it is critical to have full understanding of the risk factors for
readmission in the HF population. Therefore, we examined the characteristics of
hospitalized HF patients using Nebraska HCUP data, which provides a census database of
all inpatient admissions in the state and, thus, permits a population-based perspective on HF
patient care needs [17,19,20]. Our study is descriptive rather than predictive, by associating
a large set of patient, clinical, and administrative factors to HF patient readmission
outcomes. The effect of rural residence on healthcare utilization in HF patients has not been
well understood, therefore, we chose HF patients residing in Nebraska because of large
population of HF patients living in rural communities [42]. We chose 2009 data to examine
healthcare utilization pattern because CMS began publicly reporting 30-day readmission
rates for HF patients after 2009, which could potentially impact readmission rates [43]. This
exploratory study helped to establish baseline data for future study of the impact of public
reporting on readmission rate.

New Contributions

Methods

Medicare policy that publicly reports and penalizes hospitals with high rates of readmissions
[7] has been implemented since 2010. Examining the health care utilization pattern using
2009 data will serve as baseline data to assess the potential impact of policy changes on
readmissions. Unlike others, our study had a more complete cohort of HF patients by
including any hospitalized patients aged 19 years or above with HF as one of the discharge
diagnoses. We used an all-payer database to provide comprehensive view of factors
predicting readmission. Compared to other studies, we had longer follow-up of readmissions
and identified different factors associated with both short and longer term readmissions.

To achieve this objective, we addressed the following research questions:

1. What is the pattern of discharge disposition from the index hospitalization?
2. What are the all-cause readmission rates at 30-, 90- and 180-days?
3. What were patient and index hospitalization characteristics associated with 30-,

90- and 180-day readmissions?

Study design

This is a retrospective cohort study of adults hospitalized and having heart failure as one of
their discharge diagnoses for any hospitalization in the calendar year 2009.

Data sources

The State Inpatient Database (SID) for Nebraska, part of the Healthcare Cost and Utilization
Project (HCUP), was analyzed for this study. Use of the data was exempted from
Institutional Review Board review by the UNMC Office of Regulatory Affairs. The SID
includes all inpatient discharge records from hospitals in the state, regardless of payer, and
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provides a unique view of inpatient care, which can also inform post-acute care service
planning for a defined population. HCUP is a Federal-State-Industry partnership sponsored
by the Agency for Healthcare Research and Quality to inform decision making at the
national, state, and community levels [44].

Study population

Variables

The population used for this study was selected from patients discharged from all Nebraska
hospitals between January 1 and December 31, 2009 (n = 216,177 hospital discharges).
Hospitalizations were excluded if 1) the patient was less than 19 years of age at discharge; 2)
they were admitted from Trauma Centers, another acute setting, or an ambulatory surgery
center; 3) the admission type was unknown or invalid; 4) their point of origin was unknown;
5) it was an in-hospital transfer; or 6) being readmitted from home health/hospice agencies
or law enforcement (Figure 1). Of the remaining 168,681 hospitalizations, 17,785 (10.5%)
had HF as at least one of the nine possible diagnosis codes ([ICD-9] codes: 398.91, 402.01,
402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 428.0, 428.1, 428.20,
428.21, 428.22, 428.23, 428.30,428.31, 428.32, 428.33, 428.40, 428.41, 428.42, 428.43, and
428.9). These hospital visits were made by n = 12,219 individual patients, each with 1 to 14
visits during the year. The patient’s first hospitalization is referred to as the index visit. We
excluded twelve patients whose second admission was recorded as occurring before their
first discharge. A cohort of 12,207 heart failure patients comprised the analytical sample. In
calculating 30-day readmission rates, patients were excluded if their index discharge
occurred in December 2009, which was too late to determine 30-day post-discharge
readmission, or if they died during the index admission. A total of 9,125 HF patients who
were observed 90 days were used to compute 90-day readmission rate, while 6,625 patients
observed for 180 days were the denominator for 180-day readmission rate. For logistic
regression analyses, patients with missing information on any variables in the model were
excluded (Figure 1).

The primary outcome variables are 30-, 90-, and 180-day readmissions following the index
hospitalization. Readmission is defined as the all-cause subsequent hospital stay following
the index hospitalization [45]. Patient sociodemographic variables (i.e., age in years, gender,
location of residence [urban vs. rural], household income quartile at zip code of patient
residence) were included in the analysis. Based on the definition and classification method
recommended by Rural Urban Commuting Areas (RUCA), a 4-level classification system is
used in HCUP data to distinguish rural and urban residents. Due to small sample size, we
combined Level 2—4 (large rural, small rural and isolated rural areas) into one category (i.e.,
rural), which has a range of RUCA values from 4 to 10.5. RUCA values are determined by
the following criteria: 1) population size and rural ZIP Codes; 2) the frequency of
commuting to larger urban areas; 3) the size of the urban destinations [46]. Clinical variables
included length of stay in number of nights, whether or not the patient had a major operation
or procedure during the index visit, comorbidities, and having HF as primary or secondary
diagnosis. Discharge disposition or “discharge status” refers to the location where the patient
is discharged after index hospitalization, including home, home with home health, and post-
acute care settings (e.g., skilled care service in rural critical care hospitals or long term care
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facility, rehabilitation facility, swing bed program, etc.) [47]. Index hospitalization variables
included total charges in dollars and primary payer (Medicaid, Medicare, and others, such as
private payer, self-pay, and other federal and state health insurers).

Data analysis

Results

The HCUP dataset of discharge events was restricted according to the exclusion criteria
listed above and restructured into a patient-level dataset based on codes representing patients
and event dates (Figure 1). Descriptive statistics were calculated to describe HF population
in terms of sociodemographic, clinical, and administrative characteristics such as charges,
length of stay, and type of discharge (Table 1). The 30-, 90-, and 180-day readmission were
defined as readmissions within 30-, 90-, and 180-day of index discharge respectively. To
identify predictive factors of readmission, multivariable logistic regression analyses modeled
30, 90, and 180-day readmission. Independent variables were chosen based on literature
review, including age, gender, location of residence (urban vs. rural), household income
quartile at zip code of patient residence, primary payer, discharge disposition, comorbidities,
whether heart failure was the first or second diagnosis on the index visit, and total charges of
the index admission.

Patient and index hospitalization characteristics

Characteristics of the cohort of 12,207 unique HF patients who had at least one
hospitalization during 2009 were described. They were most likely to be between 65 and 85
years of age (55.4%) and Medicare beneficiaries (82.6%). Over half are female (51.5%).
More than 90% HF patients lived in Nebraska (92.1%). A total of 54.4% of them resided in
non-urban areas, such as large, small rural towns and isolated rural areas, while 58.7% of
them lived in zip codes with median incomes below the median income for the US.

For the index hospitalization, approximately 90% patients were admitted from non-
healthcare settings (i.e. home). The average length of stay was 5.33 (+ 4.95) days, and the
average hospital charge per patient was $36,212 (+ $47,612). The in-hospital mortality rate
was 4.7%. One in four (24.7%) had HF as their first (primary) diagnosis and more than 50%
were admitted for non-HF related problems. Other common first diagnoses included
pneumonia, atrial fibrillation, chronic obstructive pulmonary disease, myocardial infarction,
coronary artery diseases, acute renal failure, and respiratory failure. One in five patients
(20.3%) had a major operating room procedure during their index hospitalization. The most
common comorbidity was hypertension (47.6%), followed by chronic pulmonary disorders
(27.3%), diabetes (26.9%), fluid and electrolyte disorders (22.4%), and renal failure (19.8%)
(Table 1).

Research question 1: The pattern of discharge disposition following the index
hospitalization—Among 12,207 HF patients, nearly half (5,975 [49%]) were discharged
to home, more than 30% of heart failure patients (3,848 [31.5%]) were discharged to post-
acute care facilities, and about one-tenth (1332 [10.91]) were discharged with home health
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agencies. Less than 5% (456 [3.7%]) of patients were transferred to another acute care
hospital (Figure 2).

Research question 2: The all-cause readmission rates at 30-, 90- and 180-days
—Of the 10,777 HF patients observed 30 or more days, 13.6% (n = 1,464) were readmitted
within 30 days of index discharge. Among 9,125 HF patients observed 90 or more days, a
total of 2,158 (23.6%) were readmitted within 90 days of discharge, and 31.6% (n = 2109)
patients observed more than 180 days (n = 6,625) were readmitted within 180 days.

Research question 3: patient and index hospitalization characteristics
associated with 30, 60, and 90 day readmissions—Multivariable logistic regression
estimated the effects of patient and index hospitalization characteristics on 30-, 90-, and
180-day readmissions, adjusted for all other factors in the model (Table 2). Based on 2009
data, the higher odds of readmission within 30-days of index discharge for HF patients
occurred among the oldest age group (e.g., being 86 years of age or older) compared to
younger age group (odds ratio [OR], 1.313; 95% CI, 1.04-1.65), and among those being
transferred to another acute care setting (OR, 6.507; 95% CI, 5.21-8.13), being discharged
to post-acute care setting (OR, 1.307; 95% CI, 1.13-1.51) or home health setting (OR,
1.364, 95% ClI, 1.13-1.64). The HF patients who had total charges of index admission more
than $40,001 had increased odds of 30-day readmission (OR, 1.329; 95% Cl, 1.10-1.61)
compared to those who spent less ($776 — $10,000) for index visit. On the other hand,
having major operation/procedure done at index visit decreased the odds of 30-day
readmission (OR, 0.605; 95% CI, 0.51-0.72).

The HF-related index admission increased both odds of 30-day (OR, 1.345; 95% ClI, 1.20-
1.51) and 90-day (OR, 1.220; 95% ClI, 1.06-1.41) readmissions. Being transferred to another
acute care hospital increased odds of being readmitted within 30 days (OR, 6.507; 95% ClI,
5.21-8.13), but reduced odds of 90-day (OR, 0.338; 95% CI, 0.19-0.60) and 180-day (OR,
0.283; 95% CI, 0.13-0.61). Similarly, being discharged to post-acute care setting increased
odds of 30-day readmission (OR, 1.307; 95% CI 1.13-0.51), but reduced odds of 180-day
(OR, 0.759; 95% ClI, 0.60-0.96) readmissions.

The comorbidities that were associated with increased odds of 30-day readmission include
fluid and electrolyte disorder (OR, 1.176; 95% CI, 1.03-1.35) and renal failure (OR, 1.398;
95% Cl, 1.22-1.60). Comorbidities increased odds of 90-day readmission include
hypertension (OR, 0.842; 95% Cl, 0.73-0.97) and renal failure (OR, 1.269; 95% ClI, 1.07-
1.50). Having comorbidities of blood disorder (OR, 2.838; 95% CI, 1.44-5.58) or obesity
(OR, 1.484; 95% ClI, 1.08-2.05) increased the odds of being readmitted within 180 days.

Sensitivity analysis

We used different HF cohorts for each logistic regression model for 30 day (n = 10,672), 90
day (n =9,038), and 180 day (n = 6,562) readmissions. Because different cohorts were
associated with each 30, 90, and 180 day outcome variable, it would not be accurate to
directly compare findings across models. To account for this variation in samples for each
model, we performed a sensitivity analysis using the same HF cohort for all three models (n
= 6,625). There was no major differences between the logistic regression models.
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Discussion

Unlike other studies using Medicare claims data [19] or identifying HF cohorts based on the
primary diagnosis of index admission [48], we identified the HF population by including all
patients who were 19 years or older who had HF as one of the documented discharge
diagnoses. In addition, the all-payer data were used to capture a comprehensive view of
healthcare utilization characteristics in HF patients. Our study showed almost 50% of HF
patients were discharged from the index hospitals to other healthcare facilities (e.g., post-
acute care settings, another acute care hospitals) or home health agencies. The risk factors
associated with 30-day readmissions included older age, being discharged to home with
home health agencies, HF-related index admission, and having complications or multiple
comorbidities (i.e., fluid and electrolyte disorders and renal failure). HF-related index
admission and comorbidity of renal failure increased risk of 90-day readmission, while
comorbidity of blood disorder and obesity was associated with 180-day readmission.

Due to wide range variations in cohort selection, data source, and readmission reporting, it is
difficult to compare our readmission rate with other studies. The majority of studies focused
on 30-day readmission with a median rate of 21% (range = 2%-52%) [8]. Few studies
within the past 10 years reported 90- and 180-day readmission rates [8].

O’Connor et al. [8] conducted a comprehensive literature review and found there was no
consistency in the effect of patient demographic factors on readmission. Except for age,
there was no significant association between readmission rates and other sociodemographic
factors in our study (e.g., zip code median income, gender). For factors related to index
hospital stay, our data showed a similar proportion of non-home discharge (more than 50%)
in HF patients [22]. This may reflect HF patients” increased needs for additional post-acute
care services immediately following hospital discharge because of the Medicare’s
Prospective Payment System policy to incentivize shortened length of stay [8,49,50].

Disease severity and acuity at index admission have been widely accepted as one of key risk
factors of 30-day readmission [8,17]. The proxy measures of disease severity and acuity in
our analysis were discharge/transfer disposition and the total charge of index stay [17,51—
53]. Similar to Madigan’s findings [10], we found that HF patients discharged to home
health series had greater risk (36%) of 30-day readmissions, indicating their needs of
hospital services within 30 days, but not 90- and 180-days. We also observed paradoxical
relationships between post-acute care service use, between-hospital transfer and
readmission. Post-acute care service use and between-hospital transfer following index visits
increased risk of short-term readmission (30-day), but reduced the risk of long-term
readmissions (90- and 180-day). The explanation may be that patients transferred to post-
acute care or another hospital were more likely to have greater disease severity and
complications, resulting in greater risk of adverse events soon after discharge (e.g., death).
Another variable reflecting the disease severity is the cost of index admission. It was
reported that the total hospital charges were significantly higher for patients with greater
disease severity [17,54]. Similar to others’ findings [8,17] the total charges of index
hospitalization were significantly related to 30-day readmission.
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Like other studies reported [8,50,55], we also found multicomorbidity increased the
likelihood of readmission at all time points. As reported by other studies [19,50,55,56], most
HF patients have multiple chronic, complex comorbidities that create great challenges in
discharge management. In addition, similar to others’ reports [34,37,57,58], more than 50%
of index hospitalizations were not HF-related. Current standardized HF-specific treatment
and discharge instruction guidelines are less likely to reduce all-cause hospitalizations in this
population [59,60].

Unexpectedly, we observed a negative relationship between having major operations or
procedures at index hospital stays and all readmissions (30-, 90-, and 180-days), which has
not been reported in other studies. The explanations would be that patients undergoing major
procedures during index admission were likely to be healthier; therefore, they were less
likely to be readmitted within 30-days.

There are a number of limitations to the study. First, the study has little evidence about the
healthcare utilization characteristics in HF patients from racially and ethnically minority
groups, due to confounding effects with other variables, which affects the generalization of
the results. Secondly, the major gap in knowledge about HF patient readmission risk factors
is primarily the limited access to a more comprehensive profile of risk factors, such as
individual-, provider- and hospital-levels of variables [8]. The use of an all-payer dataset
alone does not sufficiently include all the variables associated with healthcare utilizations.
For instance, lifestyle behaviors prior to the index hospital stay and social factors have been
found the strong indicators of healthcare use [12,61]. However, these variables are often
missing or not readily accessible in all-payer data, which creates a major gap in
understanding the overall readmission risk factors in the HF population. Hospital level data
(e.g., hospital size, ownership or dedicated cardiovascular center) and long-term care
transitional care data were not available in this study. As a result, hospital-level quality of
care measures, an important indicator of readmissions, were not controlled. Third, the lack
of longitudinal data of healthcare utilizations in both outpatient and inpatient settings limits
our understanding of how identified risk factors affect readmissions overtime. Fourth, The
HCUP system allows for charges to be estimated based on a known charge-to-cost ratio for
each hospital. That could not be done in this study, as each hospital was not identified in the
dataset. Therefore, we used charge information, which is useful for comparison within this
study, but is not comparable to cost information published in other studies based on HCUP
data. Fifth, the model validity of the multivariate logistic regression was not optimal (see fit
statistics in the Table 2). However, our findings are still noteworthy to report because the
goal of the study is not to fit the best model, but to describe relationships among variables.
Last, this is an observational study that is unable to establish causal links between associated
factors.

Recommendations for future research direction

Patient centered care calls for evidence on the multi-level and multifaceted factors associated
with readmission, which helps develop effective strategies to reduce care system overload,
cost, and improve care quality. Therefore, multiple data sources should be used, such as
datasets including patient reported variables (e.g., functioning status, social support, health
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belief/behavior, etc), clinical and administrative variables. In addition, examining factors
related to high frequency of readmissions is critical. Last but not least, post index discharge
healthcare utilizations (e.g., home health and post-acute care services) are closely related to
readmissions. Examining the pattern and indicators of post discharge healthcare utilization
plays a vital role in identifying effective strategies to reduce readmission and improve care
continuity in this population with multiple, chronic, and complex conditions.

Conclusion

Our findings emphasize the challenges of identifying reliable and valid risk factors of
readmission for HF patients. To develop effective readmission reduction interventions,
additional studies are needed to examine the effects of both medical and social factors on HF
patients’ healthcare utilization patterns. To have a comprehensive understanding of factors
related to HF patients’ readmission, multiple data resources (e.g., health records, payers’
data, national health behavior survey data, and HF patient registries) should be utilized. This
is a critical first step to improving quality of life for HF patients and attenuating healthcare
expenditures as the prevalence of HF patients drastically increases.

Acknowledgments

Funding

This study was supported by the National Institutes Nursing Research of the National Institutes of Health under
award number 1R15NR 13769-01A1. The sponsor had no role in conducting the study, preparing and disseminating
the study results.

This study was supported by the National Institutes Nursing Research of the National Institutes of Health under
award number 1R15NR 13769-01A1. The sponsor had no role in conducting the study, preparing and disseminating
the study results. Dr. Lufei Young is the recipient of the funding provided by the National Institutes Nursing
Research of the National Institutes of Health.

References

1. Corrao G, Ghirardi A, Ibrahim B, Merlino L, Maggioni AP. Short- and long-term mortality and
hospital readmissions among patients with new hospitalization for heart failure: A population-based
investigation from lItaly. Int J Cardiol. 2015; 181:81-87. [PubMed: 25497525]

2. Corrao G, Ghirardi A, Ibrahim B, Merlino L, Maggioni AP. Burden of new hospitalization for heart
failure: a population-based investigation from Italy. Eur J Heart Fail. 2014; 16:729-736. [PubMed:
24806352]

3. Bakal JA, McAlister FA, Liu W, Ezekowitz JA. Heart failure readmission: measuring the ever
shortening gap between repeat heart failure hospitalizations. PLoS One. 2014; 9:e106494. [PubMed:
25211034]

4. Heidenreich PA, Albert NM, Allen LA, Bluemke DA, Butler J, et al. Forecasting the impact of heart
failure in the United States: a policy statement from the American Heart Association. Circ Heart
Fail. 2013; 6:606—619. [PubMed: 23616602]

5. Azad N, Lemay G. Management of chronic heart failure in the older population. J Geriatr Cardiol.
2014; 11:329-337. [PubMed: 25593582]

6. Kocher RP, Adashi EY. Hospital readmissions and the Affordable Care Act: paying for coordinated
quality care. JAMA. 2011; 306:1794-1795. [PubMed: 22028355]

7. Axon RN, Williams MV. Hospital readmission as an accountability measure. JAMA. 2011;
305:504-505. [PubMed: 21285430]

J Fam Med Dis Prev. Author manuscript; available in PMC 2017 July 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Young et al.

Page 10

8. O’Connor M, Murtaugh CM, Shah S, Barron-Vaya Y, Bowles KH, et al. Patient Characteristics
Predicting Readmission Among Individuals Hospitalized for Heart Failure. Med Care Res Rev.
2015

9. Giamouzis G, Kalogeropoulos A, Georgiopoulou V, Laskar S, Smith AL, et al. Hospitalization

epidemic in patients with heart failure: risk factors, risk prediction, knowledge gaps, and future
directions. J Card Fail. 2011; 17:54-75. [PubMed: 21187265]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Madigan EA, Gordon NH, Fortinsky RH, Koroukian SM, Pifia I, et al. Rehospitalization in a
national population of home health care patients with heart failure. Health Serv Res. 2012;
47:2316-2338. [PubMed: 22524242]

Gilstrap LG, Joynt KE. Understanding the relationship between readmission and quality of hospital
care in heart failure. Curr Heart Fail Rep. 2014; 11:347-353. [PubMed: 24969139]

Calvillo-King L, Arnold D, Eubank KJ, Lo M, Yunyongying P, et al. Impact of social factors on
risk of readmission or mortality in pneumonia and heart failure: systematic review. J Gen Intern
Med. 2013; 28:269-282. [PubMed: 23054925]

Gamble JM, Eurich DT, Ezekowitz JA, Kaul P, Quan H, et al. Patterns of care and outcomes differ
for urban versus rural patients with newly diagnosed heart failure, even in a universal healthcare
system. Circ Heart Fail. 2011; 4:317-323. [PubMed: 21430285]

Joynt KE, Jha AK. Who has higher readmission rates for heart failure, and why? Implications for
efforts to improve care using financial incentives. Circ Cardiovasc Qual Outcomes. 2011; 4:53-59.
[PubMed: 21156879]

Muus KJ, Knudson A, Klug MG, Gokun J, Sarrazin M, et al. Effect of post-discharge follow-up
care on re-admissions among US veterans with congestive heart failure: a rural-urban comparison.
Rural Remote Health. 2010; 10:1447. [PubMed: 20536269]

Rocha E. Prediction of hospital readmission for heart failure: development of a simple risk score
based on administrative data. Rev Port Cardiol. 1999; 18:855-856.

Coffey RM, Misra A, Barrett M, Andrews RM, Mutter R, et al. Congestive heart failure: who is
likely to be readmitted? Med Care Res Rev. 2012; 69:602—616. [PubMed: 22653415]

Bhatia V, Bajaj NS, Sanam K, Hashim T, Morgan CJ, et al. Beta-blocker Use and 30-day All-cause
Readmission in Medicare Beneficiaries with Systolic Heart Failure. Am J Med. 2015; 128:715-
721. [PubMed: 25554369]

Fitch K, Pelizzari P, Pyenson B. The High Cost of Heart Failure for the Medicare Population: An
Actuarial Cost Analysis. 2015

Schmeida M, Savrin RA. Heart failure rehospitalization of the Medicare FFS patient: a state-level
analysis exploring 30-day readmission factors. Prof Case Manag. 2012; 17:155-161. [PubMed:
22660336]

Allen LA, Hernandez AF, Peterson ED, Curtis LH, Dai D. Discharge to a skilled nursing facility
and subsequent clinical outcomes among older patients hospitalized for heart failure. Circ Heart
Fail. 2011; 4:293-300. [PubMed: 21447803]

Bueno H, Ross JS, Wang Y, Chen J, Vidan MT, et al. Trends in length of stay and short-term
outcomes among Medicare patients hospitalized for heart failure, 1993-2006. JAMA. 2010;
303:2141-2147. [PubMed: 20516414]

Hernandez AF, Greiner MA, Fonarow GC, Hammill BG, Heidenreich PA, et al. Relationship
between early physician follow-up and 30-day readmission among Medicare beneficiaries
hospitalized for heart failure. JAMA. 2010; 303:1716-1722. [PubMed: 20442387]

Anderson, KM. The relationship between discharge clinical characteristics and readmission in
patients hospitalized with heart failure. Catholic University of America; 2010.

Anderson C, Deepak BV, Amoateng-Adjepong Y, Zarich S. Benefits of comprehensive inpatient
education and discharge planning combined with outpatient support in elderly patients with
congestive heart failure. Congest Heart Fail. 2005; 11:315-321. [PubMed: 16330907]

Aronow WS, Rich MW, Goodlin SJ, Birkner T, Zhang Y, et al. In-hospital cardiology consultation
and evidence-based care for nursing home residents with heart failure. J Am Med Dir Assoc. 2012;
13:448-452. [PubMed: 21982687]

J Fam Med Dis Prev. Author manuscript; available in PMC 2017 July 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Young et al.

Page 11

27. Ahmed A, Weaver MT, Allman RM, DeLong JF, Aronow WS. Quality of care of nursing home
residents hospitalized with heart failure. J Am Geriatr Soc. 2002; 50:1831-1836. [PubMed:
12410902]

28. Kurichi JE, Xie D, Bates BE, Ripley DC, Vogel WB, et al. Factors associated with home discharge
among veterans with stroke. Arch Phys Med Rehabil. 2014; 95:1277-1282. [PubMed: 24685385]

29. Dwyer R, Stoelwinder J, Gabbe B, Lowthian J. Unplanned Transfer to Emergency Departments for
Frail Elderly Residents of Aged Care Facilities: A Review of Patient and Organizational Factors. J
Am Med Dir Assoc. 2015; 16:551-562. [PubMed: 25933726]

30. Hauptman PJ, Goodlin SJ, Lopatin M, Costanzo MR, Fonarow GC, et al. Characteristics of
patients hospitalized with acute decompensated heart failure who are referred for hospice care.
Arch Intern Med. 2007; 167:1990-1997. [PubMed: 17923600]

31. Blecker S, Paul M, Taksler G, Ogedegbe G, Katz S. Heart failure-associated hospitalizations in the
United States. J Am Coll Cardiol. 2013; 61:1259-1267. [PubMed: 23500328]

32. Desai AS, Stevenson LW. Rehospitalization for heart failure: predict or prevent? Circulation. 2012;
126:501-506. [PubMed: 22825412]

33. Shoaib A, Farag M, Nasir M, John J, Gupta S, et al. Is the diagnostic coding position of acute heart
failure related to mortality? A report from the Euro Heart Failure Survey-1. Eur J Heart Fail. 2016;
18:556-563. [PubMed: 26991150]

34. Collins SP, Jenkins CA, Harrell FE Jr, Liu D, Miller KF, et al. Identification of Emergency
Department Patients With Acute Heart Failure at Low Risk for 30-Day Adverse Events: The
STRATIFY Decision Tool. JACC Heart Fail. 2015; 3:737-747. [PubMed: 26449993]

35. Aggarwal S, Gupta V. Demographic parameters related to 30-day readmission of patients with
congestive heart failure: analysis of 2,536,439 hospitalizations. Int J Cardiol. 2014; 176:1343—
1344. [PubMed: 25147062]

36. Fleming LM, Gavin M, Piatkowski G, Chang JD, Mukamal KJ. Derivation and validation of a 30-
day heart failure readmission model. Am J Cardiol. 2014; 114:1379-1382. [PubMed: 25200338]

37. Gheorghiade M, Vaduganathan M, Fonarow GC, Bonow RO. Rehospitalization for heart failure:
problems and perspectives. J Am Coll Cardiol. 2013; 61:391-403. [PubMed: 23219302]

38. Boxer RS, Dolansky MA, Bodnar CA, Singer ME, Albert JM, et al. A randomized trial of heart
failure disease management in skilled nursing facilities: design and rationale. J Am Med Dir
Assoc. 2013; 14:710.

39. Duffy JR, Hoskins LM, Dudley-Brown S. Improving outcomes for older adults with heart failure: a
randomized trial using a theory-guided nursing intervention. J Nurs Care Qual. 2010; 25:56-64.
[PubMed: 19512945]

40. O’Brien WJ, Chen Q, Mull HJ, Shwartz M, Borzecki AM, et al. What is the value of adding
Medicare data in estimating VA hospital readmission rates? Health Serv Res. 2015; 50:40-57.
[PubMed: 25040588]

41. Clancy CM. Let the data be our guide: trends and tools for research on health care utilization.
Health Econ. 2012; 21:19-23.

42. http://lwww.newgeography.com/content/004847-recent-population-change-us-states-2012-2014.

43. DeVore AD, Hammill BG, Hardy NC, Eapen ZJ, Peterson ED, et al. Has Public Reporting of
Hospital Readmission Rates Affected Patient Outcomes?: Analysis of Medicare Claims Data. J
Am Coll Cardiol. 2016; 67:963-972. [PubMed: 26916487]

44, Collen, MF., Lehmann, HP. Public and Personal Health Testing Systems. In: , editor. The History
of Medical Informatics in the United States. Springer; 2015. p. 673-683.

45, Barrett, M., Raetzman, S., Andrews, R. Overview of key readmission: measures and methods.
Agency for Healthcare Research and Quality; 2012.

46. Hart LG, Larson EH, Lishner DM. Rural definitions for health policy and research. Am J Public
Health. 2005; 95:1149-1155. [PubMed: 15983270]

47. Wier, L., Pfuntner, A., Maeda, J., Stranges, E., Ryan, K., et al. HCUP facts and figures: statistics on
hospital-based care in the United States, 2009. Rockville, MD: Agency for Healthcare Research
and Quality; 2011.

J Fam Med Dis Prev. Author manuscript; available in PMC 2017 July 19.


http://www.newgeography.com/content/004847-recent-population-change-us-states-2012-2014

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Young et al.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

Page 12

Briant KJ, Espinoza N, Galvan A, Carosso E, Marchello N, et al. An innovative strategy to reach
the underserved for colorectal cancer screening. J Cancer Educ. 2015; 30:237-243. [PubMed:
25002255]

Hockenberry JM, Burgess JF Jr, Glasgow J, Vaughan-Sarrazin M, Kaboli PJ. Cost of readmission:
can the Veterans Health Administration (VHA) experience inform national payment policy? Med
Care. 2013; 51:13-19. [PubMed: 22683595]

Allen LA, Smoyer Tomic KE, Smith DM, Wilson KL, Agodoa I. Rates and predictors of 30-day
readmission among commercially insured and Medicaid-enrolled patients hospitalized with
systolic heart failure. Circ Heart Fail. 2012; 5:672-679. [PubMed: 23072736]

Bowles KH, Chittams J, Heil E, Topaz M, Rickard K, et al. Successful electronic implementation
of discharge referral decision support has a positive impact on 30- and 60-day readmissions. Res
Nurs Health. 2015; 38:102-114. [PubMed: 25620675]

Jones TK, Fuchs BD, Small DS, Halpern SD, Hanish A, et al. Post-Acute Care Use and Hospital
Readmission after Sepsis. Ann Am Thorac Soc. 2015; 12:904-913. [PubMed: 25751120]

Proceedings of the nursing research. lippincott williams & wilkins; 530 Walnut St, Philadelphia,
PA 19106-3621, USA: 2014.

Litwin MS, Kahn KL, Reccius N. Why do sicker patients cost more? A charge-based analysis of
patients undergoing prostatectomy. J Urol. 1993; 149:84-88. [PubMed: 8417221]

Inampudi C, Parvataneni S, Morgan CJ, Deedwania P, Fonarow GC, et al. Chronic Kidney Disease
and Higher Risk of 30-Day All-Cause Readmissions in Heart Failure: Findings from a Propensity-
Matched Study. J Card Fail. 2014; 20:S56.

Etxeberria-Lekuona D, de Tejerina JM, Fernandez Casas, Lopez IM, Olaso JO, et al. Multiple
hospitalizations at the department of internal medicine of a tertiary hospital. Revista Clinica
Espafiola (English Edition). 2015; 215:9-17.

Collins SP, Storrow AB, Levy PD, Albert N, Butler J, et al. Early management of patients with
acute heart failure: state of the art and future directions--a consensus document from the SAEM/
HFSA acute heart failure working group. Acad Emerg Med. 2015; 22:94-112. [PubMed:
25423908]

Collins SP, Lindsell CJ, Jenkins CA, Harrell FE, Fermann GJ, et al. Risk stratification in acute
heart failure: rationale and design of the STRATIFY and DECIDE studies. Am Heart J. 2012;
164:825-834. [PubMed: 23194482]

Regalbuto R, Maurer MS, Chapel D, Mendez J, Shaffer JA. Joint Commission requirements for
discharge instructions in patients with heart failure: is understanding important for preventing
readmissions? J Card Fail. 2014; 20:641-649. [PubMed: 24996200]

Roger VL. Epidemiology of heart failure. Circ Res. 2013; 113:646-659. [PubMed: 23989710]

Milani RV, Lavie CJ, Ventura HO. Impact of Addressing Social and Behavioral Factors in
Reducing Heart Failure Readmission. Circulation. 2014; 130:A20450-A20450.

J Fam Med Dis Prev. Author manuscript; available in PMC 2017 July 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Young et al.

Page 13

Total index visits to Nebraska
hospitals in 2009 N =216,177

A 4

Excluded patients who

e were < 19 years (n = 41,928 [19%)]);

e were transferred from trauma and ambulatory surgery center, in-
hospital transfer, hospice, readmission from home health, and
court/law enforcement (n = 5,294 [2.4%]);

e Had missing data, unknown or invalid admission type (n = 274)

A 4

A 4

Excluded patients who did not include the following heart failure ICD-9
codes in their nine discharge diagnoses: '39891', '40201', '40211",
'40291', '40401", '40403', '40411", '40413', '40491", '40493', 428', '4280',
'4281','42810', '4282', '42820', '42821", '42822', '42823', '4283', '42830',
'42831', '42832', '42833', '4284', '42840', '42841", '42842', '42843'", '4289',
'42890".

N =17,758 (10.5%)

A 4

e Included patients with 1 to 14 visits during 2009 (n = 12,219, [5.7%])
e Excluded 12 patients with inaccurate dates of index hospitalizations

N =12,207

A

Observed 30 or more days post
index discharge
N=10,777

Figure 1.

A 4

Observed 90 or more days post Observed 180 or more days post
index discharge index discharge
N=9,125 N = 6,625

Overview of the selection of analysis cohort flowchart.
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Figure 2.
Discharge disposition for index hospitalizations (n = 12,207).
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*Included the patients discharged with the status of against medical advice or to court/law

enforcement or psychiatric facilities.
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Table 1

Patient demographic, clinical, and administrative characteristics at index hospitalization (n = 12,207).

Variables N (%) or Mean + SD

Demographic Variables

Age 75.93 +13.23
Age 19-64 2,339 (19.2)
Age 65-85 6,758 (55.4)
Age 86 and older 3,110 (25.5)

Female 6,281 (51.5)

Urban residents 5,457 (44.7)

Median household income national quartile

First Quartile 2,891 (23.7)
Second Quartile 6,183 (50.7)
Third Quartile 2,109 (17.3)
Fourth Quartile 919 (7.5)

Primary payer on index visit

Medicare 10,082 (82.6)
Medicaid 359 (2.9)
Other ™ 1,766 (14.5)

Clinical Variables

Length of stay for index hospitalization 5.33+4.95
Total length of stay in 2009 7.81+8.26
Had major operation procedure on index visit 2,479 (20.3)
Mortality rate during index hospitalization 570 (4.7%)

Selected Comorbidities

Hypertension 5,809 (47.6)
Chronic pulmonary disorders 3,331 (27.3)
Diabetes 3,286 (26.9)
Fluid and electrolyte disorders 2,732 (22.4)
Renal failure 2,412 (19.8)
Blood disorders 2,054 (16.8)
Hypothyroidism 1,099 (9.0)
Obesity 830 (6.8)
Other neurological disorders 718 (5.9)
Valvular disease 623 (5.1)
Peripheral vascular disorders 614 (5.0)
Depression 467 (3.8)
First diagnosis of heart failure 3,020 (24.7)
First or second diagnosis of heart failure 5,682 (46.6)
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Variables

N (%) or Mean + SD

Administrative Variables

Total charges of index hospitalization

36,211.82 + 47,612.04

$776 to $10,000 2,593 (21.2)
$10,001 to $20,000 3,286 (26.9)
$20,001 to $40,000 3,082 (25.3)
$40,001 to $769,063 3,246 (26.6)
Total charges of all hospitalizations in 2009 50,877.31 + 64,162.06
Admissions from from non-healthcare settings (e.g., home) 10884 (89.16)

Other included private payer, self-pay, and other federal and state health insurers.
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