Early Unplanned Readmissions After Admission R

Check for

to Hospital With Heart Failure

Chun Shing Kwok, MBBS, MSc, BSca’b’*, Petar M Seferovic, MD, PhD®, Harriette GC Van Spall, MDY,
Toby Helliwell, MBChB, PhD¢, Lorna Clarson, MBChB, PhD*, Claire Lawson, PhD',
Evangelos Kontopantelis, PhD#, Ashish Patwala, MD", Simon Duckett, MD", Erik Fung, MBChB, PhD",

Christian D Mallen, BMBS, PhD¢, and Mamas A Mamas, BMBCh, DPhil*"

Hospital readmissions remain a continued challenge in the care of patients with heart
failure (HF). This study aims to examine the rates, temporal trends, predictors and
causes of 30-day unplanned readmissions after admission with HF. Patients hospitalized
with a primary or secondary diagnosis of HF in the U.S. Nationwide Readmission Data-
base were included. We examined the incidence, trends, predictors and causes of
unplanned all-cause readmissions at 30-days. A total of 2,635,673 and 8,342,383 patients
were included in the analyses for primary and secondary diagnoses of HF, respectively.
The 30-day unplanned readmission rate was 15.1% for primary HF and 14.6% for sec-
ondary HF. Predictors of readmission in primary HF included renal failure (OR 1.27
(1.25 to 1.28)), cancer (OR 1.26 (1.22 to 1.29)), receipt of circulatory support (OR 2.81
(1.64 to 4.81)) and discharge against medical advice (OR 2.29 (2.20 to 2.39)). In secondary
HF, the major predictors were receipt of circulatory support (OR 1.43 (1.12 to 1.84)) and
discharge against medical advice (OR 2.01 95%CI (1.95 to 2.07)). In primary HF 52.4%
of patients were readmitted for a noncardiac cause while for secondary HF 73.9% were
readmitted for a noncardiac cause. For secondary HF, the strongest predictor of read-
mission was discharge against medical advice (OR 2.06 95%CI 2.01 to 2.12, p < 0.001).
Early unplanned readmissions are common among patients hospitalized with HF, and a
majority of readmissions are due to causes other than HF. Our results highlight the need
to better manage comorbidities in patients with HF. © 2019 Elsevier Inc. All rights
reserved. (Am J Cardiol 2019;124:736—745)

Hospital readmissions remain a continued challenge in
the care of patients with heart failure (HF)' as approxi-
mately 1 in 5 patients are readmitted within 30-day of hos-
pitalization.” > Readmissions are considered an adverse
outcome for patients which is also associated with a poor
prognosis.® They further have important health economic
implications, both from a direct costs perspective as well
as through the Hospital Readmission Reduction Program
in the Affordable Care Act, which financially penalizes
hospitals that have higher than expected risk-standardized
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30-day readmission rates for HF.” While previous studies
have examined readmissions in HF they are limited
because the data are derived from distinct healthcare pro-
viders (Medicare or Veterans Health Administration bene-
ﬁciaries),s'o are limited to 1 year of national data or do not
consider secondary diagnosis of HF.” In this study, we
aimed to examine the rates of 30-day readmission, tempo-
ral trends in rates of 30-day readmission, predictors of
30-day readmissions, attributable causes of 30-day read-
mission and outcomes for both index admission and
readmission among patients with primary and secondary
diagnosis of HF in the Nationwide Readmission Database
(NRD) in the United States.

Methods

The NRD is a nationally representative sample of all-
age, all-payer discharges from US nonfederal hospitals that
is produced by the Healthcare Cost and Utilization Project
of the Agency for Healthcare Research and Quality.'’
Readmissions were determined using a deidentified unique
patient linkage number assigned to each patient, which
allows for patient tracking across hospitals within a state
during a given calendar year.

Individual patients in the NRD dataset are assigned up
to 25 International Classification of Disease, Ninth Revi-
sion (ICD-9) codes (there are 30 rather than 25 for 2014)
for each hospitalization. We defined patients with primary
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diagnosis of HF as those having at least one of the follow-
ing as their first ICD-9 code of 402.01, 402.11, 402.91,
404.01, 404.03, 404.11, 404.13, 404.91, 404.93, and 428.*
HF as a secondary diagnosis was defined as any of the
ICD-9 codes specifying HF as a diagnosis other than as a
primary diagnosis for the hospital admission. We included
the first admission for each patient with primary or second-
ary diagnosis of HF within a calendar year. Only patients
who were not admitted to hospital with an admission that
was classified as elective and alive at discharge were con-
sidered. Planned readmissions were excluded, which were
defined as readmissions within 30 days that were classified
as elective.

The primary outcome was the unplanned readmissions
within 30 days of nonelective readmission for primary and
secondary HF. We included patients with a diagnosis of HF
between 2010 and 2014 with 30-days of follow-up. Patients
admitted in December of each year were excluded because
they would not have 30-days of follow-up. The cost of
index hospitalization and hospital readmissions were deter-
mined by multiplying the hospital charges by the Agency
for Healthcare Research and Quality’s all-payer cost-to-
charge ratios for each hospital.

Data on patient demographics, comorbidities, clinical
variables, procedural variables, and causes of readmissions
were collected as defined in Supplementary Data 1.

Statistical analysis was performed using Stata version
14.0 (StataCorp, College Station, TX). Full description of
statistical methods is described in Supplementary Data 1.
The sample was split into patients with HF as primary and
secondary diagnoses, and their unplanned 30-day all-cause
and HF readmission were determined along with descrip-
tive statistics. Multiple logistic regressions were used to
identify independent predictors of 30-day readmissions and
we evaluated the proportion of 30-day unplanned readmis-
sions for secondary diagnosis of HF according to the pri-
mary cause of admission.

Results

A total of 10,978,056 patients were included in the anal-
ysis after the exclusion criteria were applied (Supplemen-
tary Figure 1). A total of 2,635,673 patients had a primary
diagnosis of HF while 8,342,383 patients had a secondary
diagnosis of HF. The rate of in-hospital mortality for the
total cohort was 5.8%. The 30-day unplanned readmission
rate was 15.1% for primary HF and 14.6% for secondary
HF. The rates of all-cause unplanned readmissions
decreased over time from 15.7% to 14.4% for primary HF
and from 15.0% to 14.2% for secondary HF between
2010 to 2014 (Figure 1). A similar decrease was observed
for 30-day HF readmissions. The rate of death during the
unplanned readmission was 6.8% and 7.7% for primary and
secondary HF respectively.

The characteristics of the patients according to primary
and secondary diagnosis of HF are shown in Table 1. Large
absolute differences were observed for renal failure (38.4%
in primary HF, 29.3% in secondary HF), pulmonary vascu-
lar disorder (0.4% in primary HF, 7.7% in secondary HF)
and fluid and electrolyte disorders (29.4% in primary HF
and 37.5% in secondary HF). Patients with primary HF
were more likely to be discharged home (57.6% vs 47.5%)
and their length of stay for index admission was shorter
(5.2 vs 7.3 days). The mean cost of hospitalization for pri-
mary HF was less than that for secondary HF ($11,213 vs
$17,098). The mean time to readmission was approximately
16 days for both groups and the mean readmission length of
stay and direct in-hospital costs were 6.2 days and $13,488
and 6.5 days and $13,947 for primary and secondary HF,
respectively.

Table 2 shows the baseline characteristics of participants
according to readmission status. Compared with nonread-
mitted patients, those requiring hospital readmission were
more likely to have renal failure (44.9% vs 37.2% in primary
HF, 34.1% vs 28.5% in secondary HF), anemia (32.6% vs
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Figure 1. Trends in 30-day all-cause readmissions over time among patients hospitalized with a primary or secondary diagnosis of heart failure.
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Table 1

Characteristics of participants by primary or secondary diagnosis of heart failure

Variable Primary heart failure (n =2,635,673) Secondary heart failure (n = 8,342,383) p Value
Demographics

Age (years) 725+ 145 73.1+£13.7 <0.001
Female 49.5% 52.5% <0.001
Weekend admission 23.6% 24.3% <0.001
Year <0.001
2010 19.7% 18.7%

2011 19.2% 19.1%

2012 18.4% 18.9%

2013 20.6% 21.0%

2014 22.2% 22.3%

Primary expected payer <0.001
Medicare 73.8% 77.5%

Medicaid 8.3% 7.6%

Private 11.4% 10.5%

Uninsured 3.7% 2.1%

No charge 0.4% 0.2%

Other 2.4% 2.1%

Median household income (percentile) <0.001
0-25th 31.6% 30.8%

26-50th 25.0% 25.0%

51-75th 23.3% 23.4%

76-100th 20.2% 20.8%

Cardiovascular comorbidities

Hypertension 70.5% 71.3% <0.001
Coronary artery disease 44.5% 44.9% <0.001
Previous myocardial infarction 12.6% 12.1% <0.001
Previous PCI 9.9% 9.4% <0.001
Previous CABG 14.5% 11.4% <0.001
Previous heart failure 1.5% 75.7% <0.001
Atrial fibrillation 36.8% 35.8% <0.001
Valvular heart disease 0.4% 11.8% <0.001
Previous stroke or TIA 10.7% 13.1% <0.001
Peripheral vascular disease 11.5% 12.5% <0.001
Pulmonary circulatory disorder 0.4% 7.7% <0.001
Noncardiovascular comorbidities

Smoker 27.3% 26.6% <0.001
Alcohol misuse 3.4% 3.5% <0.001
Dyslipidemia 45.0% 43.7% <0.001
Obesity 19.1% 16.8% <0.001
Diabetes mellitus 43.1% 40.4% <0.001
Chronic lung disease 33.9% 31.0% <0.001
Hypothyroidism 15.9% 16.6% <0.001
Renal failure 38.4% 29.3% <0.001
Liver disease 2.7% 3.1% <0.001
Fluid and electrolyte disorders 29.4% 37.5% <0.001
Peptic ulcer disease 0.03% 0.04% <0.001
Anemia 28.3% 27.8% <0.001
Bleeding 0.7% 2.8% <0.001
Cancer 3.6% 4.8% <0.001
Depression 8.6% 11.2% <0.001
Dementia 9.2% 13.5% <0.001
Charlson Comorbidity Index 22+ 1.7 29+1.38 <0.001
Hospital characteristics

Bed size <0.001
Small 11.8% 10.8%

Medium 26.4% 25.5%

Large 61.9% 63.7%

Teaching hospital 55.6% 56.7% <0.001
Urban hospital 89.8% 90.3% <0.001
In-hospital outcomes and treatment

Cardiogenic shock 0.8% 1.3% <0.001
Cardiac arrest 0.3% 0.9% <0.001

(continued)
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Table 1 (Continued)

Variable Primary heart failure (n =2,635,673) Secondary heart failure (n = 8,342,383) p Value
Ventilation 1.4% 6.8% <0.001
Circulatory support 0.3% 0.8% <0.001
Intra-aortic balloon pump 0.2% 0.8% <0.001
Vasopressor 0.3% 0.6% <0.001
Coronary angiogram 8.9% 10.6% <0.001
Current admission PCI 1.1% 3.9% <0.001
Current CABG 0.3% 1.7% <0.001
Pacemaker or ICD implantation 1.5% 2.1% <0.001
Cardiac resynchronization therapy 0.9% 0.4% <0.001
Left ventricular assist device 0.14% 0.09% <0.001
Heart transplant 0.08% 0.02% <0.001
Discharge disposition <0.001
Home 57.6% 47.5%

Transfer to other hospital 18.2% 30.3%

Care home 23.0% 21.3%

Discharge against medical advice 1.2% 0.9%

Court/law enforcement <0.1% <0.1%

Length of stay (days) 52+6.1 73+£9.0 <0.001
Cost (USD) $11,213 £ 19,499 $17,098 + 25,287 <0.001
Time to readmission 16.3+7.6 16.6 7.5 <0.001
Readmission length of stay (days) 62172 65+75 <0.001
Death during readmission 6.8% 7.7% <0.001
Cost of readmission (USD) $13,488 + 22,758 $13,947 £ 20,125 <0.001

CABG = coronary artery bypass graft; ICD = implantable defibrillator device; PCI = percutaneous coronary intervention; TIA = transient ischemic attack.

27.5% in primary HF, 31.8% vs 27.1% in secondary HF) and
cancer (4.3% vs 3.4% for primary HF, 5.8% vs 4.7% in sec-
ondary HF). The most common primary cause for admission
in secondary HF was infections (20.5%).

The independent predictors of readmissions in primary
and secondary HF are shown in Table 3. For primary HF,
diabetes (odds ratio (OR) 1.11 95% confidence interval
(CD) 1.09 to 1.12, p < 0.001), coronary artery disease (OR
1.10 95%CI 1.08 to 1.11, p < 0.001), chronic lung disease
(OR 1.16 95% CI 1.15 to 1.17, p < 0.001), renal failure
(OR 1.27 95%CI 1.25 to 1.28, p < 0.001), liver failure (OR
1.21 95%CI 1.18 to 1.25, p < 0.001), anemia (OR 1.13
95%CI 1.12 to 1.14, p < 0.001) and cancer (OR 1.26
95%CI 1.22 to 1.29, p < 0.001) were associated with
greater odds of readmission. Receipt of circulatory support
was associated with greater odds of readmission (OR 2.81
95%C1 1.64 to 4.81, p < 0.001). Status or place of discharge
were associated with greater odds of readmission as rates
were high for patients transferred to other hospitals (OR
1.23 95%CI 1.21 to 1.25, p < 0.001), care homes (OR 1.21
95%CI 1.19 to 1.22, p < 0.001) and those who were dis-
charged against medical advice (OR 2.29 95%CI 2.20 to
2.39, p < 0.001) compared with those were discharge
home. For secondary HF, the strongest predictor of read-
mission was discharge against medical advice (OR 2.06
95%CI 2.01 to 2.12, p < 0.001). The impact of causes for
admissions as predictors of readmission in patients with
secondary HF is shown in Supplementary Table 2.

The causes of unplanned readmissions are shown in
Figure 2. For primary HF, 32.3% of patients were readmit-
ted for HF while 15.4% were readmitted for non-HF cardiac
reasons and 52.4% for noncardiac reasons. The rates of HF,
non-HF cardiac and noncardiac readmissions for secondary
HF were 12.6%, 13.5%, and 73.9%, respectively. For

noncardiac reasons of unplanned readmissions, the top 5
categories were infections, respiratory disorders, gastroin-
testinal disorders, renal failure, and hematological disor-
ders/neoplasms for both a primary or secondary diagnosis
of HF during the index hospital admission (Supplementary
Figure 2). For cardiac reasons of unplanned readmissions,
HF was dominant followed by arrhythmias. The single
most common reason for readmission was HF after admis-
sion with primary HF (32.3%) and infection for secondary
HF (18.4%). Compared with primary HF, secondary HF
was associated with lower rates of HF readmissions (12.6%
vs 32.3%).

Supplementary Figure 3 shows rates of 30-day
unplanned readmissions according to the primary cause of
the readmission for patients with an index admission with
secondary HF. Patients with a primary noncardiac diagnosis
that was hematological/oncological (17.1%), renal (16.7%),
respiratory (16.2%), and endocrine/metabolic (16.2%) had
the most readmissions. Readmissions were least among
patients with obstetrical diagnoses (8.2%), TIA/stroke
(10.8%) and syncope (11.4%). For cardiac causes, a sec-
ondary diagnosis of HF in the context of acute myocardial
infarction (15.4%) and arrhythmia (14.1%) had the highest
rates of readmission.

Discussion

Our results suggest that approximately 1 in 6 patients
with either a primary or secondary diagnosis of HF have
an unplanned readmission within 30-days of hospitaliza-
tion. The important predictors of readmission after an
index admission with a primary or secondary diagnosis of
HF are comorbidities as well as discharge to care homes,
or choosing to self-discharge against medical advice. Our
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Table 2
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Characteristics of participants by 30-day unplanned readmission and primary or secondary diagnosis of heart failure

Variable Primary heart failure (n =2,635,673) Secondary heart failure (n = 8,342,383)

Not readmitted Readmitted p Value Not readmitted Readmitted p Value
Demographics
Age (years) 723+ 145 73.1 £ 14.1 <0.001 73.1+13.7 73.1£13.6 0.15
Female 49.5% 49.7% 0.12 52.5% 52.3% 0.006
Weekend admission 23.5% 24.1% <0.001 24.3% 24.6% <0.001
Year <0.001 <0.001
2010 19.5% 20.5% 18.7% 19.2%
2011 19.1% 19.8% 19.0% 19.7%
2012 18.4% 18.5% 18.9% 19.1%
2013 20.6% 20.1% 21.1% 20.4%
2014 22.4% 21.2% 22.4% 21.6%
Primary expected payer <0.001 <0.001
Medicare 73.1% 77.6% 77.1% 79.9%
Medicaid 8.1% 9.2% 7.4% 8.2%
Private 11.9% 8.5% 10.8% 8.4%
Uninsured 4.0% 2.4% 2.2% 1.6%
No charge 0.4% 0.2% 0.3% 0.2%
Other 2.5% 2.0% 2.2% 1.7%
Median household income (percentile) <0.001 <0.001
0-25th 31.5% 32.5% 30.7% 31.0%
26-50th 25.0% 24.8% 25.1% 25.0%
51-75th 23.3% 22.9% 23.4% 23.3%
76-100th 20.2% 19.8% 20.8% 20.6%
Cardiovascular comorbidities
Hypertension 70.4% 71.0% <0.001 71.4% 71.2% 0.001
Coronary artery disease 44.0% 46.9% <0.001 44.7% 46.4% <0.001
Previous myocardial infarction 12.5% 13.2% <0.001 12.0% 12.4% <0.001
Previous PCI 9.8% 10.5% <0.001 9.3% 9.7% <0.001
Previous CABG 14.3% 15.4% <0.001 11.4% 12.0% <0.001
Previous heart failure 1.6% 1.3% <0.001 75.5% 76.9% <0.001
Atrial fibrillation 36.6% 38.4% <0.001 35.6% 36.7% <0.001
Valvular heart disease 0.5% 0.4% 0.001 11.8% 12.2% <0.001
Previous stroke or TIA 10.5% 11.6% <0.001 13.0% 13.4% <0.001
Peripheral vascular disease 11.2% 12.9% <0.001 12.3% 13.8% <0.001
Pulmonary circulatory disorder 0.4% 0.3% 0.001 7.7% 8.0% <0.001
Noncardiovascular comorbidities
Smoker 27.4% 26.6% <0.001 26.5% 26.8% <0.001
Alcohol misuse 3.5% 3.1% <0.001 3.6% 3.5% 0.076
Dyslipidemia 45.1% 44.1% <0.001 43.9% 42.5% <0.001
Obesity 19.5% 16.9% <0.001 17.0% 15.7% <0.001
Diabetes mellitus 42.7% 45.9% <0.001 39.9% 43.0% <0.001
Chronic lung disease 33.3% 37.2% <0.001 30.6% 33.4% <0.001
Hypothyroidism 15.7% 16.8% <0.001 16.5% 16.8% <0.001
Renal failure 37.2% 44.9% <0.001 28.5% 34.1% <0.001
Liver disease 2.6% 3.3% <0.001 2.9% 3.7% <0.001
Fluid and electrolyte disorders 29.0% 31.5% <0.001 37.2% 39.0% <0.001
Peptic ulcer disease 0.03% 0.04% 0.003 0.04% 0.04% 0.59
Anemia 27.5% 32.6% <0.001 27.1% 31.8% <0.001
Bleeding 0.7% 0.8% <0.001 2.8% 2.7% 0.18
Cancer 3.4% 4.3% <0.001 4.7% 5.8% <0.001
Depression 8.5% 9.4% <0.001 11.1% 11.7% <0.001
Dementia 9.1% 9.8% <0.001 13.5% 13.4% 0.011
Charlson Comorbidity Index 22+1.6 25+1.7 <0.001 29+18 3.1£1.8 <0.001
Hospital characteristics
Bed size <0.001 <0.001
Small 11.8% 11.5% 10.8% 10.7%
Medium 26.4% 26.6% 25.5% 25.8%
Large 61.8% 62.0% 63.8% 63.5%
Teaching hospital 55.9% 54.1% <0.001 56.9% 55.6% <0.001
Urban hospital 89.7% 90.0% <0.001 90.2% 90.9% <0.001

(continued)
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Table 2 (Continued)
Variable Primary heart failure (n =2,635,673) Secondary heart failure (n = 8,342,383)

Not readmitted Readmitted p Value Not readmitted Readmitted p Value
In-hospital outcomes and treatments
Cardiogenic shock 0.9% 0.7% <0.001 1.4% 1.0% <0.001
Cardiac arrest 0.3% 0.2% <0.001 1.0% 0.6% <0.001
Ventilation 1.5% 1.0% <0.001 7.0% 5.5% <0.001
Circulatory support 0.3% 0.1% <0.001 0.9% 0.7% <0.001
Intra-aortic balloon pump 0.3% 0.1% <0.001 0.8% 0.6% <0.001
Vasopressor 0.3% 0.2% 0.027 0.6% 0.5% <0.001
Coronary angiogram 9.3% 6.4% <0.001 10.8% 9.2% <0.001
Current admission PCI 1.1% 1.0% 0.002 4.0% 3.7% <0.001
Current CABG 0.3% 0.2% <0.001 1.7% 1.2% <0.001
Pacemaker or ICD implantation 1.5% 1.1% <0.001 2.1% 1.6% <0.001
Cardiac resynchronization therapy 1.0% 0.7% <0.001 0.4% 0.3% <0.001
Left ventricular assist device 0.16% 0.03% <0.001 0.09% 0.05% <0.001
Heart transplant 0.09% 0.02% <0.001 0.02% 0.01% <0.001
Discharge location <0.001 <0.001
Home 58.6% 51.9% 48.1% 43.9%
Transfer to other hospital 17.8% 20.5% 30.2% 31.4%
Care home 22.6% 25.5% 21.0% 23.2%
Discharge against medical advice 1.0% 2.1% 0.8% 1.6%
Court/law enforcement <0.1% <0.1% <0.1% <0.1%
Length of stay (days) 53£6.5 5.0£3.7 <0.001 74+9.6 6.2+4.7 <0.001
Cost (USD) $11,410 £ 20,707 $10,105 £+ 10,274 <0.001 $17,561 + 26,666 $14,394 + 14,579 <0.001
Time to readmission - 163 +7.5 - - 16.6 £ 7.5 -
Readmission length of stay (days) - 62+72 - - 6.5+7.5 -
Death during readmission - 6.8% - - 7.7% -
Cost of readmission (USD) - $13,488 £ 22,758 - - $13,947 £ 20,124 -

CABG = coronary artery bypass graft; ICD =implantable defibrillator device; NS = nonsignificant; PCI = percutaneous coronary intervention; TIA = tran-

sient ischemic attack.

evaluation of reasons for admission and rate of readmis-
sion among patients with secondary diagnosis of HF sug-
gests that variation in readmission propensity depends on
the reason(s) for the index hospital admission. While over-
all, causes of readmission were primarily noncardiac
(52.8% and 73.0% for primary and secondary HF, respec-
tively), HF only accounted for 32% of unplanned readmis-
sion in patients admitted with an index primary diagnosis
of HF and a significant number (13%) of patients with
other causes for admissions have an unplanned readmis-
sion for HF. The findings from this study support the
need for HF care to focus on the integrated patient health
burden and better management of co-morbidities in HF
in addition to the details of HF medications and specific
follow-up in HF clinics.

Our analysis is important for several reasons. First, we
include all patients admitted to hospitals in the United
States with diagnoses of HF. Both clinical trials and regis-
tries of HF are selective in patient inclusion. For example,
the PARADIGM-HF exclude patients with hypotension,
estimated glomerular filtration rate <30 and side effects to
angiotensin receptor blockers or angiotensin receptor antag-
onists  and in particular renal impairment in commonly
observed in patients with HF especially those on diuretics.
In terms of registries, the Get With The Guidelines-HF
study only included a subset of hospitals in the United
States which volunteer to take part and there is only linkage
to Medicare inpatient data."> For the readmissions study,
there were only 130,146 patients eligible from 339 sites

between 2005 and 2013 and 70% were excluded leaving
37,457 patients from 132 sites in the analysis.'” Our analysis
represents complete national data which has advantages
because of its size, representativeness and inclusion of all
types of patients that present to hospital such as those with
Medicaid, private and no health insurance. Secondly, because
of the completeness of the NRD dataset across the years, we
were able to examine trends over time and show that read-
mission rates are decreasing. Third, our analysis was able to
consider primary and secondary HF separately which is
important as patients with secondary HF have a greater bur-
den of comorbidities and there are differences in causes for
readmissions for these patients. For secondary diagnosis of
HF, we further explored the rates of 30-day unplanned read-
missions according to the primary diagnosis which is novel.
We show that there is considerable variation in rates which
vary from 8.2% for patients with primary diagnosis of obstet-
ric or pregnancy problems and highest for hematological/
oncological problems (17.1%) Finally, we were able to con-
sider the financial implications of readmissions which adds
an additional level of significance of readmissions. Readmis-
sions were associated with on average more than $13,000 for
both primary and secondary diagnosis of HF which was
greater than the cost of the index admission for patients with
a primary diagnosis of HF.

HF services should be optimally structured to prevent or
reduce readmissions after hospitalizations for HF. Strategies
to improve outcomes and reduce hospitalizations include
optimization of medical therapy for HF and early follow-up



742

Table 3

Predictors of readmission with primary heart failure and secondary heart failure
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Variable Primary heart failure Secondary heart failure*

QOdds ratio (95% CI) p Value QOdds ratio (95% CI) p Value
Age (per year) 0.99 (0.99-0.99) <0.001 0.99 (0.99-0.99) <0.001
Female NS 0.063 NS 0.28
Weekend admission 1.02 (1.01-1.04) <0.001 1.02 (1.01-1.03) <0.001
Year vs 2010
2011 NS 0.22 NS 0.74
2012 0.95 (0.93-0.97) <0.001 0.97 (0.96-0.98) <0.001
2013 0.92 (0.91-0.94) <0.001 0.93 (0.92-0.94) <0.001
2014 0.89 (0.88-0.91) <0.001 0.92 (0.91-0.93) <0.001
Primary expected payer vs Medicare
Medicaid 1.11 (1.09-1.14) <0.001 1.05 (1.04-1.06) <0.001
Private 0.75 (0.74-0.77) <0.001 0.77 (0.76-0.78) <0.001
Uninsured 0.65 (0.63-0.68) <0.001 0.70 (0.68-0.72) <0.001
No charge 0.64 (0.58-0.71) <0.001 0.77 (0.72-0.82) <0.001
Other 0.82 (0.79-0.85) <0.001 0.79 (0.77-0.81) <0.001
Median household income (percentile) vs 0-25th
26-50th 0.96 (0.94-0.97) <0.001 NS 0.32
51-75th 0.94 (0.93-0.96) <0.001 0.99 (0.98-0.99) 0.001
76-100th 0.93 (0.92-0.95) <0.001 0.99 (0.98-1.00) 0.003
Hypertension NS 0.066 0.97 (0.96-0.98) <0.001
Dyslipidemia 0.93 (0.92-0.94) <0.001 0.93 (0.93-0.94) <0.001
Obesity 0.83 (0.82-0.84) <0.001 0.88 (0.87-0.89) <0.001
Diabetes mellitus 1.11 (1.09-1.12) <0.001 1.10 (1.10-1.11) <0.001
Smoker 0.96 (0.95-0.98) <0.001 0.99 (0.99-1.00) 0.048
Alcohol misuse 0.95 (0.92-0.98) 0.002 NS 0.87
Coronary artery disease 1.10 (1.08-1.11) <0.001 1.08 (1.07-1.08) <0.001
Previous myocardial infarction NS 0.12 1.01 (1.00-1.02) 0.048
Previous PCI 1.03 (1.01-1.05) 0.003 1.03 (1.01-1.04) <0.001
Previous CABG NS 0.38 NS 0.52
Previous heart failure 0.72 (0.69-0.76) <0.001 NS 0.27
Atrial fibrillation 1.08 (1.07-1.09) <0.001 1.08 (1.08-1.09) <0.001
Valvular heart disease NS 0.50 1.01 (1.00-1.02) <0.001
Previous stroke or TIA 1.05 (1.03-1.07) <0.001 1.03 (1.02-1.04) <0.001
Peripheral vascular disease 1.07 (1.06-1.09) <0.001 1.07 (1.06-1.08) <0.001
Pulmonary circulatory disorder NS 0.72 NS 0.29
Chronic lung disease 1.16 (1.15-1.17) <0.001 1.14 (1.13-1.14) <0.001
Hypothyroidism 1.04 (1.03-1.06) <0.001 NS 0.14
Renal failure 1.27 (1.25-1.28) <0.001 1.24 (1.23-1.25) <0.001
Liver disease 1.21 (1.18-1.25) <0.001 1.20 (1.18-1.22) <0.001
Fluid and electrolyte disorders 1.08 (1.07-1.09) <0.001 1.04 (1.03-1.05) <0.001
Peptic ulcer disease 1.46 (1.11-1.92) 0.007 NS 0.89
Anaemia 1.13 (1.12-1.14) <0.001 1.15 (1.15-1.16) <0.001
Bleeding NS 0.25 0.97 (0.96-0.99) 0.12
Cancer 1.26 (1.22-1.29) <0.001 1.22 (1.20-1.24) <0.001
Depression 1.08 (1.07-1.11) <0.001 1.04 (1.03-1.05) <0.001
Dementia NS 0.15 0.97 (0.96-0.98) <0.001
Bed size vs small
Medium NS 0.067 1.01 (1.00-1.02) 0.035
Large 1.02 (1.00-1.03) 0.049 NS 0.81
Teaching hospital 0.96 (0.95-0.97) <0.001 0.98 (0.98-0.99) <0.001
Urban hospital 1.03 (1.01-1.05) 0.001 1.09 (1.08-1.10) <0.001
Cardiogenic shock NS 0.071 0.88 (0.85-0.91) <0.001
Cardiac arrest 0.83 (0.73-0.94) 0.004 0.84 (0.81-0.87) <0.001
Ventilation 0.74 (0.70-0.78) <0.001 0.72 (0.71-0.73) <0.001
Circulatory support 2.81 (1.64-4.81) <0.001 NS 0.46
Intra-aortic balloon pump 0.30 (0.18-0.52) <0.001 NS 0.73
Vasopressor NS 0.86 0.94 (0.90-0.98) 0.003
Coronary angiogram 0.74 (0.72-0.75) <0.001 0.84 (0.83-0.86) <0.001
Current admission PCI 1.26 (1.19-1.33) <0.001 1.08 (1.05-1.10) <0.001
Current CABG NS 0.55 0.74 (0.72-0.76) <0.001
Pacemaker or ICD implantation 0.84 (0.80-0.88) <0.001 0.82 (0.80-0.84) <0.001

(continued)
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Table 3 (Continued)
Variable Primary heart failure Secondary heart failure*

Odds ratio (95% CI) p Value Odds ratio (95% CI) p Value
Cardiac resynchronization therapy 0.77 (0.73-0.82) <0.001 0.82 (0.68-0.76) <0.001
Left ventricular assist device 0.18 (0.12-0.25) <0.001 0.60 (0.49-0.74) <0.001
Heart transplant 0.34 (0.24-0.48) <0.001 0.32(0.22-0.47) <0.001
Discharge location vs home
Transfer to other hospital 1.23 (1.21-1.25) <0.001 1.19 (1.18-1.20) <0.001
Care home 1.21(1.19-1.22) <0.001 1.20 (1.19-1.21) <0.001
Discharge against medical advice 2.29 (2.20-2.39) <0.001 2.06 (2.01-2.12) <0.001
Court/law enforcement NS - NS 0.51

* Also adjusted for causes of admission but shown in detail in Supplementary Table 2; NS = not significant where p > 0.05.

postdischarge. An important challenge in managing patients
with HF is that of medication adherence as a review of 57
studies suggests that interventions to improve medication
adherence reduces risk of mortality by 11% and odds of read-
mission by 21%."* In addition, nonpharmacological meas-
ures may also be implemented to reduce readmissions
which include programs such as Hospital-to-Home Readmis-
sion Intervention Program, 15 ModelHeart, 1° patient-Centered
Care Transitions,'’ and other interventions such as telemedi-
cal care'® and use of grand-aides nurse extenders.'”

Our finding that noncardiac factors are the commonest
reasons for unplanned readmissions in both primary and
secondary HF raises the question about whether resources
should be directed at management of co-morbidities.
Opportunities to manage co-morbidities can take place dur-
ing the index hospitalization or in the postdischarge period.
Strategies can be employed to target the management of
co-morbidities such as continuous positive airway pressure
for sleep disordered breathing, cardiopulmonary rehabilita-
tion, immunization, inhalational drug therapies for chronic
obstructive pulmonary disease and counselling patients on
the consequences of failure to properly manage these

80.0

multimorbidities may influence future hospitalization and
progression of HE.*

A major concern has been raised regarding an active pro-
motion for shortening length of hospital stay and reducing
readmissions in HF that could result in increased mortality
rates.”’*” It has been suggested that readmissions rates and
mortality for congestive HF are inversely related.”>
Analysis of the Get With The Guidelines-Heart Failure
Registry (GWTG-HF) reported that among Medicare bene-
ficiaries the rate of mortality in HF increased from 7.2% to
8.6% after the introduction of the Hospital Readmissions
Reduction Program.”® It has been suggested that the
increase in mortality may be related to hospitals attempting
to delay admissions beyond day 30, increase observational
stays or shift inpatient care to emergency departments.”’ In
the current study, mortality rates for patients with primary
HF admission declined in the Medicare (3.2 % to 2.9%),
and Medicaid (1.5% to 1.3%) patients but increased among
uninsured patients (2.5% to 2.3%) with overall mortality
rates declining over time from 3.0% to 2.7%. The diver-
gence in findings between the Medicare cohorts and NRD
may be related to generalizability of the cohort as
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Figure 2. Causes of readmission among patients hospitalized with a primary and secondary diagnosis of heart failure.
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participation in the Get With The Guidelines-Heart Failure
Registry registry is voluntary whereas the NRD includes all
payers and is designed to be nationally representative.

Important considerations in determining predictors of
rehospitalization include patient-level nonclinical factors.
Some of these factors not captured in the current dataset
include the local healthcare infrastructure, patient preferen-
ces, access to care, caregiver situation, financial incentives
for hospitals or physicians and medicolegal liability cli-
mate. In the current study, we were able to capture the pri-
mary expected payer, median household income, hospital
bed size, teaching status, discharge location, but they are
unlikely to account for the propensity to be readmitted
based on the nonclinical factors. The inability of the
research community to capture these nonclinical factors
may be an explanation why there are difficulties in robustly
predicting HF rehospitalizations.

Our study has several limitations. The NRD is also lim-
ited in its ability to explore regional differences and link
outcomes across calendar years; as such, patients may
appear in multiple years. In addition, in the current study
we do not have information left ventricular systolic func-
tion, left ventricular diastolic function, New York Heart
Association class, volume status, etiology of HF or pre-
scription of pharmacological therapies such as angiotensin
converting enzyme inhibitors that have been shown to
reduce mortality and readmission,'"'? Furthermore, there
is evidence that specialist management in hospital reduces
readmissions in HF*® and the NRD does not capture data
around whether patients had been managed or reviewed by
HF specialists or cardiologists during their index admission.
Also, once discharged there is no information regarding
outpatient HF clinic follow-up which has been shown to
reduce 30-day readmission and mortality.”” As being inher-
ent in any observational study, there is the risk of confound-
ing and it would be incorrect to make causal inferences.
Finally, the nature of the dataset is such that we are unable
to determine deaths outside of hospital after discharge, so
there is an issue of survivor bias.

In conclusion, 30-day unplanned readmission after
admission with primary and secondary diagnosis is com-
mon. We report that noncardiac causes are the most com-
mon causes of unplanned readmissions in both primary and
secondary diagnoses of HF. The single most common cause
for readmission in primary HF was HF whereas for second-
ary diagnosis of HF it was infection. Findings from this
study highlight and confirm the importance of managing
comorbidities, including respiratory, metabolic/endocrine
disorders and renal failure, as targets to prevent readmission
and warrant special attention to medical handover when
discharging patients to destinations other than home.
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