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Abstract

Background—Heart failure (HF) is common among skilled nursing facility (SNF) residents, yet
patients with HF in the SNF setting have not been well described.

Methods—Using Minimum Data Set 3.0 cross-linked to Medicare data (2011-2012), we studied
150,959 HF patients admitted to 13,858 SNFs throughout the USA. ICD-9 codes were used to
differentiate patients with HF with preserved ejection fraction (HFpEF), reduced ejection fraction
(HFrEF), or unspecified HF.

Results—The median age of the study population was 82 years, 68% were women, 34% had
HFpEF, and 27% had HFrEF. HFpEF patients were older than those with HFrEF. Moderate/severe
physical limitations (82%) and cognitive impairment (37%) were common, regardless of HF type.
The burden and pattern of common comorbidities, with the exception of coronary heart disease,
were similar among all groups, with a median of 5 comorbidities. One half of patients with HF had
been prescribed angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, and 39%
evidence-based B-blockers.

Conclusions—SNF residents with HF are old and suffer from significant physical limitations
and cognitive impairment and a high degree of comorbidity. These patients differ substantially
from HF patients enrolled in randomized clinical trials and that might explain divergence from
treatment guidelines.
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Introduction

Methods

Heart failure (HF) is the leading cause of hospitalization among Americans aged =65 years
[1], and almost one-fourth of elderly Medicare beneficiaries are discharged to a skilled
nursing facility (SNF) after being hospitalized for HF [2, 3]. The use of SNF care for
patients with HF has steadily increased in recent decades [4]. In 2012,the Readmissions
Reduction Program under the Affordable Care Act took effect, which imposes financial
penalties on hospitals with excess 30-day readmissions for conditions such as HF [5]. In
2014, the Improving Medicare Post-Acute Care Transformation Act was passed, which
intends to shift Medicare payments, including SNF payments, from volume to value [6]. As
the population of elderly, high-risk, hospitalized patients with HF expands, and changes in
Medicare payment policies gradually take effect, growth in the reliance on SNFs is expected

[4].

Although SNFs are a center of transitional care from hospital to home with a focus on
rehabilitation, HF is one of the leading causes for potentially preventable re-hospitalizations
from SNFs [7, 8]. Furthermore, patients with HF discharged to SNFs have an increased risk
of mortality compared with those discharged to home [3]. Although HF is common among
SNF residents (20-37%), large randomized clinical trials of HF therapy usually exclude
SNF residents [9], and no studies have characterized the clinical condition and psychosocial
status of SNF patients with HF in sufficient detail to direct patient-focused interventions to
reduce unnecessary hospitalizations and mortality [10].

In 2015, the American Heart Association and the Heart Failure Society of America issued
the first scientific statement to guide HF management in SNFs, and acknowledged that the
epidemiology of HF among SNF residents has not been well described [9]. Therefore, the
objectives of this observational study were to describe the clinical and functional
characteristics and use of various cardiac medications among SNF patients with HF, with
further stratification according to HF type, using a nationwide dataset including all residents
of SNFs in the USA.

Data sources

We used the Minimum Data Set (MDS) 3.0 cross-linked to the Medicare Beneficiary
Summary Files and Medicare Parts A and D. The MDS 3.0 is a federally-mandated
comprehensive clinical assessment of all nursing home residents in all Medicare/Medicaid
certified facilities. It captures resident-level information on an extensive array of variables
including demographics, diagnoses, and physical and psychosocial functioning on
admission, quarterly, annually, or following a significant change in the resident’s status by
trained nursing staff [11]. Extensive studies have confirmed the reliability and validity of
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common MDS 3.0 items including residents’ medical, cognitive, functional, and
psychological status [11-16]. The summary files contain beneficiaries’ demographic and
enrollment information. Medicare Part A contains uniform administrative and clinical
elements obtained from discharge abstracts for acute hospital stays of all fee-for-service
beneficiaries. Medicare Part D is a prescription drug insurance benefit intended to improve
access to essential medications for Medicare beneficiaries. This study was approved by the
Institutional Review Board at the University of Massachusetts Medical School.

Study population

In this cross-sectional study, we identified 349,216 non-comatose nursing home residents
with a diagnosis of HF at their initial admission MDS assessment, who had continuous co-
enrollment in Medicare Part A for at least 3 months preceding admission between April,
2011 and September, 2012. Among these, 229,915 had been hospitalized for <60 days
within the 3 months preceding nursing home admission with an inpatient diagnosis of HF
[including primary or secondary diagnosis; International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) codes: 398.91, 402.01, 402.11, 402.91, 404.01,
404.03, 404.11, 404.13, 404.91, 404.93, 428.x]. We subsequently further selected 194,429
residents who had =3 months of Part D coverage after the initial nursing home admission.
Finally, we identified 150,959 patients with HF admitted to a SNF (not long-stay nursing
homes) from 13,858 SNFs (Fig. 1). Individuals who died within the 90-day period after the
initial admission were excluded because they did not have =3 months of Part D coverage.

Using the inpatient diagnosis of HF during the patient’s index hospitalization, namely the
most recent hospital admission with a diagnosis of HF prior to the initial SNF admission, HF
type was determined to be either HF with preserved ejection fraction (HFpEF; ICD-9-CM
codes for diastolic HF: 428.3x), HF with reduced ejection fraction (HFrEF; ICD-9-CM
codes for systolic HF: 428.2x or 428.4x), or unspecified HF (ICD-9-CM 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, or
428.9).

Primary diagnosis during the patient’s index hospitalization

Because we did not restrict the study population to those with a primary diagnosis of HF, we
used the Clinical Classifications Software (CCS) for ICD-9-CM to identify the top 10
medical conditions for the patient’s index hospitalization using the primary diagnosis
recorded. The CCS “is one in a family of databases and software tools developed as part of
the Healthcare Cost and Utilization Project (HCUP), a Federal-State-Industry partnership
sponsored by the Agency for Healthcare Research and Quality”, which is available to the
public [17]. We used the single level CCS rankings for the aggregation of various medical
conditions.

Patient characteristics, functional and health status, and comorbidities

We considered sociodemographic characteristics including age (18-64, 65-74, 75-84, and
>85 years), gender, and race/ethnicity (Hispanics of any race, non-Hispanics who areWhite,
African American, or a residual category of all others) as well as lifestyle risk factors,
including body mass index (BMI; <18.5, 18.5-<25, 25-<30, and =30 kg/m?), and current
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smoking status. Physical function was assessed based on the activities of daily living (ADL)
score [18], and categorized as either normal or minimal limitations (0-2), moderate
limitations (3-4), or severe limitations/dependency (5-6); cognition was measured based on
the Centers for Medicare & Medicaid Services definition integrating the self-reported Brief
Interview for Mental Status (BIMS) or a staff-reported Cognitive Performance Scale (CPS),
and categorized as normal or minimal impairment (BIMS 13-15 or CPS 0-2), moderate
impairment (BIMS 8-12 or CPS 3-4), or severe impairment (BIMS 0-7 or CPS 5-6) [13,
19, 20]. The reliability and validity of the ADL, BIMS, or CPS scores have been
demonstrated in comparison with other research instruments [12, 16]. We also considered
other conditions usually related to aging including signs or symptoms of delirium (based on
the Confusion Assessment Method items) [21, 22], urinary incontinence, falls in the
previous 180 days, and pressure ulcers (stage 1 or above) [23, 24]. We considered self- or
staff-reported symptoms of dyspnea, diagnosis with cardiovascular comorbidities [including
hypertension, coronary heart disease (CHD), cerebrovascular disease, peripheral
vasculardisease, atrial fibrillation], and non-cardiovascular comorbidities [including
hyperlipidemia, diabetes, anemia, chronic obstructive pulmonary disease (COPD)/asthma,
depression, renal impairment, dementia (vascular-type dementia or Alzheimer’s disease),
arthritis, osteoporosis, thyroid disorder, and cancer]. All patient characteristics, functional
and health status, and comorbidities, with the exception of atrial fibrillation,were based on
information from the initial admission MDS assessment. Because atrial fibrillation was not
assessed in MDS, it was based on a discharge diagnosis (ICD-9-CM code: 427.3x) claimed
in Part A within 3 months preceding the initial SNF admission.

Receipt of pharmacotherapy

Medications administered during a SNF stay are bundled into the per diem cost of the SNF
and are not billed to Part D. Therefore, we used part D claims within the 90 days after the
SNF admission to define pharmacotherapy use assuming patients would continue their
medications even after discharge.

Based on US clinical practice guidelines [25, 26], we identified several HF-related
medications including angiotensin-converting enzyme inhibitors (ACEIs), angiotensin
receptor blockers (ARBSs), evidence-based p-blockers (EBBBSs, including bisoprolol,
carvedilol, and metoprolol succinate extended release), aldosterone antagonists (including
spironolactone and eplerenone), nitrates, hydralazine, loop diuretics, thiazides, potassium-
sparing diuretics (with the exception of spironolactone and eplerenone), and digoxin. We
also ascertained the prescribing of several other cardiac medications, including non-
evidence-based B-blockers (all other p-blockers except those included in EBBBS),
antiarrhythmic agents (class I and I11), calcium channel blockers (including dihydropyridine,
diltiazem, and verapamil), renin inhibitors, anticoagulants, and statins. Since aspirin and
omega-3 fatty acid supplements are over the counter therapies, we did not have information
available about the use of these medications and supplements.

We described all study variables (including primary diagnosis for the index hospitalization,
patient characteristics, functional and health status, comorbidities, and pharmacotherapy
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use) overall and further stratified according to HF type. Missing data were <3% for all
collected variables with the majority being <0.1%.

The study population consisted of 150,959 SNF patients with HF. The median age of this
population was 82 years, 68% were women, 34%, 27%, and 39% had HFpEF, HFrEF, and
unspecified HF, respectively (Table 1). The proportion of the oldest patients (aged =85
years) was 42% in those with HFpEF and 36% in those with HFrEF. Women accounted for
76% and 58% of the patients with HFpEF or HFrEF, respectively. Approximately 40% of
patients with HFpEF were obese, while 30% of those with HFrEF were obese. On average,
82% of patients with HF suffered from at least moderate physical limitations and 37% had
cognitive impairment, regardless of HF type. Patients with unspecified HF had
characteristics between those with HFpEF and HFrEF, and were slightly more likely to have
symptoms or conditions related to aging including delirium, urinary incontinence, and a fall
history compared to those with HFpEF or HFrEF. HF was the leading cause for the index
hospitalization for all three groups accounting for 21.1% among those with HFpEF, 25.9%
in those with HFrEF, and 9.9% in patients with unspecified HF. COPD and urinary tract
infections were among the top 10 conditions for the index hospitalization for patients with
HFpEF, but not for patients with HFrEF. Acute myocardial infarction was the second cause
for the index hospitalization for patients with HFrEF, while it was not a top 10 condition for
patients with HFpEF.

The study patients had a median of five comorbidities (two cardiovascular and three non-
cardiovascular conditions), and this was similar for all three HF types (Table 2).
Hypertension was the most common condition present in all three groups. A history of CHD
was prevalent with 52% in patients with HFrEF and 38% among those with HFpEF.
Hyperlipidemia, atrial fibrillation, and diabetes were also common in all three HF types. A
slightly higher proportion of patients with HFpEF had COPD/asthma and arthritis than those
who had HFrEF.

Loop diuretics were the most common medications prescribed in all three groups. One half
of patients with HF had been prescribed ACEIs/ARBs: 47% of HFpEF patients and 56% of
HFrEF patients; 39% used EBBBs: 33% of HFpEF patients and 53% of HFrEF patients
(Table 3). Use of aldosterone antagonists and digoxin accounted for 11% and 13% of
patients with HFpEF and 17% and 20% of patients with HFrEF, respectively. Nearly one
third of HF patients used non-evidence-based B-blockers, 31% used calcium channel
blockers (mainly dihydropyridine), and one half used statins.

Discussion

Our study documented that SNF patients with HF in the USA are old, more often women,
have a high degree of functional and cognitive impairment, and a high burden of various
comorbidities. One half of patients with HF were prescribed ACEIs/ARBS, and 39% were
prescribed EBBBS, with higher proportions in patients with HFrEF than those with HFpEF.
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Patient characteristics

The importance of HFpEF has been increasingly recognized by clinicians and researchers in
recent decades. Among patients with HF, HFpEF accounts for approximately one half of all
cases, with estimates ranging between 40% and 70% in the published literature [27, 28].
Patients with HFpEF are older, more often women, and more likely to be obese than those
with HFrEF [29-35]. Our study findings are consistent with previous reports, although both
HFpEF and HFrEF patients in the SNF setting were old (median age >80 years). Regardless
of HF type, SNF patients with HF had a high degree of functional and cognitive impairment
which are consistent with previous reports [36, 37]. Further, patients with HFpEF were more
likely to have non-cardiac conditions for their index hospitalizations compared to those with
HFrEF. The characteristics of patients with unspecified HF exhibited demographic and
clinical features between those with HFpEF and HFrEF, likely because these patients reflect
non-specific ICD-9 coding, rather than a series with unmeasured ejection fraction.

Comorbidities

Many studies have reported that patients with HFpEF were more likely to have hypertension
than those with HFrEF [29-35]. In our study, hypertension was highly prevalent in all three
groups of patients with HF (>80%). Patients with HFpEF have also been shown to be more
likely to have atrial fibrillation previously diagnosed compared to those with HFrEF [29-34,
38]. However, in our study patients with HFpEF were slightly less likely to have a medical
history of atrial fibrillation compared to those with HFrEF. Silent (undiagnosed) atrial
fibrillation is common, especially in older populations and in patients with HF [39]. Because
we estimated atrial fibrillation using a claimed inpatient diagnosis in the 3-month look back
period before admission to a SNF, it is possible to miss silent atrial fibrillation which may at
least partially explain our finding. CHD has been reported to be less common in patients
with HFpEF than in those with HFrEF [29-35], and our study reaffirms this finding. Overall,
the burden and pattern of comorbidity varied only slightly between SNF patients with
HFpEF and HFrEF.

Pharmacotherapy practices

Appropriate pharmacotherapy can prolong survival and reduce morbidity among patients
with HFrEF, but not HFpEF [25, 26]. Hypertension, which is highly prevalent in patients
with HFpEF, should be managed in accordance with current practice guidelines [9, 25, 26].
Consistent with these recommendations, the proportions of patients with HFpEF who had
received disease-modifying medications (including ACEIs/ARBs, EBBBs, and aldosterone
antagonists) are lower compared to those with HFrEF. ACEIS/ARBSs are probably used to
manage hypertension in patients with HFpEF, but the indications of the specific
prescriptions are not available in Part D claims data. While the use of loop diuretics was
similar between those with HFpEF and HFrEF, use of digoxin was more common in patients
with HFrEF. Current guidelines recommend digoxin as adjunctive therapy to alleviate
symptoms in HFrEF patients who fail to respond adequately to standard HF medications,
including ACEIs/ARBs and EBBBs [26], which may at least in part explain this finding.

On the other hand, the proportions of patients with HFpEF who had been treated with non-
evidence-based p-blockers, or calcium channel blockers are higher than those with HFrEF.
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Because atrial fibrillation is common in the study HF patients, non-evidence-based f3-
blockers might be used for rate control in these patients at least in part. Calcium channel
blockers are not recommended as routine treatment for patients with HFrEF [26]. Because
calcium channel blockers are effective in hypertension treatment as ACEIs/ARBs [40], these
drugs are probably used to manage hypertension in patients with HFpEF. The main findings
of HF-related pharmacotherapy use from our study were similar to those from the Get With
The Guidelines (GWTG)-HF program at the time of hospital admission, but lower than that
recorded at the time of hospital discharge [33]. Approximately 60% of the participants in the
GWTG-HF program had been prescribed ACEIs (HFpEF: 51%; HFrEF: 75%) at the time of
hospital discharge, 22% had been prescribed ARBs (HFpEF: 23%; HFrEF: 21%), and 85%
B-blockers (HFpEF: 79%; HFrEF: 92%).

Study strengths and limitations

This study provides insights from a national perspective into an increasingly important
healthcare setting with extensive information on the demographic and clinical characteristics
of patients with HF. Despite this, there are several limitations. Our study was cross-sectional
in nature, and was restricted to patients who survived 90 days after the initial SNF
admission, perhaps selecting patients with milder forms of this clinical syndrome. We did
not have direct measurements of an ejection fraction to validate the diagnosis of HFpEF and
HFrEF, but instead based our classification on ICD-9-CM codes; 77% of Medicare
beneficiaries with ICD-9-CM codes for systolic HF (428.2x or 428.4x) had an ejection
fraction <45% based on medical record review [41]. Therefore, some patients with HFpEF
might have been classified as having HFrEF or vice versa. Further, nearly 40% of patients
with HF could not be classified as having either HFpEF or HFrEF on the basis of ICD-9-CM
codes in the present study. We evaluated pharmacotherapy use within 3 months after the
initial SNF admission assuming that patients would continue their medications even after
discharge, which is an untested assumption. Lastly, we had no information on physician or
other healthcare provider visits. However, the Centers for Medicare & Medicaid Services
require an initial comprehensive physician visit in a SNF within 30 days of admission (and
alternating with a licensed physician assistant, nurse practitioner, or clinical nurse specialist,
thereafter).

Conclusions

Residents of a SNF with HF appear to differ substantially from HF patients enrolled in
randomized clinical trials, who are relatively young and relatively free from comorbidities
and functional limitations [26, 42]. With the increasing use of SNF care for patients with HF,
studies to provide evidence-based data to guide patient-centered care for SNF patients with
HF in the context of multimorbidity and limited functional status are urgently needed.
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Highlights

34% of heart failure (HF) patients in skilled nursing facility (SNFs) had HF
with preserved ejection fraction (HFpEF), 27% had reduced ejection fraction
(HFrEF), and 39% had non-specific International Classification of Diseases
codes.

HF patients in SNFs suffer from multiple comorbidities and significant
functional impairment.

HFpEF and HFrEF patients in SNFs had similar comorbidity burden and
patterns.

50% of HF patients in SNFs used angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers and 39% used evidence-based B-blockers.
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Non-comatose nursing home residents with a diagnosis of heart failure at
initial admission, who had >3 months of continuous co-enrollment in
Medicare Parts A preceding admission, April, 2011-September, 2012

(n=349,216)

\/7

Patients with an inpatient diagnosis of heart failure in a hospital for
<60 days within 3 months preceding initial nursing home admission
(n=229,915)

Patients with >3 months of Part D coverage after the initial nursing
home admission

(n=194,429)
Patients admitted to a skilled nursing facility
(n=150,959)

Fig. 1.
Selection of patients with heart failure
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Sociodemographic and clinical characteristics of patients with heart failure (HF) admitted to a skilled nursing

facility, stratified by type of HF

HFpEF (n =51,162) | HFrEF (n =41,340) | Unspecified HF (n =58,457)

Age, years (%)
18-64 6.8 8.3 8.6
65-74 17.6 20.3 19.4
75-84 339 35.8 34.4
85+ 41.7 35.6 37.6
Women (%) 76.2 58.1 68.5
Race/ethnicity(%)

White 82.1 80.5 80.0

African American 10.9 12.0 11.7

Hispanic 3.3 3.8 4.6

Other 1.6 1.6 1.7
BMI, kg/m? (%)

<185 4.2 5.6 4.7

18.5-<25 28.8 35.1 313

25-<30 25.0 27.1 26.3

30+ 39.4 30.1 353
Current smoking(%) 2.6 34 3.6
Physical function (%)

Moderate limitations 61.8 60.7 60.8

Severe limitations/dependency 20.8 19.5 22.6
Cognitive status (%)

Moderate impairment 24.0 24.7 24.7

Severe impairment 11.7 12.4 14.3
Delirium(%) 3.0 3.1 35
Urinary incontinence(%) 26.8 24.4 28.3
Fall (previous 180 days)(%) 37.2 35.1 40.5
Pressure ulcers (stage 1 or above)(%) 16.5 18.0 18.2
Dyspnea(%) 37.1 345 30.5
Top ten medical conditions for index hospitalization (%) *
HF 211 25.9 9.9
Septicemia 6.3 6.3 5.3
Pneumonia 5.5 4.0 51
Hip fracture 4.3 3.7 5.1
Renal failure 3.8 3.6 35
Acute myocardial infarction 247 6.6 2.2%
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HFpEF (n =51,162) | HFrEF (n =41,340) | Unspecified HF (n =58,457)
Cardiac arrhythmias 3.9 4.1 2.6
COPD 3.4 208 32
Respiratory failure 35 2.6 20F
Urinary tract infections 25 1.8% 35

HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; BMI, body mass index;
COPD, chronic obstructive pulmonary disease.

*
Among all patientswith heart failure

#

Not a top 10 condition for index hospitalization among patients with HFpEF.

'tNot a top 10 condition for index hospitalization among patients with unspecified HF.

8

Not a top 10 condition for index hospitalization among patients with HFrEF.
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Comorbid conditions of patients with heart failure (HF) recorded at admission to a skilled nursing facility,

stratified by type of HF

percentile)

Condition HFpEF (n =51,162) | HFrEF (n =41,340) Unspecified HF (n =
58,457)

Cardiovascular comorbidities (%0)
Hypertension 83.1 80.7 82.6
Atrial fibrillation 45.8 48.5 411
Coronary artery disease 38.0 51.6 425
Cerebrovascular disease 11.0 11.8 13.3
Peripheral vascular disease 10.5 125 11.0

Number of cardiovascular comorbidities, Median (25 - 75 2(1-2) 2(1-3) 2(1-3)

percentile)

Non-cardiovascular comorbidities (%0)
Diabetes 44.8 46.5 44.7
Hyperlipidemia 44.6 475 43.3
COPD/asthma 39.3 33.8 36.1
Anemia 373 339 34.6
Depression 324 29.2 33.3
Arthritis 28.8 23.9 29.1
Thyroid disorder 25.6 22.2 24.1
Renal impairment 26.0 27.7 23.1
Dementia 18.8 18.1 215
Osteoporosis 12.6 9.3 119
Cancer 5.8 5.9 6.5

Number of non-cardiovascular comorbidities, Median (25 - 75 3(2-4) 3(2-4) 3(2-4)

HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; COPD, chronic

obstructive pulmonary disease.
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Pharmacological management of patients with heart failure (HF) within 90 days after the initial skilled nursing
facility admission, stratified by type of HF

HFpEF (n = 51,162)

HFrEF (n = 41,340)

Unspecified HF (n = 58,457)

HF-related medications (%)

ACEIs/ARBs ™ 47.2 55.7 47.6
ACEls 328 43.2 34.2
ARBs 16.3 147 15.2
EBBBs/ 33.0 52.7 353
Aldosterone antagonists 10.6 174 11.0
Nitrates 19.8 243 18.2
Hydralazine 9.4 8.7 6.8
Loop diuretics 713 72.8 65.3
Thiazide diuretics 14.0 12.3 12.0
Potassium-sparing diuretics 2.1 15 17
Digoxin 12.9 20.4 155
Other cardiac medications (%6)
Non-evidence-based B-blockers 381 28.2 319
Antiarrhythmic agents 9.0 14.1 9.3
Calcium channel blockers 39.1 22.8 30.7
Dihydropyridine 253 15.3 20.5
Diltiazem 12.1 6.7 8.9
Verapamil 17 0.8 1.3
Renin inhibitors 0.5 0.3 0.4
Anticoagulants 29.8 321 28.6
Statins 48.8 54.2 46.9

HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; ACEI, angiotensin-
converting enzyme inhibitor; ARB, angiotensin receptor blocker; EBBB, evidence-based B-blocker.

*
5% of patients had claims for both ACEIls and ARBs and were counted in both ACEI and ARB subcategories, so the sum of ACEI/ARB is not
equal the sum of ACEI and ARB subcategories;

I . . .
Includes bisoprolol, carvedilol, and metoprolol succinate extended release.
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