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Abstract

Background—The location of death is an important component of end-of-life care. However,
contemporary trends in the location of death for cardiovascular (CV) deaths related to heart failure
(HF) and comparison to cancer deaths has not been fully examined.

Methods—We analyzed data from the Center for Disease Control Wide-Ranging Online Data for
Epidemiologic Research database between 2003 and 2017 to identify location of death for CV-HF
and cancer deaths. The proportions of deaths that occurred in a hospice facility, home, and medical
facility were tested for trends using linear regression. Odds ratios were calculated to determine the
odds of death occurring in a hospice facility or home (versus a medical facility) stratified by sex
and race.

Results—We identified 2,940,920 CV-HF and 8,852,066 cancer deaths. Increases were noted in
the proportion of CV-HF deaths in hospice facilities (0.2% to 8.2%; Pireng < 0.001) and at home
(20.6% to 30.7%; Pyreng < 0.001), while decreases were noted in the proportion of deaths in
medical facilities (44.5% to 31.0%; Pireng < 0.001) and nursing homes (30.8% to 25.7%; Pirend <
0.001). The odds of dying in a hospice facility (OR 1.79 [1.75, 1.82]) or at home (OR 1.55 [1.53,
1.56]). versus a medical facility was higher for whites versus blacks. The rate of increase in
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proportion of deaths in hospice facilities was higher for cancer deaths (B= 1.05, 95% CI 0.97-
1.12) than for CV-HF deaths (= 0.61, 95% CI 0.58, 0.64).

Conclusions—The proportion of CV-HF deaths occurring in hospice facilities is increasing but
remains low. Disparities are noted whereby whites are more likely to die in hospice facilities or at
home vs. medical facilities compared to blacks. More research is needed to determine end-of-life
preferences for patients with HF and identify the basis for these differences in location of death.
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Heart Failure; CVD Mortality

INTRODUCTION

Despite advances in treatments, advanced heart failure (HF) is associated with high
mortality.l Unfortunately, patients with HF often experience high symptom burden? and
poor health-related quality of life at the end of life.3

Dying in the patient’s preferred location is considered an important aspect of end-of-life care
and most patients prefer to die at home irrespective of their underlying condition.# However,
patients with cardiovascular disease (CVD), and HF in particular, may be more likely than
patients with other disorders, such as cancer, to die in a medical facility and less likely to die
in a hospice facility or at home.®

Understanding where patients with HF die may inform provision of more patient-centered
end-of-life care. Therefore, we sought to (1) examine the distribution of and trends in place
of death for cardiovascular deaths related to HF (CV-HF deaths), and (2) compare these
trends to deaths due to cancer, which is the most common diagnosis of hospice enrollees.

METHODS

The authors declare that all supporting data are available within the article [and its online
supplementary files].

We analyzed the publicly available multiple cause of death files from the Centers for Disease
Control and Prevention’s Wide-Ranging Online Data for Epidemiologic Research (CDC
WONDER),5 which captures death certificates of all in- and out-of-hospital US resident
deaths, for deaths from 2003 to 2017. Studying HF deaths is difficult given that HF is not
considered an underlying cause of death by nosologists, but rather a mediator between death
and disease.” As a result, coding rules for mortality statistics discourage the recording of HF
as the underlying cause of death when other diseases are present and are considered to have
more directly contributed to death.” CV causes of death represent the predominant mode of
death for patients with HF.8 Therefore, we identified CVD deaths related to HF (CV-HF
deaths) using the /nternational Classification of Disease, Tenth Revision (ICD-10), whereby
CVD (codes 100-178) was listed as the underlying cause of death and HF (codes 150) was
listed as a contributing cause of death. Because HF is listed as the underlying cause of death
on approximately 3% of death certificates, deaths were also included if HF was listed as the
underlying cause of death. Deaths due to cancer were identified whereby malignant
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neoplasms (codes C00-C97) were listed as the underlying cause of death. We began our
study period in 2003 as this was the year that deaths in hospice facilities started being coded
in a standardized manner in death certificate data. The institutional review board of
Northwestern University deemed this study to be exempt since it utilizes deidentified data.

Statistical Analysis

Proportionate mortality due to CV-HF and due to cancer was calculated for each year of the
study period, using annual US Census Data as the reference. Univariate logistic regression
was used to test for trends in proportion of CV-HF deaths that occurred in each location for
each year, and in proportions of CV-HF deaths that occurred in a hospice facility and at
home stratified by sex (male, female), race (white, black) and age (= 65 years, < 65 years)
for each year. Odds ratios were calculated to determine the odds of death occurring in a
hospice facility or home (versus a medical facility) stratified by sex and race for each year of
the study period. Finally, the proportions of CV-HF deaths and cancer-deaths that occurred
in the locations of hospice facility, home, and medical facility were tested for trends using
linear regression. The rate of increase in proportion of deaths in each location for CV-HF
deaths and cancer-deaths was compared.

RESULTS

We identified 2,940,920 CV-HF deaths from 2003 to 2017, with 45% occurring in men, 9%
in blacks, and 92% among individuals over age 65. Proportionate mortality due to CV-HF
deaths was 8.2% in 2003 and 8.0% in 2017.

From 2003 to 2017, the proportion of CV-HF deaths in hospice facilities increased from
0.2% to 8.2% (Pgreng < 0.001) and the proportion of deaths at home increased from 20.6% to
30.7% (Pirenq < 0.001) (Figure 1). Modest decreases were noted in the proportion of deaths
occurring in medical facilities (44.5% to 31.0%; Pireng < 0.001) and nursing homes (30.8 to
25.7%; Pireng < 0.001).

From 2003 to 2017, the proportion of deaths in hospice facilities increased among both
sexes (0.2% to 7.9% in women, Pirang < 0.001; 0.1% to 8.1% in men, Pyeng < 0.001), races
(0.1% to 7.0% in blacks, Peng < 0.001; 0.2% to 8.2% in whites, Pieng < 0.001), and age
groups examined (0.1% to 4.9% in < age 65, Pireng < 0.001; 0.2% to 8.3% in age = 65, Pireng
< 0.001). The proportion of deaths at home also increased among both sexes (18.5% to
28.9% in women, Pireng < 0.001; 23.3% to 32.7% in men, Pireng < 0.001), races (19.1% to
29.7% in blacks, Pireng < 0.001; 20.6% to 30.4% in whites, Pyeng < 0.001), and age groups
examined (26.6% to 30.5% in < age 65, Pieng < 0.001; 20.0% to 30.8% in age = 65, Pireng <
0.001).

The odds of dying in a hospice facility versus a medical facility remained lower for males
versus females across all years of the study period and overall (OR 0.90 [0.89, 0.91]), but
higher for whites compared with blacks across all years of the study period and overall (OR
1.79 [1.75, 1.82]). Additionally, the odds of dying at home versus a medical facility were
lower for males compared with females across all years of the study period and overall (OR
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0.99 [0.98, 0.99]), but higher for whites compared with blacks across all years of the study
period and overall (OR 1.55 [1.53, 1.56]).

CV-HF deaths were compared to 8,852,066 deaths due to cancer over the study period.
Proportionate mortality due to cancer was 23.3% in 2003 and 21.8% in 2017. From 2003 to
2017, the proportion of cancer deaths that occurred in hospice facilities and at home
increased from 0.6% to 14.2% (Pireng < 0.001) and from 38.9% to 42.7% (Ptreng < 0.001),
respectively, while the proportion of deaths in medical facilities decreased from 36.7% to
26.4% (Pgreng < 0.001). (Figure 2)

The rate of increase in the proportion of deaths in hospice facilities was higher for cancer
deaths (B= 1.05%, 95% CI 0.97-1.12) than for CV-HF deaths (f= 0.61%, 95% CI 0.58—
0.64), reflecting a 1.05% and 0.61% increase in the proportion of deaths in hospice facilities
per year from 2003 to 2017. However, the rate of increase in proportion of deaths at home
was higher for CV-HF deaths (8= 0.78%, 95% CI 0.73-0.83) than for cancer deaths (=
0.32%, 95% CI 0.22-0.41). The rate of decrease in the proportion of deaths in medical
facilities was higher for CV-HF deaths (B= 1.02%, 95% CI 0.95-1.09) than for cancer deaths
(p=0.80%, 95% CI1 0.71 to 0.88).

DISCUSSION

Our analysis demonstrates that an increasing number of CV-HF deaths are occurring in
hospice facilities and at home, with fewer CV-HF deaths occurring in medical facilities.
Notable differences by sex, race, and age exist in location of death.

These data build upon prior work® wherein the authors found that those with HF died at
home or in hospice more frequently during later years than earlier, however the definition of
“HF deaths” was not clearly described. In contrast, we were deliberate in our case definition,
intentionally examining only patients who died of cardiovascular causes related to HF, for
notable reasons. First, as described above, HF is not considered an underlying cause of death
by nosologists, and thus describing death due to HF requires the provision of a clear
description of the underlying cause of death. Second, as described in our paper, individuals
who die of cancer are more likely to die in hospice facilities and at home than patients who
die of cardiovascular causes related to HF. Patients with HF who are primarily dying of
cardiovascular causes therefore represent a different phenotype in terms of end-of-life care
than patients who die of other causes (e.g. cancer) and carry HF as a comorbidity. The
reason for these differences may be related to provider (oncologist versus cardiologist)
comfort and familiarity with hospice referral and the challenges in prognosticating time of
death for patients who are dying primarily of HF versus malignancy.

In contrast to other studies which have shown that the majority of patients with CVD® and
HF? are still dying in medical facilities, our study showed that more patients dying of CV-
HF are dying at home than in medical facilities. The increase in CV-HF deaths in a hospice
facility or at home may reflect an increased emphasis on patient-centered care at the end of
life. However, many questions remain. First, our analyses are limited by the available data
collected on death certificates, and therefore do not include ejection fraction, etiology,
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and/or duration of HF. The inclusion of these variables would be informative, highlighting
the need for a national surveillance program for non-fatal HF events in the US. Second, we
do not know the preferred place of death for patients with HF. Anecdotally patients who are
suffering from HF at the end-of-life may find more symptom relief at the hospital where
intravenous diuretics are more readily available and where staff may be more adept at
addressing patient needs. Further, recent data demonstrated that almost a quarter of
Medicare HF patients who are discharged to hospice die within 3 days of discharge.1? For
many of these patients, the transition to hospice may represent a burdensome one that has
come too late in the disease course rather than the result of a timely, personalized end-of-life
decision. Third, while we examined trends in hospice facility deaths over time, hospice
services are most commonly provided outside of inpatient facilities- either at home or in
nursing facilities. The inability to determine trends in total hospice usage is an important
limitation of this paper, and highlights the need for prospectively designed studies. Finally,
the significance of home deaths for this patient population is unclear. We do not know what
proportion of deaths at home truly represent a patient-centered experience versus whether a
proportion of these deaths may represent death due to sudden cardiac death.

We identified important racial disparities in location of death. While the proportion of deaths
occurring at home and in hospice increased to almost equivalent levels in blacks and whites
in 2017, the odds of dying in a hospice facility or at home versus a medical facility were
significantly higher for whites compared with blacks across all years of the study period.
The discrepancy between these two findings is likely related to nursing home deaths.
Nonetheless, the greater odds of dying at home or in a hospice facility versus a medical
facility among whites is troubling given the greater risk of development of HF as well as
dying from CV-HF that has been described among blacks.!! Racial disparities in utilization
of hospice services have been well described,2 and a recent analysis of patients in the
Palliative Care in Heart Failure (PAL-HF) trial also demonstrated that African Americans
with advanced HF are more likely to die in a health care facility than at home or in hospice.
13 To our knowledge, this finding has not been reported for patients dying of cardiovascular
causes related to HF. Whether these disparities are primarily due to differences in access to
palliative care services or to variations in care preferences, whereby African Americans
display a greater preference for death in the hospital4 and for life-prolonging treatments
than whites!® is unknown.

Overall, our study reveals an important shift that has occurred in place of death for patients
with HF: patients dying of CV-HF are now dying more commonly at home than in medical
facilities, and deaths in hospice facilities are increasing. Importantly, however, patients dying
of CV-HF mortality are still less likely to die in hospice facilities or at home than patients
dying of cancer, and blacks are less likely to die in hospice facilities or at home vs. medical
facilities compared to whites. Integration of palliative care in a multi-disciplinary
personalized approach to the HF patient, improved tools to assess prognosis, and education
for both patients and cardiologists about the benefits of palliative care and hospice may lead
to a narrowing of these gaps.
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Figure 1.

Trends in location of death for heart failure-related cardiovascular mortality during 2003 to
2017 in the United States.
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Figure2.
Proportion of cardiovascular disease deaths related to HF and cancer deaths in (A) hospice

facilities, (B) medical facilities, and (C) at home during 2003 to 2017 in the United States.
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