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B ABSTRACT

With length of hospital stay for heart failure patients
steadily decreasing, the home has become an increas-
ingly important venue of care. Contemporary research
suggests that postacute, home-based care of patients
with chronic heart failure may yield outcomes similar

to those of clinic-based outpatient care. However, the
transition to home-based care is associated with a
number of risks. Indeed, these patients often experience
a downward cycle of repeat hospitalization and worsen-
ing functional capacity. In 2010, a group at Cleveland
Clinic launched the “Heart Care at Home" program in
order to minimize the risks that patients experience
both when being transitioned to home and when being
cared for at home. This program joins a handful of
transitional care programs that have been discussed in
the medical literature.

he home is the most important context of

care for individuals with chronic heart failure

and yet it is the least accessible to caregivers.

Patients often struggle to manage a complex
regimen of medications, follow an unfamiliar diet,
monitor weight and vital signs, and work to coor-
dinate care among various providers who, in some
cases, fail to communicate effectively. Heart failure
patients do all this while making difficult decisions
about their livelihoods, social condition, and future
direction. With progression of the disease and comor-
bidity, these patients often experience a downward
cycle of repeat hospitalization and worsening func-
tional capacity (Figure 1). Each subsequent transi-
tion from acute care to home becomes incrementally
more difficult to manage.
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According to the latest American College of Car-
diology/American Heart Association Guidelines for
the Diagnosis and Management of Heart Failure in
Adults, appropriate care for patients with heart fail-
ure should include:

¢ Intensive patient education

¢ Encouragement of patients to be more aggres-

sive participants in their care

¢ Close monitoring of patients through telephone

follow-up or home nursing

e Careful review of medications to improve adher-

ence to evidence-based guidelines

e Multidisciplinary care with nurse case manage-

ment directed by a physician'

Beyond these general suggestions, recommenda-
tions about specific approaches and models of care in
the home are lacking.

Contemporary research suggests that postacute,
home-based care of heart failure patients may yield
outcomes similar to those of clinic-based outpatient
care. Results of the Which Heart Failure Interven-
tion is Most Cost-Effective & Consumer-Friendly
in Reducing Hospital Care (WHICH?) trial sup-
port this hypothesis. This multicenter, randomized
clinical trial (n = 280) compared home- with clinic-
based multidisciplinary management for postacute
heart failure patients.” Investigators compared out-
comes in patients managed at a heart failure clinic
with those managed at home. They found that
postdischarge home visits by heart failure nurses
did not significantly alter the primary composite
end point of death or unplanned rehospitaliza-
tion from any cause over 18 months (hazard ratio
[HR] 0.97, 95% confidence interval [CI] 0.73—1.30,
P = .8621). The rate of unplanned and total hos-
pitalization was also similar in the two groups.
However, the average length of hospital stay was
significantly lower in the home care group (4 days)
than in the clinic-based group (6 days); P = .004. A
cost-effectiveness analysis is planned but has not yet
been presented.
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B HEART CARE AT HOME

At Cleveland Clinic, our group of physi-
cians (geriatrics and cardiology), nurses,
nurse practitioners, and hospital admin-
istrators founded a primarily home-based
postacute transitional care program in
2010 called “Heart Care at Home.” The
design of our program was influenced by
Coleman et al’s care transitions interven-
tions program,’ Naylor et al’s transitional
care intervention,* and the contemporary
remote monitoring literature.” The pro-
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gram focuses primarily on older adults
hospitalized for heart failure who are
transitioning from hospital to home. In
our model:

e Inpatient care advocates identify
candidates during the index inpa-
tient stay, introduce a model of care,
and begin a coaching intervention.

e After discharge, home liaisons visit
the patient at home, continue coaching inter-
vention, and teach the patient to use the newly
installed remote monitoring equipment.

e For 30 to 40 days after discharge, a team of
telehealth nurses monitors the patient, makes
contact with him or her weekly in order to rein-
force coaching intervention, coordinates care,
and tracks outcomes.

e Nurse practitioners experienced both in home
care and heart failure provide clinical oversight
and leadership and visit the highest-acuity
patients at home.

To date, the program has provided care in more
than 2,100 patient encounters, with approximately
50 to 80 patients actively enrolled at any time. We
identified potential program candidates using a digital
list tool embedded in Cleveland Clinic’s electronic
medical record (EMR) system. This tool was devel-
oped by our team together with an internal business
intelligence team. We have been approximately 65%
successful in identifying eligible inpatients. Patients
enrolled in our transitional care program tend to
be older, have longer hospital stays, and have more
comorbidities than other older adults hospitalized at
Cleveland Clinic for similar reasons.

Following index hospital discharge, our home
liaisons have been able to make an initial home visit
after a median of 2 days (25th to 75th percentile: 1
to 3 days). Patients thought to be at higher risk for
hospital readmissions have been seen at home by our
nurse practitioners within the first week of discharge.

end of life.

CLEVELAND CLINIC JOURNAL OF MEDICINE

FIGURE 1. Projected life course of individuals with heart failure (HF), stratified by
likely venue of care. Phase 1: initial symptoms develop and HF treatment is initiated;
phase 2: a plateau of variable duration is achieved; phase 3: functional status declines
with variable slope, and intermittent exacerbations occur that respond to rescue efforts;
phase 4: patients experience refractory symptoms and have limited function; phase 5:

Adapted from Journal of the American College of Cardiology (Goodlin SJ. Palliative care in congestive
heart failure. J Am Coll Cardiol 2009; 54:386-396. Copyright © 2009 with permission from Elsevier.

www.sciencedirect.com/science/journal/07351097

The most common challenge that our at-home team
members have faced relates to patients’ medications
(for example, unfilled prescriptions and errors in
utilization). On many occasions our at-home team
has succeeded in transitioning patients not benefit-
ing from care at home to nonhospital venues (skilled
nursing facilities, chronic care facilities, inpatient
hospice) or to higher levels of at-home care (at-home
physician visits, home-care nursing and therapy, at-
home hospice).

To date, patients have been enrolled in our program
for a median of 30 days (25th to 75th percentile: 20
to 35 days). We have observed an increased level of
patient satisfaction. Among heart failure patients
enrolled in our program for the first time, we have
observed a lower readmission rate compared with pub-
licly reported Cleveland Clinic rates (24.5% vs 28.2%).
However, there are several ongoing challenges in the
care of heart failure patients in the home environment.
These relate to longitudinal care across venues, cross
training of providers, and home monitoring.

Longitudinal care across venues

Our program aims to address the lack of integrated
care over time and between care venues. This prob-
lem lies at the intersection of health care reimburse-
ment policy and clinical practice. Currently, the
hospital reimbursement system does not encourage
care coordination across settings. The system has,
in fact, evolved into a string of disconnected care
providers who act as “toll booths” providing services
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for a fee in isolation from other providers. Coleman
and colleagues have documented the complexity of
the transitions among these care providers for older
patients with chronic disease, noting the implications
for patient safety and cost.®

Hospitals receive a fixed payment for an inpatient
admission, which increases the financial incentive
to discharge patients faster to other venues of care.
The study by Bueno et al of a Medicare population
treated between 1993 and 2006 confirms that such
a trend exists for heart failure patients.” The authors
found a steady decrease in the mean length of hos-
pital stay from 8.81 days to 6.33 days over the study
period (28% relative reduction, P < .001). During
this same period, the 30-day all-cause readmission
rate increased from 17.2% to 20.1% (a 17% relative
increase, P < .001) with an associated 10% relative
reduction in the proportion of patients discharged to
home.” Experience in other populations with heart
failure, such as patients in the Veterans Affairs health
care system, has shown similar trends in length of
hospital stay and readmissions.®

During these transitions, information is often lost
in the handoff from the discharging hospital to the
next venue of care. Medication management is the
most common problem area with the potential for
patient noncompliance with prescriptions,”'® which
can have serious deleterious effects on quality and
safety. Forster et al found that 66% of untoward out-
comes in discharged patients were due to adverse drug
events.!! Similarly, Gray et al identified adverse drug
events in 20% of patients discharged from hospital to
home with home health care services.!?

In the Cleveland Clinic Health System, we are
coupling our “Heart Care at Home” transitional care
program with an aggressive plan to develop a more
comprehensive cross-venue EMR. Connecting the
hospital EMR with our health system—owned home
health agency will enable a consistent medication
record and communication system for patients transi-
tioning from our hospitals to Cleveland Clinic home
care services (nearly 20,000 patients per year).

Despite these issues, several care transition inter-
ventions have shown promising clinical and eco-
nomic results. Coleman and colleagues conducted a
randomized, controlled trial of a transition coaching
model in which patients and caregivers were encour-
aged to take a more active role in care transitions.
Results of this trial showed a significant decrease in
30- and 90-day rehospitalizations (the 90-day read-
mission rate in the treatment group was 16.7 vs 22.5
in the control group, P = .04) with associated cost
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savings.’ Voss et al showed similar results in reduc-
tion of readmissions in a nonintegrated delivery sys-
tem.” Additionally, telephone-based chronic disease
management programs have been shown to be cost-
effective in chronically ill Medicare patients.!

When will the clinical evidence behind care transi-
tions and financial incentives converge to create an
atmosphere conducive to more optimal care coordina-
tion? Today, this question remains unanswered. Health
care reform, with the passage of the Patient Protection
and Affordable Care Act (PPACA) (http://housedocs.
house.gov/energycommerce/ppacacon.pdf), may spur
the creation of programs to increase incentives for
care coordination. These include a move to episodic
reimbursement that would bundle payments for acute
and postacute care, thus creating more incentives for
coordinating care across settings. The “Bundled Pay-
ments for Care Improvement” project run by the Cen-
ter for Medicare & Medicaid Innovation will test dif-
ferent models and approaches to bundled payments
(http://innovations.cms.gov/initiatives/bundled-
payments). Additionally, beginning in fiscal year
2013, Medicare will penalize hospitals that have high
readmission rates for heart failure, acute myocardial
infarction, and pneumonia with a financial risk of up
to 3% of total hospital Medicare payments by year 3 of
the program.

The PPACA will have a significant effect on home-
based care for older adults with chronic conditions.
The PPACA reforms will likely lead to more patients
being treated at home (the lower-cost care setting),
ideally under the care of highly skilled teams. Payment
reforms will also create new incentives for providers
to better coordinate care, keep patients healthy at
home, and avoid the “toll-booth” description entirely,
enabling providers to focus on patient care. However,
more research and experimentation are required to
streamline the elements on the transitions spectrum
in order to create the most value for specific patient
populations. New infrastructure, use of technology,
changing culture, and dedicated clinical teams will be
necessary to deliver on the hopes of more integrated
longitudinal care across venues.

Cross training of providers

Older community-dwelling adults with heart failure
exhibit more health instability; take more medica-
tions; have more comorbidities; and receive more
nursing, homemaking, and meal services than do
other home care clients.”” Nurses thus have a unique
opportunity to improve outcomes for home-based
heart failure patients,'®!” but are often insufficiently
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FIGURE 2. The circle from home to heart failure disease management.

From The New England Journal of Medicine (Desai AS, et al. Connecting the circle from home to heart-failure disease management. N Engl ) Med 2010; 363:2364--2367).
Copyright © 2010 Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.

trained to do so. Delaney et al administered a vali-
dated 20-item heart failure knowledge questionnaire
to 94 home care nurses from four different home care
agencies.'® The investigators found a 79% knowledge
level in overall heart failure education principles,
with lowest scores related to issues of asymptomatic
hypotension (25% answered correctly), daily weight
monitoring (27%), and transient dizziness (31%).
Nurses with poorer heart failure-related knowledge
may partially explain worse process and outcome
measures among this patient population.'

The home-based nursing workforce of the future,
and specifically nurses who care for heart failure
patients at home, will need to be better trained and
specialized in issues relating both to home-based nurs-
ing and medical heart failure. These “hybrid nurses”
should be allowed a central clinical leadership role
among their peers, as they will need to be empowered
to make medical and care coordination decisions.

At our center, hybrid-trained home care/heart fail-
ure nurse practitioners make home visits for higher-
acuity home-based patients and provide clinical lead-
ership and support for other home care nurses. These
nurse practitioners have been instrumental in identi-
fying and correcting heart failure medication—related
problems, as well as effectively coordinating care.
Examples include: independently prescribing and
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coordinating administration of intravenous diuretics
at home for patients who have difficulty managing
volume overload, avoiding hospital readmissions by
transitioning ill patients to a skilled nursing facility or
an at-home hospice, and effectively educating patients
and families about appropriate heart failure self-care.

Home monitoring
Home monitoring of selected physiologic parameters
and patient-reported health status measures among
heart failure patients may facilitate early detection of
clinical deterioration and direct timely intervention
to prevent adverse outcomes.’® Desai and Stevenson
have previously proposed the “circle from home to
heart-failure disease management,” a concept illus-
trating how home monitoring can be embedded in
a comprehensive heart failure management approach
(Figure 2).%° This concept emphasizes the following:
¢ Home monitoring should facilitate early detec-
tion of clinical deterioration.?

¢ Home monitoring data will most directly lead to
action if the data can be used by the patient to
improve self-care.

e In the setting of multidisciplinary care, data
should be remotely transmitted to a midlevel
team, preferably one empowered to make thera-
peutic decisions.
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FIGURE 3. Monitoring output from two individuals with heart failure enrolled in an ongoing clinical study of a contactless, under-the-mattress
piezoelectric monitor. Subjects were enrolled after index hospitalization for acute decompensated heart failure, and the monitor was installed

at the patient’s home at time of hospital discharge. Subject 1 was an elderly woman with chronic diastolic heart failure who had a normal heart
rate that decreased in a reproducible U-shaped pattern during sleep. Subject 2 was a middle-aged woman with chronic systolic heart failure who
had a higher and more variable respiratory rate and movement rate, as well as persistent tachycardia that did not decrease during sleep. She was

readmitted due to recurrent heart failure within 14 days of index discharge.

e Further engagement of physicians or other clini-
cal providers may be beneficial but will delay
the clinical response.

The most commonly monitored physiologic
parameter of heart failure patients is daily weight.
While nearly universally used, this parameter is in
fact a poor surrogate for subclinical hemodynamic
congestion and has poor diagnostic performance for
clinical decompensation. Results are conflicting from
studies evaluating the utility of daily body weight
measurements in patients with heart failure who are
being cared for in the home environment.

In one study, an increase in body weight of > 2 kg
over 24 to 72 hours had a 9% sensitivity for detecting
clinical deterioration.?! In another study, Chaudhry et
al performed a nested case-control trial in 134 patients
with heart failure and 134 matched controls referred
to a home monitoring system by managed care organi-
zations. The researchers found that increases in body
weight were associated with hospitalization for heart
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failure and that the increases began at least 1 week
before admission.”” However, they did not investigate
whether the use of this information by clinicians
altered outcomes. In a prior randomized clinical trial
of symptom monitoring versus transtelephonic body
weight monitoring in patients with symptomatic
heart failure, the Weight Monitoring in Heart Failure
trial (n = 280), weight monitoring did not result in
improvement in the primary outcome of hospitaliza-
tions for heart failure over a 6-month period.”

The ideal monitoring parameters in heart failure
patients may include direct hemodynamic measure-
ments from the right ventricular outflow tract,**
pulmonary artery,” or left atrium,” using implant-
able devices. For example, the CHAMPION
(CardioMEMS Heart Sensor Allows Monitoring of
Pressure to Improve Outcomes in NYHA Class III
Patients) trial (n = 550) was a randomized, single-blind,
industry-sponsored trial of heart failure management
guided by physiologic hemodynamic data derived from
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a percutaneously inserted pulmonary artery hemody-
namic monitor (Champion HF Monitoring System;
CardioMEMS, Atlanta, Georgia). The researchers
found that monitoring these parameters was associated
with a 28% reduction in heart failure-related hospi-
talizations during the first 6 months (rate 0.32 vs 0.44,
HR 0.72,95% CI 0.60-0.85, P = .0002) compared with
usual care.”® At 6 months, the freedom from device- or
system-related complications was 98.6%.

Despite success in the trial, the US Food and Drug
Administration Circulatory System Devices Panel
voted against approving the device. The panel was
concerned that the e-mail-alert and care systems
built into the intervention arm of the trial created
bias in favor of the device, and that in a real-world
situation it may not be as effective. This demonstrates
the ongoing challenges and barriers to adoption of
invasive hemodynamic monitoring.

At our center, we are conducting an institutional
review board-approved investigation of an entirely
noninvasive under-the-mattress piezoelectric monitor
in a cohort of postacute heart failure patients. Piezo-
electricity is the charge that accumulates in certain
solid materials in response to mechanical stress. Com-
mon applications of piezoelectricity include micro-
phones, push-start propane barbecues, and cigarette
lighters. The device under investigation (EverOn;
EarlySense, Ramat-Gan, Israel) detects heart rate,
respiratory rate, and movement rate through vibra-
tions of the mattress. Case examples are shown in
Figure 3. Whether such monitoring technology will
play a future role in the home environment remains
to be seen.

B SUMMARY

At the time of this writing, the Supreme Court of the
United States has reaffirmed the constitutionality of
the PPACA, clearing the way for implementation
of significant changes in the US health care deliv-
ery system. The implications for in-home care for
older adults with chronic conditions, including heart
failure, are significant. The home will become an
increasingly common venue of postacute care. Today
is the time to investigate beneficial models of care
and optimal uses of technology, and to develop a spe-
cialized mobile workforce that will confidently care
for individuals with heart failure at home, responsibly
and at lower cost.
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