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(REHAB-HF) Trial: Design and Rationale

Gordon R. Reeves, MD, MPT", David J. Whellan, MD, MHS", Pamela Duncan, PT, PhDT,
Christopher M. O’Connor, MD¥, Amy M. Pastva, PT, PhD!, Joel D Eggebeen, MS*, Leigh Ann
Hewston, PT, Med$, Timothy M. Morgan, PhDT, Shelby D. Reed, PhD'T, W. Jack Rejeski,
PhD™, Robert J. Mentz, MD'T, Paul B. Rosenberg, MD'T, and Dalane W. Kitzman, MDT on
behalf of the REHAB-HF Trial Investigators

*Sidney Kimmel Medical College, Philadelphia, PA

TWake Forest School of Medicine, Winston-Salem, NC

*Inova Heart and Vascular Institute, Falls Church, VA

'Department of Orthopaedic Surgery, Doctor of Physical Therapy Division

T*Duke University School of Medicine, Durham, NC

#*Emory Univeristy Atlanta, GA

$Thomas Jefferson University School of Health Professions, Philadelphia, PA
“Department of Health and Exercise Science, Wake Forest University, Winston-Salem, NC

T"Duke University School of Medicine, Durham, NC

Abstract

Background—Acute decompensated heart failure (ADHF) is a leading cause of hospitalization
in older persons in the United States. Reduced physical function and frailty are major determinants
of adverse outcomes in older patients with hospitalized ADHF. However, these are not addressed
by current heart failure (HF) management strategies and there has been little study of exercise
training in older, frail HF patients with recent ADHF.

Hypothesis—Targeting physical frailty with a multi-domain structured physical rehabilitation
intervention will improve physical function and reduce adverse outcomes among older patients
experiencing a HF hospitalization.
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Study Designh—Rehabilitation Therapy in Older Acute Heart Failure Patients (REHAB-HF) is a
multi-center clinical trial in which 360 patients = 60 years hospitalized with ADHF will be
randomized either to a novel 12-week multi-domain physical rehabilitation intervention or to
attention control. The goal of the intervention is to improve balance, mobility, strength and
endurance utilizing reproducible, targeted exercises administered by a multi-disciplinary team with
specific milestones for progression. The primary study aim is to assess the efficacy of the
REHAB-HF intervention on physical function measured by total Short Physical Performance
Battery score. The secondary outcome is 6-month all-cause rehospitalization. Additional outcome
measures include quality of life and costs.

Conclusions—REHAB-HF is the first randomized trial of a physical function intervention in
older patients with hospitalized ADHF designed to determine if addressing deficits in balance,
mobility, strength and endurance improves physical function and reduces rehospitalizations. It will
address key evidence gaps concerning the role of physical rehabilitation in the care of older
patients, those with ADHF, frailty, and multiple comorbidities.

Keywords
Heart Failure; Physical rehabilitation; Frailty; Hospitalization

Introduction

Acute decompensated heart failure (ADHF) is a leading cause of hospitalization in older
persons in the United States.! Hospitalized ADHF is associated with severely reduced
health-related quality of life (QOL), persistently high rehospitalization rates,? markedly
increased mortality,3 and costs over $16 billion per year in the United States.* Despite
advances in the treatment of chronic heart failure with reduced ejection fraction (HFrEF),
there has been relatively little progress with respect to ADHF therapies. Current heart failure
(HF) management guidelines, even when perfectly adhered to, have had only modest impact
on ADHF outcomes, particularly rehospitalizations in the older population.? ® Furthermore,
several recent trials of new interventions to improve ADHF outcomes, such as remote
monitoring,5: 7 alternative diuretic regimens,8 novel pharmacologic agents® 10 and
biomarker guidancell have not proven beneficial. The typical older ADHF patient has >5
comorbidities that contribute to adverse outcomes.® 1214 Frequent non-cardiac
comorbidities may explain the unexpected finding from multiple studies that >50% of
rehospitalizations in older ADHF patients are due to non-cardiac events rather than recurrent
ADHES3 5 12,15

Multiple lines of evidence suggest that severely reduced physical function and frailty are
major determinants of adverse outcomes in older patients with hospitalized ADHF.16 We
and others have shown that even when stable with compensated cardiovascular function,
older patients with chronic HF have severe impairments in physical function due to the
combined effects of aging, cardiovascular dysfunction, and impaired skeletal muscle
function.1’-19 As patients with chronic HF transition to ADHF, physical function worsens
both because of HF decompensation and accelerated physical deconditioning.2%: 21 This is
further exacerbated by the hospital processes, including bed rest which can markedly
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exacerbate physical dysfunction and acute muscle loss,20: 22: 23 contributing to what has now
been termed the “post-hospital syndrome’.24

After resolution of the acute HF symptoms and congestion, older ADHF patients continue to
have marked impairments in physical function, including deficits in strength, balance,
mobility and endurance, and most patients meet formal definitions of frailty.29: 25
Furthermore, these deficits persist and some patients never recover baseline

function.24 26. 27 This occurs during the most vulnerable, high risk period for
rehospitalization and adverse outcomes, up to 6 months post discharge,3 and likely
contribute to the high costs of rehospitalizations. These costs are now targeted by the
Centers for Medicare & Medicaid Services (CMS) penalties reducing payments to hospitals
with excess readmissions.28

Prior clinical trials of exercise training in HF (n>40), including those used to support the
decision by CMS to expand cardiac rehabilitation coverage to HFrEF, were restricted to HF
patients with chronic, stable disease.2%-31 The largest of these, the NIH-funded HF-ACTION
trial, excluded patients with ADHF and those within 6 weeks of hospital discharge.2® This
prompted CMS to explicitly exclude recently hospitalized HF patients from cardiac
rehabilitation coverage?8 and an expert consensus recommendation for a period of stability
of at least a month before enrolling HF patients in cardiac rehabilitation.32 HF-ACTION also
enrolled relatively few older patients, particularly those with multiple comorbidities,33 who
may be at increased risk for complications during cardiac rehabilitation.3# As noted above,
physical impairments in older, frail patients with ADHF are broader, including deficits in
balance and mobility, and far more severe than those observed in patients with chronic stable
HF.20 Such deficits are not typically targeted by conventional, endurance-based cardiac
rehabilitation.29 Addressing deficits in balance, mobility and functional strength may be
important for preventing early injuries in frail, older ADHF patients and for enhancing gains
in function.3>: 36

We hypothesize that targeting physical frailty among older patients experiencing a HF
hospitalization with a multi-domain structured physical rehabilitation intervention will
improve physical function and reduce adverse outcomes. The current group of investigators
completed a pilot study which showed that in older patients with ADHF, a structured
intervention targeting physical function can improve the Short Physical Performance Battery
(SPPB) score, a strong predictor of hospitalization, disability, and death.3” Based on these
findings, the National Institute of Aging funded the Rehabilitation Therapy in Older Acute
Heart Failure Patients (REHAB-HF) Trial to evaluate the efficacy of a novel, tailored,
progressive, multi-domain, 12-week physical function intervention initiated during an
ADHF hospitalization to improve physical function, as measured by SPPB (primary
outcome), and reduce all-cause rehospitalization during the 6 months after initiation of the
intervention.38

Am Heart J. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Reeves et al. Page 4

Methods

Study Population

The REHAB-HF Trial has a target enrollment of 360 HF patients admitted for worsening
heart failure (HF), based on at least one symptom of HF and at least two signs of HF and a
change in medical treatment specifically targeting ADHF (Table 1). There is no left
ventricular ejection fraction (EF) criterion. Patients must be at least 60 years of age or
greater, performing basic activities of daily living prior to admission, able to walk at least 4
meters at the time of enrollment (assistive device allowed) and expected to be discharged to
home.

Patients are excluded if their HF is end-stage, defined as requiring or anticipating heart
transplant or left ventricular assist device within the next 6 months or expected discharge on
continuous intravenous ionotropic therapy. Patients with HF in the presence of severe
primary valvular disease, such as severe aortic stenosis or mitral regurgitation, are excluded.
Patients with advanced renal dysfunction who are currently requiring dialysis or at high risk
for progressing to dialysis during the course of the study (defined as estimated glomerular
filtration rate of <20 mL/min/1.73 m2) are excluded due to concerns regarding ability to
adhere to the study intervention. Similarly, patients are not enrolled if they have clinically
evident dementia or significant impairment from a stroke, injury or other medical disorder
that precludes participation in the intervention or following study protocol. Potential
participants found to have mild cognitive impairment, common in older patients hospitalized
with HF,20: 39 are eligible for enrollment provided there is adequate social support for
adherence. Participants undergo screening for potential barriers to adherence using a
standardized tool to assess personal commitment to adhering to the study requirements;
degree of support from family members, caregivers and outpatient physicians; and potential
transportation barriers. Those unable or unwilling to fully commit to all aspects of study
participation or who lack support are considered high risk for non-adherence and are
excluded from the study.

Eligible patients who provide informed consent and complete baseline testing successfully
(Table 2) are randomized to attention control or to the multi-domain rehabilitation
intervention. Block randomization is employed and stratified on clinical center and EF
category (<45, =45). All sites use the same allocation process housed in the Coordinating
Center (Wake Forest) database (REDCap) to ensure uniform randomization.

The REHAB-HF trial is being conducted in accordance with the Declaration of Helsinki and
has been approved by Institutional Review Boards of all participating institutions. All study
participants provide informed written consent. The REHAB-HF trial is registered with
Clinicaltrials.gov (NCT02196038).

Attention Control

The usual care arm of REHAB-HF is defined as attention control due to increased
surveillance of these participants in an effort to reduce the potential bias created from
increased interactions of intervention participants with study personnel. Participants in the
attention control group will receive at least bi-weekly contact from study personnel (nurses
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or exercise physiologists) by phone or by specified study visits (weeks 4 and 12) during the
first 3 months following the index hospitalization. Information regarding symptoms, HF
transitional management program use, medical compliance, activity level, rehabilitation
received, medical resource utilization, QOL and clinical events will be collected at each of
these encounters. Participants in the attention control arm will not receive any specific
rehabilitation recommendations or exercise prescription from study personnel. Adherence to
medication regimens and follow-up appointments is encouraged.

Participants in both arms receive standard therapies as directed by their clinical providers,
which may include any of the following services: inpatient physical therapy, outpatient
physical therapy, or cardiac rehabilitation 6 weeks after discharge. All aspects of disease
management, including medical therapy and HF management, are left to the discretion of the
participant’s treating physician and are specifically not addressed by the study protocol for
either study arm. Clinical concerns raised by the participant and/or identified by study
personnel are referred to the participant’s health care provider(s) for further management.

REHAB-HF Intervention

The multi-domain rehabilitation intervention for this study is a novel integration of
rehabilitation therapies developed specifically for older HF patients who have been
hospitalized for ADHF. The goal of the intervention is to improve balance, mobility, strength
and endurance utilizing reproducible, targeted exercises administered by a multi-disciplinary
team with specific milestones for progression. The intervention is limited to physical
rehabilitation and specifically does not address other aspects of disease management or
frailty.

Frequency and Duration—The majority of the study interventions are facility-based in
the outpatient setting. These 3 times per week sessions are initiated as soon as possible
following hospital discharge, last approximately 60 minutes, and continue for 12 weeks or
36 sessions. For participants with especially low functional performance, a limited number
of these sessions may be conducted at home early following discharge (weeks 1-2). When
feasible, daily sessions of approximately 30 minutes are conducted in the hospital prior to
discharge.

Intensity—Exercise intensity is based upon patient-reported rate of perceived exertion
(RPE) using a 6-20 point scale. During the first two weeks, target intensity is low (RPE <
12). In the outpatient setting, target RPE is gradually increased to 13 (“somewhat hard”)
(range of 11-15) for endurance training and 15-16 for strength rehabilitation, as this level of
intensity may be necessary to obtain significant functional improvement in strength.40 After
4 weeks of the endurance intervention, intensity within the target RPE range can be adjusted
to ensure a heart rate response of =20 beats per minute above the resting heart rate. This is
typically needed to achieve >60% of exercise reserve capacity*! and is intended to ensure an
adequate training effect to minimize non-responders while maintaining safety.29 42, 43

Mode—Each session includes a warm-up, one-on-one targeted rehabilitation training in
each domain (balance, mobility, strength and endurance), and a cool-down. At the beginning
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of the intervention, participants undergo standardized stratification of functional
performance in each of four domains: balance, strength, endurance and mobility (Table 3).
We anticipate a range of initial performance levels based on the REHAB-HF pilot study,
where 40% of participants were initially at the lowest level of functioning (level 1) for most
domains, 33% were at level 2, and 27% were at level 3.20 Exercises specifically targeted to
the participant’s functional level in each domain are then selected from the intervention
protocols (see Table 4 for examples).

The relative time spent on each domain during the rehabilitation session is also tailored to
the participant’s physical impairments (Figure). For example, a participant with poor
balance and functional mobility spends a greater proportion of time performing exercises
focused in these areas. Alternatively, a participant with only modest impairments in balance
and functional mobility spends most of the exercise session performing endurance and
strengthening exercises.

Progression—Progression is a key aspect of the study intervention. Participants are
continually challenged to improve physical function by advancing through a structured,
gradual progression using specific small increments in each exercise. Progression is based
on performance during one-on-one training sessions and standardized re-assessment of
functional performance in each domain conducted every 2 weeks (Table 3 and 4).

Safety—Pre-specified safety protocols based on vital signs and reported symptoms will be
followed. Should a participant report a significant change in health status before or during
exercise that presents a safety risk for continued exercise participation, a study physician
onsite or the participant’s primary doctor will be consulted prior to exercise participation.
Vital signs, including heart rate, blood pressure and pulse oximetery will be recorded at the
beginning and conclusion of each session. Routine assessment of heart rate and RPE during
the exercise session will also be used to enhance exercise safety. Exercising blood pressure
and pulse oximetery will be monitored on a symptom-driven basis. Telemetry monitoring is
not performed.

Intervention fidelity—Several strategies are used to promote consistent implementation
of the intervention. These include: 1) a standardized protocol with a) specific rehabilitation
exercises for each of the 4 domains; b) selection of initial exercises and progression based on
standardized assessments (Table 3); c) detailed progression in small increments for each
exercise; 2) training comprised of a) full day of in-person training of the study
interventionists (experienced exercise physiologists and physical therapists) prior to study
launch, including protocol review, demonstration videos using patient volunteers and hands-
on practice sessions; b) interactive study-wide webinars conducted at least annually; 3)
continued monitoring to identify and address challenges related to fidelity. This includes
tracking of exercises performed during each intervention session through a study-wide
database. These reports are reviewed and discussed during bi-weekly teleconferences of
study leadership for each participant actively engaged in the study physical rehabilitation
intervention. The intervention supervisor at each site also reviews the implementation of the
study intervention for each participant with the treating interventionist, addressing any
challenges that arise.
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Home exercise—All participants randomized to the study intervention receive one home
evaluation by study personnel following hospital discharge lasting approximately 30-45
minutes. The purpose of the home visit is to identify areas for safe performance of the home
exercise prescription. Participants are instructed in low-intensity walking at their usual pace,
gradually increasing toward a goal of 30 minutes daily. Functional strengthening exercises
(e.g. sit-to-stand from chair, step-ups, if feasible, and calf raises) are incorporated and
customized based on patient goals and identified deficits. This brief home exercise program
is to be performed on non-program days at least twice per week. Whenever possible, study
personnel attempt to engage the participant’s caregivers/family to support home exercise.

Maintenance—*Following the completion of the outpatient intervention, an individualized
maintenance exercise prescription is developed by the interventionist based on the
participant’s performance at the end of the 12-week supervised training intervention.
Participants in the intervention arm will receive phone calls at months 4, 5, and 6, to discuss
adherence to the exercise prescription and to gather information regarding study endpoints
(Table 2). Physical activity is also monitored by accelerometers worn by participants in both
study arms. These accelerometers are for monitoring only and do not have a display visible
to the participant.

Retention and Adherence

Retaining participants with a high disease burden in a study that involves a significant
commitment is expected to be challenging. The study addresses retention prior to enroliment
by carefully explaining the commitment, identifying and addressing potential barriers,
particularly if a participant is randomized to the intervention arm, and having the participant
sign a behavioral agreement that details the requirements of the study. Adherence screening
confirming participant commitment and support by family or caregivers and personal
physicians is conducted prior to randomization. Participants unable to fully commit during
this screening will not be randomized. Once randomized, the study will provide a clear
schedule of all visits, reminders, same-day phone calls for any missed visits, involvement of
family and caregivers, and sharing of test results and intervention progress, if applicable.
Transportation support will also be available.

Interruptions to the study intervention, including illness and hospitalization, are anticipated.
To help ensure each participant has a reasonable opportunity to complete the study
intervention and that the physical performance outcome measures reflect the intended
intervention of this study, limited extensions (2—-4 weeks) are included in the study protocol
for participants in both study arms.

Our primary measure of adherence is the percent of prescribed sessions attended. We will be
able to assess this and other aspects of exercise adherence through tracking of sessions
attended, sessions missed, reasons for missed sessions, as well as exercise performed in each
session attended.
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The primary aim of the study is to assess the efficacy of the REHAB-HF intervention on
physical function measured by the change in total SPPB score from baseline to 3 months.
This and other study measures are obtained by independent, trained assessors who are
blinded to participant’s intervention allocation. The SPPB measures physical function using
3 components: usual gait speed over 4 meters, time to complete 5 chair rises, and standing
balance with progressively narrow base of support. Each component is scored on a 0—4 scale
and summed for an overall score range of 0-12.44 The SPPB was chosen as the primary
outcome because it is a well-accepted, standardized, reliable, validated measure of physical
function in the older population that can be collected safely and easily in clinic, home, and
hospital settings, including in older patients hospitalized with ADHF.2%: 25 The overall SPPB
score and components are highly predictive of important clinical outcomes, including
disability, hospitalization, nursing home admission, and death.4-46 The SPPB is sensitive to
change in health status*” and responsive to exercise training.#8-°0 Interventions that improve
SPPB also improve clinical events.#8 A clinically meaningful but small change in SPPB
score is 0.5 units and a substantial change is 1.0 units.>0

Six-month all-cause rehospitalization was chosen as the key secondary outcome because: it
is the most frequent adverse outcome in ADHF; it is associated with impaired physical
function, reduced quality of life, increased mortality, and increased cost; and our pilot data
and others’ suggest that it is responsive to physical function interventions.3” A
rehospitalization is defined as a hospital stay >24 hours, including prolonged emergency
department visits or observational unit stays, for any cause. For exploratory analyses and
safety monitoring, rehospitalizations will be categorized by the site investigators as primarily
due to non-cardiovascular, HF, or other cardiovascular (myocardial infarction, acute
coronary syndrome without myocardial infarction, arrhythmia, peripheral vascular) cause,
and whether they were related to the study intervention or assessments.

Additional exploratory analyses will examine the effect of the intervention on: the
components of the SPPB; 6-minute walk distance; QOL (both HF-specific and global);
frailty phenotype as originally described by Fried:51: 52 depression; cognitive function; all-
cause combined rehospitalization and death; global rank endpoint of SPPB score, all-cause
rehospitalization and death; HF-specific rehospitalizations; cardiovascular events;
rehospitalization days; facility-free days; deaths; falls; and biomarkers. Sub-group analyses
based on EF category (<45, >45) are also planned.

Statistical Analysis and Sample Size

The effect of the intervention on SPPB score measured 3 months post-randomization will be
estimated and tested for significance using analysis of covariance, where the randomized
arm is the between-subject grouping variable and the pre-randomized measure of SPPB
score, clinical site, age, gender, and EF category (<45, =45) will be covariates. Least square
means will be used to estimate the intervention effect. Tests will be conducted at the 5%
two-sided level of significance.
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The secondary aim of the study is to assess the intervention’s effect on the total number of
all-cause rehospitalizations during the 6 months following discharge from the index
hospitalization. Since the count of all-cause rehospitalizations per participant may not be
normally distributed, the effect of the intervention on total all-cause rehospitalizations will
be estimated using a Poisson model for modeling count data, where the randomized arm is
the between-subject grouping variable and clinical site, age, gender, and EF category will be
covariates. A supplemental analysis will be performed adding the duration of the index
hospitalization and the number of inpatient intervention sessions as additional covariates. To
account for the expected dropouts or non-compliance with the intervention, we will
incorporate compliance (“on treatment™) as collected by adherence measurements. Simple
observational treatment comparisons that include only patients who complied with specified
levels of the intervention protocol will be examined as supportive information, recognizing
the limitations of such comparisons.

The REHAB-HF pilot study showed an estimated intervention effect of an increase of 1.13
units in 3-month SPPB score (the primary outcome) or a 17.9% relative increase above the
least square mean for the attention control group, with a mean square error from the analysis
of covariance model of 3.269.37 This study is designed to have 80% power to detect a 10%
treatment difference (0.63 absolute difference) in the 3-month least square mean of SPPB
score. Based on the findings of the REHAB-HF pilot study, this requires 258 evaluable
participants. Assuming an 85% retention rate, the study requires randomizing 304
participants (25.3 per site per year).

In the completed pilot study, the number of all-cause rehospitalizations within 6 months was
reduced 29.3% by the intervention (1.673+0.392 per patient in the attention control group
vs. 1.157+0.349 in the intervention group). We performed additional work with an analysis
of a contemporaneous sample of 239 consecutive patients aged = 65 years admitted with the
primary diagnosis of ADHF. This confirmatory sample yielded a 6-month rehospitalization
event rate estimate within 0.5% of our attention control group, giving confidence in our pilot
study estimate. This study is designed to have 80% power to detect a 25% reduction (0.41
absolute difference) in the total number of all-cause rehospitalizations during the 6 months
following the index hospitalization. This requires 334 participants; assuming loss to follow-
up of 5%, the study requires randomizing 352 total participants. Rounding up, this study will
randomize a total of 360 patients, providing > 80% power for the primary and secondary
aims.

Economic analysis

Patient-level information on medical resource use, patient time spent on rehabilitation-
related activities and QOL, as measured with the EuroQol 5-Dimension 5-Level
(EQ-5D-5L), is collected throughout the 6-month follow-up period (Table 2).
Interventionists and support staff will provide supplemental information to estimate costs to
provide the rehabilitation intervention. These data will be used to estimate direct medical
costs, non-direct medical costs, indirect (patient time) costs and quality-adjusted survival.
Mean costs and quality-adjusted survival over the six-month follow-up period in the
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REHAB-HF will be compared between patients randomized to the rehabilitation
intervention versus attention control.

If the intervention does not produce a net cost-savings in the short-term, a long-term cost-
effectiveness analysis will be performed to assess the incremental costs of the intervention
versus the incremental impact of the intervention on quality-adjusted survival. The
previously-developed and validated TEAM-HF Cost-Effectiveness Model®3 will be used to
generate longer-term estimates of costs, survival and quality-adjusted survival. The
economic evaluation of the REHAB-HF intervention will be used to propose payment
models for third-party payers (e.g. CMS) and accountable care organizations and health
maintenance organizations who provide care to HF patients on a capitated basis.

The REHAB-HF trial is supported by NIH grant RO1AG045551. Additional sources of
support for this research and manuscript development include NIH grants RO1AG18915 and
U10HL110312 (RIM); The Claude D. Pepper Older Americans Independence Center of
Wake Forest School of Medicine Winston-Salem, NC (NIH grant P30AG021332) and Duke
University School of Medicine, Durham, NC (NIH grant P30AG028716); the Kermit Glenn
Phillips Il Endowed Chair in Cardiology; Dean’s Faculty Achievement Award, Jefferson
College of Health Professions, Philadelphia, PA; and the Oristano Family Research Fund.
The authors are solely responsible for the design and conduct of this study, all study
analyses, the drafting and editing of the paper and its final contents.

Discussion

REHAB-HF is a multicenter, prospective randomized controlled trial designed to determine
if a tailored, structured, progressive multi-domain physical rehabilitation intervention
addressing deficits in balance, mobility, strength, and endurance, improves physical function
and reduces rehospitalizations compared to attention control in older patients hospitalized
with ADHF. This is the first HF clinical trial to employ a multi-domain physical
rehabilitation intervention beginning during ADHF hospitalization and transitioning to the
outpatient setting. REHAB-HF is designed to address multiple high-priority gaps in the
evidence regarding exercise training in HF patients, including those with markedly reduced
physical function who are unable to undertake traditional exercise training, > 60 years, with
multiple co-morbidities, who are women, and who have HF with preserved EF

(HFpEF).37: 54,95 The trial has consistently met enrollment targets with 160 of 360
participants enrolled to date and study completion anticipated in 2019.

We have incorporated several novel features into our study design to meet the specific needs
of older, frail recently hospitalized HF patients that distinguishes REHAB-HF from

prior2 30 and ongoing®%-58 investigations of exercise training in HF. During our pilot study,
we observed unexpectedly severe impairments in all functional domains, including balance
and mobility.2° Prior studies have shown that not identifying and correcting balance
impairments early during rehabilitation can lead to increased injuries.36 In response to this
and in an effort to maximize training response while minimizing the risk of injuries and
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falls, we provide one-on-one training to deliver an individually tailored, multi-domain
intervention with an early emphasis on addressing deficits in balance, mobility and
functional strength.34 59 Progressively more endurance training is incorporated as balance,
mobility and strength improve (Figure). The timing of the REHAB-HF intervention is also
unique in that it is initiated as early as the time of hospitalization following initial
stabilization of ADHF. The study intervention is also highly adaptable to a wide range of
functional impairments while promoting gradual, structured progression and maintaining
fidelity.

We hypothesize that the widespread, severe functional impairments targeted by our
intervention are largely due to skeletal muscle dysfunction as a result of the systemic effects
of the HF clinical syndrome, medical comorbidities, aging, acute illness and hospital-related
immobility.18: 55 Given the systemic nature of these mechanisms, we expect the intervention
will have similar efficacy in older frail patients recovering from ADHF regardless of EF.
This is supported by several observations. Older patients with chronic HFpEF and HFrEF
have similar functional impairments with similar underlying skeletal muscle abnormalities,
including shift in fiber types, reduced capillary density, and impaired mitochondrial
function.1?- 60-63 Dyring ADHF, patients with both types of HF are subject to acute muscle
loss and dysfunction associated with hospitalization and immobility.64-67 In our pilot, the
nature and severity of functional impairments in older patients with ADHF were
independent of EF.20 The similarities in functional impairments and their proposed
mechanisms may also help explain the remarkably similar vulnerability to adverse clinical
outcomes, frequently due to non-cardiac causes, observed in older patients following a HF
hospitalization across the spectrum of EF.3 In fact, many of the proposed contributing factors
to functional impairments and clinical outcomes, such as aging, comorbidities and acute
immobility, are common to a broader population of older, frail hospitalized patients at risk
for the “post-hospital syndrome”,24 supporting the potential further generalizability of study
findings.

While the focus of the study is on addressing physical function impairments, descriptors of
impairments common in acutely ill, older patients (e.g. frailty, falls, cognition, urinary
incontinence) will also be captured. Such syndromes are by nature non-disease specific and
are not typically targeted by HF management strategies. However, they may be associated
with HF, worsened as components of the post-hospital syndrome,24 can complicate HF
management and contribute to adverse clinical outcomes in older patients with HF. The
frequency and severity of these geriatric syndromes will be tracked over the course of the
study, and the contribution to QOL, economic and clinical outcomes during the high risk
period following ADHF hospitalization will be assessed. Such insights could help inform the
design of complimentary novel interventions.

In conclusion, REHAB-HF is a multi-center randomized control trial that will address key
evidence gaps by determining if a novel physical rehabilitation intervention will improve
physical function and reduce all-cause rehospitalizations following an ADHF hospitalization
in older, frail patients with multiple comorbidities and severe impairments in physical
function. The trial results could have a major impact on the management of older patients
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with ADHF by improving the morbidity, reduced quality-of-life, and high health care costs
associated with the nearly 1 million rehospitalizations annually in older HF patients.58
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HFrEF Heart failure with reduced ejection fraction

HFpEF Heart failure with preserved ejection fraction

References

1. Krumholz HM, Nuti SV, Downing NS, Normand SL, Wang Y. Mortality, hospitalizations, and
expenditures for the medicare population aged 65 years or older, 1999-2013. JAMA. 2015;
314:355-365. [PubMed: 26219053]

2. Bueno H, Ross JS, Wang Y, Chen J, Vidan MT, Normand SL, Curtis JP, Drye EE, Lichtman JH,
Keenan PS, Kosiborod M, Krumholz HM. Trends in length of stay and short-term outcomes among
medicare patients hospitalized for heart failure, 1993-2006. JAMA. 2010; 303:2141-2147.
[PubMed: 20516414]

3. Cheng RK, Cox M, Neely ML, Heidenreich PA, Bhatt DL, Eapen ZJ, Hernandez AF, Butler J,
Yancy CW, Fonarow GC. Outcomes in patients with heart failure with preserved, borderline, and
reduced ejection fraction in the medicare population. Am. Heart J. 2014; 168:721-730. [PubMed:
25440801]

4. Heidenreich PA, Albert NM, Allen LA, Bluemke DA, Butler J, Fonarow GC, Ikonomidis JS,
Khavjou O, Konstam MA, Maddox TM, Nichol G, Pham M, Pina IL, Trogdon JG. Forecasting the
impact of heart failure in the united states: A policy statement from the american heart association.
Circ. Heart Fail. 2013; 6:606-619. [PubMed: 23616602]

5. Kitzman DW. Outcomes in patients with heart failure with preserved ejection fraction: It is more
than the heart. J Am Coll Cardiol. 2012; 59:1006-1007. [PubMed: 22402072]

Am Heart J. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Reeves et al.

Page 13

6. Chaudhry SI, Mattera JA, Curtis JP, Spertus JA, Herrin J, Lin Z, Phillips CO, Hodshon BV, Cooper
LS, Krumholz HM. Telemonitoring in patients with heart failure. N. Engl. J. Med. 2010; 363:2301—
2309. [PubMed: 21080835]

7. Ong MK, Romano PS, Edgington S, Aronow HU, Auerbach AD, Black JT, De Marco T, Escarce JJ,
Evangelista LS, Hanna B, Ganiats TG, Greenberg BH, Greenfield S, Kaplan SH, Kimchi A, Liu H,
Lombardo D, Mangione CM, Sadeghi B, Sarrafzadeh M, Tong K, Fonarow GC. Effectiveness of
remote patient monitoring after discharge of hospitalized patients with heart failure: The better
effectiveness after transition-heart failure (beat-hf) randomized clinical trial. JAMA internal
medicine. 2016; 176:310-318. [PubMed: 26857383]

8. Felker GM, Lee KL, Bull DA, Redfield MM, Stevenson LW, Goldsmith SR, LeWinter MM, Deswal
A, Rouleau JL, Ofili EO. Diuretic strategies in patients with acute decompensated heart failure. N.
Engl. J. Med. 2011; 364:797-805. [PubMed: 21366472]

9. Massie BM, O’Connor CM, Metra M, Ponikowski P, Teerlink JR, Cotter G, Weatherley BD, Cleland
JG, Givertz MM, Voors A, DeLucca P, Mansoor GA, Salerno CM, Bloomfield DM, Dittrich HC.
Rolofylline, an adenosine al-receptor antagonist, in acute heart failure. N. Engl. J. Med. 2010;
363:1419-1428. [PubMed: 20925544]

10. O’Connor CM, Starling RC, Hernandez AF, Armstrong PW, Dickstein K, Hasselblad V, Heizer
GM, Komajda M, Massie BM, McMurray JJ, Nieminen MS, Reist CJ, Rouleau JL, Swedberg K,
Adams KF Jr, Anker SD, Atar D, Battler A, Botero R, Bohidar NR, Butler J, Clausell N, Corbalan
R, Costanzo MR, Dahlstrom U, Deckelbaum LI, Diaz R, Dunlap ME, Ezekowitz JA, Feldman D,
Felker GM, Fonarow GC, Gennevois D, Gottlieb SS, Hill JA, Hollander JE, Howlett JG, Hudson
MP, Kociol RD, Krum H, Laucevicius A, Levy WC, Mendez GF, Metra M, Mittal S, Oh BH,
Pereira NL, Ponikowski P, Tang WH, Tanomsup S, Teerlink JR, Triposkiadis F, Troughton RW,
Voors AA, Whellan DJ, Zannad F, Califf RM. Effect of nesiritide in patients with acute
decompensated heart failure. N. Engl. J. Med. 2011; 365:32-43. [PubMed: 21732835]

11. Lainchbury JG, Troughton RW, Strangman KM, Frampton CM, Pilbrow A, Yandle TG, Hamid
AK, Nicholls MG, Richards AM. N-terminal pro-b-type natriuretic peptide-guided treatment for
chronic heart failure: Results from the battlescarred (nt-probnp-assisted treatment to lessen serial
cardiac readmissions and death) trial. J Am Coll Cardiol. 2009; 55:53-60. [PubMed: 20117364]

12. Braunstein JB, Anderson GF, Gerstenblith G, Weller W, Niefeld M, Herbert R, Wu AW.
Noncardiac comorbidity increases preventable hospitalizations and mortality among medicare
beneficiaries with chronic heart failure. J. Am. Coll. Cardiol. 2003; 42:1226-1233. [PubMed:
14522486]

13. Ahluwalia SC, Gross CP, Chaudhry SI, Ning YM, Leo-Summers L, Van Ness PH, Fried TR.
Impact of comorbidity on mortality among older persons with advanced heart failure. J. Gen.
Intern. Med. 2012; 27:513-519. [PubMed: 22095572]

14. Mentz RJ, Kelly JP, von Lueder TG, Voors AA, Lam CS, Cowie MR, Kjeldsen K, Jankowska EA,
Atar D, Butler J, Fiuzat M, Zannad F, Pitt B, O’Connor CM. Noncardiac comorbidities in heart
failure with reduced versus preserved ejection fraction. J. Am. Coll. Cardiol. 2014; 64:2281-2293.
[PubMed: 25456761]

15. Dunlay SM, Redfield MM, Weston SA, Therneau TM, Hall Long K, Shah ND, Roger VL.
Hospitalizations after heart failure diagnosis a community perspective. J. Am. Coll. Cardiol. 2009;
54:1695-1702. [PubMed: 19850209]

16. Murad K, Kitzman DW. Frailty and multiple comorbidities in the elderly patient with heart failure:
Implications for management. Heart Fail. Rev. 2011:1-8. [PubMed: 20872278]

17. Kitzman DW, Little WC, Brubaker PH, Anderson RT, Hundley WG, Marburger CT, Brosnihan B,
Morgan TM, Stewart KP. Pathophysiological characterization of isolated diastolic heart failure in
comparison to systolic heart failure. JAMA. 2002; 288:2144-2150. [PubMed: 12413374]

18. Haykowsky MJ, Tomczak CR, Scott JM, Paterson DI, Kitzman DW. Determinants of exercise
intolerance in patients with heart failure and reduced or preserved ejection fraction. J. Appl.
Physiol. 2015; 119:739-744. [PubMed: 25911681]

19. Clark AL, Poole-Wilson PA, Coats AJ. Exercise limitation in chronic heart failure: Central role of
the periphery. J. Am. Coll. Cardiol. 1996; 28:1092-1102. [PubMed: 8890800]

20. Reeves GR, Whellan DJ, Patel MJ, O’Connor CM, Duncan P, Eggebeen JD, Morgan TM, Hewston
LA, Pastva AM, Kitzman DW. Comparison of frequency of frailty and severely impaired physical

Am Heart J. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Reeves et al.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Page 14

function in patients >/=60 years hospitalized with acute decompensated heart failure versus
chronic stable heart failure with reduced and preserved left ventricular ejection fraction. Am. J.
Cardiol. 2016

Chati Z, Zannad F, Jeandel C, Lherbier B, Escanye JM, Robert J, Aliot E. Physical deconditioning
may be a mechanism for the skeletal muscle energy phosphate metabolism abnormalities in
chronic heart failure. Am. Heart J. 1996; 131:560-566. [PubMed: 8604638]

Kortebein P, Symons TB, Ferrando A, Paddon-Jones D, Ronsen O, Protas E, Conger S, Lombeida
J, Wolfe R, Evans WJ. Functional impact of 10 days of bed rest in healthy older adults. J.
Gerontol. A. Biol. Sci. Med. Sci. 2008; 63:1076-1081. [PubMed: 18948558]

Zisberg A, Shadmi E, Sinoff G, Gur-Yaish N, Srulovici E, Admi H. Low mobility during
hospitalization and functional decline in older adults. J. Am. Geriatr. Soc. 2011; 59:266-273.
[PubMed: 21314647]

Krumholz HM. Post-hospital syndrome--an acquired, transient condition of generalized risk. N.
Engl. J. Med. 2013; 368:100-102. [PubMed: 23301730]

\olpato S, Cavalieri M, Guerra G, Sioulis F, Ranzini M, Maraldi C, Fellin R, Guralnik JM.
Performance-based functional assessment in older hospitalized patients: Feasibility and clinical
correlates. J. Gerontol. A. Biol. Sci. Med. Sci. 2008; 63:1393-1398. [PubMed: 19126854]
\Volpato S, Cavalieri M, Sioulis F, Guerra G, Maraldi C, Zuliani G, Fellin R, Guralnik JM.
Predictive value of the short physical performance battery following hospitalization in older
patients. J. Gerontol. A. Biol. Sci. Med. Sci. 2011; 66:89-96. [PubMed: 20861145]

Gill TM, Allore HG, Gahbauer EA, Murphy TE. Change in disability after hospitalization or
restricted activity in older persons. JAMA. 2010; 304:1919-1928. [PubMed: 21045098]

Decision memorandum for coverage of cardiac rhabilitation programs for chronic heart failure.
2014 2014.

O’Connor CM, Whellan DJ, Lee KL, Keteyian SJ, Cooper LS, Ellis SJ, Leifer ES, Kraus WE,
Kitzman DW, Blumenthal JA, Rendall DS, Miller NH, Fleg JL, Schulman KA, McKelvie RS,
Zannad F, Pina IL. Efficacy and safety of exercise training in patients with chronic heart failure:
Hf-action randomized controlled trial. JAMA. 2009; 301:1439-1450. [PubMed: 19351941]
Taylor RS, Sagar VA, Davies EJ, Briscoe S, Coats AJ, Dalal H, Lough F, Rees K, Singh S.
Exercise-based rehabilitation for heart failure. Cochrane Database Syst Rev. 2014; 4:CD003331.
Pandey A, Parashar A, Kumbhani DJ, Agarwal S, Garg J, Kitzman D, Levine BD, Drazner M,
Berry JD. Exercise training in patients with heart failure and preserved ejection fraction: Meta-
analysis of randomized control trials. Circ. Heart Fail. 2015; 8:33-40. [PubMed: 25399909]
Ades PA, Keteyian SJ, Balady GJ, Houston-Miller N, Kitzman DW, Mancini DM, Rich MW.
Cardiac rehabilitation exercise and self-care for chronic heart failure. JACC. Heart failure. 2013;
1:540-547. [PubMed: 24622007]

Whellan DJ, O’Connor CM, Lee KL, Keteyian SJ, Cooper LS, Ellis SJ, Leifer ES, Kraus WE,
Kitzman DW, Blumenthal JA, Rendall DS, Houston-Miller N, Fleg JL, Schulman KA, Pina IL.
Heart failure and a controlled trial investigating outcomes of exercise training (hf-action): Design
and rationale. Am. Heart J. 2007; 153:201-211. [PubMed: 17239677]

Giallauria F, Vigorito C, Tramarin R, Fattirolli F, Ambrosetti M, De Feo S, Griffo R, Riccio C,
Piepoli M. Cardiac rehabilitation in very old patients: Data from the italian survey on cardiac
rehabilitation-2008 (isyde-2008)--official report of the italian association for cardiovascular
prevention, rehabilitation, and epidemiology. J. Gerontol. A. Biol. Sci. Med. Sci. 2010; 65:1353—
1361. [PubMed: 20667934]

Marsh AP, Chmelo EA, Katula JA, Mihalko SL, Rejeski WJ. Should physical activity programs be
tailored when older adults have compromised function? J Aging Phys Act. 2009; 17:294-306.
[PubMed: 19799101]

Tilson JK, Wu SS, Cen SY, Feng Q, Rose DR, Behrman AL, Azen SP, Duncan PW. Characterizing
and identifying risk for falls in the leaps study: A randomized clinical trial of interventions to
improve walking poststroke. Stroke. 2012; 43:446-452. [PubMed: 22246687]

Reeves GR, Patel MJ, Whellan DJ, O’Connor C, Eggebeen JD, Duncan P, Morgan TM, Hewston
LA, Pastva A, Adams PA, Adams S, Kitzman DW. Abstract 16963: A novel rehabilitation

Am Heart J. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Reeves et al.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

5L

52.

53.

Page 15

intervention for older patients with acute decompensated heart failure: The rehab-hf pilot study.
Circulation. 2014; 130:A16963.

Kitzman D. A trial of rehabilitation therapy in older acute heart failure patients (rehab-hf). 2014
2015.

Cameron J, Worrall-Carter L, Page K, Stewart S, Ski CF. Screening for mild cognitive impairment
in patients with heart failure: Montreal cognitive assessment versus mini mental state exam.
European journal of cardiovascular nursing : journal of the Working Group on Cardiovascular
Nursing of the European Society of Cardiology. 2012

Rejeski WJ, Marsh AP, Chmelo E, Prescott AJ, Dobrosielski M, Walkup MP, Espeland M, Miller
ME, Kritchevsky S. The lifestyle interventions and independence for elders pilot (life-p): 2-year
follow-up. J. Gerontol. A. Biol. Sci. Med. Sci. 2009; 64:462-467. [PubMed: 19181715]

Joo KC, Brubaker PH, MacDougall A, Saikin AM, Ross JH, Whaley MH. Exercise prescription
using resting heart rate plus 20 or perceived exertion in cardiac rehabilitation. Journal of
cardiopulmonary rehabilitation. 2004; 24:178-184. quiz 185-176. [PubMed: 15235299]

Savage PD, Antkowiak M, Ades PA. Failure to improve cardiopulmonary fitness in cardiac
rehabilitation. J Cardiopulm Rehabil Prev. 2009; 29:284-291. quiz 292-283. [PubMed: 19935140]
Brubaker PH, Moore JB, Stewart KP, Wesley DJ, Kitzman DW. Endurance exercise training in
older patients with heart failure: Results from a randomized, controlled, single-blind trial. J. Am.
Geriatr. Soc. 2009; 57:1982-1989. [PubMed: 20121952]

Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lower-extremity function in
persons over the age of 70 years as a predictor of subsequent disability. N. Engl. J. Med. 1995;
332:556-561. [PubMed: 7838189]

Afilalo J, Alexander KP, Mack MJ, Maurer MS, Green P, Allen LA, Popma JJ, Ferrucci L, Forman
DE. Frailty assessment in the cardiovascular care of older adults. J. Am. Coll. Cardiol. 2014;
63:747-762. [PubMed: 24291279]

Abellan van Kan G, Rolland Y, Andrieu S, Bauer J, Beauchet O, Bonnefoy M, Cesari M, Donini
LM, Gillette Guyonnet S, Inzitari M, Nourhashemi F, Onder G, Ritz P, Salva A, Visser M, Vellas
B. Gait speed at usual pace as a predictor of adverse outcomes in community-dwelling older
people an international academy on nutrition and aging (iana) task force. J Nutr Health Aging.
2009; 13:881-889. [PubMed: 19924348]

Ostir GV, Wolpato S, Fried LP, Chaves P, Guralnik JM. Reliability and sensitivity to change
assessed for a summary measure of lower body function: Results from the women’s health and
aging study. J. Clin. Epidemiol. 2002; 55:916-921. [PubMed: 12393080]

Pahor M, Blair SN, Espeland M, Fielding R, Gill TM, Guralnik JM, Hadley EC, King AC,
Kritchevsky SB, Maraldi C, Miller ME, Newman AB, Rejeski WJ, Romashkan S, Studenski S.
Effects of a physical activity intervention on measures of physical performance: Results of the
lifestyle interventions and independence for elders pilot (life-p) study. J. Gerontol. A. Biol. Sci.
Med. Sci. 2006; 61:1157-1165. [PubMed: 17167156]

Nelson ME, Layne JE, Bernstein MJ, Nuernberger A, Castaneda C, Kaliton D, Hausdorff J, Judge
JO, Buchner DM, Roubenoff R, Fiatarone Singh MA. The effects of multidimensional home-based
exercise on functional performance in elderly people. J. Gerontol. A. Biol. Sci. Med. Sci. 2004;
59:154-160. [PubMed: 14999030]

Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful change and responsiveness in
common physical performance measures in older adults. J. Am. Geriatr. Soc. 2006; 54:743-749.
[PubMed: 16696738]

Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, Seeman T, Tracy R, Kop
WJ, Burke G, McBurnie MA. Frailty in older adults: Evidence for a phenotype. J Gerontol A Biol
Sci Med Sci. 2001; 56:M146—-M156. [PubMed: 11253156]

McNallan SM, Singh M, Chamberlain AM, Kane RL, Dunlay SM, Redfield MM, Weston SA,
Roger VL. Frailty and healthcare utilization among patients with heart failure in the community.
JACC. Heart failure. 2013; 1:135-141. [PubMed: 23956958]

Reed SD, Li Y, Kamble S, Polsky D, Graham FL, Bowers MT, Samsa GP, Paul S, Schulman KA,
Whellan DJ, Riegel BJ. Introduction of the tools for economic analysis of patient management
interventions in heart failure costing tool: A user-friendly spreadsheet program to estimate costs of

Am Heart J. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Reeves et al.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Page 16

providing patient-centered interventions. Circulation. Cardiovascular quality and outcomes. 2012;
5:113-119. [PubMed: 22147884]

Fleg JL, Cooper LS, Borlaug BA, Haykowsky MJ, Kraus WE, Levine BD, Pfeffer MA, Pina IL,
Poole DC, Reeves GR, Whellan DJ, Kitzman DW. Exercise training as therapy for heart failure:
Current status and future directions. Circ. Heart Fail. 2015; 8:209-220. [PubMed: 25605639]

Reeves GR, Patel MJ, Whellan DJ, O’Connor CM, Eggebeen JD, Duncan P, Hewston LA, Pastva
A, Adams S, Thohan V, Kitzman DW. Elderly hospitalized heart failure patients have profound
impairments in physical function. J. Card. Fail. 2012; 18:598.

Mezzani A, Cacciatore F, Catanzaro R, Gualco A, Guzzetti D, Leosco D, Monelli M, Tarro Genta
F, Totaro P, Traversi E, Zanelli E, Giannuzzi P. Early-start exercise training after acute
hemodynamic decompensation in patients with chronic heart failure (re-start). A multicenter,
randomized, controlled trial on short-term feasibility and impact on functional capacity, symptoms
and neurohumoral activation. Monaldi Arch. Chest Dis. 2014; 82:20-22.

Koifman E, Grossman E, Elis A, Dicker D, Koifman B, Mosseri M, Kuperstein R, Goldenberg I,
Kamerman T, Levine-Tiefenbrun N, Klempfner R. Multidisciplinary rehabilitation program in
recently hospitalized patients with heart failure and preserved ejection fraction: Rationale and
design of a randomized controlled trial. Am Heart J. 2014; 168:830-837. e831. [PubMed:
25458645]

Mudge AM, Denaro CP, Scott AC, Atherton JJ, Meyers DE, Marwick TH, Adsett JA, Mullins RW,
Suna JM, Scuffham PA, O’Rourke PK. Exercise training in recently hospitalized heart failure
patients enrolled in a disease management programme: Design of the ejection-hf randomized
controlled trial. Eur J Heart Fail. 2011; 13:1370-1375. [PubMed: 22065870]

Witham MD, Fulton RL, Greig CA, Johnston DW, Lang CC, van der Pol M, Boyers D, Struthers
AD, McMurdo ME. Efficacy and cost of an exercise program for functionally impaired older
patients with heart failure: A randomized controlled trial. Circ Heart Fail. 2012; 5:209-216.
[PubMed: 22271753]

Kitzman DW, Nicklas B, Kraus WE, Lyles MF, Eggebeen J, Morgan TM, Haykowsky M. Skeletal
muscle abnormalities and exercise intolerance in older patients with heart failure and preserved
ejection fraction. Am J Physiol Heart Circ Physiol. 2014; 306:H1364-H1370. [PubMed:
24658015]

Kitzman DW, Upadhya B, Vasu S. What the dead can teach the living: Systemic nature of heart
failure with preserved ejection fraction. Circulation. 2015; 131:522-524. [PubMed: 25552355]

Molina AJ, Bharadwaj MS, Van Horn C, Nicklas BJ, Lyles MF, Eggebeen J, Haykowsky MJ,
Brubaker PH, Kitzman DW. Skeletal muscle mitochondrial content, oxidative capacity, and mfn2
expression are reduced in older patients with heart failure and preserved ejection fraction and are
related to exercise intolerance. JACC. Heart failure. 2016

Middlekauff HR. Making the case for skeletal myopathy as the major limitation of exercise
capacity in heart failure. Circ Heart Fail. 2010; 3:537-546. [PubMed: 20647489]

Fisher S, Ottenbacher KJ, Goodwin JS, Graham JE, Ostir GV. Short physical performance battery
in hospitalized older adults. Aging Clin Exp Res. 2009; 21:445-452. [PubMed: 20154514]

Brown CJ, Redden DT, Flood KL, Allman RM. The underrecognized epidemic of low mobility
during hospitalization of older adults. J. Am. Geriatr. Soc. 2009; 57:1660-1665. [PubMed:
19682121]

Coker RH, Hays NP, Williams RH, Wolfe RR, Evans WJ. Bed rest promotes reductions in walking
speed, functional parameters, and aerobic fitness in older, healthy adults. J. Gerontol. A. Biol. Sci.
Med. Sci. 2015; 70:91-96. [PubMed: 25122628]

Puthucheary ZA, Rawal J, McPhail M, Connolly B, Ratnayake G, Chan P, Hopkinson NS, Phadke
R, Dew T, Sidhu PS, Velloso C, Seymour J, Agley CC, Selby A, Limb M, Edwards LM, Smith K,
Rowlerson A, Rennie MJ, Moxham J, Harridge SD, Hart N, Montgomery HE. Acute skeletal
muscle wasting in critical illness. JAMA. 2013; 310:1591-1600. [PubMed: 24108501]

Reed SD, Whellan DJ, Li Y, Friedman JY, Ellis SJ, Pina IL, Settles SJ, Davidson-Ray L, Johnson
JL, Cooper LS, O’Connor CM, Schulman KA. Economic evaluation of the hf-action (heart failure:
A controlled trial investigating outcomes of exercise training) randomized controlled trial: An
exercise training study of patients with chronic heart failure. Circulation. Cardiovascular quality
and outcomes. 2010; 3:374-381. [PubMed: 20551371]

Am Heart J. Author manuscript; available in PMC 2018 March 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Reeves et al.

Page 17

ivity

Percentage of Act

Level 1 Level 2 Level 3

Functional Level

Level 4

B Endurance
B Strength
u Balance

B Mobility

Figure 1.
Approximate percent of exercise time in each physical function domain based on functional

level.
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Table 1
REHAB-HF Inclusion and Exclusion Criteria

Inclusion Criteria
Patients eligible for the trial must meet the following criteria at randomization:
. Age = 60 years old
. In the hospital setting >24 hours for the management of ADHF, defined as:

- At least one symptom of HF which has worsened from baseline:

¢ Dyspnea at rest or with exertion

¢ Exertional fatigue

¢ Orthopnea

¢ Paroxysmal nocturnal dyspnea (PND)

- At least two of the signs of HF

* Pulmonary congestion or edema on exam (rales) or by chest x-ray

¢ Elevated jugular venous pressure or central venous pressure = 10 mm Hg
¢ Peripheral edema

¢ Wedge or left ventricular end diastolic pressure =215 mmHg

¢ Rapid weight gain (= 5 Ibs.)

¢ Increased b-type natriuretic peptide (BNP) (=100 pg/ml) or N-terminal prohormone BNP (=220pg/ml)

- Change in medical treatment specifically targeting HF defined as change in dose or initiation of or augmentation of at
least one of the following therapies

¢ Diuretics
¢ Vasodilators
¢ Inotropes (including digoxin if for HF)
¢ Other neurohormonal modulating agents, including angiotensin converting enzyme inhibitors, angiotensin
11 receptor blockers, beta-blockers, aldosterone or direct renin inhibitors
. Clinical stability to allow participation in study assessments and the intervention
. Prior to admission, patient was independent with basic activities of daily living (ADLSs) including the ability to ambulate

independently (with or without the use of an assistive device)

. Able to walk 4 meters (with or without the use of an assistive device) at the time of enroliment

Exclusion Criteria

At the time of randomization, none of the following conditions may exist:

. Acute myocardial infarction based on clinical diagnosis

. Requiring care in an intensive care unit

. Planned discharge other than to where the participant will live independently

. Dementia that precludes ability to participate in rehabilitation and follow study protocols
. Impairment from stroke, injury or other medical disorder that precludes participation in the intervention
. Advanced chronic kidney disease (eGFR < 20 mL/min/1.73 m2) or dialysis

. Prior cardiac transplantation or planned within the next 6 months

. Expected use of continuous intravenous inotropic therapy after discharge

. Ventricular assist device or anticipated within the next 6 months

. Severe aortic valve stenosis

. Already actively participating in facility-based cardiac rehabilitation
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Inclusion Criteria

. Anticipated hospital discharge before baseline study measures could be completed
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Table 3

Performance Levels for Strength, Balance, Mobility and Endurance

Level 1 Level 2 Level 3 Level 4
Strength: Rise from chair 5times in > 15 5timesin <
without hand support unable at least once but <60 seconds 15 seconds
unable with feet . unsupported and
Balance: Standing together for 10 Wf'g: g_%etséggﬁzzer reach forward 10 (i?) ielsgnfgsr
seconds inches
Endurance: Continuous : >2but<10 210 but :
walking <2 minutes minutes < 20 minutes 2 20 minutes
Mobility: Gait speed <0.4m/s >0.4but<0.6m/s | >0.6 but<0.8m/s > 0.8 m/s
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Examples of Exercise Prescription by Performance Levels for each exercise domain: Strength, Balance,

Mobility and Endurance

Table 4

a) Sit to stand
b) Step-ups (front

leaning forward and
pushing with hands

leaning forward with
arms reaching out

with arms across
chest

Exercise Level 1 Level 2 Level 3 Level 4
Examples by

Domain

Strength On edge of chair On edge of chair In back of chair Asin Level 3 at

faster pace or from
lower surface

Stand and reach

shoulder width
apart; reach forward
6 inches and hold.

shoulder width
apart; reach
forward 10 inches
and hold.

together; reach
forward 6 inches
(progressing to 10
inches) and hold

and side) 4 inch step ™ 6 inch step ™ 8 inch step * 10 inch step anci/or
with resistance
Balance Stand with feet Stand with feet Stand with feet Semi-tandem

stance; reach
forward 6 inches
(progressing to 10
inches) and hold

Endurance: Repeated brief Repeated brief Repeated bouts for | Continuous for 20-
Continuous bouts for a total bouts for a total a total duration of 30 minutes
walking duration of 10 duration of 20 30 minutes

minutes minutes
Mobility Stop and start Brief accelerations Quick change of Quick change of
Gait training abruptly during walking direction direction while

engaged in activity
requiring cognitive
attention (e.g.
conversation,
questioning)

Page 22

Frequency and duration: Outpatient 3x/week for approximately 60 minute sessions integrating all domains (goal 36 sessions). Inpatient: 30 minute

sessions daily until discharge with focus on domains to preserve functional mobility (when feasible; typically 0-2 sessions).

Intensity: RPE <12 initially; increasing to 13 (11-15) for endurance; 15-16 for strength. Balance and mobility not to exceed endurance RPE.

Mode: Exercises appropriate to a participant’s performance level in each domain (Table 3) are selected as illustrated in the examples above.

Progression: As performance improves, participants advance to slightly more challenging exercises through structured, small increments.

Performance is assessed during one-on-one training sessions, including standardized re-assessment of functional performance in each domain
(Table 3) conducted every 2 weeks.

*
Performed with support of two hands, support of one hand, or no hand support.
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