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Aims: Heart failure (HF) affects approximately 26 million people worldwide. With an aging
global population, innovative approaches to HF evaluation and management are needed to
cope with the worsening HF epidemic. The aim of the Real-Life Multimarker Monitoring in
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Patients with Heart Failure (REALIsM-HF) study (NCT03507439) is to evaluate a composite in-
strument comprising remote, real-time, activity-monitoring devices combined with daily elec-
tronic patient-reported outcome (ePRO) items in patients who have been hospitalized for HF
and are undergoing standard HF assessment (e.g., 6-min walking distance [6MWD], blood
biomarkers, Kansas City Cardiomyopathy Questionnaire [KCCQ], and echocardiography).
Methods: REALISM-HF is an ongoing, 12-week, observational study enrolling 80-100 patients
aged 245 years with HF with preserved ejection fraction (HFpEF; EF >45%) or reduced EF
(HFrEF; EF <35%). Statistical analyses will include examining the association between data from
wearables (the AVIVO® mobile patient management patch or VitalPatch® biosensor, and the
DynaPort MoveMonitor®), daily ePROs, and conventional HF metrics (e.g., serum/plasma bio-
markers, 6MWD, KCCQ, and echocardiographic parameters). The feasibility of and patient
compliance with at-home devices will be documented, and the data captured for the purpose
of establishing reference values in patients with HFpEF or HFrEF will be summarized. Conclu-
sions: The REALIsM-HF study is to evaluate the longitudinal daily activity profiles of patients
with HF and correlate these with changes in serum/plasma biomarker profiles, symptoms,
quality of life, and cardiac function and morphology to inform the use of wearable activity

monitors for developing novel therapies and managing patients. © 2020 The Author(s)
Published by S. Karger AG, Basel

Heartfailure (HF) is a global problem that continues to increase in prevalence [1]. Patients
with HF have high morbidity and mortality rates, and frequent hospitalization is a major
problem [2]. Historically, HF has been classified as having reduced ejection fraction (HFrEF)
or preserved EF (HFpEF). Importantly, the prevalence of HFpEF, but not HFrEF, increased
significantly from 1987 to 2001 [3].

Although the benefits of pharmacotherapy in HFrEF have been shown in several studies,
there is no clear evidence that angiotensin-converting enzyme inhibitors, mineralocorticoid
receptor antagonists, or $-blockers are effective in the treatment of HFpEF [4-7]. In the
Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist
(TOPCAT) study, spironolactone did not significantly reduce the incidence of cardiovascular
death, aborted cardiac arrest, or hospitalization in patients with HFpEF [5]. In addition, there
are several retrospective analyses that have shown that standard therapies do not work in
this subpopulation [8, 9]. Despite rapid initial stabilization of symptoms following treatment
with diuretics, patients with HF often remain vulnerable to further adverse cardiac events
during the lead-up to hospitalization and also early postdischarge. Consequently, novel
objective markers are needed to supplement or improve our current limited ability to predict
impending adverse outcomes and serve as potential new end points for HFpEF.

Drawing meaningful conclusions from clinical trials relies on the accurate assessment of
changes in clinical parameters. Monitoring of daily activities may be a better, more objective
measure of clinical status in the elderly than a physician’s assessment of New York Heart
Association (NYHA) class; however, current monitoring of patients with HF is restricted to
single point-in-time measurements or limited periods of continuous monitoring during
hospitalization. These measurements may not reflect the cardiovascular (CV) capacity restric-
tions that can occur in daily life, particularly in HFpEF during physical activity; however, tech-
nologies are available that facilitate continuous remote monitoring of activity and CV data
under real-life conditions. Measuring physical activity using accelerometers worn by patients
with HF has been reported previously [10].
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Fig. 1. REALIsM-HF study: a template for future clinical studies. A collaborative experiment paving the way
to integrated health solutions for patients with HF by engaging diverse health care and industry sectors. HF,
heart failure.

In patients with HF, the most consistently reported problems that affect quality of life
(QoL) are limitations to physical activity and mobility [11]. Innovative approaches to
measuring physical activity in relation to the patient’s perception of symptoms could aid the
development of new treatments [12]. Patient-reported outcomes (PROs), which describe the
patient’s experience of living with HF, are generally captured by questionnaires. However,
with certain exceptions (e.g., the Kansas City Cardiomyopathy Questionnaire [KCCQ]), the
questionnaires available for measuring physical activity in HF were not developed according
to the relevant US Food and Drug Administration (FDA) guidelines [13] or specifically for
patients with HFpEF. PROs may complement objective clinical measures of daily physical
activity by providing a subjective assessment of symptom burden (e.g., fatigue or dyspnea on
exertion) experienced by the patient in achieving daily physical activity thresholds, and the
relevance to the patient of changes in physical functioning.

Collecting data from HFpEF-specific PRO questionnaires and physical activity monitoring
and correlating each with conventional end points and biomarkers hold promise for the iden-
tification of potential new end points for future trials, by providing objective data on disease
progression and forewarning of impending adverse events. The Real-Life Multimarker Moni-
toring in Patients with Heart Failure (REALIsM-HF) study described here represents a novel
partnership entailing collaboration across the traditional borders between academia and
diverse industrial disciplines (Fig. 1).

Aims

The aim of the REALIsM-HF (NCT03507439) pilot study is to evaluate a composite
instrument combining remote physical activity monitoring with daily electronic PRO ques-
tionnaires in patients with HFpEF and HFrEF under real-life conditions. The study will also
start building reference data for use in future drug and device development programs as well
as in the clinical management of patients. Although this study is intended primarily for
patients with HFpEF, its HFrEF data will help to generate hypotheses and aid in determining
the feasibility of physical activity monitoring with different devices, both in patients with
HFpEF and those with HFrEF. Associations will be explored between clinically relevant
changes in the data recorded by each device and conventional end points such as the 6-min
walking distance (6MWD), real-life gait analysis, biomarkers, and clinical events, with the
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Table 1. Primary and secondary objectives of the REALIsM-HF study

Primary objective

Measure and quantify daily physical activity in patients with HFpEF and HFrEF under real-life condi-
tions using the AVIVO MPM patch or VitalPatch, and DynaPort MoveMonitor

Secondary objectives

Evaluate the association between data from the AVIVO MPM patch/VitalPatch/DynaPort Move-
Monitor and adverse event/clinical outcome data from during the study period

Assess the baseline level, changes over time and variability in tissue impedance, heart rate, respi-
ratory rate, and EKG-derived parameters, and assess the average person-to-person physiological
variability and within-patient standard deviation

Assess the feasibility of physical activity tracking with the AVIVO MPM patch or VitalPatch, and
DynaPort MoveMonitor in patients with HF

Correlate physical activity data from the AVIVO MPM patch or VitalPatch, and DynaPort MoveMonitor
Evaluate the relationship of physical activity levels, tissue impedance, heart rate, respiratory rate, and
EKG-derived parameters with important measures in HFpEF, such as QoL, PROs, biomarkers, and
clinical outcomes (e.g., endpoints such as hospitalization for HF, cardiovascular death, emergency
visits)

Support the development of HFpEF-specific questions (PROs) for cross-sectional and longitudinal
testing/validating

Determine the variability of device-derived biomarkers between and within patients over time, and
validate the use of suitable biomarkers for clinical use in the context of HF

Explore longitudinal changes in transcutaneous thoracic impedance measurement (by the AVIVO
MPM patch) as a surrogate for fluid status in patients with acute HF and after stabilization

Evaluate hs-copeptin as a potential biomarker in HF (as a surrogate marker for arginine vasopressin)
Correlate blood-based biomarkers of congestion (e.g., NTproBNP /hs-copeptin) with a functional
marker (e.g., impedance; AVIVO MPM patch)

Correlate data collected from the AVIVO MPM patch/VitalPatch and inpatient clinical data collected
during hospital stays (e.g., echocardiography, weight gain/loss, NYHA class, and heart rate)

Explore the relationship between physical activity, 6 MWD, PROs, biomarkers, and adverse events/
clinical outcomes

Investigate the accuracy of patients’ self-reports (PROs and KCCQ) of time spent undertaking physical
activity in real life vs. objective assessment by the AVIVO MPM patch or VitalPatch, and DynaPort
MoveMonitor

6MWD, 6-min walking distance; EKG, electrocardiogram; HF, heart failure; HFpEF, HF with preserved

ejection fraction; HFrEF, HF with reduced ejection fraction; hs-copeptin, high-sensitivity copeptin; KCCQ,
Kansas City Cardiomyopathy Questionnaire; MPM, Mobile Patient Management; NTproBNP, N-terminal
pro-brain natriuretic peptide; NYHA, New York Heart Association; PRO, patient-reported outcome; QoL,
quality of life; REALIsM-HF, Real-Life Multimarker Monitoring in Patients with Heart Failure.

intention of generating evidence for the definition of novel clinical end points that can be used
for both drug registration and the management of patients.

Measuring objective and subjective data by means of device-based activity monitoring

and electronic PROs (ePROs), respectively, will capture all relevant aspects of physical activity
in patients with HFpEF. Given the multiplicity of parameters and wealth of data, the aim is to
develop arobust, precisely predictive instrument that is highly correlated to the physiological
responses in patients with HFpEF by combining data on physical activity, digital, and labo-
ratory biomarkers.

Study Design
The REALIsM-HF study is a nonrandomized, multicenter, 12-week, observational,

prospective patient study.
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Table 2. REALIsM-HF study inclusion and exclusion criteria

Inclusion criteria
Worsening HF requiring hospitalization within the past 72 h for the initiation of intensification of HF therapy with at least 1 of the following:
- BNP 2100 pg/mL or NTproBNP 2400 pg/mL (sinus rhythm) or BNP 2300 pg/mL or
NTproBNP 21,200 pg/mL (atrial fibrillation)
- radiographic evidence of pulmonary congestion
- catheterization-documented elevated filling pressures at rest or with exercise

For HFrEF only:
- EF <35% during the 3 months before study inclusion

For HFpEF only:
- EF 245% during the 3 months before study inclusion
- a willingness and ability to wear the AVIVO MPM patch or VitalPatch, and DynaPort MoveMonitor during the trial

Exclusion criteria

- Inability to comply with planned study requirements

- Hemoglobin <10.0 g/dL

- Acute coronary syndrome or PCI during the 3 months of informed consent

- Listing for heart transplantation and/or anticipated implantation of a ventricular assist device

- Inability to exercise or dependence on supplemental oxygen

- Known clinically significant persistent coronary ischemia

- A major cardiovascular event or surgical procedure during the 3 months before informed consent
- PCI, CABG, or implantation of a CRTD planned between randomization and visit 4

- Presence of implantable devices with active minute ventilation sensors

- Severe uncorrected valvular heart disease or known clinically relevant ventricular arrhythmias

- Severe pulmonary disease

- Heavy alcohol consumption or the use of illicit drugs

- Regular (more than once per week) participation in swimming or water aerobics

- Active myocarditis, primary hypertrophic cardiomyopathy, or constrictive pericarditis or pericardial tamponade

BNP, brain natriuretic peptide; CABG, coronary artery bypass graft; CRTD, cardiac resynchronization therapy implantable
cardioverter defibrillator; EF, ejection fraction; HF, heart failure; HFpEF, HF with preserved EF; HFrEF, HF with reduced EF; MPM,
Mobile Patient Management; NTproBNP, N-terminal pro-brain natriuretic peptide; PCI, percutaneous coronary intervention;
REALIsM-HF, Real-Life Multimarker Monitoring in Patients with Heart Failure.

The primary objective of the REALIsM-HF study is to measure and quantify daily physical
activity in patients with HFpEF and HFrEF following hospitalization for HF under real-life
conditions using 3 wearable monitoring devices. The secondary objectives are to: correlate
biometric monitoring data with established measures of safety, clinical outcomes, and inpa-
tient data obtained during hospitalization and possible rehospitalization; compare and
correlate data obtained from the 3 monitoring devices; support the development of HFpEF-
specific PROs and investigate their accuracy by comparison with objective physical activity
data; and evaluate a meaningful change in physical activity in an HFpEF patient population.
Table 1 presents a complete list of the study objectives.

Study Population

Male or female patients aged >45 years with an established diagnosis of HF with NYHA
class II-1V symptoms and hospitalized owing to worsening symptoms will be recruited in
Europe and the USA. Table 2 describes inclusion and exclusion criteria. A total of 80-100
patients, 60-70 with HFpEF (EF >245%) and 20-30 with HFrEF (EF <35%), are required to
complete all elements of the study. Recruitment is based on similar studies assessing physical
activity and the expected variability in measurements taken under unstandardized condi-
tions [14].
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Fig. 2. REALIsM-HF study: study design. 6MWD, 6-min walking distance; EKG, electrocardiogram; ePRO,
electronic patient-reported outcome; FU, follow-up visit; HF, heart failure; HFH, heart failure hospitalization;
KCCQ, Kansas City Cardiomyopathy Questionnaire; MPM, Mobile Patient Management; REALIsM-HF, Real-
Life Multimarker Monitoring in Patients with Heart Failure.

Study Procedures

Table 3 presents a summary of study procedures. Within 72 h of hospitalization, patients
will be asked if they wish to participate in the study. All enrolled patients will receive the
AVIVO® mobile patient management (MPM) patch (Medtronic, Minneapolis, MN, USA) or
VitalPatch® biosensor (VitalConnect, San José, CA, USA), and the DynaPort MoveMonitor®
(McRoberts BV, The Hague, The Netherlands), and training in their use will be provided (note:
the AVIVO MPM patch became commercially unavailable after supplying approximately 10
patients, and the VitalPatch was selected as a suitable replacement). All devices are approved
for use in the EU (CE-marked) and in the USA (FDA-approved). Selection of the devices was
based on a systematic landscape analysis of available devices. Selection criteria included the
approval of devices, the number of vital signs that they monitor, and the quality of data that
they generate [15]. Data are collected continuously by each device and periodically trans-
mitted to dedicated servers for analysis. The AVIVO MPM patch monitoring system will be
worn for 5 separate 7-day monitoring periods (5 patches/patient in total). As an alternative
to the AVIVO MPM patch, the VitalPatch biosensor will be worn for 5 separate 5-day moni-
toring periods (5 patches/patientin total). The AVIVO MPM patch and VitalPatch are wireless,
peel-and-stick patient-monitoring devices designed to have a minimal impact on the patient’s
daily life. The AVIVO MPM patch continuously measures and records physiological data,
including electrocardiogram (EKG) and EKG-derived parameters (e.g., heart rate, heart rate
variability, atrial fibrillation burden, and arrhythmias), respiratory rate, fluid status via local
transcutaneous thoracic impedance, physical activity (duration and intensity), and posture.
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Table 3. Overview of study procedures and variables in the REALIsM-HF study

Study period

Hospitalization phase

Outpatient phase

Safety FU call

Visit No.

Screening?

1

2

3

4 5

Visit type

on site

on site

on site

on site telephone

screening
assessment

at hospital
discharge

Week after discharge

11

12

Day and allowed deviations

92 62 23%2

77%2

84+2 6 months *
4 weeks

Signed informed consent form

Inclusion/exclusion criteria

KCCQ

Daily ePROP

>-1st-<

>-2nd-<

Weekly ePRO

Demographic data

Medical and surgical history

Physical examination

Height

Weight

12-lead EKG

NYHA class

Blood pressure and heart rate

Adverse events

Concomitant medication

NIENEN RN EN N EN RN NN

NIENIENIEN

Echocardiography

NIEN ENENENENEN

NIENIEN RN IENIENIEN

6MWD

v

DynaPort MoveMonitor (for 7 days)©

>start <end

>-1st-<

>-2nd-<

AVIVO MPM patch (for 7 days) or Vital-
Patch (for 5 days)© >start <end

>-1st-<

>-3rd-< >-4th-<

>-5th-<

Blood sample for biomarkers?

v

v

v

v

6MWD, 6-min walking distance; EKG, electrocardiogram; ePRO, electronic patient-reported outcome; FU, follow-up; Gal-3, galectin-3; GDF15,
growth/differentiation factor 15; hs-copeptin, high-sensitivity copeptin; hsTnT, high-sensitivity troponin T; IGFBP7, insulin-like growth factor-binding
protein 7; KCCQ, Kansas City Cardiomyopathy Questionnaire; MPM, Mobile Patient Management; NTproBNP, N-terminal pro-brain natriuretic peptide;
NYHA, New York Heart Association; REALIsM-HF, Real-Life Multimarker Monitoring in Patients with Heart Failure; sST2, soluble suppression of

tumorigenicity 2.

2 Within 72 h of hospitalization.

b ePRO is completed daily/weekly during the AVIVO MPM patch or VitalPatch, and DynaPort MoveMonitor in the parallel monitoring period.

¢DynaPort MoveMonitor monitoring periods: week 2 after hospital discharge (days 7-14) and weeks 11-12 (days 77-84). AVIVO patch monitoring
periods: <7 days during the hospital stay, week 1 after hospital discharge (days 0-7), during weeks 2 and 3 (days 7-14, days 17-24), and weeks 11-12
(days 77-84). VitalPatch monitoring periods: <5 days during the hospital stay, week 1 after hospital discharge (days 0-5), during weeks 2 and 3 (days
7-12, days 17-22), and weeks 11-12 (days 77-82).

d Central laboratory assessments: NTproBNP, hs-copeptin, hsTnT; optional: GDF15, IGFBP7, sST2, Gal-3.
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The VitalPatch continuously measures and stores EKG and EKG-derived parameters, respi-
ration rate, skin temperature activity, posture, and activity. The DynaPort MoveMonitor will
be worn on the lower back for 2 separate 7-day periods, in parallel with the AVIVO MPM patch
or VitalPatch (Fig. 2), to monitor various parameters, including the distribution of different
types of physical activity (lying, sitting, standing, walking, shuffling, stair walking, and cycling).
Additional parameters obtained from the DynaPort MoveMonitor include energy expen-
diture (light, moderate, and vigorous activity) and sleep movements. A minimum of 5 days of
observation is required to obtain reproducible results in all categories [16].

QoL Assessments/PROs

The KCCQ is a validated and widely used patient-reported HF health status measure
comprising a 23-item questionnaire that independently measures the impact on the patient
of HF and its treatment in 7 distinct domains [17]. The KCCQ will be performed at hospital
discharge, and at weeks 2 and 12; at each time point, the overall summary score will be docu-
mented together with the domain scores, with a focus on the physical limitation, social limi-
tation, and symptom domains (frequency and burden).

Study participants will be asked to record their symptoms and physical activity by completing
a daily ePRO diary (after 18:00) during each period of physical activity monitoring (Table 3;
weeks 1-2 and weeks 11-12). Questions in the daily ePRO diary relate to 3 areas: the amount
and type of physical activity undertaken in the previous 24 h (e.g., walking inside and outside the
home, housework, and climbing stairs), the severity of key HF symptoms (e.g., fatigue, dyspnea,
and peripheral edema), and overall perceptions of the amount of activity and symptoms severity.
After 7 days of capturing daily ePROs, patients will complete a weekly questionnaire to record
their perception of change in both HF symptoms and physical activity since being discharged
from hospital. The relationship between the movement data from the activity monitors and
scores on the diary items will be examined. The diary data will be used when estimating a
threshold for meaningful within-patient change on the activity monitor end points.

Data Collection

Responses to KCCQ and exploratory daily ePRO diary questions will be collected elec-
tronically via a tablet computer (Huawei MediaPad M5, Shenzhen, China) to facilitate regular,
accurate patient assessment of daily symptoms and their impact on physical activity, and to
minimize recall bias; data will be transferred to the SAP Health for Patient Engagement
(SHPE) cloud storage (SAP AG, Walldorf, Germany). The application hosting the question-
naires (sovanta AG, Heidelberg, Germany) was developed and tested by taking into consider-
ation the age of the target patient population and their potential lack of experience with
mobile devices (e.g., clear and intuitive instructions, use of a large font). The MediaPads will
be preconfigured to disable application installations and will be secured by a patient-specific
personal identification number. During enrollment, each patient will receive a MediaPad that
is QR-code-linked to a unique patient identification (“Subject ID”) on the SHPE cloud storage.
The MediaPad will be Wi-Fiand Long-Term Evolution (a 4G mobile communications standard)
enabled in order to allow continuous connection to the SHPE cloud service package, thereby
allowing reminders and encouragement to complete the questionnaire and data upload;
compliance will be assessed via the SHPE. Domain-specific and total KCCQ scores will be
computed in the SHPE for each KCCQ assessment before being sent to the data-integration
platform for dedicated analysis (see below).

Although there are no specific procedures in place to ensure longitudinal compliance,
some countries (e.g., Germany and the USA) operate a renumeration system for investigation
site visits, where travel and subsidence costs are met up to a predefined value. In other coun-
tries (e.g., Italy), compensation is prohibited by law.
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Fig. 3. SAP Medical Research Insights. Screenshot of the SAP Medical Research Insights dashboard displaying
example data from a single patient (digital biomarkers from wearables, molecular biomarkers from central
laboratory, remotely captured ePRO, and clinical site-measured 6MWD). Orange horizontal bars show con-
tinuous or high-frequency measurements, purple circles show point-in-time measurements, gray lines and
circles display measurement changes over time. The mouse-flyover box shows detailed data at a single time
point and the dashboard can be tailored to display different study parameters. 6MWD, 6-min walking dis-
tance; ECG, electrocardiography; ePRO, electronic patient-reported outcome; HR, heart rate; KCCQ, Kansas
City Cardiomyopathy Questionnaire; MM, MoveMonitor; MPM, Mobile Patient Management; NTproBNP, N-
terminal pro-brain natriuretic peptide.

Data collection and analysis will also encompass health care utilization costs, including,
for example, cardiac rehabilitation; however, because such data reflect the real-life behavior
of patients in the study, they are not intended to inform the study outcomes.

Following the data analysis at the end of this observational study, results will be
distributed to the individual investigation sites.

Data-Integration Platform

In the REALIsM-HF study, data processing is provided by the SAP Connected Health
Platform (CHP). Activity scores from devices, ePROs, computed scores, and other clinical
measurements collected during the study are securely transferred to the CHP on a
scheduled basis, and are then consolidated and checked for corrupt or inaccurate data. The
Subject ID is used to link all data points across the data sources; no identifiable infor-
mation is stored.

The CHP also offers a default analytical application allowing investigators to visualize,
interpret, and draw conclusions from the datasets, and perform further near-real-time statis-
tical analyses if necessary (Fig. 3).
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6MWD Test

A 6MWD test will be performed at week 1 and at weeks 11-12 (Fig. 2). Although the
6MWD test is sometimes used in clinical practice and as an end point in clinical trials and is
also the basis of function-based prognostic assessments [18], inconsistencies when adminis-
tering it may inadvertently diminish the reliability of the results [19]. In the REALIsM-HF
study, the 6MWD test will be performed in accordance with American Thoracic Society guide-
lines [20].

Laboratory Parameters

In addition to assessing clinical variables, HF status will be characterized at baseline
and longitudinally by monitoring serum/plasma biomarkers including high-sensitivity
troponin T, galectin-3, growth differentiation factor, soluble suppression of tumorige-
nicity 2, N-terminal pro-brain natriuretic peptide (NTproBNP), high-sensitivity copeptin,
and insulin growth factor-binding protein 7 (online suppl. Table 1; for all online suppl.
material, see www.karger.com/doi/10.1159/000507696) [21-38]. Measuring biomarker
combinations representing different pathways provides incremental values for risk strat-
ification, and the data generated are expected to act as a reference for future studies.
Conversely, established biomarkers, such as NTproBNP, may serve as a reference when
evaluating data from the AVIVO MPM patch, VitalPatch, and DynaPort MoveMonitor.
Biomarkers will be investigated during the hospital stay and at weeks 1 and 12 after
discharge (visits 2 and 4, respectively).

Adverse Events

All adverse events will be recorded. An adverse event is any untoward medical occur-
rence, and will be categorized according to its seriousness (resulting in death, is life-threat-
ening, requiring hospitalization or prolongation of hospitalization, or resulting in significant
disability or incapacity) and intensity, i.e., mild (transient; minimal intervention), moderate
(alleviated with additional specificintervention), or severe (requiring intensive intervention),
and causal relationship to the device(s).

Statistical Analyses

REALIsM-HF is an observational pilot study with multiple objectives, that aims to
generate rather than test predefined hypotheses. According to the study objectives, statis-
tical analyses will be descriptive and exploratory in nature. Owing to the multiplicity of
parameters being assessed and the repetition of measures over time, it is expected that a
high volume of data will be generated for each patient; the number of days of assessment
and the total population size are based on simulations performed using a preliminary data
set, and have been set to accommodate the study objectives. Statistical methods will include
the use of descriptive statistics for summarizing continuous and categorical variables
(absolute value and change from baseline per analysis time point, as applicable, and absolute
and relative frequencies). Univariate models (e.g., mixed effects) will be used for the
assessment of the variability and association of parameters with events (including, but not
limited to EF as a stratification factor), multivariate regression models and dimension
reduction techniques will be used for the assessment of the correlation between variables
from different sources, and clustering techniques will be used to identify subgroups of
patients with similar characteristics.
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REALIsM-HF was conceived with innovation as a central pillar of the study design. This
approach, while still relatively underused, has been promoted by representatives such as the
outgoing FDA Commissioner as the model that should be considered when designing future
clinical trials [39].

New approaches are needed to improve signs, symptoms, and functional capacity in
patients with HF and reduce mortality and rehospitalization, especially for those with HFpEF.
The aim of the REALIsM-HF study is to collect continuous functional, self-reported symptoms,
and QoL and laboratory test data in a diverse population of patients with HF, and then define
the challenges and test the feasibility of this approach under real-life conditions. Furthermore,
given that most patients with HF are elderly, such instruments may help us to understand and
evaluate the overlap between the symptoms of HF and frailty (e.g., fatigue, weakness, cachexia,
and depression).

The observational study design deployed for REALIsM-HF is suitable for the collection of
real-life physical activity data because no treatment is being evaluated, and the statistical
analyses are exploratory. Physical activity data are monitored and measured objectively and
are unlikely to be subject to investigator- or patient-induced bias [16]. The high density of
data generated by continuous data capture, combined with careful consideration of the trial
design and patient inclusion criteria, may allow for a smaller patient population than with
conventional trials in which only point-in-time measurements can be performed [40].

Participant selection criteria includes those with HFpEF (EF >45%) and HFrEF (EF
<35%). HF with midrange EF (HFmrEF; EF 40-49%) has been recognized [41]; it includes
the >45% threshold used for HFpEF in this study. The term HFmrEF is relatively new and is
not yet well established compared with HFrEF and HFpEF. Indeed, some publications use the
term mEF for patients with missing (unknown) EF, so there is potential for the term HFmrEF
to be misinterpreted. Current guidelines assume that identifying patients with HFmrEF as a
separate group will stimulate research into the underlying characteristics, pathophysiology,
and treatment of this group, even though it represents a gray area between HFrEF and HFpEF.
By choosing a cut-off value of 45% for the HFpEF group in REALIsM-HF, there is a high prob-
ability of including only patients with true HFpEF (who might also have subtle abnormalities
of systolic function) and not those with HFrEF (which is typically defined as EF <40%).
Notably, patients with a consistently high EF of 40-55% do not show a statistically significant
difference in major outcomes (death, left ventricular assistant device implantation, or trans-
plantation) when compared with patients with HFpEF with an EF >55% [42].

Moreover, inclusion of the hospitalization and outpatient phases will facilitate the longi-
tudinal evaluation of changes in daily activity in patients with HF and allow for tracking of
rehospitalization rates, a metric that is increasingly used as an outcome measure in clinical
trials; up to 30% of patients with HF are readmitted within 60-90 days of discharge [43].
Continuous remote monitoring of patients under real-life conditions is becoming recognized
as a valuable tool for developing new therapeutic agents. Multisensor monitors have been
used previously to develop an HF decompensation prediction algorithm in patients with HF,
and to monitor changes in fluid status in patients with chronic kidney disease [44]. With a
similar goal to that of the REALIsM-HF study, the PROactive consortium has successfully used
a combination of disease-specific PRO and activity-monitoring data to assess physical activity
in patients with chronic obstructive pulmonary disease (COPD), resulting in its acceptance by
the European Medicines Agency as a metric in the development of future COPD therapies [15].
In addition, the aim of the ongoing European Commission-funded Innovative Medicines
Initiative “Linking digital assessment of mobility to clinical endpoints to support regulatory
acceptance and clinical practice” is to demonstrate that digital detection of low mobility can
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predict clinically relevant outcomes in chronically ill or frail populations [45]. Our ability to
collect and manipulate high volumes of data heralds a new era in the remote monitoring of
at-risk patients. Devices such as the AVIVO MPM patch, VitalPatch, and DynaPort Move-
Monitor are discreet and unobtrusive, and they provide a wealth of data with a minimal
impact on the patient. The large volumes of data generated by such devices and ePROs can be
collectedand analyzed viaintegrated, applied information technology solutions. The perceived
future benefits for patients and practitioners include the real-time monitoring of important
CV parameters, treatment adjustments to meet ongoing needs, and understanding patient
compliance with treatment recommendations.

This pilot study comprises a patient population with diverse disease characteristics, ages,
baseline activity levels, cognitive status, and compliance with completion of the ePRO. The
investigations will therefore help to build a set of real-world reference data based on differing
behaviors and potentially diverse result patterns across the disease spectrum, that can then
be used to help tailor future interventional trials, e.g., through appropriate sample size calcu-
lations or improved logistics. These data will therefore be used to inform more effective drug
development and personalized treatment options in a population of patients with great
medical need, particularly those with HFpEF.

In summary, it is anticipated that the REALIsM-HF study will aid the identification of
potential new end points for future HF trials, especially for HFpEF, by exploring the complex
relationships between clinically relevant changes in physical activity data from remote moni-
toring devices, information from PROs, and correlations/associations with conventional end
points and biomarkers. The aim is to provide a comprehensive understanding of the clinical
utility of wearable devices and how these can be used in conjunction with ePRO question-
naires to capture all aspects of physical activity in a heterogenous population of patients with
HFpEF.

Studies such as REALIsM-HF may foster future collaborations between multiple stake-
holders to develop new health care approaches. It is hoped that such patient-centered collab-
orations will help to improve well-being, day-to-day functioning, and QoL as well as reduce
morbidity and mortality in this vulnerable patient population.
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