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Abstract

Aims Heart failure (HF) is a chronic disease affecting 64 million people worldwide and places a severe burden on society be-
cause of its mortality, numerous re-hospitalizations and associated costs. HeartLogic" is an algorithm programmed into im-
planted devices incorporating several biometric parameters which aims to predict HF episodes. It provides an index which
can be monitored remotely, allowing pre-emptive treatment of congestion to prevent acute decompensation. We aim to as-
sess the impact and security of pre-emptive HF management, guided by the HeartLogic" index.

Methods and results The Heartlogic® France Cohort Study is an investigator-initiated, prospective, multi-centre,
non-randomized study. Three hundred ten patients with a history of HF (left ventricular ejection fraction <40%; or at least
one episode of clinical HF with elevated NT-proBNP >450 ng/L) and implanted with a cardioverter defibrillator enabling
HeartLogic " index calculation will be included across 10 French centres. The HeartLogic' index will be monitored remotely
for 12 months and in the event of a HeartLogic" index >16, the local investigator will contact the patient for assessment
and adjust HF treatment as necessary. The primary endpoint is unscheduled hospitalization for HF. Secondary endpoints
are all-cause mortality, cardiovascular death, HF-related death, unscheduled hospitalizations for ventricular or atrial arrhyth-
mia and HeartLogic™ index evolution over time. Blood samples will be collected for biobanking, and quality of life will be
assessed. Finally, the safety of a HeartLogic" -triggered strategy for initiating or increasing diuretic therapy will be assessed.
A blind and independent committee will adjudicate the events.

Conclusions The Heartlogic" France Cohort Study will provide robust real-world data in a cohort of HF patients managed
with the HeartLogic" algorithm allowing pre-emptive treatment of heart failure exacerbations.
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Introduction readmission rate, which is estimated to be 25% within the first
30 days after diagnosis,® accounts for 1 to 2% of all hospitaliza-
Heart failure (HF) affects >50 million people worldwide and is  tions and is the major economic burden related to HF.*
associated with significant morbidity* and a mortality in excess Remote monitoring of patients with HF is a promising
of 40% 5 years after diagnosis.> HF is associated with a high  development which may enable treatment of subclinical HF
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decompensation to prevent overt clinical deterioration and
rehospitalization. HeartlLogic" is an algorithm currently only
available on Boston Scientific implantable cardioverter defi-
brillators designed to predict acute episodes of HF in advance
which can be monitored remotely. It uses various biometric
data (nocturnal heart rate, S1 and S3 heart sounds, respira-
tory rate, relative tidal volume, activity level and chest im-
pedance) to compute an index. In the event of a rise in
HeartLogic" index, ambulatory therapeutic adjustments can
be implemented, potentially avoiding an unscheduled hospi-
talization for HF. Initial experience with this algorithm has
been evaluated in the Multisense study, which found that
HeartLogic " index >16 predicted acute episodes of HF an av-
erage of 34 days in advance with sensitivity of 70% and spec-
ificity of 85.7%.> Other studies have assessed the HeartLogic™
algorithm, but were carried out without the goal of
pre-emptive therapeutic adjustment to reduce HF events in
case of a HeartLogic™ alert.®™

The aim of the HeartLogic" France Cohort Study is to provide
real-world data on the impact and security of pre-emptive HF
management, guided by the HeartlLogic" index.

Study design
Design
The Heartlogic® France Cohort Study is a prospective

single-arm observational study with the main goal of assessing
the annual rate of unscheduled hospitalizations for HF in a

cohort of patients with HF, managed with the HeartLogic" algo-
rithm. The study design is represented in Figure 1. The study
was approved by the Medical Ethics Committee ‘Centre de Pro-
tection des Personnes Sud Mediterranée IV’ under the registra-
tion ID CRB 20202-A01835-34. The study is conducted in accor-
dance with the Declaration of Helsinki and registered at
ClinicalTrials.gov with ID NCT04619888.

Inclusion criteria

1 Patients aged >18 years old;

2 Patients implanted with a cardiac defibrillator, with or
without resynchronization, utilizing the HeartLogic"
algorithm (Resonate device family, Boston Scientific);

3 History of HF (left ventricular ejection fraction <40%; or at
least one episode of clinical HF with NT-pro brain natri-

uretic peptide (NT-proBNP) blood concentration
>450 ng/L);
4 Patient without guardianship, conservatorship, or

subordination;

5 Patients who benefit from a public health insurance or
who benefit from it through a third party;

6 Patients having signed their free and informed consent.

Exclusion criteria

1 Patients with a concomitant HF device other than cardiac
resynchronization, such as a ventricular assist device or
cardiac contractility modulation device;

2 Planned heart transplant, or patients with a heart
transplant;

Figure 1 Design of the study. Clinical follow-up will be scheduled every 3 months to collect clinical events. Remote HeartLogic™ index follow-up is alert-

based.
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Glomerular filtration rate <30 mL/min/m? or dialysis;
Life expectancy <6 months;

Remote monitoring of HeartLogic™ not possible;
Non-compliance with HF medications;

Patient with a mechanical heart valve;

Pregnant or lactating women, women of childbearing age
without effective contraception;

9 Patients with reinforced protection, namely: minors, per-
sons deprived of their liberty by a judicial or administrative
decision, persons staying in a health or social institution,
adults under legal protection.

o NO UL AW

Study protocol

At inclusion

Patients will be enrolled in the HeartLogic~ France Cohort
Study during Visit 1 within the month following cardioverter
defibrillator implantation. Demographic data, medical history
such as cardiac aetiology, type of defibrillator implanted (sin-
gle-, dual-chamber, and resynchronization) and drug treat-
ment will be collected. Baseline investigations will consist of
an electrocardiogram, and echocardiogram to assess left ven-
tricular ejection fraction and dimensions, atrial volume, and
diastolic function. New York Heart Association (NYHA) class
will be assessed. Baseline blood results will be collected, in-
cluding haemoglobin, creatinine, and NT-proBNP levels. In
addition, a biobank, consisting in a collection of 21 mL of
blood samples will be carried out and will be made available

for further assays. Finally, the Kansas City Cardiomyopathy
Questionnaire will be administered to participants.*°

Clinical follow-up

After inclusion, patients will be followed at 3, 6, 9, and
12 months for visits 2, 3, 4, and 5 respectively (Figure I: Clin-
ical Follow-Up). Unscheduled hospitalization for HF, atrial and
ventricular arrhythmia as well as medication history will be
collected at each \visit. In addition to clinical data,
NT-proBNP level will be assessed at visits 3 and 5, and left
ventricular ejection fraction will be collected at visit 5. Visits
2 and 4 can be done remotely. The study will conclude at visit
5 after 12 months of follow-up.

Remote follow-up
For each patient, the HeartLogic index will be monitored re-
motely on the Latitude platform. According to previous
guidelines and previous publication, the follow up strategy
will be alert-based (Figure 1: Remote HeartlLogic™ Follow-
Up)_s,ll

An agreed uniform protocol has been established to avoid
heterogeneous management of Heartlogic  alerts across
centres and to foster pre-emptive treatment of congestion
(Figure 2). Briefly, in case of index value >16, the investigator
will contact the patient to assess the patient’s clinical status
within 1 week. A clinical evaluation will be undertaken,
assessing dyspnoea, peripheral oedema, fatigue and
orthopnoea. Moreover, a cause for false alert, such as an ac-
tive infection, will be sought. If this not the case, a trigger for
HF deterioration, such as arrhythmia or a chest pain evoking

Figure 2 Management of a HeartLogic" Alert. In case of HeartLogic" > 16, the patient will be contacted, and false positive alerts will be evaluated and
discarded. In the absence of false alert, an increase of diuretic dosage is recommended for 3 to 5 days.
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a coronary syndrome will be ruled out. If there is no obvious
reason for a false alert, diuretics will be increased by 50% to
100% during 3 to 5 days, even in asymptomatic patients.
Re-evaluation of clinical status, the HeartLogic™ index and re-
nal function is recommended after 3 to 5 days of diuretic in-
crease. In case of alert, the reason for non-modification or
the details of the treatment adjustment will be collected.

Study endpoints

Primary endpoint

The primary endpoint is the occurrence of an unscheduled
hospitalization for >1 day due to HF decompensation, de-
fined by the presence of HF signs or symptoms with evidence
of HF on diagnostic evaluation on at least one test (elevated
natriuretic peptides, radiological, or echocardiographic evi-
dence) requiring an increase in diuretic treatment, whether
intravenous or oral.'? Scheduled hospitalization for routine
follow-up, pre-transplant assessment, or iron injection is
not considered as an unscheduled hospitalization.

Secondary endpoints
The secondary endpoints are

e All causes of death;

e Death from cardiovascular causes defined as sudden unex-
pected death, HF-related death, myocardial infarction-
related death, and other cardiovascular deaths (including
pulmonary embolism, peripheral thromboembolism,
stroke, deaths related to a vascular procedure, or major
cardiovascular event not otherwise specified). Sudden
unexpected death includes observed arrhythmic deaths
and sudden deaths not attributable to acute myocardial
infarction or any other identifiable cause;

e Death from HF, defined as patients with intractable HF,
even if the terminal event was arrhythmia;

e Unplanned hospitalizations for ventricular arrhythmia
(treated or not by the implantable cardiac defibrillator);

e Unplanned hospitalizations for atrial arrhythmia;

e Number of days of hospitalization for HF, ventricular or
atrial arrhythmia;

e Patient quality of life using the Kansas City Cardiomyopa-
thy Questionnaire;

e Weekly-averaged Heartlogic' index over a 12-month
period.

e Safety endpoint combining a creatinine level increase
>30%, a potassium level change >30%, a sodium level de-
crease >30% between the HeartLogic™ alert and the end of
the diuretic treatment, or the occurrence of symptomatic
hypotension related to the diuretic treatment initiation
or increase.

The primary endpoint and the secondary endpoints (death-

and hospitalization -related) will be collected at least once ev-

ery 3 months by consulting the patient’s hospital medical re-

cord, or by telephone contact with the patient or their
attending physician. Weekly averaged HeartlLogic™ index will
be collected once a week by the team in charge of the
HeartLogic" remote follow-up.

Quality of life

To describe quality of life impairment, the longer version (23
items) of The Kansas City Cardiomyopathy Questionnaire will
be administered at baseline and at the end of follow-up.
Scores are represented on a 0-to-100-point scale where
lower scores represent more severe symptoms and/or limita-
tions and scores of 100 indicate no symptoms, no limitations,
and excellent quality of life. Changes of 5, 10, and 15 points
are considered as small, moderate, and large clinical
changes.*®

Data management and study organization

Outcomes will be adjudicated in a blinded fashion according
to pre-specified definitions by two independent cardiologists
who are members of the clinical events committee. Relevant
information will be collected and supporting documentation
will be sent to the two clinical events committee members.
The supporting documentation will consist of copies of case
record forms, autopsy reports, death certificates, hospital
notes, electrocardiogram recordings and device electrogram
tracings. If the two clinical events committee members dis-
agree about the mode of death, they will be requested to ob-
tain final agreement.

Data management and statistical analyses will be per-
formed by the research data coordinating centre at the Uni-
versity hospital of Poitiers, Poitiers, France.

The HeartLogic" France Cohort Study included the first pa-
tient on March 15th, 2021, and the enrollment phase has
been terminated in July 2023. As of now, 10 centres, com-
posed of University hospitals (n = 7), tertiary centres
(n = 1), and private clinics (n = 2), are participating.

Statistical considerations

From the Paradigm and Castle-AF study, we can assume an in-
cidence of rehospitalization for HF of 10% for 1 year of fol-
low-up.*®** With absolute precision of 3.5% and first order
risk of 5%, inclusion of 282 patients is required to provide suf-
ficient statistical power for the study. Considering a 10% loss
of follow-up, we planned to include a total of 310 patients.
For the probability of first unscheduled rehospitalization
for HF and first unscheduled rehospitalization for ventricu-
lar/atrial arrhythmia, cumulative incidence curves will be con-
structed. The 1-year probabilities of first rehospitalization for
HF, first rehospitalization for atrial arrhythmia and first rehos-
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pitalization for ventricular arrhythmia will be expressed as
annual incidence and 95% confidence interval.

One-year all-cause, cardiovascular, and HF-related mortal-
ity rates will be expressed as a percentage. All causes of
death, cardiovascular, and HF-related death will be assessed
using Kaplan—Meier survival curves. Prespecified subgroup
analyses on outcomes will include (1) Reduced ejection frac-
tion HF versus preserved ejection fraction HF. (2)
Resynchronization therapy versus non-resynchronization
therapy. (3) Permanent atrial fibrillation  versus
non-permanent atrial fibrillation or no atrial fibrillation. (4)
Males versus females. (5) Age >75 versus age <75 years. Sub-
groups will be compared wusing chi-square test for
re-hospitalization for HF, ventricular and atrial arrhythmias
and using the log-rank test for all-cause of death and
cardiovascular death. To test the effect of the HeartLogic " al-

gorithm implementation on quality of life, groups with The
Kansas City Cardiomyopathy Questionnaire score change
<5, 5 to 9 and >10 will be compared using chi-square test.

All patients included in the study will be included in the
data analysis if they have not withdrawn consent. No interim
analysis is planned. Missing data will be described but no im-
putation will be performed.

Discussion

This study presents a unique opportunity to assess the
Heartlogic™ algorithm with pre-emptive treatment of
congestion in a real-world and contemporary HF cohort, in
patients with reduced and preserved ejection fraction.

Figure 3 HeartLogic  Remote Monitoring. Biometric data are collected by the device (1) and transmitted to the Cloud to compute the HeartLogic "
index (2). The HeartLogic™ index is monitored by local teams (3) and in case of a true alert, the patient is contacted and treatment initiated, even
in absence of symptoms (4). The patient will then be followed-up remotely using the HeartLogic " index.
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Data from the Paradigm Heart Failure group demonstrated
a rehospitalization rate for HF between 7% and 15% and car-
diovascular mortality rate between 6 and 7% at 1 year.*® The
HeartLogic~ France Cohort Study project will assess those
outcomes from real world usage in patients treated with con-
temporaneous guideline-directed pharmacological therapy
including sodium glucose co-transporter 2 inhibitors and an-
giotensin receptor-neprilysin inhibitors.*®

HF-related hospitalizations are mainly caused by increasing
signs and symptoms of congestion.*® Even though congestion
often develops over an extended period of time before acute
presentation, in the absence of symptoms at time of
HeartLogic  alert some physicians may not alter the patients
management. Indeed, till now, diuretics are indicated in pa-
tients with signs and/or symptoms of congestion and their
use can be associated with worsening renal function and
electrolyte disturbances.® We propose an algorithm (Figure 2)
for HeartlLogic™ alert management, which aims to be practi-
cal, and allows uniform management of patients across
centres. This study is the first to implement a standardized
protocol for diuretic therapy’s modifications in response to
HeartLogic" alerts. Indeed, in previous studies the diuretic
dosing and timing of the intervention in patients with device
alerts was not performed in a predetermined manner but
only according to each centre clinical practice.’”™*°

The implementation of an algorithm intended to avoid
HF-related hospitalization based on pre-emptive increase of
diuretics is novel, and if its usefulness is confirmed, may
change current paradigm in HF management. The concept
of Near-Term Prevention, that emerged a few years ago,°
is now becoming increasingly important in the field of sudden
cardiac death management with the exponential use of con-
nected devices collecting biometric data and the use of artifi-

cial intelligence.?>**> The general functioning of HeartlLogic
remote monitoring is summarized in Figure 3. Implementing
pre-emptive treatment of HF-based short-term prediction of
events is not yet advocated in current international
guidelines, even though it may significantly improve the prog-
nosis of patients with HF and lead to high-quality outpatient
care (Figure 4). In addition, reducing the hospitalization rate
will significantly reduce the economic burden on secondary
care.

Several limitations might be discussed. Firstly, alerts can
lead to a significant workload for the remote monitoring
team. Capucci et al. found a HeartLogic™ alert rate of 0.99
alerts/patient per year.® Nevertheless, the economic impact
of this increase in workload may be offset if the HeartLogic"
based strategy allows significant reductions in the number of
hospitalizations and improves patient’s prognosis. Patients
with glomerular filtration rate <30 mL/min/m? or dialysis
were excluded from the study because thoracic impedance
and repiratory rate may render the HeartlLogic" index inaccu-
rate due to chronic fluid overload in those patients. Similarly,
patients with mechanical valves were excluded because me-
chanical S3 heart sounds may also mislead the HeartlLogic "
algorithm.®*° Moreover, only arrhythmia triggering hospitali-
zations will be collected to avoid an important burden of non-
specific episodes and to catch only those that are significant.
Finally, the design of this study did not comprise a control
group without HeartLogic” management, and as such, the
ascertainment of HF-related hospitalization reduction due
to HeartLogic" implementation will not be possible. Further
research, using a randomized controlled trial, need to investi-
gate whether such pre-emptive HF management, guided by
the HeartLogic” index can reduce heart-failure related
hospitalization.

Figure 4 Central figure. Potential benefits of pre-emptive treatment of congestion.
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Conclusions

HeartLogic" algorithm offers the possibility to implement
pre-emptive treatment of congestion in HF treatment strat-
egy. The Heartlogic  France Cohort Study is a prospective
multi-centre, study aiming at assessing the impact and
safety of pre-emptive HF management, guided by the
HeartLogic " index.
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