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ABSTRACT

Background The alert-based Heartinsight algorithm
predicts risk of worsening heart failure hospitalisations
(WHFHSs) by evaluating temporal trends of seven
physiologic parameters obtained through automatic

daily remote monitoring of implantable cardioverter-
defibrillators. The aim of the present study was to
evaluate the predictive performance of Heartlnsight in a
larger and more heterogeneous meta-cohort of patients,
incorporating newer device generations and including
patients managed with the most recent guideline-directed
medical therapy (GDMT).

Methods The Heartlnsight algorithm was retrospectively
applied to data from four clinical trials in which WHFH
events were adjudicated by independent external boards
and remote monitoring was activated to provide relevant
parameter trends. The analysis comprised 1352 patients
with New York Heart Association (NYHA) class II/lll, and no
long-standing atrial fibrillation.

Results During a median follow-up of 599 days, 110
patients (median age 68 years (IQR, 61-75), 75.7% male)
had a total of 165 WHFHSs. The estimated sensitivity of
WHFH prediction, as determined by generalised estimating
equations, was 51.5% (95% Cl 43.0% to 59.9%). The
false alert rate was 0.85 per patient-year, the median
alerting time was 34 days (IQR, 16—78) and the specificity
was 81.4% (95% Cl 80.4 to 82.4%). The results were
verified in the multivariable analysis with two adjusting
covariates (newer/older device generation and quadruple/
other GDMT) and in the univariable analysis of prespecified
patient subgroups according to NYHA class, aetiology and
sex, showing no significant differences.

Conclusions Study results underscore the robustness

of the predictive algorithm in a heterogeneous and
contemporarily managed heart failure population.

INTRODUCTION

Despite treatment improvements, worsening
heart failure (WHF) is still associated with
a poor prognosis and high rates of costly
unplanned rehospitalisations." * Early clinical
intervention for WHF events is a key strategy

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The alert-based HeartInsight algorithm is designed
to predict worsening heart failure hospitalisations by
evaluating seven temporal trends of physiologic pa-
rameters obtained through automatic daily remote
monitoring of implantable cardioverter-defibrillator
and cardiac resynchronisation therapy defibrilla-
tor recipients. The algorithm was developed and
internally validated in the Selection of Potential
Predictors of Worsening Heart Failure (SELENE HF)
study.

WHAT THIS STUDY ADDS

= We verified the predictive performance of
Heartinsight in a larger and more heterogeneous
meta-cohort of patients pooled from four clinical
trials, incorporating newer device generations and
including patients managed with the most recent
guideline-directed medical therapy.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Study results are consistent with the SELENE HF val-
idation and indicate the robustness of the algorithm
to predict worsening heart failure (HF) hospitalisa-
tion risk in a heterogeneous and contemporarily

managed HF patient population.

to delay disease progression, improve patient
outcomes and reduce management costs.”
HeartInsight (Biotronik SE & Co. KG, Berlin,
Germany) is an alert-based feature designed
to predict high risk of WHF events by evalu-
ating temporal trends of physiologic parame-
ters obtained through automatic daily remote
monitoring of implantable cardioverter-
defibrillators (ICDs) and cardiac resynchro-
nisation therapy defibrillators (CRT-Ds).* The
Heartlnsight algorithm was developed and
internally validated in the Selection of Poten-
tial Predictors of Worsening Heart Failure
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(SELENE HF) study. The algorithm can be optionally
combined with a baseline patient risk profile (the Seattle
HF Model (SHFM)).*® With default algorithm settings,
the sensitivity of HeartInsight in predicting the first post-
implant WHF hospitalisation (WHFH) was 65.5%, and
the false alert rate was 0.69 per patientyear (one false
alert every 17.4 months).* For the combined endpoint
of any WHFH, outpatient intravenous interventions, or
death related to WHEF, the sensitivity was 54.8% and the
false alert rate 0.67 per patient-year."

We pooled data from four clinical trials to evaluate the
algorithm‘s diagnostic performance in predicting WHFH
events in a larger and more heterogeneous meta-cohort
of patients, incorporating newer device generations and
more recent approaches to HF management.

METHODS

The Heartlnsight algorithm was retrospectively applied
to clinical and remote monitoring data from completed
or ongoing prospective trials in which WHF events
were adjudicated by independent external boards and
Biotronik Home Monitoring (HM) was activated to
provide relevant parameter trends in devices that are
now HeartInsight-marketed or are technically equivalent
(Iforia/Ilesto/Idova series and successors). The optional
SHFM score was not used in our analysis since the input
data were not available in all studies. At the time of these
studies, the HeartInsight algorithm was under develop-
ment and not available to the investigators.

Patients from the included studies contributed to the
present analysis if they had a New York Heart Association
(NYHA) class II or III before device implantation, had
no long-standing or permanent atrial fibrillation and had
received an CRT-D or ICD device capable of atrial sensing
(a dual-chamber ICD or a ‘DX ICD’ with a floating atrial
dipole on the ICD lead,’ with thoracic impedance feature
programmed ‘on’ and with active HM). These are manda-
tory requirements for the computation of the algorithm
and for the utilisation of Heartlnsight according to its
instructions of use.

Heartlnsight algorithm

Recently integrated into the HM platform, HeartInsight
calculates a heart failure (HF) score daily by evaluating
temporal trends of seven longitudinal HM parame-
ters collected during the preceding 90 days: 24-hour
heart rate, nocturnal heart rate, heart rate variability,
atrial tachyarrhythmia, ventricular extrasystoles, phys-
ical activity and thoracic impedance.*” When this score,
termed ‘HF Score’, exceeds a programmable nominal
threshold (default setting: 45) for 3 consecutive days, the
system alerts clinical staff to an increased risk of WHFH
by a standard HM notification and provides all relevant
HF diagnostics.” The alert status is terminated when the
HF Score falls below a recovery threshold (10 points
below the nominal threshold). The nominal threshold is
then re-established as a criterion to trigger a new alert.”

WHF hospitalisations

In this study, adjudicated WHFHs were defined as non-
elective hospital admissions with at least one overnight
stay triggered by symptoms, signs or objective evidence of
WHEF as the primary cause of admission and in addition
requiring the administration of intravenous therapy for
HEF, such as diuretics, vasodilators, or inotropic agents.7

Study methods

The first and any recurrent WHFH occurring >30 days
post implantation (after the algorithm run-in period)
and associated with at least 55% of days with HM trans-
missions within 90 days prior to a WHFH event were
endpoints (‘usable events’) in this analysis. The 55%
cut-off for the HM transmission rate is used by HeartIn-
sight to ensure sufficient input information even with
moderate HM compliance.4

We determined sensitivity based on endpoint events
preceded by a true-positive alert. An alert was consid-
ered true positive if the HF Score did not fall below the
recovery threshold between alert and event. Alerting time
is defined as the number of days between a true-positive
alert and ensuing event. Specificity was calculated based
on the percentage of days with HF Score values appro-
priately below nominal threshold. False alert rate was
the number of alerts not followed by WHFH, averaged
per patient-year. Adjusting covariates for sensitivity and
specificity estimates were the device generation (latest
Acticor/Rivacor and Ilivia Neo/Intica Neo families vs
predecessors) and the HF guideline-directed medical
therapy (GDMT) at baseline (quadruple therapy vs triple
therapy or less) 3

All calculations were performed post hoc using default
algorithm settings and prospectively collected HM data
and clinical endpoint data. Patients who were lost to
follow-up or died contributed to the analyses up to the
date of last available information. For ongoing trials, the
database was locked on 17 January 2024. To achieve the
most complete information on source data and adjudica-
tion outcomes, hospitalisation details were updated, and
event adjudications were provided until 25 November
2024.

To explore Heartlnsight performance under specific
patient conditions, the analysis was repeated in prespeci-
fied subgroups based on selected baseline characteristics:
NYHA class (IT vs III), device type (ICD vs CRT-D), HF
aetiology (ischaemic vs non-ischaemic) and biological sex
(female vs male), factors that may influence risk of wors-
ening HF.*?

Statistical analysis

Generalised estimating equations (GEE) were used to
model the within-patient correlation of repeated meas-
urements, including WHF events and follow-up days. To
estimate sensitivity, a GEE model with a binomial family
distribution was applied. The structure of the correlation
matrix was tested using both independence and first-
order autoregressive settings. The optimal structure was
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selected based on the correlation information criterion
and was consistently applied to all subsequent GEE calcu-
lations.

The impact of adjusting covariates on sensitivity and
specificity was examined using a multivariable GEE
model. For prespecified subgroup comparisons of sensi-
tivity, specificity and alerting time, a univariable GEE
model was employed along with the Wald test. The family
distribution for alerting time was set to Gaussian. Esti-
mates of sensitivity and specificity are reported with 95%
CL

Continuous variables are reported as median with IQR.
Binary or categorical variables are reported as counts and
percentages of non-missing data. In all cases, a p value
<0.05 was considered statistically significant. The analysis
was performed with R statistical software (V.4.3.0; R Core
Team 2023, https://www.R-project.org), and GEE was
modelled using the R package glmtoolbox.

Patient and public involvement

Patients and/or public were not involved in the design,
conduct, reporting or dissemination plans of this
research.

RESULTS

Patients

One ongoing (BIOIStream.HF)" and three completed
trials (DetectICI, ECOST-CRT** and validation cohort of
SELENE HF)* met the study inclusion criteria. Online
supplemental table S1 summarises essential character-
istics of these trials. In the pooled cohort, we identified
1352 patients fulfilling the prespecified eligibility criteria.
Online supplemental table S2 shows that 80.8% of the
patients came from trials other than SELENE HF, mainly
from BIOIStream.HF, which contributed 55.6% of all
patients.

There was a relatively broad geographical distribution
of patients (80% Europe, 17% Asia, 2% Oceania and
1% Africa, see online supplemental table S2 footnote).
Patient characteristics at baseline are summarised in
table 1. The median patient age was 68 years (IQR, 61-75
years), and three quarters were male (75.7%). NYHA
class II (54.5%) slightly prevailed over class III (45.5%).
The median left ventricular ejection fraction was 30%
(IQR, 25%-33%). Nearly half of the patients (47.6%)
had HF of ischaemic aetiology. In terms of medication,
90.8% of patients were taking an angiotensin-converting
enzyme inhibitor, an adenosine receptor blocker or an
angiotensin receptor neprilysin inhibitor; 86.3% were
on beta blockers; and 54.9% were using mineralocorti-
coid receptor antagonists. Some recent patients (17.9%
of all) were also taking sodium-glucose cotransporter 2
(SGLT2) inhibitors.

All patients in BIOIStream.HF, DetectlCI and
ECOST-CRT trials, and 103 SELENE HF patients received
a CRT-D (88.4% of all patients), 110 SELENE HF patients
received conventional dual-chamber ICD (8.1% of all

Heart failure and cardiomyopathies

Table 1 Baseline characteristics of 1352 patients included
in the present study

Parameter* Value

Age, years 68 (61-75)

Male sex 1024 (75.7)

Body mass index, kg/m’ 27 (24.1-30.5)
New York Heart Association class

[ 737 (54.5)

I 615 (45.5)
LVEF, % 30 (25-33)
QRS duration, ms 153 (130-170)
Primary prevention ICD indicationt 1063 (86.2)
Ischaemic heart failure aetiology 643 (47.6)
Hypertension 867 (64.2)

Systolic blood pressure 120 (110-134)
Atrial fibrillation history 330 (24.4)
History of stroke or TIA 119 (8.8)
Diabetes 516 (38.2)
Chronic renal insufficiency 275 (20.3)
Chronic obstructive pulmonary disease 208 (15.4)
Implanted device type

CRT-D 1195 (88.4)

Dual-chamber ICD 110 (8.1)

Single-lead ICD with atrial sensing (DX ICD) 47 (3.5)
Implanted device generation

Latestf 617 (45.6)

Previous generations 735 (54.4)
Medication

ACEI, ARB or ARNI 1134 (90.8)

Beta-blocker 1149 (86.3)

Mineralocorticoid receptor antagonist 731 (54.9)

SGLT2 inhibitor 239 (17.9)

Quadruple guideline-directed medical therapy§ 161 (12.1)

Diuretic 963 (72.4)

Antilipemic agent 836 (62.8)

Antiplatelet 678 (50.9)

Anticoagulant 464 (34.9)

Antiarrhythmic drug 293 (22)

Ca?* antagonist 126 (9.5)

Digitalis 51 (3.8)

Data are shown as median (IQR) or n (% of available data).
*Determined before device implantation except for ‘Implanted
device’.
1The remaining patients had secondary prevention indication.
tActicor/Rivacor/llivia Neo/Intica Neo families.

§Prescription of all four medication categories listed above.
ACEI, angiotensin-converting-enzyme inhibitor; ARB, adenosine
receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor;
CRT-D, cardiac resynchronisation therapy defibrillator; ICD,
implantable cardioverter-defibrillator; LVEF, left ventricular
ejection fraction; SGLT2, sodium-glucose cotransporter 2; TIA,
transient ischaemic attack.
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Table 2 GEE results when exploring different settings for the structure of the correlation matrix

Sensitivity Specificity

Estimate, % Correlation information Estimate, %
Matrix correlation structure (95% CI) criterion (95% CI)
Independence 51.7 (43.210 60.2) 1.08260 81.0(80.0 t0 82.0)
Auto-regressive first order 51.5 (43.0 t0 59.9) 1.07224 81.4 (80.4 t0 82.4)

GEE, generalised estimating equations.

patients) and 47 SELENE HF patients received a DX ICD
(3.5% of all patients). In 617 (45.6%) patients, a device
of the latest generation was implanted.

Follow-up and WHFHs
During a median follow-up of 599 days (IQR, 360-899
days), 110 patients (8.1%) had a total of 165 WHFHs, of
which 145 hospitalisations (87.9%) met the prespecified
endpoint criteria. The general WHFH rate ranged from
4.1 (BIOIStream.HF trial) to 14.7 (DetectICI trial) per
100 patient-years, with an average rate of 6.6 WHFHs per
100 patient-years. Twenty WHFH events were deemed
unusable: 10 occurred before the run-in period ended
and the remaining 10 were associated with <55% of days
with HM transmissions in 90 days preceding the event.
The median HM transmission success rate during the
follow-up of 1352 patientswas 95.3% (IQR, 87.3%—-98.8%).

HeartInsight predictive performance

The estimated sensitivity of HeartInsight for predicting
WHFHs at its default settings, as determined by GEE,
was 51.6% (95% CI 43.0 to 59.9%), and with the inde-
pendence setting of the correlation structure, it was
51.7% (95% CI 43.2 to 60.2%). According to the corre-
lation information selection criterion, the autoregres-
sive structure yielded the best results (table 2). With this

setting, the specificity estimate was 81.4% (95% CI 80.4
to 82.4%). The false alert rate was 0.85 per patient-year
and the median alerting time, also called lead time, was
34 days (IQR, 16-78 days) (table 3).

Subgroup analysis

In the multivariable analysis, none of the two adjusting
covariates had a significant effect on either sensitivity
(quadruple therapy, p=0.21; device generation, p=0.15)
or specificity (quadruple therapy, p=0.22; device genera-
tion, p=0.96).

In the wunivariable analysis, differences between
subgroups were not statistically significant (all p values
>0.10). Sensitivity and median alerting time ranged
from 46.1% (NYHA class II) to 56.8% (NYHA class III)
and from 29 (ischaemic) to 45 days (non-ischaemic aeti-
ology), respectively (table 3, figure 1). Specificity and
false positive alert rate ranged from 81.0% (male) to
82.8% (female sex) and from 0.80 (female sex) to 0.88
alerts per patient-year (non-ischaemic).

DISCUSSION

The diagnostic performance of the Heartlnsight algo-
rithm, initially validated in the SELENE HF trial,4 is
further evaluated in this study at the default nominal

Table 3 Heartlnsight performance at a default nominal alert threshold of 45: univariable analysis

WHFHs (n): Sensitivity of Alerting time  FP rate Specificity of
Patient group Pts (n) predicted/usable prediction (%) (days) (ppy) prediction (%)
All patients 1352 75/145 51.5 (43.0-59.9) 34 (16-78) 0.85 81.4 (80.4-82.4)
Subgroups
NYHA I 737 26/59 46.1 (32-60.3) 31 (14-80) 0.86 81.1(79.7-82.4)
NYHA I 615 49/86 56.8 (47.2-66.5) 36 (17-78) 0.84 81.9 (80.5-83.3)
P value for NYHA — — 0.21 0.50 — 0.39
Ischaemic 643 47/84 55 (43.8-66.3) 29 (14-78) 0.82 81.5 (79.9-83.0)
Non-ischaemic 709 28/61 46.4 (33.9-58.9) 45 (19-89) 0.88 81.4 (80.1-82.7)
P value for aetiology - - 0.32 0.89 - 1.00
Female 328 18/36 50 (35.6-64.4) 41 (16-64) 0.80 82.8 (80.9-84.6)
Male 1024 57/109 52.8 (42.7-62.8) 33 (16-81) 0.87 81.0 (79.8-82.1)
P value for sex = = 0.59 1.00 = 0.13

Data are shown as counts, percentages [95% Cls], median (interquartile ranges) or values.

FP, false positive; NYHA, New York Heart Association class; ppy, per patient-year; pts, patients; WHFH, worsening heart failure

hospitalisation.
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Figure 1

Specificity (%)
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alerting time (d)

HeartInsight sensitivity, specificity and alerting time across patient subgroups from table 3, using a default nominal

alert threshold of 45. For each subgroup comparison, the level of significance is indicated. d, days; n.s., not significant; NYHA,

New York Heart Association class.

threshold and within a more heterogeneous and larger
patient cohort, incorporating newer device generations
and more recent pharmacotherapy for HF management.
The sensitivity to predict any WHFH event is estimated
to be 51.5%, with a median alerting time of 34 days and
a false alert rate of 0.85 per patient-year. This is the first
analysis to explore the sensitivity and specificity param-
eters of HeartInsight in patients with a subset managed
under current GDMT and in key subgroups with varying
risk profiles for WHFH events.

The analysis suggests that HeartInsight can predict
WHFH events across various patient subgroups, including
sex, NYHA class, device type and HF aetiology. Although
there were slight differences in subgroup comparisons,
these were not significant in the univariable analysis. Of
note, the subgrouping by device type was considered of
limited relevance due to the low number of patients with
an ICD without cardiac resynchronisation therapy option.
The original validation of the algorithm in the SELENE
HF trial included a significant proportion of ICD patients
(56.4%)," but only SELENE HF contributed ICD patients
to the present meta-cohort.

Our reported median HM transmission success rate
exceeding 95% corresponds to an average of one unsuc-
cessful transmission every 20 days. This high transmission
rate is consistent with findings across a wide range of
Biotronik HM studies,’ ” '° suggesting that clinicians can
rely on receiving daily updated HeartInsight data via the
Biotronik HM system.

Gomparison with SELENE HF results

There are differences between the present evaluation and
the validation during the development of the algorithm.
First, the primary endpoint chosen in the initial valida-
tion analysis was the first postimplant WHFH," whereas
the endpoint chosen for this analysis was any WHFH, to
better reflect routine clinical practice.

Second, the optional SHFM score could not be included
in this analysis. However, the impact of the SHFM score
omission on the outcome is expected to be minimal. By
comparison, in the SELENE HF trial, the SHFM score did
not influence the sensitivity (65.5%), but only the false

alert rate (improved from 0.76 to 0.69/patient-year with
SHFM) and the median alerting time (reduced from 62
to 42 days with SHFM).*

The sensitivity of 51.5% in the present analysis is
comparable to the sensitivity of 54.8% for the secondary
endpoint in SELENE HF, which was largely driven by any
WHFH (as in the present analysis) and not exclusively by
the first WHFH.* The secondary endpoint in SELENE
HF also included outpatient intravenous interventions
for acute HF and deaths related to WHEF, but these
events were infrequent, accounting for less than 20% of
the secondary endpoints in the SELENE HF validation
cohort.

The false alert rate of 0.85 per patient-year (one false
alert every 14.1 months) in our meta-cohort of patients
is comparable with the false alert rate of 0.67 for the
secondary endpoint (one false alert every 17.9 months)
in the SELENE HF trial, at the nominal threshold of 451
As mentioned above, this moderately higher value can be
partly explained by the omission of the SHFM score.

The alerting time of 34 days in the present analysis is
similar to the 43 days (secondary endpoint) in SELENE
HFE.'! The specificity was slightly reduced from 86.5%
(SELENE HF) to 81.4% in the current analysis.

Opverall, similar results were obtained in this larger and
more heterogeneous patient meta-cohort, incorporating
newer device generations and more recent approaches to
HF management, as in the SELENE HF trial that was the
basis for the development and validation of the HeartlIn-
sight algorithm. This is noteworthy, given the expecta-
tion that the predictive performance of new algorithms
in larger and more diverse patient populations will typi-
cally be slightly lower than the original internal valida-
tion values.'”'® With newer device generations, there are
typically minor improvements made to the software, and
it was considered relevant to confirm that these changes
did not impact the algorithm performance. Therefore,
the results of the present meta-cohort study are consis-
tent with expectations.

It is important to recognise that sensitivity, false alert
rate and specificity should not be considered intrinsic

Bulava A, et al. Open Heart 2025;12:¢003474. doi:10.1136/openhrt-2025-003474

5



Open Heart 8

characteristics of the Heartlnsight algorithm, as they
depend on the programmable nominal threshold used
for calculations. The default setting of the nominal
threshold (45) favours a low false alert rate and high
specificity. It is possible, however, to change the default
alert threshold to increase sensitivity, at the expense of
an acceptable increase in false alert rate. For instance,
the Selene HF study reported a sensitivity of 64.5% and a
false alert rate of 1.05 per patient-year for the combined
endpoint of recurrent WHFHs or death using a nominal
threshold of 35.

Furthermore, in the initial validation analysis for
HeartInsight, an alert was classified as true positive if
the index did not fall below the recovery threshold
between the alert and an event. It is worthy of note that
the different algorithms available have been developed
based on varying definitions of a true-positive alert.
For example, with HeartLogic, the sensitivity estimate
included alerts that reset within a 30-day period prior to
an event."” These different definitions limit the extent to
which the sensitivity and specificity can be compared.

General discussion

The studies included in the present analysis were limited
to those in which WHFH events had been adjudicated as
primary events by an external assessment board, so a strict
definition of WHFH was applied. In clinical practice, for
hospitalisation events related to WHEF, it can be chal-
lenging for clinicians to distinguish between primary and
secondary events. Patients with HF often have multiple
comorbidities that predispose them to WHF events and
adverse social factors can compound an unfavourable
prognosis.”” Therefore, algorithms such as HeartInsight
may in practice detect more events associated with WHF
than the primary endpoint of this analysis suggests—a
topic that needs to be explored in future studies.

The WHFH rate in our meta-cohort was 6.6 per 100
patient-years and most of the WHF events included in
our analysis were first postimplant WHFH events. In an
individual patient, the risk of WHFH typically increases
over time and as the disease progresses® and is higher
in the period following an event.” In device patients,
WHFH rate can vary significantly depending on existing
standards of cardiology care and patient characteristics
such as comorbidity profiles, time since HF diagnosis and
device implantation, and previous WHF events.” If basic
remote monitoring services are well established, reported
WHFH rates are likely to be lower than in patients
managed in clinics without such a service.'” Patients
included in the meta-cohort were remotely monitored
and primarily enrolled after denovo device implantation.

The pooled patient cohort was based on four clinical
studies and included 1352 patients, most of whom were
implanted with a CRT-D device. Three of the four studies
were completed prior to the mostrecent European Society
of Cardiology guidelines update that suggested the exten-
sion of foundational HF therapy to include SGLT?2 inhib-
itors.® But, in the ongoing BIOIStream.HF observational

registry, a subset of patients used a quadruple foun-
dational therapy. Therefore, 161 (11.9%) out of 1352
patients in our study were on this expanded medication
regimen at baseline, and 239 (17.7%) patients were using
an SGLT?2 inhibitor. Our results suggest that the inclusion
of patients treated with up-to-date HF medication has no
clinically relevant impact on the predictive performance
of HeartInsight. Likewise, we found no significant impact
on the predictive performance of Heartlnsight using
latest device generations.

Although diagnostic performance is an important
aspect of the utility of an alert-based WHF risk monitoring
strategy, technology alone is clearly not sufficient to
improve patient outcomes. Solutions such as HeartInsight
need to be integrated appropriately and efficiently into
routine clinic workflow, and patients need to be followed
up in a timely manner after an alert, so that appropriate
action can be taken, when necessary.24 This present anal-
ysis is retrospective and designed to address prediction
of WHFH events. The next step is to test whether early
prediction in centres with integrated remote monitoring
capabilities, with appropriate intervention, can prevent
WHEF events, leading to hospitalisation or other urgent
care and deterioration in health-related quality of life.

Study limitations

Exclusion of patients from the pooled patient cohort due
to inclusion/exclusion criteria may be a potential source of
bias. A further limitation of the present analysis relates to the
differences in foundational medication over time, as only a
minority of patients received the most recent optimal GDMT.
There was also some inconsistency in reporting baseline data,
such as comorbidities and medication, among the included
trials. A further limitation was that highly selected endpoint
(WHFH) events do not fully reflect the real-world situation
since secondary HF events and events managed in an outpa-
tient setting were not considered. In addition, the event rate
in the ongoing BIOIStream.HF trial may be underestimated
due to possibly not yet complete source documentation or
events pending board adjudication. Finally, the subgroup
analysis by device type was of limited relevance since only one
study (SELENE HF) contributed ICD devices to the pooled
data.

CONCLUSIONS

In conclusion, this analysis has evaluated the diagnostic
performance of the Heartlnsight algorithm in a larger,
heterogeneous cohort of HF patients receiving contempo-
rary pharmacotherapy. Sensitivity without the contribution
of the SHFM score was estimated to be greater than 50% for
a primary WHFH event, with a median alerting time of more
than 4 weeks and a false alert rate of less than one per patient-
year of follow-up. These results are consistent with the initial
SELENE HF validation and underscore the robustness of
the HeartInsight algorithm in HF patients implanted with
devices with ICD capabilities.
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