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Abstract

Aims Preventing hospitalization by detecting early evidence of heart failure (HF) decompensation in an outpatient setting
can improve patient’s quality of life and reduce costs of care. The purpose of this study was to assess the value of cardiac
acoustic biomarkers (CABs), a combination of cardiohaemic vibrations synchronized with ECG signals, and heart rate (HR)
for detecting HF decompensation during first 3 months after hospital discharge for HF.
Methods and results Patients with an ejection fraction ≤35% (HFrEF) and hospitalized for decompensated HF were enrolled
in a prospective observational study. All subjects wore a wearable cardioverter‐defibrillator (ZOLL LifeVest®, Pittsburgh, PA,
USA) that is capable of recording CABs and HR. The primary endpoint of the study was the first HF event, defined as HF read-
mission or HF emergency room visit. From June 2017 through August 2019, 671 patients with HFrEF were enrolled. Eighty‐one
patients (12.1%) had a total of 112 HF events. The algorithm detected HF events with a median of 32 days (interquartile
range = 11‐45) in advance of the first HF event. The algorithm had a sensitivity of 69%, specificity of 60%, positive predictive
value of 19%, and a negative predictive value of 94%. Of note, the baseline (first 7 days post‐enrolment) algorithm using CABs
and HR was superior to New York Heart Association classification in detecting patients more likely to have HF decompensation
(sensitivity and specificity of 61% and 68% vs. 46% and 55%, respectively).
Conclusions This prospective international registry showed that an algorithm incorporating CABs and HR data detected HF
events 30 days in advance of the event in patients with HFrEF during first 3 months after hospital discharge. Therefore,
integrating CAB technology into clinical practice may prevent HF rehospitalizations.
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Introduction

The risk of heart failure (HF) readmission persists well beyond
the first 30 days after hospital discharge with HF readmission
at a rate of 6–11%within 30 days and 7–18%within 90 days.1–
3 The reason for rehospitalization is usually symptoms associ-
ated with elevated ventricular filling pressures that lead to
pulmonary and systemic venous congestion.4 Increases in
ventricular filling pressures typically precede the congestion
symptoms by 3–4 weeks.4,5 Remote monitoring of these
pressure changes directly or its surrogate measures such as
intrathoracic impedance, lung fluid levels, systolic time inter-
vals, or the presence of abnormal heart sounds may help to

prevent hospitalization by detecting early evidence of HF
decompensation.6–8 To date, most clinical studies for HF
management using medical devices have primarily focused
on chronic HF (>3 months from the index hospitalization).9

However, these chronic patients represent a lower risk group
compared with the recent post‐discharge patients with
HF.10,11 Hence, there is an unmet need for managing patients
with HF during the immediate post‐discharge period.

Concurrently recorded cardiohaemic vibrations and elec-
trocardiograms (ECGs) can be algorithmically interpreted to
provide information regarding systolic and diastolic time
intervals and measures of abnormal cardiohaemic vibrations
(e.g. third and fourth heart sounds). These systolic and
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diastolic parameters are collectively described as cardiac
acoustic biomarkers (CABs). Previous studies have shown
the utility of CABs to identify HF exacerbations and for
predicting post‐discharge outcomes in patients with HF.12–14

The wearable cardioverter‐defibrillator (WCD) is indicated
for temporarily protecting patients who are at high risk of
sudden cardiac death (SCD).9,15–18 It is typically prescribed to
recently discharged patient populations with a primary or
secondary SCD prevention indication, with the majority being
patients with HF without an indication for immediate implant-
able cardioverter‐defibrillator (ICD) implantation.19 In such
patients the WCD not only protects patients from SCD but
may also help identify subjects at risk for HF decompensation
by incorporating a sensor to record CABs. Therefore, the pur-
pose of this study was to prospectively assess the value of
CABs and heart rate (HR) to detect HF decompensation in pa-
tients with an ejection fraction ≤35% (HFrEF) and fitted with
the WCD during the first 3 months after hospital discharge.

Methods

Participants

All subjects included in the current analyses were enrolled as
part of an international, multicentre HEARIT‐Registry study
(ClinicalTrials.gov Identifier: NCT03203629). Patients hospital-
ized for a primary reason for HF (in the setting ischaemic and
non‐ischaemic cardiomyopathy) with left ventricular ejection
fraction (LVEF) ≤35% and at risk for SCD were enrolled within
10 days after hospital discharge. Patients were anticipated to
wear the WCD for at least 3 months and had to be at least
18 years old. Patients were excluded if they had an ICD, pace-
maker, or cardiac resynchronization therapy device or were
waiting for heart transplant. Other exclusion criteria were his-
tory of atrial fibrillation, current hospitalization for myocardial
infarction, planned revascularization within 30 days of screen-
ing, pregnancy, or life expectancy <1 year. All patients pro-
vided written informed consent. Subjects were followed with
structured weekly phone calls during the 3month wear period
to collect information regarding HF hospitalizations, HF related
emergency room (ER) visits, HF symptoms, and survival status.

Wearable cardioverter‐defibrillator and cardiac
acoustic biomarkers description

Details of the WCD components and its functions have been
described previously.20 Briefly, the WCD monitoring elec-
trodes are held in place circumferentially around the chest
by tension from an elastic belt to provide two non‐standard,
orthogonal surface ECG leads; electrodes are paired front‐to‐
back and side‐to‐side. One defibrillation electrode is placed in

a cardiac apical position, while the remaining two defibrilla-
tion electrodes are placed posteriorly on the upper thorax.
The apical defibrillation electrode incorporates a three‐axis
accelerometer, located left of the xiphoid process over the
fifth intercostal space, to measure the cardiohaemic vibra-
tions. The automated algorithm of the WCD monitor uses
the cardiohaemic vibrations and the timing information ob-
tained from the simultaneous ECG signal analysis to calculate
the following CABs (Figure 1)21:

1 Electromechanical activation time (EMAT): Measured from
Q wave onset to the peak of the first heart sound (S1).
EMAT reflects the time required by the ventricles to close
the atrioventricular valves. Prolongation of EMAT reflects
alterations in systolic function.

2 S3 strength (scaled between 0 and 10): Unitless measure
of the third heart sound based on its intensity, frequency,
and persistence. As a reference, S3 strength >5 generally
indicates the presence of the third heart sound.22

The values for the aforementioned CABs and HR were
calculated using 10 s recordings every 5 min and stored in
the WCD monitor. These data were transmitted every 24 h
to manufacturer’s servers.

Heart failure event detection algorithm

The algorithm was developed by combining the CAB parame-
ters, EMAT and S3 strength, with HR to provide a daily binary
risk classification (high vs. low) for HF events. HF events were
defined as new HF hospitalization or a new HF related ER
visit. The risk for an HF event was set to high if the combina-
tion of CABs and HR exceeded the upper decompensation
threshold (Figure 2). Thereafter, the risk was maintained high
until the combination of CABs and HR values fell below the
lower recovery threshold. At this point, the risk for HF event
was labelled as low (Figure 2). Signs and symptoms were not
included in the HF detection algorithm because previous
studies have shown that they have limited sensitivity and/or
specificity for early detection of HF events.4,11

Per the study protocol, the algorithm for detecting HF
events was developed using all the enrolled subjects who ei-
ther had CABs and HR data prior to an HF event (HF‐event
subjects) or had complete CABs and HR data throughout
WCD use (non‐HF event subjects). Only night‐time (12 AM–

7 AM) median data were used to reduce the influence of ac-
tivity on these recordings.

Data analysis

The primary endpoint of the study was the first HF event. A
combined measure of sensitivity and specificity, defined by
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the Youden Index = sensitivity + specificity � 100,23 was used
to select the combination of CABs and HR that maximized the
Youden Index value. This maximization was performed con-
currently to also identify the optimal decompensation thresh-
old value for each of the CAB parameters and HR in the
algorithm. The recovery threshold was set lower than the de-
compensation threshold and was determined by accounting
for intra‐subject variability of CAB parameters and HR. Of
note, sensitivity was defined as the percentage of subjects
with an HF event who were determined as high risk at least
once by the algorithm prior to the first HF event. Specificity
was defined as the percentage of subjects without an HF
event classified as low risk throughout the WCD wear period.

A time‐dependent Cox model was used to analyse the as-
sociation of high‐risk and low‐risk groups as determined by

the CABs/HR algorithm with HF events. In the Cox model,
the time‐to‐event was defined from the first day of WCD
wear to the first HF event. Because subjects’ daily risk for
HF event as determined by the CABs/HR algorithm fluctuated
during the WCD use (e.g. starting from high‐risk and moving
to low‐risk and then back to high‐risk; also see Figure 2), sub-
jects were grouped based on these fluctuations. Then for
each group, the relative risk of having an HF event was com-
pared. Additionally, analysis was performed to determine if
baseline (first 7 days of WCD wear post‐enrolment) CABs
and HR were associated with HF events independent of clini-
cal history. Demographic and clinical data were presented as
means ± SD and for skewed distributions as medians and in-
terquartile range (IQR). These data were analysed using t‐
tests or Mann–Whitney U‐tests for continuous variables and

FIGURE 1 ECG (top trace) and cardiohaemic vibrations (bottom trace) recordings. Q represents the beginning of the Q wave with S1, S2, S3, and S4
representing the first, second, third, and fourth heart sound, respectively. EMAT is electromechanical activation time and S3 strength is a unitless mea-
sure based on intensity, frequency, and persistence of S3. S3 strength is scaled between 0 and 10.

FIGURE 2 Example of the double threshold for the CAB parameter S3 strength and the fluctuation of the risk for an HF event. When the S3 value is
below the upper threshold, the risk for HF event is set to low. The risk is set to high when S3 crosses the upper decompensation threshold and is main-
tained high until the S3 value crosses the lower recovery threshold. Note, as shown here, that subjects can have several high and low risks for an HF
event during their WCD period.
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χ2 tests for categorical variables. All analyses were conducted
using RStudio version 1.1.44 (RStudio Inc, Boston, MA).
P < 0.05 was considered significant.

Results

Patient characteristics and follow‐up

From June 2017 through August 2019, 671 patients with
HFrEF (77% male) with a mean age of 61 ± 13 years were en-
rolled. Ischaemic and non‐ischaemic patients were equally
represented in the study (45% vs. 48%; P = 0.35), and 66%
of the study patients had at least one hospitalization in the
3 months preceding the index HF hospitalization. The median
number of days from the first HF diagnosis to study enrol-
ment was 15 days (IQR = 6‐328 days).

During a median follow‐up of 85 days (IQR = 76‐91 days),
81 patients (12%) had a total of 112 HF events, and four pa-
tients (0.6%) died during the study. None of the deceased pa-
tients had a WCD shock due to a shockable rhythm at end of
life. Only one patient was wearing WCD at the time of death
and had a documented asystole due to cardiogenic shock fol-
lowing dilative cardiomyopathy. The remaining three subjects
had ischaemic heart disease, and one patient died due to
end‐of‐life HF. For two patients, the exact mode of death re-
mains unclear to the investigators.

Herat failure‐related hospital readmission accounted for 99
(88%) of the 112 HF events with HF‐related ER visits
accounted for the remaining 12%. Regarding distribution of
these HF events, 33 (41%) of the 81 patients with an HF event
were readmitted within 30 days from study enrolment, 29
(36%) were readmitted between 30 and 60 days, and the re-
maining were readmitted beyond 60 days. The ejection frac-
tion (EF) at WCD end of use for the HF event group was
30% ± 11% compared with 35% ± 10% for the non‐HF event
group (P = 0.005).

During the WCD use, 28% of the patients reported dys-
pnoea, 26% reported fatigue, 10% reported oedema, and
27% reported of other signs and symptoms (increased heart
rate, persistent coughing/wheezing, nausea, etc.). Comparing
the HF and non‐HF event groups, 63% vs. 23% reported dys-
pnoea (P < 0.01), 51% vs. 21% reported fatigue (P < 0.01),
25% vs. 8% oedema (P < 0.01), and 62% vs. 23% reported
other signs/symptoms correlated with symptomatic decom-
pensated HF (P < 0.01).

Wearable cardioverter‐defibrillator device data were used
to determine the average wear time per day and the total
number of days the WCD was worn. The median average
wear time for the two groups (HF event vs. non‐HF event)
were 23.6 h (IQR: 16‐24) and 23.5 h (IQR: 20‐24), respec-
tively. The median total days worn for the two groups (HF
event vs. no non‐HF event) were 71 days (IQR: 31‐89) and

84 days (IQR: 46). Because WCD use was comparable be-
tween the two groups, there was no bias regarding CABs data
availability.

Algorithm performance for detecting heart failure
events

Seventy‐four out of 81 subjects with an HF event had CABs
and HR recorded prior to the first HF event, and 552 out the
590 subjects with no HF event had CABs and HR data
throughout their WCD use. Thus, only 7% (45 of 671) of
the patients had missing data mostly due to not wearing
the WCD. The CABs/HR algorithm with the Youden In-
dex = 29% had the best performance with a sensitivity of
69%, specificity of 60%, positive predictive value (PPV) of
19%, and a negative predictive value (NPV) of 94%. For this
algorithm the decompensation thresholds for EMAT, HR, and
S3 strength were 120 ms, 75 b.p.m., and 4.5, respectively,
with the recovery thresholds set to 110 ms, 65 b.p.m., and
3.5. During the WCD wear period, of the 271 patients who
were determined to be at high risk for HF event by the algo-
rithm, 51 patients (19%) had at least one HF event. In com-
parison, of the 355 patients who were determined to be at
low risk, 23 patients (6%) had at least one HF event (Figure
3; hazard ratio = 2.92, 95% confidence interval (CI) [1.78–
4.77]; P < 0.001).

Patients had varying relative risk (RR) for an HF event when
they were grouped based on the daily fluctuations of the al-
gorithm determined HF risk (Figure 4). Subjects determined
to be high risk (N = 50) throughout the WCD wear period
were 3.51 times more likely to have an HF event (RR = 3.51,
95% CI [2.04–6.04]; P < 0.001). A comparable relative risk el-
evation for an HF event was observed for patients (N = 44)
who were initially in the low‐risk category but later
transitioned to and remained in the high‐risk category
(RR = 3.48, 95% CI [1.94–6.26]; P < 0.001). In contrast, pa-
tients who started at high risk and then transitioned to re-
main at low risk (N = 28) or had more than one change to
their risk classification (N = 149) during the wear period had
no significant (P = 0.31 and P = 0.64, respectively) increase
in their relative risk for HF event (Figure 4). For patients
(N = 355) who remained below the decompensation thresh-
old throughout (low risk) actually had a relative risk reduction
of 48% (RR = 0.52, 95% CI [0.37–0.73]; P < 0.001) of having
an HF event.

Time to early detection of heart failure event

The median time from start of the first high‐risk classification
by the algorithm to an HF event was 32 days (IQR = 11‐45),
and the median time from the start of the last high‐risk
classification to an HF event was 27 days (IQR = 11‐45).
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Furthermore, of the 51 patients who were classified as
high‐risk for an HF event, 57% were identified by the algo-
rithm at least 4 weeks before their HF event; 63% were iden-
tified at least 3 weeks before the HF event; 69% were
identified at least 2 weeks prior to the HF event; and a

cumulative total of 90% were identified at least 3 days before
the HF event.

Influence of clinical variables on heart failure
events

At the time of enrolment, BMI and weight of the HF event
group were significantly lower than the non‐HF event group
(P < 0.05; Table 1). The HF event group had significantly
(P < 0.05) greater percentage of co‐morbidities such as
previous history of HF, chronic kidney disease, and New York
Heart Association (NYHA) IV classification (Table 1). Although
the enrolment EF was statistically lower for the HF event
group (P = 0.04), this difference between the two groups
was less than 5% (Table 1). Additionally, there were no
differences in the prescription rates of HF medications
between the two groups (Table 1).

Using the enrolment clinical variables, analyses were per-
formed to evaluate whether these clinical variables affected
performance of CABs and HR data in detecting HF events.
To do so, we first developed a baseline (first 7 days of
post‐enrolment wear) CABs and HR algorithm to detect HF
events. The baseline algorithm with the best Youden Index
(=29%) had a sensitivity of 61% and specificity of 68%. In con-
trast, enrolment NYHA Class had a sensitivity of 46% and
specificity of 55% (Youden Index = 1%) and history of HF
had a sensitivity of 65% and specificity of 51% (Youden
Index = 16%). All other clinical history variables had poor sen-
sitivity and/or specificity (<40%). Furthermore, combining
the baseline CABs/HR data with enrolment NYHA and history
of HF had almost no additional benefit (the algorithm with

FIGURE 3 Kaplan–Meier curve for probability of HF event based on
low‐risk or high‐risk for HF event as determined by the CABs/HR algo-
rithm. Subjects were considered high risk if there was at least one high
risk determination by the algorithm. Hazard ratios are from a
time‐dependent Cox model.

FIGURE 4 Forest plot of the relative risk for an HF event between the HF and non‐HF event groups during the entire WCD wear period. The fluctu-
ations in the risk classification are based on fluctuations the risk (e.g. from high to low, and back to high) for an HF event as determined by the CABs/HR
algorithm. Categories ‘Always High’ and ‘Always Low’ represent the category where the determined risk is always high and low, respectively. The cat-
egory ‘High to Low’ represents the risk being high initially and becoming low for the reminder of the WCD wear period. Similarly, the category ‘Low to
High’ represents the risk being low initially and becoming high. The category ‘Several Highs and Lows’ represents more than one change to the risk
classification. Also shown are the point estimate of the relative risk and the 95% confidence interval along with the P‐values.
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the best Youden Index of 28% had a sensitivity of 55% and
specificity of 73%).

Discussion

This prospective international, multicentre registry, using
CABs and HR values in patients with HFrEF during the early
phase after hospital discharge, was able to identify patients
likely to decompensate an average of 30 days in advance of
their symptomatic HF presentation. In comparison, detailed
analysis using only variables from the clinical history had a
lower performance for identifying future HF events. Of note,
the baseline (first 7 days post‐enrolment) algorithm using
CABs and HR was superior to NYHA classification in detecting

patients more likely to have HF decompensation. Impor-
tantly, the addition of clinical history information to the
CAB/HR algorithm did not improve the algorithm
performance.

This study is also the first to report HF event rates in pa-
tients with HFrEF who were prescribed to wear the WCD
for at least 3 months post‐discharge. The patient‐based HF
event rate during this “vulnerable phase” after hospitalization
for HF was 12% during the WCD wear period, comparable
with the 90 day HF event rate of 7–18% reported in the
literature.24–26

The CABs and HR algorithm identified patients likely to
have an HF events with a sensitivity of 69%, specificity of
60%, PPV of 19%, and a NPV of 94% indicating that patients
with low risk for HF decompensation had no HF event during
the study period. On the contrary, high‐risk patients had an

Table 1 Patient baseline characteristics at study enrolment

HF event, n = 81 n Non‐HF event, n = 590 n P‐value

Age, years 61 ± 14 81 60 ± 13 590 0.66
Male, n (%) 58 (72%) 81 456 (77%) 590 0.26
Diagnosis, n (%)

ICM 39 (48%) 81 264 (45%) 590 0.56
NICM 36 (44%) 81 285 (48%) 590 0.51
Mix 4 (5%) 81 33 (6%) 590 0.81
Unknown 2 (2%) 81 8 (1%) 590 0.44

BMI, kg/m2 27 ± 5 81 29 ± 6 590 0.006*

Height, cm 173 ± 9 81 173 ± 10 590 0.92
Weight, kg 80 ± 18 81 87 ± 21 590 0.03*

Blood pressure, mmHg
Systolic 118 ± 15 81 121 ± 16 588 0.15
Diastolic 74 ± 9 81 75 ± 11 588 0.51

HR, b.p.m. 78 ± 16 81 75 ± 15 588 0.09
Hospitalizations 3 months prior to enrolment, n (%)

0 25 (31%) 81 200 (34%) 586 0.59
1 43 (53%) 81 291 (49%) 586 0.53
2 11 (14%) 81 86 (15%) 586 0.81
3 2 (2%) 81 9 (2%) 586 0.53

NYHA class at enrolment, n (%)
I 9 (11%) 81 44 (7%) 590 0.25
II 43 (53%) 81 342 (58%) 590 0.40
III 19 (23%) 81 150 (25%) 590 0.70
IV 4 (5%) 81 9 (2%) 590 0.04*

Unknown 6 (7%) 81 45 (8%) 590 0.94
Enrolment EF, % 24 ± 7 81 26 ± 7 590 0.04*

History, n (%)
HF 54 (67%) 81 288 (49%) 590 0.003*

Hypertension 57 (70%) 81 408 (69%) 590 0.82
Diabetes 30 (37%) 81 185 (31%) 590 0.30
COPD 12 (15%) 81 56 (9%) 590 0.14
Sleep apnoea 5 (6%) 81 31 (5%) 590 0.73
CKD 18 (22%) 81 78 (13%) 590 0.03*

SCA 4 (5%) 81 27 (5%) 590 0.88
MI 35 (43%) 81 219 (37%) 590 0.29

HF medication prescription at enrolment
Beta‐blockers 73 (90.1%) 81 553 (94.2%) 587 0.24
Diuretics 64 (79%) 81 494 (84.2%) 587 0.31
ACEi/ARBs/ARNi 68 (84%) 81 521 (88.8%) 587 0.28

ACEi, angiotensin converting enzyme inhibitors; ARBs, angiotensin receptor blockers; ARNi, angiotensin receptor neprilysin inhibitor; CKD,
chronic kidney disease; COPD, chronic obstructive pulmonary disease; EF, ejection fraction; EOU, WCD end of use; HF, heart failure; HR,
heart rate; ICM, ischaemic cardiomyopathy; MI, myocardial infarction; NICM, non‐ischaemic cardiomyopathy; SCA, sudden cardiac arrest.
*P < 0.05.
Demographic and baseline clinical characteristics. Continuous variables are shown as mean ± standard deviation.
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almost threefold increase in the risk for an HF event. In com-
parison, the SENSE‐HF study (501 patients with chronic low
EF receiving ICDs or CRT‐Ds), which evaluated measurements
of thoracic impedance, reported an overall sensitivity for
detection of HF hospitalization of 21% and a PPV of 5% during
the first 6 months post‐implant.27 The HeartLogic algorithm
used in some ICDs and CRT‐Ds incorporates HR, thoracic
impedance, respiration rate, activity, and heart sounds to
detect HF decompensation. In a recently published retrospec-
tive case series of 58 patients, the median time from the
high‐risk alert to hospitalization was 38 days (IQR = 15‐
61 days),28 similar to that reported in this study. Each of
the high‐risk alerts of the HeartLogic algorithm had contribu-
tions from changes in S1 and/or S3 amplitudes providing
additional evidence that CABs are useful in early detection
of an impending HF event. The authors concluded that this
algorithm might be able to detect clinical worsening in pa-
tients with HF early before a critical clinical deterioration.28

When comparing patients with HF events versus patients
without HF events, our results show that patients with HF
events had a significantly lower EF at the end of WCD use
compared with patients without HF events (31 ± 10% vs.
35% ± 10%; P = 0.005), and patients with HF events more
often reported symptoms related to decompensated HF
(P < 0.001). In our CABs and HR algorithm, we used a dual
threshold strategy to stratify patients into low‐risk and
high‐risk group categories for an HF event. Patients who were
classified into the low‐risk category had an NPV of 94% with a
relative risk reduction of 48% of having an HF event.

To date, only one previous study has reported using CABs
data to manage HF in an outpatient setting.14 In that single‐
blinded, randomized study of 225 patients with acute HF,
HF medications were uptitrated using periodically assessed
CAB parameters with the goal to reduce CABs below
pre‐specified thresholds. They found a 30% reduction in HF
rehospitalization or cardiovascular mortality in 1 year in the
treatment group compared with the control group which
had symptom‐only titration of medications.14

The results from this study support the potential utility of
using CABs and HR to identify ‘at‐risk’ patients and adjust
their individual treatment plans during the vulnerable
post‐discharge phase, with a goal of reducing early HF read-
mission. Furthermore, changes or trends in the CABs‐based
and HR‐based risks for an HF event during the WCD use sup-
port the importance and need for continuous monitoring to
track HF health status trajectory. Integrating CAB technology
in clinical practice may prevent HF rehospitalizations early
and efficiently.

Limitations of the study

This is a prospective registry study hence all potential limita-
tions of such a design apply to this analysis. The interven-
tional collective has not been compared with a control
group. Further we did not reassess echocardiographic param-
eters with a core lab. In this study, the algorithm for early HF
detection was developed on the entire data set with no
separate validation. Thus, the CAB/HR algorithm requires
validation in a prospective randomized trial. Future analysis
could apply this algorithm to commercial WCD populations
as a validation set.

Conclusions

This prospective international multicentre registry suggests
that the use of cardiac acoustic biomarkers in patients with
HF with reduced LVEF and fitted with a WCD may provide
early detection of patients with an increased probability of
a decompensated HF event after hospital discharge. Cardiac
acoustic biomarkers were superior to NYHA classification in
identifying the ‘at‐risk’ population.
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