N
N

N

HAL

open science

Baroreflex activation therapy with the Barostim ™

device in patients with heart failure with reduced

ejection fraction: a patient level meta-analysis of

randomized controlled trials

Andrew J.S. Coats, William T Abraham, Michael R Zile, Joann A Lindenfeld,

Fred A Weaver, Marat Fudim, Johann Bauersachs, Sue Duval, Elizabeth

Galle, Faiez Zannad

» To cite this version:

Andrew J.S. Coats, William T Abraham, Michael R Zile, Joann A Lindenfeld, Fred A Weaver, et al..
Baroreflex activation therapy with the Barostim ™ device in patients with heart failure with reduced
ejection fraction: a patient level meta-analysis of randomized controlled trials. European Journal of

Heart Failure, 2022, 24 (9), pp.1665-1673. 10.1002/ejhf.2573 . hal-03792394

HAL Id: hal-03792394
https://hal.univ-lorraine.fr /hal-03792394
Submitted on 30 Sep 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.univ-lorraine.fr/hal-03792394
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

'.) Check for updates

@ E S C European Journal of Heart Failure (2022) RESEARCH ARTICLE
European Society doi:10.1002/ejhf.2573
of Cardiology

Baroreflex activation therapy with the
Barostim™ device in patients with heart failure
with reduced ejection fraction: a patient level
meta-analysis of randomized controlled trials

Andrew ).S. Coats’*f, William T. Abraham?27, Michael R. Zile3, Joann A. Lindenfeld?,
Fred A. Weaver®, Marat Fudim®7, Johann Bauersachs8, Sue Duval’,
Elizabeth Galle'?, and Faiez Zannad'!

TUniversity of Warwick, Coventry, UK; 2Division of Cardiovascular Medicine, The Ohio State University, Columbus, OH, USA; 3The Medical University of South Carolina and the
RH] Department of Veterans Affairs Medical Center, Charleston, SC, USA; 4Vanderbilt Heart and Vascular Institute, Nashville, TN, USA; °Division of Vascular Surgery and
Endovascular Therapy, Keck School of Medicine, University of Southern California, Los Angeles, CA, USA; ¢Duke University Medical Center, Durham, NC, USA; 7 Duke Clinical
Research Institute, Durham, NC, USA; 8Department of Cardiology and Angiology, Hannover Medical School, Hannover, Germany; 9 Cardiovascular Division, University of
Minnesota Medical School, Minneapolis, MN, USA; °CVRx®, Inc., Minneapolis, MN, USA; and "' Université de Lorraine, Inserm Centre d'Investigation, CHU, Université de

Lorraine, Nancy, France

Received 7 February 2022; revised 4 June 2022; accepted 6 June 2022

Aims Heart failure with reduced ejection fraction (HFrEF) remains associated with high morbidity and mortality, poor
quality of life (QoL) and significant exercise limitation. Sympatho-vagal imbalance has been shown to predict adverse
prognosis and symptoms in HFrEF, yet it has not been specifically targeted by any guideline-recommended device
therapy to date. Barostim™, which directly addresses this imbalance, is the first Food and Drug Administration
approved neuromodulation technology for HFrEF. We aimed to analyse all randomized trial evidence to evaluate the
effect of baroreflex activation therapy (BAT) on heart failure symptoms, QoL and N-terminal pro-brain natriuretic
peptide (NT-proBNP) in HFrEF.

Methods An individual patient data (IPD) meta-analysis was performed on all eligible trials that randomized HFrEF patients to

and results BAT + guideline-directed medical therapy (GDMT) or GDMT alone (open label). Endpoints included 6-month changes
in 6-min hall walk (6MHW) distance, Minnesota Living With Heart Failure (MLWHF) QoL score, NT-proBNP, and
New York Heart Association (NYHA) class in all patients and three subgroups. A total of 554 randomized patients
were included. In all patients, BAT provided significant improvement in 6MHW distance of 49 m (95% confidence
interval [CI] 33, 64), MLWHF QoL of —13 points (95% Cl —17, —10), and 3.4 higher odds of improving at least one
NYHA class (95% CI 2.3, 4.9) when comparing from baseline to 6 months. These improvements were similar, or
better; in patients who had baseline NT-proBNP <1600 pg/ml, regardless of the cardiac resynchronization therapy
indication status.

Conclusion An IPD meta-analysis suggests that BAT improves exercise capacity, NYHA class, and QoL in HFrEF patients receiving
GDMT. These clinically meaningful improvements were consistent across the range of patients studies. BAT was also
associated with an improvement in NT-proBNP in subjects with a lower baseline NT-proBNP.
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Picture of the Barostim device in-situ and its mode of action along with summary effects in the meta-analysis. 6MHW, 6-min hall walk; Cl, confidence
interval; CRT, cardiac resynchronization therapy; MLWHEF, Minnesota Living With Heart Failure; NT-proBNP, N-terminal pro-brain natriuretic

peptide; NYHA, New York Heart Association.
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Introduction

There have been significant improvements in the management of
heart failure (HF) with reduced ejection fraction (HFrEF).! Despite
these improvements, many HFrEF patients remain categorized in
New York Heart Association (NYHA) functional class Il or Ill and
continue to have a reduced life expectancy, frequent HF hospital-
izations, poor quality of life (QoL) and limitations on their exercise
capacity.>> Many HFrEF patients are not considered sick enough for
advanced HF treatments, such as left ventricular assist devices or
heart transplantation, indicating the need for more effective thera-
pies applicable to moderately symptomatic patients in NYHA class
II-1Il. Activation of the sympathetic nervous system and relative
under-activity of the parasympathetic nervous system are together
thought to play a major role in both symptom generation and
disease progression in HFrEF patients.* The resulting autonomic
imbalance exacerbates myocardial remodelling, peripheral vaso-
constriction, and renal salt and water retention and increases the
risk of mortality and HF hospitalizations.>¢

The CVRx® Barostim NEO™ System is a novel treatment devel-
oped to address this unmet need. It is an implantable device capable
of producing cardiac autonomic modulation via electrical activation
of the baroreflex, the body’s natural mechanism that regulates car-
diovascular function through reflex inhibition of sympathetic out-
flow and activation of the parasympathetic nervous system. The
Barostim system consists of a carotid sinus lead and an implantable
pulse generator (IPG). The carotid sinus lead is surgically placed on
the outside of the carotid sinus and tunnelled over the clavicle to
the IPG. The IPG is implanted similar to a pacemaker in a standard

Autonomic nervous system e

Meta-analysis ¢ Randomized

subcutaneous device pocket. The system contains no hardware in
the heart or vasculature.

The effects of baroreflex activation therapy (BAT) in HF have
been examined in pre-clinical trials,”® a first-in-human single cen-
tre trial’ and two prospective, randomized multicentre controlled

trials.’®"

The BAT concept has been reviewed in several pub-
lications.'>"3 These trials have shown that BAT, which activates
afferent signalling to the brain via the baroreceptors in the carotid
artery, reduced sympathetic and increased parasympathetic sig-
nalling that acted in aggregate to rebalance the autonomic input
to the heart. The multicentre randomized trials (HOPE4HF'° and
BeAT-HF'") demonstrated that BAT is safe to use and signifi-
cantly improved functional status, QoL scores, exercise capacity,
and N-terminal pro-brain natriuretic peptide (NT-proBNP) levels.

We performed a new individual patient data (IPD) meta-analysis
from all patients enrolled in these two prospective, randomized
multicentre controlled trials to systematically review the efficacy
of BAT in the full studied patient population. In addition, the
meta-analysis enabled further exploration of data that may be more
prevalent in one trial, such as NT-proBNP and brain natriuretic
peptide (BNP). The inclusion of two trials enabled additional
analyses to evaluate outcomes from several subsets of this larger
patient population.

Methods

A comprehensive list of all trials recruiting HFrEF patients and utilizing
the Barostim™ device was ascertained from the sole manufacturer,
CVRYX, Inc. of Minneapolis, MN, USA.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Selected studies

Individual patient data from the two prospective randomized con-
trolled BAT clinical studies that enrolled patients with NYHA class IlI
or Il (NYHA class Il within the previous months), a reduced left ven-
tricular ejection fraction (LVEF <35%) and on guideline-directed med-
ical therapy (GDMT) were included in the meta-analysis. Both stud-
ies completed enrolment, complied with the Declaration of Helsinki
and were approved by the appropriate regulatory authorities and
ethics committees. A total of 554 randomized patients were consid-
ered for the meta-analysis, as shown by trial in Table 7. Patients were
randomized 1:1 to either GDMT (Control) or BAT + GDMT (BAT)
(open label).

The purpose of the two clinical studies was to describe the safety
and performance of BAT using the Barostim NEO System in patients
with symptomatic HF. The Phase Il HOPE4HF trial was a randomized
trial that enrolled patients in the United States (US), Europe and
Canada between April 2012 and April 2014. A total of 70 patients
were randomized to Control and 76 to BAT in this trial. The Phase
Il BeAT-HF trial was also a randomized trial that enrolled almost all
its patients in the US. The Barostim device was granted Breakthrough
Device Status (formerly Expedited Access) by the Food and Drug
Administration (FDA) for the BeAT-HF trial.'* Between April 2016
and October 2018, 209 patients were randomized to Control and
199 to BAT. These studies showed that treatment with BAT was safe
and demonstrated improvements in 6-min hall walk (6MHW), NYHA

Table 1T Comparison of heart failure with reduced ejection fraction randomized studies

Phase ||l HOPE4HF'?

Overview
First enrolment
Countries
Randomized 146
Eligibility criteria

Left ventricular ejection fraction <35%
NYHA class 1l
6MHW

Optimal HF guideline-directed therapy

April 2012—April 2014
United States, Germany, Italy, France, Canada

150 m <6 MHW <400 m (<450 m in Europe)
4 weeks prior to enrolment

Phase 1l BeAT-HF""

April 2016—0Oct 2018
United States, United Kingdom
408

<35%

Il or Il (with recent NYHA class Ill)
150 m <6 MHW <400 m

4 weeks prior to enrolment

HF criteria - Prior HF hospitalization or
BNP >100 pg/ml or NT-proBNP >400 pg/ml
CRT If CRT, >6 months active Exclude CRT class | indicated

Baseline status
Demographics

Women 14%
NYHA class HlI* 99%
Age (years), mean + SD 65 +11
Health status
Body mass index (kg/m?2), mean + SD 29 +5
Systolic blood pressure (mmHg), mean + SD 117 +18
Diastolic blood pressure (mmHg), mean + SD 72+11
Heart rate (bpm)*, mean + SD 74+ 11
Left ventricular ejection fraction (%), mean + SD 25 +7
NT-proBNP (pg/ml), median (IQR) 1241 (521-4044)
6-min hall walk distance (m) mean + SD 303 +82
MLWHF QolL*, mean + SD 47 +22
Comorbidities
Coronary artery disease 67%
Atrial fibrillation 44%
Chronic kidney disease 29%
Diabetes type 2* 35%
Heart failure treatments
ACEi/ARB or ARNI 80%
Beta-blocker* 86%
Diuretics* 76%
CRT* 32%
ICD/CRT-D* 87%

20%
94%
63 +11

30+5

119 +18

73 +£11

75 +11

26 +7

1058 (594-2424)
295 +72

53 +£25

66%
39%
28%
45%

84%
95%
89%
3%

78%

6MHW, 6-min hall walk; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker, ARNI, angiotensin receptor—neprilysin inhibitor; BNP, brain
natriuretic peptide; CRT, cardiac resynchronization therapy; CRT-D, cardiac resynchronization therapy-defibrillator; HF, heart failure; ICD, implantable cardioverter-defibrillator;
1Q;, interquartile range; MLWHEF, Minnesota Living With Heart Failure; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association; QolL,

quality of life; SD, standard deviation.
*p<0.05.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 2 Description of patient cohorts

Cohort Definition

All All patients randomized

NT-proBNP <1600 pg/ml

No CRT Indication

o Actively receiving CRT, or

All patients randomized with baseline NT-proBNP <1600 pg/ml

All patients randomized excluding:

HOPE4HF, n = 146
BeAT-HF, n = 408
Total, n = 554
HOPE4HF, n = 51
BeAT-HF, n = 264
Total, n = 315
HOPE4HF, n = 100
BeAT-HF, n = 408
Total, n = 508

o Class | indication for CRT (ACC/AHA guidelines)

No CRT indication and
NT-proBNP <1600 pg/ml

All patients randomized with:

HOPE4HF, n = 35
BeAT-HF, n = 264
Total, n = 299

e No CRT indication as defined above, and
o Baseline NT-proBNP <1600 pg/ml

ACC/AHA, American College of Cardiology/American Heart Association; CRT, cardiac resynchronization therapy; NT-proBNP, N-terminal pro-brain natriuretic peptide.

class, QoL, and NT-proBNP/BNP at 6 months. The trial protocols
permitted medication changes for clinical necessity. In the BeAT-HF
trial, during the 6-month follow-up there was a significant difference
in HF medications between the two randomized arms. For example,
the GDMT alone patients were more likely to have a new class of HF
drugs added than the BAT + GDMT patients (29% vs. 18%), including
a disproportional uptake in sacubitril/valsartan, which was approved
during the trial (GDMT patients 16% vs. the BAT + GDMT patients
4%).

A comparison of the demographics, clinical characteristics and
eligibility criteria between the studies are shown in Table 7 and
combined in online supplementary Table S17.

Endpoint measures and selected cohorts

At the time of this writing, major clinical outcomes (deaths and hos-
pitalizations) are still being collected in the BeAT-HF trial, however
these will not be unblinded until the pre-specified number of outcome
events are obtained. Thus, these outcomes are not included in this
meta-analysis. The meta-analysis efficacy endpoints that were evalu-
ated include those consistently collected that are considered valuable
markers of clinical efficacy. These included the change from baseline
to 6 months for 6MHW distance, Minnesota Living With Heart Fail-
ure (MLWHF) QolL, NYHA class, and NT-proBNP/BNP for BAT and
Control patients. As some patients had BNP instead of NT-proBNP
collected, a sensitivity analysis was done in which the diagnostic per-
formance of the relative reduction of BNP and NT-proBNP were
combined, as these two markers are considered comparable with no
meaningful difference between the two (online supplementary Tables 52
and $3)."°

Results from all patients combined across the two randomized stud-
ies were analysed, following which three cohorts from this full patient
population were examined. These cohorts were defined to deter-
mine the effect of BAT on more homogeneous groups representing
different sub-populations of interest. Given that the FDA indication
for this device is for patients without an indication for cardiac resyn-
chronization therapy (CRT) and with NT-proBNP values <1600 pg/ml,
we chose to use these two factors to define specific patient cohorts
for further study. The baseline NT-proBNP value and CRT status,
defined as either a presence of a CRT or a class | CRT indication

or not, were used to determine the cohorts further described in
Table 2.

Statistical methods

Endpoints across cohorts were analysed in a consistent manner. For
the 6MHW and QoL outcomes, mean differences in the change
from baseline to 6 months in the BAT compared to the Control
were calculated. For the outcome of NT-proBNP, the mean change
was examined on a log10 scale, and after the appropriate inverse
transformation, was interpreted as a comparison of the relative percent
change at 6 months. Analyses of covariance were performed using
mixed models with adjustment for baseline values. Improvement in
NYHA class was defined as a lower class at 6 months. Comparisons
between arms were calculated using the odds ratio (OR) and 95%
confidence intervals (Cl) for each effect. Although improvement is
defined as a decrease in NYHA class, a positive OR demonstrates the
likelihood that a patient improves at least one NYHA class.

Fixed-effect models with inverse variance weighting were used to
pool primary trial effects across studies, and I? statistics calculated to
quantify heterogeneity between the two studies. Due to the small num-
ber of studies, tau-squared may be poorly estimated, thus fixed-effect
models with inverse variance weighting were used.

Stata version 16 (16.1; StataCorp 2013, Stata Statistical Software
Release 16, College Station, TX, USA) was used for all analyses.

Results

At 6 months, analysis of the full patient population demonstrated
that clinically and statistically significant improvements occurred
in the BAT arm for 6MHW distance, MLWHF Qol, and NYHA
class compared to the Control (Figure 7 and online supplementary
Table S2). These improvements were consistent across both trials
and the I? statistics for trial heterogeneity 0% for each of the three
endpoints.

As shown in Figure 2 and online supplementary Table S3, for
6MHW distance, BAT showed a statistically significant improve-
ment over Control in all patients of 48.5 m (95% Cl 32.7, 64.2),

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.



IPD meta-analysis of Barostim in HFrEF
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Figure 1 Endpoint results by trial (HOPE4HF'® BeAT-HF'"). 6MHW, 6-min hall walk; Cl, confidence interval; MLWHEF, Minnesota Living
With Heart Failure; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association.
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Figure 2 Six-month improvements in endpoints by cohort. 6MHW, 6-min hall walk; Cl, confidence interval; CRT, cardiac resynchronization
therapy; MLWHF, Minnesota Living With Heart Failure; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart
Association. No CRT, excluding patients actively receiving CRT or with a class | indication for CRT (American College of Cardiology/American

Heart Association guidelines?).

with similar improvements shown in all three cohorts. Similarly,
for QoL assessed by MLWHF, BAT led to a significant improve-
ment (shown as a decrease) of —13.4 points (95% Cl —17.1,
—9.6), which was consistent in all studied cohorts. The OR for
an improvement in NYHA class was also significantly in favour
of BAT versus Control in all patients and in all studied cohorts.

NT-proBNP levels appeared to improve in all patients, but only

reached statistical significance in the cohorts that excluded patients
with NT-proBNP >1600 pg/ml. The results from the sensitivity
analysis combining NT-proBNP and BNP were consistent with
the results for NT-proBNP alone (online supplementary Tables S2
and S3).

Figure 3 shows the 6-month endpoint results for all patients

across baseline sex, age and history of atrial fibrillation (AF). BAT

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 3 Six-month improvement in all patients by sex, age and history of atrial fibrillation. 6MHW, 6-min hall walk; Afb, atrial fibrillation;
Hx, history; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association; QoL, quality of life as assessed by

the Minnesota Living With Heart Failure Questionnaire.

demonstrated a statistically significant improvement in 6MHW
distance, MLWHF QoL and NYHA class in all patients irrespective
of gender, age, or the presence or absence of AF Of interest,
the effects in female patients were notable, with large effects in
6MHW distance, MLWHF Qol, NYHA class and NT-proBNP
(—31% difference [95% CI —50%, —2%]).

Discussion

In this IPD meta-analysis, BAT significantly improved exercise
capacity, QoL and functional capacity in GDMT-treated patients
with NYHA class Il/lll HFrEF (Graphical Abstract). The size of the
treatment effects was clinically meaningful and seen consistently
across the studied patient cohorts. The importance of focusing on
improvement in these patient-centred outcomes has been empha-
sized by the FDA though the Breakthrough Device Program, indus-
try, and supported by key leaders who treat patients with HF.16=21
A recent study done in collaboration with the FDA, industry, and
the Medical Device Innovation Consortium showed that patients
would accept up to a 9% absolute risk of device-associated mortal-
ity for a 1-year gain in improved functioning capacity.!”” One of the
challenges with patient-centred outcomes is the potential for bias,
particularly in device trials where a sham procedure is often prob-
lematic and unethical. This potential bias can be mitigated by evalu-
ating supportive objective outcomes, such as NT-proBNP. A recent
editorial emphasized that with the increasing prevalence of HF and
the impact of the disease on patients, progressive approaches that
focus on endpoints that are impactful to patients must be done to

get safe and effective treatments available in a timely manner.??

When patients with very elevated NT-proBNP (>1600 pg/ml)
were excluded, NT-proBNP showed a significant relative
reduction. The patients with higher baseline NT-proBNP levels
(>1600 pg/ml) have demographic profiles consistent with more
advanced HF compared to patients with lower NT-proBNP, as
also shown in other studies.?> 2% This differential therapeutic
effect between patients with lower NT-proBNP versus higher
NT-proBNP, or more advanced HF, has been observed in other
studies, and more recently in left ventricular assist devices.?* %
Thus, the differential therapeutic effect observed may be due
to the patients with higher NT-proBNP having more advanced
structural heart disease, as higher levels of natriuretic peptides
correlate with greater left ventricular mass, worse left ventricular
diastolic dysfunction and higher pulmonary pressure, as well as
higher prevalence of comorbidities such as renal dysfunction and
AF, and that they may, therefore, be less likely to respond to
therapeutic interventions.

Baroreflex activation therapy demonstrated benefit in all the
assessed subgroups. Benefits were seen in patients with and with-
out an indication for CRT. In patients who would have satisfied the
FDA approved indication, which includes patients with NT-proBNP
<1600 pg/ml and no indication for CRT, the results were the most
pronounced. When analysing all patients, there were particularly
impressive results in women. Women have often achieved lesser
benefits from HF interventions,® so it is of clinical interest that
the therapeutic effects of BAT were so encouraging for women.
Lindenfeld et al' examined the benefits of BAT in women and
although no known pathophysiological mechanism was identified as
the reason for the benefit in women, they suggested that the find-
ings are consistent with what has been observed in other device

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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therapies such as CRT. One publication suggests that in women
of advanced age, the sympathetic baroreflex sensitivity decreases
more so than in men of similar age.>? AF is known to be associated
with more marked autonomic dysfunction and lower therapeutic
benefit from either beta-blockade or CRT compared to patients in
sinus rhythm, it was therefore reassuring to see similar benefits in
this patient cohort.??

Baroreflex activation therapy is the first neuromodulation device
shown to offer symptomatic and functional capacity benefits in
patients with HFrEF in NYHA class Il and lll. It is also the
first intervention that directly targets autonomic dysfunction, long
known to be an adverse prognostic marker in HFrEF3* Effective
pharmacological treatments are thought to have some of their
benefit via modulation of autonomic nervous system activity in
the case of beta-blockers, mineralocorticoid receptor antagonists
and renin—angiotensin—aldosterone system inhibitors, but these
effects are indirect and do not target the parasympathetic or reflex
systems directly.

Device therapies for autonomic modulation have been tested
with a number of different device approaches, including BAT. Direct
vagal stimulation has been tried with variable results. Three stud-
ies have assessed vagal nerve stimulation by implanted devices
in HE. The non-randomized ANTHEM-HF** trial suggested pos-
sible benefits in LVEF, 6MHW distance and NYHA class but this
was not confirmed in two subsequent larger randomized trials
INOVATE-HF?*¢ and NECTAR-HF*” In INOVATE-HF, 707 class Il
HFrEF patients were randomized in a 3:2 ratio, but the primary
efficacy endpoint of death or worsening HF was not improved
(30.3% vs. 25.8%; hazard ratio 1.14; 95% Cl 0.86, 1.53; p = 0.37)
despite favourable effects on NYHA class and 6MHW distance.
In NECTAR-HEF, a total of 87 HFrEF patients were randomized to
therapy ‘ON’ versus therapy ‘OFF and at 6 months left ventricular
end-systolic diameter was not significantly improved, but quality of
life assessed by MLWHF Questionnaire (p = 0.049), NYHA class
(p = 0.032), and the Short-Form-36 Health Survey Physical Com-
ponent scores (b = 0.016) were all improved in the ‘ON’ group.
Similarly, spinal cord stimulation has not shown consistent benefits
in HFrEF. In DEFEAT-HF, a total of 66 randomized and implanted
patients showed no significant change in left ventricular end-systolic
volume index over 6 months of device OFF versus ON, and no
significant benefits in secondary endpoints.3® These results were
observed despite an earlier non-randomized pilot study suggesting
the possibility of improvements in NYHA class, MLWHF QolL, peak
oxygen consumption and LVEF3° Online supplementary Table $4
provides a comparison of 6MHW distance, QoL, NYHA class, and
NT-proBNP data from randomized trials in HF for BAT, vagal nerve
stimulation and spinal cord stimulation.

Other approaches have also not been successful to date. Renal
denervation can reduce sympathetic predominance, and this was
first tested for refractory hypertension, with several smaller tri-
als also testing its possible utility in HE. The REACH pilot study
suggested improved functional capacity and symptoms in seven
patients, but this was not confirmed in the larger Symplicity-HF
study.***" Another small pilot study suggested potential improve-
ments in LVEF and 6MHW distance.*? Similar to renal denervation,
sympathetic denervation of the left side of the heart has been

tested in HFrEF patients in a small pilot study with suggestions
of improved LVEF and 6MHW distance.®* This is presently being
tested in a prospective trial.*

One of the difficulties in the field of neurocardiology is that
unlike drug interventions, the optimal dose and nature of inter-
vention delivery is inadequately understood. This includes opti-
mization of pacing protocols including pulse amplitude, pulse fre-
quency, and duration, as well as whether therapy should be
continuous, day-time only, or even intermittent. The results of
this meta-analysis of BAT compare favourably with other recent
device interventions whose results have been summarized in
an IPD meta-analysis, such as cardiac contractility modulation
and secondary mitral regurgitation reduction by indirect mitral

annuloplasty.*>4

Limitations

This IPD meta-analysis included only two randomized trials and
with a limited number of patients restricting our ability to see
subtle differences in responses between patient cohorts of interest.
In addition, both trials were open-label, which may result in bias
in the more subjective endpoints. Nevertheless, the results are
encouraging whilst we await longer term clinical outcomes from
the second post-market phase of the BeAT-HF trial.

Conclusions

Of all the autonomically targeted device therapies, this IPD
meta-analysis has confirmed clinical benefits from BAT as the only
device that has been established as a viable option for the treat-
ment of selected HF patients. The results help clarify the proven
effects to be expected from the use of BAT in patients that match
the selection criteria of the trials. In summary, the results of this
IPD meta-analysis suggest that BAT provides clinically meaningful
improvements in exercise capacity, QoL and functional capacity in
GDMT-treated patients with NYHA class Il/lll HFrEF, across the
range of patients studied. BAT was also associated with an improve-
ment in NT-proBNP in subjects with a lower baseline NT-proBNP.
These benefits were consistent across both trials and across all
subgroups evaluated.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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