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Background: The effect of beta-blockade (BB) on response to vagus nerve stimulation (VNS) has not been reported
in patients with heart failure and reduced ejection fraction (HFrEF). In the ANTHEM-HF Study, 60 patients
received chronic cervical VNS. Background pharmacological therapy remained unchanged during the study, and
VNS intensity was stable once up-titrated. Significant improvement from baseline occurred in resting 24-hour
heart rate (HR), 24-hour HR variability (SDNN), left ventricular EF (LVEF), 6-minute walk distance (6MWD),
and quality of life (MLWHFS) at 6 months post-titration. We evaluated whether response to VNS was related to
percentage of target BB dose (PTBBD) at baseline.

Methods: Patients were categorized by baseline PTBBD, then analyzed for changes from baseline in symptoms and
function at 6 months after VNS titration.

Results: All patients received BB, either PTBBD > 50 % (16 patients, 27 %; group 1) or PTBBD < 50 % (44
patients, 73 %; group 2). Heart rate, systolic blood pressure, LVEF, use of ACE/ARB, and use of MRA were similar
between the two groups at baseline. Six months after up-titration, VNS reduced HR and significantly improved
SDNN, LVEF, 6MWD, and MLWHEFS equally in both groups.

Conclusions: In the ANTHEM-HF study, VNS responsiveness appeared to be independent of the baseline BB dose
administered.

1. Introduction

Chronic heart failure (HF) is a syndrome that affects more than 6.2
million people in the US alone, with a worldwide prevalence expected to
continue to increase significantly [1]. HF remains a leading cause of
morbidity and mortality [2]. Beta-Blocker (BB) drugs are among the
more effective therapies for patients with HF and reduced ejection
fraction (HFrEF) [3]. Despite improvements that have been brought
about by these and other classes of drugs, many patients remain symp-
tomatic and experience devastating effects on their quality of life and

HFrEF continues to create a major socio-economic burden [4]. New
therapies are therefore needed [5].

Numerous clinical studies have shown that patients with HFrEF have
autonomic dysfunction that is associated with an increased sympathetic
activity and vagal withdrawal [6-8]. Change in autonomic regulatory
control leads to multiple pathophysiologic changes that have deleterious
long-term consequences. Recently, novel implantable devices have been
developed that deliver Autonomic Regulation Therapy (ART) via vagus
nerve stimulation (VNS) [9-11]. This approach has an established safety
profile for the treatment of refractory epilepsy or depression, and there
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is evidence of potential benefits for HFrEF through multiple car-
dioprotective mechanisms [12-16].

There is limited information in humans on the interaction between
VNS and guideline directed medical therapy. In the ANTHEM-HF Study,
60 patients on optimal medical therapy for HFrEF received adjuvant
chronic ART. VNS was associated with significant improvements from
baseline in resting 24-hour heart rate (HR), 24-hour HR variability
(SDNN), left ventricular EF (LVEF), 6-minute walk distance (6MWD) and
quality of life (Minnesota Living with Heart Failure Questionnaire score;
MLWHFS) at 6 months after VNS titration [4]. We evaluated whether
clinical response to VNS in the ANTHEM-HFrEF trial was related to the
baseline beta-blocker dose, assessed as a percentage of target BB dose
(PTBBD) administered at baseline.

2. Methods

The design, patient selection criteria, and safety and efficacy results
of the ANTHEM-HF study have been previously described [9,17]. The
study was performed according to the Declaration of Helsinki. The study
protocol was approved at all sites by local ethics committees, and all
patients gave written informed consent translated into local languages.

Briefly, sixty (n = 60) patients aged > 18 with symptomatic HF (New
York Heart Association (NYHA) class II-III) were enrolled at 10 sites over
13 months. Other inclusion criteria included LVEF < 40 %, LV end-
diastolic diameter > 50 mm and < 80 mm, and QRS width < 150 ms.
Patients were also required to be capable of performing the 6-minute
walk test with a measured baseline distance between 150 and 425 m
and limited by symptoms of HF. Patients with confounding co-
morbidities were excluded from the study. All 60 patients were in
sinus rhythm at the time of enrollment, and received stable, guideline-
directed medical therapy (GDMT) for HF. This therapy included
among others a stable dose of maximally tolerated BB therapy for at least
3 months. Patients also received stable doses of maximally tolerated
angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers, and spironolactone, for at least 1 month. Although medication
changes during the study were permitted according to physician eval-
uation, no significant changes occurred during the study.

Enrolled patients were randomized 1:1 to receive VNS Therapy
System implantation (Demipulse Model 103 pulse generator and Per-
enniaFLEX Model 304 lead; LivaNova, Houston, Texas) with lead
placement either on the left or the right cervical vagus nerve based upon
1:1 randomization. The pulse generator was activated 15 + 3 days after
implantation. All patients were initially stimulated at a pulse width of
130 psec and a pulse frequency of 10 Hz using continuous cyclic stim-
ulation having a duty cycle comprising 14-second active [on] and 66-
second inactive [off]. The duty cycle repeated itself a total of 1080
times per day. VNS was titrated during clinic visits over a 10-week
titration period by systematically adjusting the stimulation parameters
to a pulse frequency of 10 Hz, pulse width of 250 psec, and target output
current amplitude of up to 3.0 mA. During each titration session, the
intensity of stimulation was gradually increased with a radiofrequency
programmer (Model 250 programming system; LivaNova) in increments
of 0.25 mA until transient acute VNS-related side effects were observed
during the on-time of the duty cycle. This established a tolerance
boundary for each titration session that was manifested, typically by an
expiratory reflex consisting of a mild cough. Once the VNS tolerance
boundary was established, the output current was reduced to ensure that
the therapy could be well tolerated with no VNS-related side effects
between titration sessions. At the end of the titration period, the average
output current reached was 2.0 + 0.1 mA (left VNS: 2.2 + 0.2 mA; right
VNS: 1.8 £ 0.2 mA).

For this analysis, patients were categorized into two groups accord-
ing to baseline PTBBD. Group 1 (n = 16) included patients with PTDBB
greater than or equal to 50 %. Group 2 (n = 44) included patients with
PTDBB<50 %. Patients were then analyzed for change from baseline in
both cardiac function and HF symptoms after 6 months of chronic
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therapy. The following measurements were made: HR, SDNN, LVEF,
6MWD and MLWHES. The effect of VNS was calculated using a paired
Student’s t-test. Data are reported as means + standard deviation.
P < 0.05 was considered statistically significant.

3. Results

All 60 randomized patients were classified as NYHA functional class
I1 (57 %) or III (43 %) with an average LVEF of 32 + 7 % for the study
population. The etiology of the heart failure was ischemic in 75 % of
patients. Median baseline NT-proBNP was 868 pg/mL (IQR
322-1,875 pg/mL). NT-proBNP tended to decrease overall in association
with VNS (Median [IQR]: 851 [313, 1951] to 714 [344, 1239]; p = NS.
This 16 % decrease was modest, and its non-significance was not sur-
prising given the wide variability in NT-proBNP that is known to occur
clinically and the small cohort of patients (n = 60) studied [18].All were
successfully implanted with a VNS system; 100 % were receiving a stable
dose of BB, 85 % were receiving an ACE inhibitor or ARB and 85 % were
receiving a MRA as baseline therapy. There were no ICD or CRT devices
implanted at the time of enrollment into the study and there was no
significant change in HF medications during the study.

For this analysis, patients were categorized based upon receiving
either PTBBD > 50 % (Group 1, n = 16, 27 %) or PTBBD < 50 % (Group
2,n =44, 73 %) at baseline [19]. The baseline characteristics of Group 1
and Group 2, including systolic blood pressure, LVEF, use of ACE/ARB
and use of MRA, were not significantly different. Changes in efficacy
parameters from baseline to 6 months in the two groups are summarized
in Table 1 and Fig. 1. Chronic VNS was associated with significant im-
provements from baseline in both study groups. SDNN improved
significantly in both group 1, by 31 + 58 ms (102 + 29 ms to
133 + 71 ms, p < 0.05), and group 2, by 4 + 43 ms (89 + 31 ms to
103 + 37 ms, p < 0.025). LVEF increased significantly, by 4 + 9 % in
both groups (34 £ 5 % to 40 + 8 % in group 1, p < 0.01, and 32 + 8 % to
36 + 11 % in group 2, p < 0.005). 6MWD improved from a baseline
value of 293 £ 54 m to 342 £ 69 m (A =48 + 60 m, p < 0.01) in group 1
and from 284 + 71 m to 347 + 79 m (A = 63 + 92 m, p < 0.0001) in
group 2. Quality of Life score improved significantly, by 14 + 10 in
group 1 (p < 0.0001) and 20 £ 13 in group 2 (p < 0.0001). Although HR
decreased similarly in the two groups, the decrease was found to be
significantly reduced in group 2 (p < 0.01) which had a larger sample
size. The effect of BB on symptomatic and functional responsiveness to
VNS was significant for both groups, and no significant differences were
noted in any of these parameters when analyzed by baseline PTBBD.

4. Discussion

Several trials of ART in heart failure have yielded favorable safety
results and shown some improvement in cardiac function and heart
failure symptoms [9,20,21]. INOVATE-HF has been the largest ran-
domized controlled study to date and was terminated due to inability to
demonstrate a reduction in the primary endpoint of death or heart
failure events [22]. Inadequate stimulation levels may have been
responsible for the inability to demonstrate a reduction in morbidity and
mortality [23] and the smaller improvements in symptoms and function
that occurred in that study and in NECTAR-HF when compared to
ANTHEM-HF [23].

In the ANTHEM-HF study, chronic VNS therapy was shown to be
feasible, well tolerated by patients, and was associated with significant
improvements in heart rate, heart rate variability, cardiac function and
HF symptoms [9]. These improvements were associated with evidence
of autonomic engagement, as demonstrated by subtle R-R interval
changes that occurred in response to VNS onset during the VNS duty
cycle [24]. This response was more pronounced with stimulation of the
right vagus nerve, and there was a correlation between stimulus in-
tensity and autonomic engagement. In contrast, no evidence of auto-
nomic engagement was demonstrated in other ART trials that did not
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Table 1
100 %>TDBB > 50 % (Group 1, n = 16) STDBB < 50 % (Group 2, n = 44)
Baseline 6 months Delta p! Baseline 6 months Delta p! p?
HR 77 £12 73 £12 -3+10 NS 78 + 10 73+ 11 —4 4+ 10 <0.01 NS
SDNN 102 + 29 133 £ 71 31 +58 0.05 89 + 31 103 + 37 4 +43 <0.025 NS
LVEF 34+5 40+ 8 4+9 <0.01 32+8 36 +£11 4+9 <0.005 NS
6MWD 293 + 54 342 + 69 48 + 60 <0.01 284 +£71 347 £ 79 63 + 92 <0.0001 NS
MLWHFS 34 + 14 22 +10 -14 £ 10 <0.0001 42 + 13 21 +10 —20 £13 <0.0001 NS

Values are presented as mean + standard deviation.

TDBB = target BB dose; HR = heart rate; SDNN = Standard deviation of the NN (R-R) intervals; LVEF = Left ventricular ejection fraction, 6MWD = 6-minute walk

distance; MLWHFS = Minnesota living with heart failure questionnaire score.
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Fig. 1. Comparison of 6-month improvement in efficacy parameters between high-dose and low-dose BB patient groups.

show improvement in cardiac function [25].

In this post-hoc analysis of ANTHEM-HF study data, VNS respon-
siveness was independent of baseline BB dose administered. In groups
with both high and low baseline BB dose, there were significant
improvement from baseline in SDNN, LVEF, 6MWD, and quality of life.
These results suggest that VNS could be an effective treatment for HF
patients regardless of the underlying dose of BB administered.

The findings from this analysis should be interpreted with caution.
ANTHEM-HF was an uncontrolled study. It is possible that the analysis
was influenced to some degree by the placebo effect or Hawthorne ef-
fect, in particular in the more subjective evaluations such as Quality of
Life. These findings need to be validated in a randomized, controlled
trial. The ongoing ANTHEM-HFrEF pivotal study (ClinicalTrials.gov
#NCT03425422) is likely to provide further insights.

5. Conclusions

Responsiveness to VNS in ANTHEM-HF did not appear to be affected
by BB dose administration. In patients with both higher and lower
baseline BB doses, there were significant improvements from baseline in
HR, SDNN, LVEF, 6MWD, and MLWHEFS. This analysis suggests that the
clinical efficacy of ART may not be dependent on the underlying dose of
BB medication that is administered.
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