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Non-invasive Vagus Nerve Stimulator (gammaCore ) Was Not Associated With Meaningful Cardiovascular Adverse Effects
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Introduction

Results

••
nerve stimulation (VNS) has demonstrated efficacy in the treatment of epilepsy and depression and is also under investigation
••Vagus
for the treatment of pain associated with migraine and cluster headache and bronchoconstriction in patients with asthma

ECG Findings

The vagus nerve regulates the autonomic activity of the respiratory, gastrointestinal, endocrine, and cardiovascular (CV) systems1-3
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the efficacy of VNS in various disease states, its use has resulted in adverse cardiac effects; ie, bradycardia and ventricular
••Despite
asystole were observed in patients who received VNS via an implanted device for the treatment of epilepsy
9-12

VNS (nVNS) device that stimulates the afferent fibers of the cervical vagus nerve has been developed for the treatment
••Aofnon-invasive
asthma symptoms

••

This report describes the CV safety of the nVNS device when used to treat acute bronchospasm in patients with asthma
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Incidence of Adverse Events
total of 16 AEs were reported in 10 subjects
••A(Table
3)
■■

••A total of 284 ECGs were performed for 29 of 30 patients
■■

••

One subject was excluded because only 1 ECG reading was taken during the treatment visit

No clinically significant ECG changes were noted, either in isolated readings or in comparison to baseline, in the 29 patients with
evaluable ECGs

••Treatment with nVNS had no meaningful effect on heart rate, PR interval, QTc interval, or QRS duration (Figure 2)
••Stimulation produced an ECG artifact in 24% (7 of 29) of patients, which resulted in incorrect indications of pacemaker presence

Most AEs (14 of 16; 87.5%) were mild in
intensity and 13 (81.2%) resolved without
further intervention

■■

No unanticipated AEs were reported

■■

No serious AEs occurred during the study

■■

A total of 10 AEs that were related or
possibly related to treatment with the nVNS
device were noted in 5 subjects

Figure 2. Impact of nVNS on ECG Parameters

Methods

Heart Rate

Table 3. Incidence of Adverse Events
BC-US-06 Study Population (N=30)
Subjects With ≥1 AE, n (%)

10 (33.3)

Subjects With AEs by Intensity, n (%)a
Mild

9 (30)

Moderate
Severe
Subjects With ≥1 AE Related/Possibly Related to Treatment, n (%)

1 (3.3)
1 (3.3)b
5 (16.7)c

Abbreviation: AE, adverse event.
a
Some subjects experienced >1 AE.
b
Muscle tightness/spasms on the right side of the body, extending from the ear to the wrist.
c
Includes pain in the neck region at the site of stimulation, hoarseness, chest congestion, tightness/muscle
spasms on the right side of the body, jitteriness in the upper body, excess mucus in the oropharynx,
erythema on the anterior biceps (bilateral), musculoskeletal tension/tightness in the upper body, tingling on
the right side of the neck where the stimulation was applied, and torticollis.

PR Interval

Study Design and Objective

Conclusions

••

••Despite previous reports of cardiac effects in patients receiving implanted VNS for the treatment of epilepsy, these

was an open-label, phase 2, multicenter, prospective, single-arm interventional pilot study conducted between January 27, 2012,
••BC-US-06
and May 14, 2012
The primary objective of BC-US-06 was to obtain preliminary data regarding the safety and clinical benefits of nVNS for the relief of
acute bronchoconstriction in subjects with asthma

effects appear to be a relatively rare occurrence12 and may be associated with

Patient Population

••

Men or women aged 18 to 65 years with a history of mild to moderate asthma exacerbations (as per the Global Initiative for Asthma
guidelines13) for at least 1 year prior to enrollment

••Use of an inhaled short-acting β-agonist (eg, albuterol) to reverse asthma symptoms
••Reversibility of forced expiratory volume in the first second of expiration of ≥12% within 15 to 30 minutes after 4 inhalations of albuterol
Intervention

••

The nVNS device (Figure 1) produces a low-voltage electric signal that comprises a
series of 5-kHz sine waves occurring over 1 millisecond; the series recurs at a
frequency of 25 Hz (ie, every 40 milliseconds)

QTc Interval

••

Electrode placement12

■■

Variations in vagus nerve anatomy12

■■

Disease state (eg, status epilepticus)9

■■

Modification of vagus nerve susceptibility to chronic stimulation by antiepileptic drugs9

••nVNS treatment had no clinically meaningful effect on CV function in subjects with asthma
••Occurrences of PAC and PVC were transient and benign and did not reflect an increase in ventricular ectopy

QRS Duration

post-nVNS treatment

••Although nVNS treatment may have contributed to the development of SA, all observed SAs were transient and

Figure 1. nVNS Device

benign and were not unexpected for the study population

••Most AEs were mild, and no serious AEs occurred in any patient
••The CV safety findings for nVNS reported in this study may support the safe use of nVNS in neurological disease

••The device delivers a maximum voltage of 24 V and a maximum output current of 60 mA
■■

■■

states (eg, epilepsy, depression, migraine and cluster headache)

The stimulation amplitude is adjusted by the user

••A number of large-scale studies of nVNS have been completed, and additional studies are under way to further

A small amount of conductive gel enables delivery of stimulations via a pair of
stainless steel contact surfaces

validate the safety of this therapy in the treatment of multiple neurological conditions

••No cardiac AEs have been reported to date in completed or ongoing clinical studies of nVNS in the European Union

self-administered a single 90-second nVNS stimulation to the right side of
••Subjects
the neck for the treatment of asthma symptoms

or the United States

Assessment of Cardiac Function

••Patients had 12-lead electrocardiograms (ECGs) obtained at 3 study visits
■■

Baseline

■■

Treatment

■■

Impact of nVNS on Cardiac Rhythm

-During
stimulation

Premature Atrial and Ventricular Contractions (PACs and PVCs)

-Immediately
after and at 5, 15, 30, 60, and 90 minutes after nVNS stimulation (ie, post-nVNS)

PACs and PVCs occurred in 13.8% (4 of 29) of subjects throughout the study (Table 2); the occurrences were consistent with
••Isolated
those reported in the general population

Follow-up at 7 days after treatment

■■

Heart rate, PR interval, corrected QT (QTc) interval, and QRS duration

■■

••Adverse events (AEs) were categorized according to their intensity
■■

Mild AEs were noticeable to the patient but did not interfere with routine activity or require medical treatment

■■

Moderate AEs interfered with routine activity and usually required treatment but responded to symptomatic therapy or rest

••

Serious AEs were defined as those resulting in death, a lifethreatening event, inpatient hospitalization or prolongation
of existing hospitalization, a persistent or significant
incapacity, or substantial disruption of the ability to conduct
normal life functions or a congenital anomaly/birth defect

relationship of AEs to treatment with the nVNS device was
••The
also evaluated

Statistical Analyses

statistics (ie, mean values +/- standard error of
••Descriptive
the mean [SEM]) were used to assess ECG parameters

••No other formal statistical analyses were performed
Demographics and Baseline
Characteristics

••Thirty subjects were enrolled at 4 investigational sites in the
United States

••Demographic and baseline characteristics of all enrolled
subjects are shown in Table 1

■■

No PACs or PVCs were observed at baseline or pre-nVNS
PACs occurred in 4 subjects: 1 subject each during nVNS, immediately post-nVNS, at 30 minutes post-nVNS, and at 7 days post-nVNS
treatment
PVCs occurred in 1 subject at 60 minutes post-nVNS treatment

••The reported PACs and PVCs did not indicate an increase in supraventricular ectopy post-nVNS treatment

Evaluation of Adverse Events

Severe AEs substantially limited the patient’s ability to
perform routine activities despite symptomatic therapy
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14,15

••The ECG findings and the impact of nVNS on cardiac rhythms were reviewed by an independent cardiologist, documented, and summarized

■■
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Table 1. Demographics and Baseline Characteristics
BC-US-06 Study Population (N=30)
Mean Age, y (SD; range)
35.1 (12.4; 20-60)
Sex, n (%)
Male
7 (23.3)
Female
23 (76.7)
Ethnicity, n (%)
Caucasian
17 (56.7)
African American
8 (26.7)
Hispanic
4 (13.3)
Other
1 (3.3)
Body Mass Index, n (%)
>30 kg/m2
10 (33.3)
≤30 kg/m2
20 (66.7)
Mean Heart Rate, bpm (SD; range)
75.3 (9.2; 56-88)
Mean Number of Years With Asthma,
27.3 (11.4; 2-52)
(SD; range)
History of Smoking, n (%)
Yes
3 (10)
No
27 (90)
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BC-US-06 Study Population (N=29)
Change in Cardiac
Baseline
Rhythm, n

PrenVNS

During
nVNS

Immediately
Post-nVNS

5 min
15 min
30 min
60 min
90 min
7 Days
Post-nVNS Post-nVNS Post-nVNS Post-nVNS Post-nVNS Post-nVNS

PACa

0

0

1

1

0

0

1

0

0

1

PVCa

0

0

0

0

0

0

0

1

0

0

SA

4

3

3

5

4

6

7

5

5

1

b,c

Abbreviations: nVNS, non-invasive vagus nerve stimulation; PAC, premature atrial contraction; PVC, premature ventricular contraction; SA, sinus arrhythmia.
a
Total number of patients evaluated for PACs and PVCs at each time point ranged from 26 to 29.
b
Some patients experienced SA at multiple time points.
c
Includes 1 patient who experienced a benign SA at every evaluation time point during the study.
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