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ABSTRACT

Background Gastric electric stimulation (GES) is

a treatment approach to refractory gastroparesis,

possibly acting centrally via afferent vagus nerve

stimulation (VNS). Non-invasive VNS (nVNS) is a

potential alternative to GES that could eliminate

the safety risks of or identify likely responders to

implantable neurostimulators.

Objective This open-label proof-of-concept

study assessed the effects of nVNS in patients

with severe drug-refractory gastroparesis.

Methods Patients used the Gastroparesis

Cardinal Symptom Index (GCSI) to grade

symptoms in diaries daily for 2 weeks before

treatment (baseline) and during ≥3 weeks of

nVNS therapy. Adverse events (AEs) were also

diarised. Treatment was self-administered using

an nVNS device (gammaCore, electroCore) and

consisted of 120 s stimulations to the vagus

nerve in the neck (two stimulations to each side

three times daily during weeks 1 and 2; three

stimulations to each side three times daily during

week 3 and beyond). Response was defined as a

≥1 point decrease from baseline in GCSI score.

Results Thirty-five patients enrolled; 23 were

compliant with study procedures and were

included in the analysis; 7 continued treatment

beyond 3 weeks. Response rates were 35% (8/

23) at 3 weeks and 43% (10/23) for the duration

of therapy (3–6 weeks). For the entire cohort and

the 10 responders, improvements from baseline

were noted for mean total GCSI and GCSI

subscale scores (nausea/vomiting, postprandial

fullness/early satiety, bloating). No serious AEs

were reported.

Conclusions These preliminary results provide a

signal that nVNS may be useful for treating

refractory gastroparesis. Larger controlled studies

are warranted.

INTRODUCTION

Gastroparesis is a chronic motility dis-
order characterised by disruption in the
timing or strength of normal gastric con-
tractility, leading to profound delay in
gastric emptying in the absence of mech-
anical obstruction.1 2 Symptoms include
persistent nausea, vomiting, bloating,
early satiety and abdominal pain.1 Its
prevalence has been estimated at 9.6 per
100 000 men and 37.8 per 100 000
women,3 and data on gastroparesis-
related hospitalisations suggest that its
prevalence is increasing.4 The condition
is poorly understood, often difficult to
treat and associated with substantial eco-
nomic impacts.4

Several aetiological processes have been
hypothesised for this disorder. In many
cases of idiopathic gastroparesis, viral
infection, which results in damage to
nerves and/or other components that
affect gastric contractility, is believed to
be an underlying cause.5 6 Gastroparesis
also is often associated with diabetes mel-
litus or surgery involving the upper
gastrointestinal tract.1 Autonomic neur-
opathy of the parasympathetic nervous
system appears to be an important factor
in diabetic gastroparesis,7–9 whereas post-
surgical gastroparesis is often related to
vagus nerve injury.1 Chronic intestinal
pseudo-obstruction, Parkinson disease,
scleroderma and systemic lupus erythe-
matosus are also associated with gastro-
paresis, albeit less commonly.1

Pharmacological treatment for gastro-
paresis usually involves the combination
of prokinetic and antiemetic medications
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including metoclopramide, domperidone, cyclizine
and ondansetron.10–12 Symptomatic improvement has
been reported after endoscopic injection of botulinum
toxin in the pyloric muscle, but randomised trials
have failed to confirm such benefit.13 In
treatment-refractory gastroparesis, patients may
require enteral nutrition via a jejunostomy feeding
tube, an approach that is often complicated by
obstruction, displacement or aspiration pneumonia.14

Implantation of a gastric electric stimulation (GES)
device (Enterra, Medtronic, Minneapolis, Minnesota,
USA) is a therapeutic option for patients with gastro-
paresis who do not respond to pharmacological treat-
ment.15 This device is CE marked in Europe and is
available in the USA for compassionate use in the
treatment of chronic, intractable (drug-refractory)
nausea and vomiting secondary to gastroparesis.
Results from a double-blind crossover study and
meta-analyses suggest that GES is associated with sig-
nificant reductions in total symptom severity as well
as in nausea and vomiting severity;16 17 however, the
clinical effect may become evident only after many
months of GES therapy.18 Additionally, as with any
surgical implantation procedure, inherent risks of
complications such as infection and pain at the
implantation site are associated with GES.16 17

The vagus nerve plays a key role in regulation of
nausea and vomiting,19 and there is evidence of vagus
afferent effects on nociception,20 which suggests that
electrical neurostimulation modulates nausea and
vomiting. The current proof-of-concept study
explored the possibility that non-invasive vagus nerve
stimulation (nVNS) could have clinical effects similar
to those of an implanted GES device in patients with
gastroparesis. nVNS was delivered by a battery-
powered neurostimulator (gammaCore, electroCore;
Basking Ridge, New Jersey, USA) designed primarily
to stimulate myelinated sensory afferent vagus nerve
fibres as they ascend through the neck in the carotid
sheath (figure 1). The device has been approved and
is being prescribed in several countries mainly for the

treatment of primary headache and is CE marked in
the European Union for the treatment of primary
headache, epilepsy, bronchoconstriction, anxiety,
depression and gastric motility disorders.21 When
studied in patients with primary headache, the device
demonstrated a favourable safety profile and was not
associated with significant adverse events (AEs).22

This short-term pilot study assessed whether nVNS
therapy might have a positive effect on symptoms in
patients with treatment-refractory gastroparesis. We
proposed that if implanted GES devices act centrally
through vagus afferents, nVNS applied to the vagus
nerve traversing the neck might have a similar thera-
peutic effect.

MATERIALS AND METHODS

This open-label proof-of-concept study was conducted
at the Royal Free Hospital in London. It was esti-
mated that between 30 and 40 patients would be suf-
ficient to identify a signal of any therapeutic effects of
nVNS, but this sample was not statistically powered to
demonstrate the efficacy of this therapy. All partici-
pants had been referred to a tertiary referral centre
because of severe gastroparesis with persistent symp-
toms that were refractory to antiemetic and prokinetic
medication (thus fulfilling the criteria for consider-
ation of non-pharmacological treatments such as GES)
and agreed to participate in this trial of nVNS while
awaiting funding for implantable gastric neurostimula-
tion.23 The use of nVNS in this study was endorsed
by the New Devices Committee at the Royal Free
London NHS Foundation Trust. All examinations,
data collection and follow-up were conducted
between January 2014 and September 2014.
An explanatory video regarding nVNS in the treat-

ment of gastrointestinal disorders was produced and
made available on YouTube (https://www.youtube.
com/watch?v=tH_Lw_vDo3U) for patients who
wished to consider nVNS for gastroparesis. All partici-
pants provided written informed consent and were
asked to complete a baseline 2-week pretreatment
daily symptom diary and to continue this diary
throughout the treatment period, which lasted at least
3 weeks. In daily entries, patients graded their symp-
toms on a nine-item Gastroparesis Cardinal Symptom
Index (GCSI) using a six-point Likert scale (0=no
symptoms; 5=very severe symptoms).24 The GCSI
includes three subscales: nausea/vomiting, postpran-
dial fullness/early satiety and bloating. Patients also
recorded AEs in diaries.
The nVNS device delivered a low-voltage electrical

signal consisting of a 5 kHz sine wave series occurring
for 1 ms and repeated every 40 ms (25 Hz).
Stimulation was administered via two stainless steel
contact surfaces that were coated with conductive gel
before each treatment, and the device was positioned
in parallel with the carotid pulse in the neck (figure
1). A single stimulation of nVNS was programmed as

Figure 1 Positioning of the non-invasive vagus nerve

stimulation device. Image provided courtesy of electroCore.
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a 2 min period, and the patient could adjust the
stimulation intensity using the + and − buttons to
achieve a comfortable tingling sensation in tissues
beneath the stimulation plates.
Two gastroenterologists in the hospital outpatient

department provided training on the correct use of
the nVNS device. Throughout the treatment period,
patients self-administered nVNS at home. For the first
two weeks of the treatment phase, patients adminis-
tered two stimulations sequentially to each of the left
and right vagus nerves three times daily (12 stimula-
tions per day); during the third week, they delivered
three stimulations to each side three times daily (18
stimulations per day). A subgroup of patients contin-
ued this regimen beyond 3 weeks and recorded symp-
toms for up to 6 weeks total. At the end of the
treatment period, patients were reassessed by a gastro-
enterologist. Compliance was assessed through patient
interviews and diary completion.
For each compliant patient (defined as a patient

who returned a diary containing at least three con-
secutive weeks of data), a mean GCSI aggregate score
was calculated for the 2 week pretreatment phase (ie,
baseline) and at the end of each treatment week.
Building upon previous reports,24 25 we defined a
responder for this study as a patient who experienced
a ≥1 point decrease from baseline in GCSI aggregate
score. In addition, percentage changes in GCSI aggre-
gate scores were calculated by comparing the mean
baseline score with the mean score at the end of each
treatment week. The proportions of patients with
>30% and >50% decreases from baseline in GCSI
aggregate score after 3 weeks of treatment were calcu-
lated. Scores for the nausea/vomiting, postprandial
fullness/early satiety and bloating GCSI subscales were
assessed independently via similar methods.

RESULTS

Thirty-five patients (28 women, 7 men) enrolled in
the study. Of these, 12 (34%) enrolled patients discon-
tinued from the study or were non-compliant with
study procedures for various reasons: 6 (50%) did not
attend follow-up appointments, 3 (25%) stopped
because of lack of response, 2 (17%) had intercurrent
hospital admissions and 1 (8%) lost the diaries.
Twenty-three patients (66%) completed the baseline
assessment, at least 3 weeks of treatment, and the
study diaries (completing patients). Of these, seven
patients (30%) elected to continue treatment for up to
6 weeks total. Patient characteristics at baseline are
presented in table 1.
After 3 weeks of treatment, 8 of the 23 completing

patients (35%) were classified as responders to nVNS
therapy. An additional 2 of 7 patients who continued
nVNS therapy for up to 6 weeks (total) achieved
response during that time, bringing the total number
of responders to 10 (43%) among patients who com-
pleted ≥3 weeks of nVNS therapy. All responders
experienced symptom relapse within 1 week of stop-
ping treatment.
Figure 2 illustrates the mean weekly GCSI aggregate

scores at baseline and during the first three weeks of
treatment, indicating decreases (ie, improvements) in
these scores for the completing patients (n=23) and
for the subgroup classified as responders (n=10).
When GCSI aggregate scores at baseline and after
3 weeks of treatment were compared, 12 of 23
patients (52%) had a >30% decrease from baseline
and 6 (26%) had a >50% decrease from baseline.
Mean GCSI subscale scores also improved during the
treatment phase (figure 3), with nVNS having a par-
ticularly dramatic effect on the individual symptoms
of nausea and stomach fullness. Only skin irritation
(one case) and neck discomfort (one case) were
reported as AEs. No serious device-related AEs were
reported.Table 1 Baseline characteristics

Characteristic
Total
n=23

Responders
n=10

Non-responders
n=13

Age (mean±SD), years 39
±14

37±10 41±17

Sex, n (%)

Male 6 (26) 2 (20) 4 (31)

Aetiology, n (%)

Idiopathic 15
(65)

6 (60) 9 (69)

Diabetic 6 (26) 3 (30) 3 (23)

Postsurgical 2 (9) 1 (10) 1 (8)

Duration of symptoms
(mean±SD), years

4.1
±3.7

4.1±3.1 4.0±4.2

Patients on jejunal feed, n
(%)

7 (30) 2 (20) 5 (38)

Severity of symptoms before
treatment (mean±SD),
Gastroparesis Cardinal
Symptom Index score

2.9
±0.9

3.2±0.7 2.6±1.0

Figure 2 Mean aggregate Gastroparesis Cardinal Symptom

Index (GCSI )scores in all patients (n=23) and responders (n=10).
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DISCUSSION

Electrical neuromodulation offers a novel therapeutic
approach for a number of disparate disorders in
which central nervous system effects are thought to
play a role.26–29 This short-term proof-of-concept
study was based on evidence that implantable GES
improved symptoms in patients with
treatment-resistant gastroparesis.30 Several mechan-
isms of action have been proposed for gastrointestinal
neurostimulation including central, autonomic and
enteric effects.31–33 The central mechanisms of GES
have been demonstrated via activation of
gastric-related neurons in the paraventricular nucleus,

and the effects of GES on the autonomic nervous
system have been shown through direct measures of
cholinergic and adrenergic effects.34 Considering the
central effects of VNS, it seemed reasonable to
explore this treatment in a cohort of patients with
severe gastroparesis who had failed to respond to
pharmacological treatment and were considered suit-
able candidates for implantable GES.
The vagus nerve is the longest of the cranial nerves,

extending from the medulla to the colon, innervating
thoracic and abdominal organs including the lungs,
heart and gastrointestinal tract.35 It can be described
as a continuous circuit eliciting a broad spectrum of
modulatory actions in the nervous, immune, auto-
nomic, endocrine, cardiorespiratory and gastrointes-
tinal systems via both afferent and efferent
pathways.36 Myelinated A-fibres and B-fibres of the
vagus nerve have key roles in somatic sensory, motor
and parasympathetic innervation.35 Emerging data
further suggest that VNS may induce neuromodula-
tory antinociception through both peripheral and
central systems, and VNS has recently demonstrated
potential for use in a wide array of diseases including
epilepsy, depression, headache and inflammatory dis-
orders.36 Non-invasive VNS offers a potential alterna-
tive to implantable VNS with fewer inherent risks; no
serious device-related adverse effects have been
reported during trials of nVNS in patients with
headache.22 27

This proof-of-concept trial represents the first pro-
spective study of nVNS in gastroparesis. Twelve of the
35 enrolled patients discontinued or were non-
compliant with the study protocol. This relatively
high rate of discontinuation/non-compliance (34%)
may reflect the difficulty that some chronically ill
patients experience with the technique of self-
administered nVNS and the discipline required for
diary completion. Notably, only three patients cited
lack of response as their reason for study non-
compliance/discontinuation. Of the 23 patients who
completed at least 3 weeks of nVNS therapy, 10 were
classified as responders. For these patients, nVNS
could offer an effective option that is non-invasive,
safe and cost-efficient.
Gastroparesis is a severe, difficult-to-treat upper

gastrointestinal functional disorder. Our preliminary
evidence of symptom improvements in patients with
this condition after nVNS therapy suggests that the
device should be further evaluated as a therapeutic
option, thus potentially allowing responders to delay
or eliminate the need for surgical device implantation.
This study has several limitations, including its small

sample size (which comprised a heterogeneous group
of gastroparesis types), short duration, open-label
design and lack of power for formal statistical ana-
lyses. The findings from the current exploratory study
must be confirmed in larger controlled studies.
Longer treatment durations are also needed to

Figure 3 Percentage change in mean subscale score for

nausea/vomiting (A), postprandial fullness/early satiety (B) and

bloating (C) for all patients (n=23) and responders (n=10).
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exclude the possibility of a placebo effect and to iden-
tify further continued benefits, as consistently seen in
previous studies.
Previous literature has suggested that a meaningful

response may be defined by a 0.5–0.75-point decrease
from baseline in GCSI aggregate score.24 25 However,
there is no clear consensus regarding the definition of
response to short-term therapy for gastroparesis, and
we chose a more conservative definition (≥1 point
decrease from baseline in GCSI aggregate score) for
the current evaluation. The validity of this definition
appears to be supported by the divergence in GCSI
improvements between the entire study cohort and
the subgroup classified as responders (figures 2 and
3).
The mean baseline GCSI score in this study indi-

cates the severity of gastroparesis in the patient
cohort.25 Because of the small sample size, a relation-
ship between symptom severity at baseline and likeli-
hood of response could not be determined. The
differences in outcomes between patients with diabetic
gastroparesis and those with idiopathic gastroparesis
and/or differences among those with comorbid
depression or anxiety need to be explored. Optimal
dose and duration of treatment also require further
evaluation. This proof-of-concept study provides pre-
liminary evidence that nVNS could prove to be useful
in larger controlled studies of patients with
drug-refractory gastroparesis.

Significance of this study

What is already known on this topic?
▸ Gastric electric stimulation (GES) improves symptoms

in patients with treatment-resistant gastroparesis pos-
sibly through a central mechanism of action and
effects on the autonomic nervous system.

▸ Vagus nerve stimulation (VNS) has shown promising
results in treating a wide array of diseases in which
central nervous system effects are thought to play a
role.

What this study adds?
This is the first report of the use of non-invasive VNS

(nVNS) as a new therapeutic approach to
gastroparesis.

How might it impact on clinical practice in the
foreseeable future?
nVNS could represent a less-invasive and less-expensive

alternative to GES in patients with drug-refractory
gastroparesis.
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