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Abstract

Background: Generalized anxiety disorder (GAD), chronic pain (CP) and 
irritable bowel syndrome (IBS) are debilitating inflammatory disorders that are 
frequently seen in primary care facilities but not sufficiently addressed by classical 
medical treatments. Transcutaneous vagus nerve stimulation (tVNS) is a promising 
therapeutic tool for a wide range of conditions that showed already encouraging 
clinical results. However, the effects of tVNS, on these disorders, GAD, IBS and CP,   
were not yet explored in the context of an investigation conducted in a private 
healthcare center.

Objective: In an uncontrolled, open label, small investigation scale study, we 
investigated the feasibility, safety and the effects of tVNS for patients suffering from 
GAD, CP and IBS in a multidisciplinary healthcare center.

Methods: The effects of tVNS on GAD, CP and IBS in 10 participants (anxiety, 
40%; chronic pain, 30%; IBS, 30%) were investigated during a 4-week period and a 
2-month follow-up. GAD, CP and IBS were assessed using the Generalized Anxiety 
Disorder GAD-7, the Brief Pain Inventory Short Form questionnaire and the Irritable 
Bowel Syndrome Severity Scoring System. Transcutaneous vagus nerve stimulation 
was performed using a transcutaneous electrical nerve stimulation device and ear 
clip electrodes plugged in the concha area of the ear. All participants, received a 
bi-weekly 30-minute stimulation for 4 weeks. The tVNS parameters, (GAD: 20Hz-
80µs), (CP: 5Hz-200 µs), (IBS: 3Hz-250µs), were set for each group to target different 
physiological effects meditated by the vagus nerve.

Results: The anxiety and the IBS group showed a non-statistically significant 
improvement but an improved clinical status (mean score from “severe” to 
“moderate”) both at the end of the stimulation period (4 weeks) and at 2-month 
follow-up. The CP group didn’t show any significant clinical improvement (mean 
score from “moderate” to “moderate”). Furthermore, tVNS was demonstrated to 
be likely safe and was well tolerated.

Conclusions: Due to low sample size, this study failed to demonstrate significant 
clinical effects of tVNS on GAD, IBS and CP.  However, trend analysis may carefully 
suggest tVNS to be a noteworthy clinical alternative to be used in private healthcare 
center in the treatment of chronic inflammation disorders like GAD and IBS. Acute 
tVNS was well-tolerated and is likely safe.  Powerful, double-blind controlled studies 
are needed to support the use of tVNS for these disorders.

Clinical Trial Registration: http:/www.clinicaltrials.gov. Unique identifier: 
NCT03440255.

Abbreviations
α7nAChR, alpha7 nicotinic acetylcholine receptor; ABVN, auricular 

branch of the vagus nerve; CAN, central autonomic network; CAP, 
cholinergic anti-inflammatory pathway; CP, chronic pain; DMVN, dorsal 
motor nucleus of the vagus; GABA, γ-aminobutyric acid; GAD, general 
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anxiety disorder; HR, heart rate; HPA, hypothalamic 
pituitary adrenal; HRV, heart rate variability; IBS, irritable 
bowel syndrome; IL, Interleukin; fMRI, functional 
magnetic resonance imagery; NF-κB, nuclear factor kappa 
B; NTS, nucleus tractus solitarius; pNN50, percentage of 
successive R-R intervals that differ by more than 50ms 
from the preceding one; PW, pulse width; RMSSD, root 
mean square of successive R-R interval differences; RR, 
respiratory rate; RSA, respiratory sinus arrhythmia; SD1, 
standard  deviation of the distance of each point from the y 
= x axis in a Poincaré plot; TENS, transcutaneous electrical 
nerve stimulation; TNF, tumor necrosis factor; VN, vagus 
nerve; nVNS, non-invasive vagus nerve stimulation; tVNS, 
transcutaneous vagus nerve stimulation.

Introduction
The vagus nerve (VN), the tenth cranial nerve, is the 

major component of the parasympathetic nervous system 
and plays a key role in the regulation of neuroendocrine-
immune physiological and allostatic processes to maintain 
homeostasis through a complex integrated central and 
peripheral autonomic network, i.e., the activation of the 
hypothalamic pituitary adrenal (HPA) axis by its afferents 
(sensory), and the ‘cholinergic anti-inflammatory pathway’ 
(CAP) through its efferents (motor). This mixed nerve, 
described as the single most important nerve in the body, 
contains 80% afferent and 20% efferent fibers (80.000 to 
100.000 fibers, non-myelinated and myelinated), although 
the right cervical portion of the VN is thicker than the 
left1. The sensory vagal pathways terminating in the 
nucleus of the solitary tract convey visceral, somatic and 
taste sensations to the brain; including cardiorespiratory, 
gastrointestinal and immunological signals2,3. The motor 
efferent fibers, emerging from the nucleus ambiguus 
and the dorsal motor nucleus of the vagus (DMNV) in 
the medulla, project to several organs of the neck, the 
thorax and the abdomen including the organs of the 
reticuloendothelial system such as the liver and the spleen 
rich in macrophages activated by the inflammatory reflex4. 
Furthermore, the VN, through enteric neurons, he connects 
to the autonomic enteric nervous system, making the bi-
directional gut-brain connection5.

Less than two decades ago, vagus nerve stimulation 
(VNS) had been approved in Canada, in the U.S. and 
in Europe for the treatment of multiple difficult-to-
treat conditions including drug- resistant epilepsy and 
depression6-8. Implantable VNS device received CE Mark 
approval in 2001 for the treatment of mood disorders. 
Since the earliest report of VNS implantation in 1988, 
for drug-resistant epilepsy, tens of thousands of patients 
worldwide have received VNS therapy, and more than 
100,000 patient-years of experience have been accrued9. 
There is new evidence of potential use of VNS as a 
therapeutic intervention for pathology such as obesity, 

pain management, cardiovascular diseases, diabetes, 
inflammatory bowel disease and other autoimmune 
diseases10,11.

Transcutaneous vagus nerve stimulation (tVNS) is 
an emerging, promising alternative therapeutic tool that 
allows for the stimulation of the VN without the need of 
surgery. Transcutaneous auricular vagus nerve stimulation 
sends electrical impulses along the auricular branch of 
the VN (ABVN) that will trigger the same physiological 
effects as the invasive stimulation but without the side 
effects of surgery12-14. Indeed, in humans, high density 
of afferent fibers of the ABVN are found in the meatus 
acusticus externus cartilaginous and innervate 100% of 
the cymba conchae and 45% of the cavum of the outer 
ear15,16. The somatic sensory vagal afferents or Arnold’s 
nerve represent a small fraction of the vagus, they transmit 
sensation from the concha to its termination center located 
in the nucleus tractus solitarius (NTS)2. The purpose of the 
tVNS to reach clinical efficacy is to selectively excite, by 
low-intensity current (0,1 to 1.8 mA), the thick myelinated 
sensory Aβ-fiber in the ABVN, but not the Aδ thin 
myelinated and C-fibers conveying pain17-19. Indeed, it was 
demonstrated that the vagal afferent C-fibers destructed 
by capsaicin do not alter the antiepileptic effect of VNS20. 
Safi et al. estimated that the ratio of Aβ-fiber in the ABVN 
compared to the cervical VN stimulated in invasive therapy 
was ∼1:5 and ∼1:6 on the left and right side, respectively. 
They concluded that Transcutaneous auricular vagus nerve 
stimulation might be a promising alternative to invasive 
VNS stimulation19. Several animals and functional magnetic 
resonance imagery (fMRI) human studies confirmed that 
the auricular fibers of the vagus nerveVN activated the 
NTS13,18,21,22. These fibers projecting to the NTS will activate 
and modulate several simple and complex loops and 
circuitry (i.e., autonomic brainstem and forebrain loops), 
centrally in a bottom-up mode, and trough up-down 
reactions, the HPA axis and, in the periphery, immune tracts 
as the CAP23-25. Traditionally and otherwise indicated only 
the left branch of the ABVN is stimulated so that there is 
less influence on the heart rate, since the left VN innervates 
the atrioventricular node and the right VN innervates the 
sinoatrial node controlling the pace-making function of the 
heart26.

Recently, the booming of pre-clinical and clinical studies 
in bioelectronic medicine showed very encouraging results of 
tVNS in the field of psychiatry as well as in gastroenterology 
and in the management of chronic pain27-36. 

Anxiety
In recent years high psychological distress disorders 

like anxiety and depression have increased dramatically, 
they are now one of the most common mental disorders 
with prevalence throughout the ages of 18 to 64. In the 
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United States only, 40 million people which represents 
more than 16% of the population are suffering from 
anxiety disorders37-39. General anxiety disorder (GAD) 
is characterized by both psychological and physical 
symptoms such as excessive anxiety, poor concentration, 
irritability, impaired social or occupational functioning, 
fatigue, muscle tension and poor sleep40. 

Since Zabara, in 1985,  demonstrated the antiseizure 
actions of vagal nerve stimulation in dogs, the effect of 
VNS in the treatment of epilepsy, depression and anxiety 
disorders gained in evidence41-44. Although the putative 
mechanisms behind the effects of VNS in anxiety are not 
clear, functional anatomy revealed that the vagus nerveVN, 
as a major component of the neuroendocrine-immune 
axis, leads to coordinate neural, behavioural, emotional, 
pain and endocrine responses that are critical for goal-
directed behaviour and adaptability through central and 
peripheral neural reflex circuits23. For instance, short 
efferent vagovagal circuits will activate the cholinergic anti-
inflammatory pathway that will act on spleen macrophages 
to modulate innate autoimmune responses by reducing 
significant tumor necrosis factor (TNF) production and 
hence will trigger an effect on diseases with an inflammatory 
component45. Moreover, It was demonstrated that there is a 
significant link between stress disorders and people living 
with autoimmune conditions and neuroinflammation as 
a possible cause of anxiety disorders46. For instance, in a 
large adult cohort study, Vogelzangs studied the association 
between anxiety and inflammation and found that immune 
dysregulation was especially present in persons with a late-
onset anxiety disorder. He showed evidence that elevated 
C-Reactive Protein level can be found among several 
common anxiety disorders47. On the other hand, direct or 
indirect longer efferent reflexes connected with the NTS 
will involve several mood-regulating limbic, subcortical 
and cortical brain regions as well as stimulation of the 
HPA axis that is the afferent arm of the anti-inflammatory 
reflex48,49. Imbalance of γ-aminobutyric acid (GABA) and 
glutamate signalling, i.e., low GABA and high glutamate, can 
contribute to excitotoxicity via inflammatory pathways. 
Indeed alterations in the kynurenine pathway from glial 
inflammation result in glutamate toxicity by blocking 
glutamate reuptake and injections of TNF-α and IL-6 in 
the amygdala produce the same excitotoxicity50. Increased 
inflammatory cytokines that is classically associated 
with increased oxidative stress and sympathetic activity 
contributing to disrupt the synthesis of monoamines is 
commonly seen in patients with mood and anxiety-related 
disorders. Together with enhanced cytokine release, 
psychosocial stress frequently seen in anxiety disorders 
promote monocytic cell activation with increased 
expression of the transcription nuclear factor κB (NF-κB).

Transcutaneous vagus nerve stimulation, as 

demonstrated by Zhao et al. in a rat model, decreased the 
serum levels of inflammatory cytokines such as TNF-α, IL-
1b, and IL-6, as well as the proinflammatory transcription 
factor such as NF-kB. These anti-inflammatory effects 
were not seen after vagotomy or administration of an 
α7 nicotinic receptor (α7nAChR) antagonist51. These 
actions of inflammatory cytokines ultimately are involved 
in alterations in the central autonomic network (CAN) 
including those related to basal ganglia, paraventricular 
and hypothalamic nuclei, prefrontal reward circuits, 
anxiety-related amygdala and insular circuitry52-54. Based 
on the central effects of VNS on brain areas involved in 
anxiety and on studies that reported its anxiolytic effects in 
patients treated for epilepsy and depression, non-invasive 
modulation of the VN could be a feasible alternative to 
classical pharmaceutical treatment in the management of 
anxiety disorders such as GAD.

Irritable bowel syndrome
Irritable bowel syndrome (IBS), which is a chronic 

functional gastrointestinal disorder that combines 
abdominal pain, frequent bloating, predominantly 
diarrhea or constipation, or both, is one of the most widely 
recognised functional bowel disorders and is mostly 
prevalent in women. More than 10% of the global adult 
population report symptoms compatible with the condition. 
In North America alone, it represents 30% of reported 
consultation rate in primary care55-57. There is a growing 
awareness and evidence of a strong connection between 
the gut and the brain relaying functional alterations of 
the gastrointestinal tract to various central key structures 
in the brain. Anatomically,.  mesenteric bundles of vagal 
afferent fibers innervates the intestines, distributing to all 
the layers of its wall58 and preganglionic neurons of vagal 
efferent originating in the DMNV are connected with post-
ganglionic neurons of the enteric nervous system in the GI 
tract59.

The vagus nerveVN is central in the bidirectional 
brain-gut-brain communication. Indeed, the activation of 
vagal afferents generates several coordinated responses 
(autonomic, endocrine, emotional and behavioral) via 
central pathways involving the dorsal vagal complex 
that turns back these responses into immune-endocrine 
reflexes, e.g., the HPA axis and CAP activation23,60. In 
irritable bowel syndrome (IBS) each level of the axis can 
be affected leading to gut dysfunction as well as the change 
in brain neuroplasticity involving the CAN61. Here again, 
imbalance of the ANS, high level of peripheral and central 
inflammation and oxidative stress play a major role in 
the physiopathology of this autoimmune disease62,63. The 
mechanism of the anti-inflammatory action of tVNS on the 
enteric system is independent of the spleen, therefore, the 
vagal anti-inflammatory input is direct to the gut5.Indeed, 
The et al. demonstrated that left cervical VN stimulation 
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reduces small intestinal inflammation by CAP activation 
and prevents the development of postoperative ileus in 
mice64. They confirmed that the attenuation of macrophage 
activation following electrical vagal nerve stimulation was 
mediated by alpha7 nAChR– dependent STAT3 signaling in 
intestinal macrophages65. 

Moreover, in a murine model of inflammatory bowel 
disease, Ghia et al. showed that the VN plays a counter-
inflammatory role in acute colitis via a macrophage-
dependent mechanism66. Recently, Bonaz et al. showed 
evidence of VNS as a safe and effective tool in the treatment 
of Crohn’s disease67.

One possible mechanism of non-invasive VNS could start 
after activation of the NTS from the stimulation of the AVBN 
afferent fibers. In turn, the NTS would stimulate the dorsal 
motor nucleus of the vagus. The efferent vagus nerveVN 
stimulates cholinergic enteric neurons that are in close 
contact within the intestinal wall resident macrophages 
expressing α7nAChR. At this site, the activation of 
α7nAChR will, in turn, result in the inhibition release of 
key proinflammatory cytokines. Therefore, the activation 
of myenteric cholinergic neurons via VNS may represent a 
non-pharmaceutical strategy to control immune-mediated 
intestinal inflammatory disorders31,68.

Based on the anti-inflammatory effects of the VNS 
(through the HPA axis and the CAP) and because the VN 
is a key element of the autonomic nervous system in the 
gut (microbiota)-brain relationship in inflammatory 
conditions of the gastrointestinal tract25,56,69, tVNS could be 
beneficial, as adjunctive therapy to conventional treatment, 
like probiotics, antibiotics and anti-depressant drugs70, and 
easily manageable in private healthcare facilities with rare 
serious side effects71.

Chronic Pain
There is no universally accepted definition for chronic 

pain, although it is often defined as pain that persists 
beyond the expected time of healing (usually 12 weeks)72. 
Indeed, when pain subsides for more than 3 months 
it becomes chronic and difficult to manage requiring 
complex pharmacotherapy and non-classical approaches73. 
This debilitating, difficult-to-treat condition, accounts for 
frequent physician visits and excessive medical evaluations, 
and is often associated with negative outcomes. Chronic 
pain is currently one of the most common and costly 
chronic health conditions in North America74,75. 

 Perception of pain is influenced by cognitive and 
emotional processes that constitute a complex emotional 
experience that varies significantly from one individual to 
the next76. 

From animal experiments, VNS can also elicit both 
inhibition and facilitation of nociception, and in humans, 

treated by chronic VNS, recent physiologic researches 
demonstrated the influence of VNS on pain perception77. 
One of the mechanisms involved may be linked to the 
reduced production of inflammatory cytokines, like TNF-α 
by the spleen macrophages after VNS78, that are known 
to significantly induce C-fibers peripheral activation 
and central sensitization, e.g. hyperalgesia, allodynia, 
prolonged electrophysiological discharge, and an after-
stimulus unpleasant quality of the pain79,80. For instance, 
injections of endotoxin administered directly into the 
brain produce changes in sensitivity to mechanical stimuli, 
and spinal intrathecal cytokines injection also leads 
to the development of allodynia and hyperalgesia81,82. 
Moreover, bilateral sub diaphragmatic vagotomy increases 
bradykinin-induced  hyperalgesia and inflammation83. The 
brain is thus able to regulate sensitivity of nociceptors all 
over the body by a neuroendocrine mechanism and from 
the NTS, in a bottom-up neurosomes stimulation, to higher 
brain regions known to modulate the pain conveyed by, the 
rostral ventromedial medulla, the spinoreticulothalamic 
tract, gigantocellular reticular nucleus, periaqueductal grey 
matter, medial thalamus and anterior cingulate cortex23,84-86. 
From the stimulation of the AVBN, the alteration of vagal 
afferent activities in this supraspinal network of brain areas 
has been hypothesized to be the physiological substratum 
of VNS therapeutic effects13,87,88.

In addition to the anti-inflammatory properties of VNS, 
recent animal and human studies have shown analgesia 
and modulation of pain mediated by vagal afferents that 
inhibits central nociceptive reflexes and transmission 
through activation of key pain-network structure of the CAN 
like the NTS, locus coeruleus, periaqueductal grey matter, 
raphe magnus, thalamus and hypothalamus89,90. As non-
invasive VNS showed evidence of significant encouraging 
results (safety, tolerability, efficacy) in human research 
for the treatment of fibromyalgia, chronic pain (CP), 
headaches and migraines and trigeminal allodynia91, we 
could possibly prescribe it as a complementary treatment 
to classical pharmacotherapy. 

Anxiety, IBS and CP
Anxiety, IBS and CP are commonly seen in combination 

and related to each other, in functional disorders, as 
comorbidities, and they may be part of central sensitivity 
syndromes as well 92–94. For instance, patients with higher 
self-rated pain might experience a greater degree of 
anxiety95. Moreover, headache, arthralgia, insomnia, and 
fatigue are extra-intestinal symptoms frequently reported 
by the patients in association with digestive disorders. 
Finally, chronic pain, like in fibromyalgia, is frequently 
associated with IBS59. These conditions, and especially 
when linked to each other, are difficult to manage, and 
often are treated by a combination of pharmaceutical, 
psychological and non-conventional approaches96-98.
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A recent systematic review showed that non-invasive 
vagus nerve stimulation (nVNS) is very safe and extremely 
well tolerated in humans71. Therefore, given a better 
knowledge of the neuroanatomical and neuroendocrine-
immunological effects of VNS its safety and therapeutic 
benefits in subjects suffering from mental health and 
inflammatory disorder, we aimed at evaluating the safety, 
tolerance and effectiveness of tVNS in patients suffering 
from moderate to severe GAD, CP and IBS in the context of a 
small-scale investigation performed in a private healthcare 
center.

Materials and Methods

Participants

This prospective study was conducted in agreement 
with the Declaration of Helsinki and was approved 
by the Institution Review Board of Kinesis Health 
Associates, Dartmouth, NS, Canada (ClinicalTrials.gov 
#NCT03440255). Patients, men and women, naive of 
VNS treatment (20 < age < 65 years) were recruited in 
our healthcare center through in situ advertisements, in 
1-month interval prior starting the research. Subjects 
were eligible if they were presenting with either a 
main diagnosis of GAD according to The Diagnostic and 
Statistical Manual of Mental Disorders, 5th Edition - DSM-
599, CP (musculoskeletal-related disorders, neuropathic 
pain) or IBS according to the Rome IV Diagnostic Criteria 
for Irritable Bowel Syndrome100, meeting the scoring 
questionnaires standard for these disorders (moderate to 
severe score) and have exhibited symptoms for at least 6 
months (Table 1). Participants were excluded if : (i) they 
were also diagnosed with pregnancy, concomitant severe 
neurological or medical diseases such as neoplasms in 
activity, neurodegenerative diseases, chronic infectious 
diseases uncompensated, concomitant severe psychiatric 
comorbidity, recent head trauma or concussion, severe 
alcoholism (ii) they were on drugs capable of affecting the 

ANS (e.g., cholinergic, anticholinergic, antiarrhythmics, 
alpha or beta-blocking substance, cannabinoid drugs), (iii) 
pacemaker, active hearing aid such as cochlear implant, 
left ear wound and outer ear dermatologic affection, 
(iv), they had a past history of cervical vagotomy, neck 
chemotherapy or radiotherapy. After screening and in 
accordance with the inclusion and exclusion criteria, 
eligible participants provided written informed consent. 
The screening consisted of a detailed case history and a 
physical examination. Out of the 17 patients screened, 10 
participants met the inclusion criteria and were enrolled 
in this stud and were allocated to one of the study’s groups 
(GAD, CP or IBS) according to their diagnosed condition.

tVNS treatment protocol
Transcutaneous vagus nerve stimulation was 

performed by means of a standard lightweight and portable 
TENS stimulator (TU7000 Digital TENS device, RMP ltd, 
NS, Canada) to stimulate the left auricular branch of the 
VN. The stimulus generated a continuous asymmetric 
biphasic low-intensity square pulse. The patients were 
resting comfortably on a couch in a semi-supine position 
in a room at 21±2ºC. The stimulation site was cleaned 
up according to standard procedure and the conductive 
gel was applied on the electrodes ear clips to improve 
the conductivity. The electrode clips were respectively 
plugged in the cymba and the cavum conchae (Figure 1). 
The cathode and the anode were kept approximately 5 mm 
apart. The stimulation parameters, pulse frequency (Hz) 
were chosen assuming that high frequencies impulses will 
stimulate more the afferent fibers of the VN to stimulate 
the CAN and HPA axis, and low frequencies impulses will 
act more on the efferent fibers to activate the CAP25,101. The 
pulse width (PW), expressed in µs, ranged from 80 µs to 
250 µs as this range was demonstrated to elicit significant 
clinical effects. Indeed, tVNS showed to induce significant 
changes in cerebral activation patterns with short-
medium PW setting (< 250), showing marked deactivation 

Gender Age Main diagnosis Duration of current episode (months) Medication
f 38 IBS 96 Pro, Zop
f 59 IBS 36 Ami

m 33 IBS 13 Can, Pro
m 37 Chronic centralized pain 14 Bac, Can, Esc, Pan
m 64 Chronic arthritis 48 APO, Syn, Tra
m 40 Chronic centralized pain 12 Na
f 46 Generalized anxiety 8 Hyd, Ami
f 39 Generalized anxiety 48 Par, Div
f 43 Generalized anxiety 48 Dul, Pre

m 38 Generalized anxiety 36 Flu

Table 1. Inclusion characteristics of the subjects

demographic and diagnostic characteristics assessed at the screening visit during the baseline period (4 weeks). f, female; m, male; Pro, 
probiotics; Zop, zoplicone; Ami, amitriptyline; Can, cannbidiol oil; Bac, baclofen; Esc, Escitalopram; Pan, Pantapraxole; APO; apo-celocoxib; 
Syn, syntroid; Tra, Trandolapril; Nap, naproxen; Hyd, hydroclorothiazide; Par, paroxetine; Div, divalproex; Dul, duloxetine; Preg, pregabalin; 
Flu, fluoxetine
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of limbic and temporal brain areas in functional magnetic 
resonance imaging that suggests its application for 
psychiatric, mood-related disorders patients102-104. Pulse 
width ≥ 250 were classically used in studies reporting 
significant VNS effects in various chronic pain syndromes 
(e.g., fibromyalgia and decreasing central sensitization 
in chronic pain, headaches), and in researches targeting 
inflammatory conditions of the digestive tract (e.g., 
enhancing gastroduodenal motility and reducing somatic 
pain sensitivity, and Inflammatory bowel disease)11,91,105. 
Although PW duration is intensity-dependant to cause 
sufficient nerve depolarization, i.e., short PW requires 
more intensity to elicit depolarization104, we estimated 
that low-intensity current (< 2 mA) would elicit a clinical 
response at short PW (< 150). 

As VNS effectiveness is also frequency-dependent  

and frequency above 50 Hz was reported and confirmed 
to damage the vagus nerveVN106-108, the stimulation 
parameters were defined as follow: GAD: 20 Hz - 80 µs, CP: 
5 Hz – 200 µs and IBS: 3 Hz – 250 µs. The intensity display 
(mA) was not available on the device, therefore the stimulus 
intensity was individually adjusted to a level of perceptible 
fluttering and pleasant vibrating sensation just below 
the participant’s pain threshold (pricking or unpleasant 
tingling sensation). That corresponds to a low intensity 
current (0,8 ± 0,3 mA)(A-fibers), which, usually, represents 
the detection threshold in the cymba  conchae17,109,110. Each 
stimulation session lasted 30 minutes.

Study Overview

This study was a 16-week, open label, non-randomized 
and not sham controlled, small-scale investigation. As no 
commonly approved protocol, for tVNS in the treatment 
of chronic GAD, IBS or CP was available in the literature, 
we chose arbitrarily to administer a low intensive, short 
term, treatment plan. The trial included ten visits for all 
participants: a visit during the 4-week screening time 
(baseline), eight stimulation sessions (twice a week for a 
duration of 4-week) and a final follow-up visit from day 
90 to day 97. A maximum of three days separated the 
subsequent session (Figure 2). After written consent was 
obtained, eligible participants were informed about the 
experimental protocol and were asked to complete specific 
measure related to the group they were assigned in.

We measured the clinical improvement on GAD, CP, 
and IBS using three distinctive standard self-administrated 
questionnaires as primary endpoint. Measures were taken at 
baseline (BL), at the end of the treatment phase (ET = week 4) 
and at 2-month follow-up (FUp). At ET, all participants were 
also asked to fill in our own designed Safety and Tolerance 
questionnaire (supplement material). Clinical significance 
will be considered by a reduction in the score severity.

- Generalized anxiety disorder. The response effect 
of the tVNS on the severity of anxiety disorders 

 
Figure 1: TENS device and emplacement of the electrodes for 
stimulation of the auricular branch of the vagus nerveVN in the 
concha.

 
Figure 2: Study design.
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was measured by the 7 items Generalized Anxiety 
Disorder GAD-7 questionnaire with a total score 
ranging from 0 to 21, where scoring scores of 5, 10 
and 15 represent cut-off points for mild, moderate 
and severe anxiety. Rating from 5-9 correlates with 
mild anxiety; 10-14, moderate anxiety and 15-21, 
severe anxiety111.

- Pain severity. The response effect of the tVNS on 
the severity of pain (pain perception only) was 
measured by the 9 items Brief Pain Inventory (BPI) 
questionnaire (Short Form); left end point « 0 » (no 
pain), right end point « 10 » (worst pain), ratings 
from 1-4, mild pain; 5-6, moderate pain, and 7-10, 
severe pain with cut-off points being 4 and 6. Scoring 
pain severity is the mean of the total pain score out 
of 10112.

- Irritable bowel syndrome. The response effect of the 
tVNS on the severity of irritable bowel syndrome 
measured by the Irritable Bowel Syndrome Severity 
Scoring System (IBS-SSS), where the maximum 
achievable score is 500. Mild, moderate and severe 
categories were indicated by scores of 75 to 175, 
175 to 300 and > 300 respectively, with cut-off 
points being 175 and 300113.

- Safety and Tolerance. The response effect of the 
tVNS on safety and tolerance was screened by 
a simple self-administrated 9-closed questions 
questionnaire that reports adverse events (AEs). 
This questionnaire was designed for the purpose 
of the study (supplement material). Adverse events 
were defined as symptoms experienced during or 
after the stimulation, as a consequence from it. The 
first 6 items are related to AEs experienced during 
the stimulation, i.e.  alterations of pain, headaches, 
throat ache, itching, nausea and voice (left end point 
« not at all », right end point « every time »). Item 7 
and 8 are related to the presence of temporary and 
permanent AEs (“yes” or “no”) in between sessions. 
Item 9 is related to the overall satisfaction at the end 
of the treatment phase (left end point « not at all », 
right end point « very satisfied »).

Statistical analysis
We performed a power analysis to estimate the power we 

would reach for our low sample size, in each group. The power 
calculation was performed using G*Power, version 3.1.9.4 for 
Windows. A one-way within-subjects analysis of variance was 

performed to compare the effects of tVNS on the severity of 
GAD, IBS and CP, from baseline to the end of treatment and 2- 
month follow-up. A Bonferroni adjustment was conducted to 
protect from Type I error. A simple linear regression analysis 
was used to explore the relationship between the effect of 
time, at the end of tVNS and at follow-up on GAD, IBS and 
CP intensity. Finally, a Pearson correlation was performed to 
examine the relationships between GAD, IBS and CP and the 
satisfaction level reported at the end of the treatment. The 
analysis was performed using the IBM Statistical Package for 
Social Science (SPSS) version 24 for Windows, and significance 
level was defined as p<0.05.

Results
Out of 10 participants included in the study (five 

women, five men; mean age ± SD years: 45.18 ± 10.74) one 
patient dropped out from the GAD group at follow-up due 
to scheduling conflicts.

The power was low (0.38), considering a total sample 
size of 3 (per group), an effect size of 0.65 and Partial η2 = 
0.30.

Four patients were included in the GAD group. The 
mean ± SD GAD-7 score varied from 17.75 ± 1.49 on 
inclusion to 11.25 ± 3.06 (4-week) and to 11.66 ± 2.43 at 2 
months follow-up. Three patients were included in the CP 
group. The mean ± SD BPI pain severity score ranged from 
5.25 ± 0.66 on inclusion to 4.83 ± 0.50 (4-week) and to 5.41 
± 1.34 at follow-u. The IBS group included three patients. 
The mean ± SD IBS-SSS score varied from 350 ± 64.29 
on inclusion to 299.33 ± 94.06 (4-week) and to 252.33 ± 
85.04 at follow up (Table 3).  At 2-month follow-up 50% of 
patients from the GAD group improved their GAD-7 score; 
75% of the IBS group improved their IBS-SSS score while 
no improvement was achieved in the CP group.

The score of generalized anxiety disorder, chronic pain 
and Irritable bowel syndrome at the end of treatment and 
at 2-month follow-up, compared to pre-treatment, are 
summarized below (Table 2).

We present, in Table 3, the data of each participant’s 
score for each group.  Assuming that our data are normally 
distributed, we conducted a one-way within-subjects 
ANOVA to compare the effect of time of tVNS on severity 
of GAD, IBS and CP, at the end of treatment and at 2- 
month follow-up. In term of the effect of time we didn’t 
reach significance difference for all the group tested, after 
treatment and at follow-up. Indeed, for the anxiety group, 
Wilks’ Lambda = 0.158, F (2,2) = 5.31, p = 0.158. For the IBS 

n GAD (20Hz-80µs) n CP (5Hz-200µs) n IBS (3Hz-250µs)
Pre-treatment 4 17.75 ± 1.49 3 5.25 ± 0.66 3 350 ± 64.29
Post-treatment 4 11.25 ± 3.06 3 4.83 ± 0.50 3 299.33 ± 94.06
Follow-up 3 11.66 ± 2.43 3 5.41 ± 1.34 3 252.33 ± 85.04

Table 2. Clinical outcome (pre, post-treatment, follow-up) according to disorder and stimulation parameters.
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group, Wilks’ Lambda = 0.37, F (2,1) = 13.11, p = 0.192, and 
for the CP group, Wilks’ Lambda = 0.13, F (2,1) = 37,56, p 
= 0.115.

A bivariate regression was conducted to examine how 
well effect of time after tVNS could predict level score on 
GD, IBS and CP. A scatterplot showed that the relationship 
between time and GAD and IBS was negative and linear and 
did not reveal any bivariate outliers. On the other hands, the 
relationship between time and CP was positive. There was 
no statistically significant correlation between effect of time 
after tVNS and GAD, r(9) = 0,51, p = 0,1. The coefficient of 
determination for this model r2 was 0,26, that correspond to 
an medium relationship114. We found the same observation 
for the IBS group, r(8) = 0,32, p = 0,39, with a smaller 
relationship, r2= 0,1. No statistically significance correlation 
was found between effect of time and CP, r(7) = 0,26, p = 0,94 
and r2 = 0,003 that showed no relationship for this model. 
The general trend effects of tVNS over time, from baseline to 
follow-up, is presented in Figure 3.

Transcutaneous vagus nerve stimulation was well 
tolerated. No serious or permanent AEs wasere reported 
at the end of the treatment (experimental phase). Although 
temporary symptoms were accounted for 56% of the total 
number of cases, most frequently reported AEs lasted only 
during the stimulation sessions, rarely in-between the 
sessions: pain along the homolateral upper side of the neck 
(19,44%), headaches (8,33%), itching at the stimulation 
site and nausea (5,56%) (Table 4).

The mean of ΣAEs accounted for m = 6.5%. The safety 
of tVNS was calculated as follow: 100% - 6.5% = 93.50%. 

Overall, 56% of the participants were satisfied with the 
outcome of the tVNS at the end of the treatment phase. 

A Pearson product-moment correlation coefficient was 
computed to examine the relationships between subjects 
‘satisfaction after tVNS at ET-time and their score level of 
GAD, IBS and CP. There was a strong negative correlation 
between satisfaction and anxiety, r (2) = -0.98, p < 0.05. 
Although it seems to have a strong correlation between 
satisfaction and IBS, we cannot conclude that it exists, r 
(1) = -0.99, p > 0.05. No correlation was found between 
satisfaction and pain level, r (1) = -0.08, p > 0.05. Scatterplots 
summarize the results in (Figure 4). Increase in satisfaction 
was only correlated with decrease in rating of anxiety.

Discussion

To the best of our knowledge, this is the first study 
exploring the safety, tolerance and clinical effects of tVNS, 
on general anxiety disorders, irritable bowel syndrome and 
chronic pain, in a private healthcare center. Incorporating 
nVNS therapy into private practice was poorly explored. 
One study assessed this feasibility and it was suggested 
that patient management under VNS could be performed 
in a general neurology practice to patients suffering from 
drug-resistant epilepsy115. It was therefore interesting 
to explore the clinical benefits and feasibility of  non-
invasive vagus nerve stimulation that a private healthcare 
center could offer as it was demonstrated that tVNS was a 
cheaper alternative or support to conventional treatment 
and that patients reported to prefer using tVNS than 
standard of care116,117. Before discussing the results, several 
limitations of our study have to be considered. First, this 

GAD_BL GAD_ET GAD_FUp IBS_BL IBS_ET IBS_FUp CP_BL CP_ET CP_FUp
14.00 5.00 7.00 470.00 415.00 390.00 5.50 4.75 7.00
19.00 17.00 15.00 330.00 370.00 270.00 4.00 4.00 2.75
17.00 16.00 99.00* 250.00 113.00 97.00 6.25 5.75 6.50
21.00 11.75 13.00

BL, baseline; ET, end of treatment, FUp, follow-up.(*): in the GAD-FUp group, 99.00 represents a missed value (for computation only) due to 
the dropped-out patient.

Table 3. Participants’ scores for anxiety, irritable syndrome and chronic pain at baseline, after treatment and at follow-up.

Pain Itching nausea throat ache Voice Headaches
0 0 0 0 0

25 0 25 0 0 25
0 25 0 0 0 0

50 0 0 0 0 25
25 0 0 0 0 0
25 0 25 0 0 0
0 0 0 0 0 0

25 0 0 0 0 0
25 25 0 0 0 25

19.44 ±16.67 5.56 ±11.02 5.56±11.02 0 0 8.33±12.50

data are expressed as (%) mean ± SD.

Table 4. Adverse events experienced by tVNS during the treatment phase (Day-0 to Day-28).
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Figure 3: Scatterplot for trend effects of transcutaneous vagus nerve stimulation over time on condition from baseline to 2-month follow-
up on: (A) Generalized anxiety disorders – GAD-7 questionnaire, (B) irritable bowel syndrome – IBS-SSS questionnaire and (C) chronic pain 
– BPI (short form) questionnaire.

small-scale investigation included a small sample size in 
each group (GD, CP, ,and IBS). In this case, our repeated 
measures design didn’t allow us to conduct a reliable and 
statistically significant analysis. Indeed, a minimum sample 
size of 6 participants per group, with 3 measurements at 
a significance level of 0.05, would have been required to 
reach statistical power of 0.80 with an effect size of 0.65 
and a η2

p
 = 0.30. To test this assumption, we resampled our 

data for GAD (doubling them, i.e.,8 participants) and IBS 
(doubling them, i.e., 6 participants) and tripled our data 
for CP (9 subjects). We then reconducted all our statistical 
analysis and found statistical significance in our within-
subject repeated measures, regression and correlation 
analysis (results not shown). This test pointed out that 
our sample size for each group was indeed insufficient to 
achieve statistical significance. Second, the participants 
suffered from three different disorders that would have 
been better considered in separate studies as responses 

to vagal modulation is known to vary considerably in time 
and intensity according to the targeted pathology10,34,41,91,118. 
Third, only subjective measures were analyzed and placebo 
effect was impossible to exclude. By consequence, we were 
unable to demonstrate statistically significant effects of 
tVNS on GAD, IBS and CP at the end of treatment and at 
follow-up.

 However, we observed that tVNS is likely safe and was 
well tolerated with more than 50% satisfaction reported. 
Moreover, we found moderate clinical effects of tVNS 
on anxiety and IBS over time. Interestingly, we noticed a 
significant strong negative correlation between satisfaction 
and anxiety level compared to the other groups where 
no significant correlation was reached. Indeed, although 
the GAD group showed a medium (non-significant) 
relationship between effect of time after tVNS (p = 0,1), 
it was the strongest relationship found compared to the 
other groups, e.g., p = 0.39 and p = 0.94 for the IBS and 
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CP group, respectively. These observations might suggest 
that the GAD group reacted better clinically then the other 
groups, although this should be read carefully.

Unfortunately, we were not able to yield a clinical 
effect on chronic pain. Given the results, one could argue 
the following key questions: first, why tVNS seems to 
clinically improved patients suffering from GAD and IBS 
after 8 stimulations sessions that still lightly persisted at 
2-months follow-up as shown by the trend line (Fig. 3A, Fig. 
3B) but not to patients suffering from CP (Fig. 3C)? Despite 
the reduced number of participants in all groups, could 
the settings defined for each group have influenced the 
outcome of the groups? Second, how could we effectively 
and easily monitor the benefits from tVNS therapy in a 
private healthcare out-patient center to support its use, i.e., 
is there any objective, non-invasive, non-expensive means 
that would help to assess the real physiological impact 
of such a therapy? To answer the first question, we will 
discuss the impact of VNS parameters on the vagal afferent 

and efferent fibers for these affections and how it might 
have interfered with our results.

Unfortunately, we failed to confirm the encouraging 
results of studies that reported significant positive effects 
of VNS or tVNS on pain modulation91. Indeed, regardless our 
too small sample size in the CP group, one possible reason 
that could explain our failure in reducing pain perception 
as per our study protocol is that implanted VNS (chronic 
stimulation) may exert its effect with some latency as it 
was shown in the treatment of epilepsy, Crohn’s disease 
or patients suffering from fibromyalgia with effectiveness 
gained over time35,67,119. In another study exploring the effect 
of implantable VNS on chronic migraine, partial or complete 
relief were obtained in about 1 month120. Therefore, our 
acute tVNS design might have been insufficient to reach 
clinical improvement in chronic pain. Now, if the anti-
nociceptive effects of tVNS was demonstrated in healthy 
volunteers and in patients, it was also shown that chronic 
pain is often associated with comorbidities like anxiety, 

 

 Figure 4: Scatterplot for correlation between satisfaction and the measured outcome at the end of treatment: (A) generalized anxiety 
disorders, (B) irritable bowel syndrome and (C) chronic pain – BPI.
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mood disorders or depression and IBS. Indeed, it was 
established that the presence of multiple anxiety, mood 
or depressive disorders were significantly associated with 
disability from pain as it was seen in up to 35% of pain-
related patients in primary care clinics94,121-123. As the 
participants in the CP group were not specifically screened 
for comorbidities that might potentially have influenced 
the outcome, e.g., the poor effect of the tVNS that we have 
noticed in this group. Furthermore, another possible 
reason that may explain the results reached in the CP group 
could be linked with possible non-specific symptoms that 
may have suggested central sensitization in some of the 
participants. In that case, the patient management is more 
complex and the stimulation setting probably different, i.e., 
higher frequency would have been preferably chosen124,125. 
Indeed, as we measured only the pain perception we were 
not able to identify its underlying mechanisms, even if the 
mean pain level reported before and after the tVNS was 
moderate126. Analyzing established measures that would 
have incorporated the four domains of pain, i.e. nociception, 
neuropathy, inflammation, and central sensitization would 
probably help us to better understand the non-response 
to tVNS after 8 stimulation sessions in this group127. VNS 
stimulation parameters are another significant factor to 
think about to elicit the physiological reactions that will 
produce a therapeutic effect based on targeting the afferent 
or efferent vagus nerve fibers. Several studies have shown 
that the response to VNS is frequency/dose-dependent. For 
instance, low-frequency stimulation (5 Hz) that stimulates 
the efferent fibers induced the activation of the CAP in 
animal models78,101,128,129 but didn’t show significant brain 
activation compared to a  higher frequency in depression 
and epileptic patients130-132. However, one survey showed 
short-term brain activation induced by low-frequency (8 
Hz) tVNS in healthy subjects102, and in a randomized double-
blind trial, Straube et al. showed evidence of the effectiveness 
of tVNS for chronic migraine on 1 Hz stimulation133. It was 
indeed previously demonstrated in an animal model of 
endotoxemia that VNS can produce its anti-inflammatory 
effect at very low-frequency (1 Hz)78. Furthermore, studies 
in humans demonstrated and confirmed that the activation 
of the CAP showed similar effects by activation of the vagal 
efferent fibers at low-frequencies (5 Hz -10 Hz)67,129,134. We 
set the frequencies parameters for our sample suffering 
from GAD at 20 Hz which are a standard for stimulating the 
vagal afferents. In agreement with the above-mentioned 
evidence, we chose as well low frequencies to stimulate 
the CAP for our IBS and CP samples respectively at 3 Hz 
and 5 Hz. The PW  chosen for the GAD group fell within the 
spectrum of accepted range that showed significant central 
projections of the vagus nerveVN and clinical response. 
Indeed several studies suggested that central projections 
of the VN are affected by a  PW ranging from 20 µs to 500 
µs13,18,59,102,135. For instance, Fang et al reported modulation 

of the default mode network after tVNS with short PW-
pulse width (< 100 µs)29. fMRI studies conducted by Kraus 
et al showed changes in BOLD signal in the limbic system 
and the brain stem with mood enhancing effect using short 
PW-pulse width (20 µs) and low-frequency stimulation 
parameters of the AVBN (8 Hz)102,103. The settings for the 
IBS group ranged in the VNS parameters aligned with 
those from previous studies that reported the activation 
of the CAP, i.e. 10 Hz and lower. Our clinical results thus 
confirmed that 3 Hz -250 µs may be enough to target the 
CAP efficiently and obtain a clinical response. While we 
had patients diagnosed with chronic central pain, we might 
have preferably chosen higher frequencies, i.e., 20 Hz or 25 
Hz, as commonly chosen to stimulate the afferent fibers of 
the VN vagus, therefore targeting preferably the brain pain 
modulation circuitry instead of the CAP. In our study, we 
defined low-frequency stimulation (5 Hz - 200 µs) for the 
CP group. The poor effects of tVNS noticed for these patients 
might also have been associated with damaged VN. Indeed, 
it was showed that patients suffering from non resolving 
inflammation develop impairs vagus nerveVN signaling, 
therefore accelerating the progression of inflammation 
and preventing its resolution136. Interestingly, this could 
explain as well why tVNS failed in its antinociceptive effect, 
even at low-frequency stimulation. Bonaz and its team 
recently confirmed the results obtained by Borovika et al., 
and others, that it was possible to activate vagal afferents in 
the brain using low-frequency stimulation, i.e., modulation 
of the CAN and/or the HPA axis78,130,137. Together with the 
HPA axis, the periaqueductal gray matter (part of the CAN) 
and in close connection with the nucleus raphe dorsalis, 
that are major targets in the activation of the ascending 
antinociceptive pathway.

Our second question pointed out how we could easily 
monitor the benefits from tVNS therapy, e.g., the sympatho-
vagal balance. Screening only subjective measurements of 
the effectiveness of tVNS for patients might not be enough 
to justify its use in primary care as safety couldn’t be 
assumed without measuring the treatment’s physiological 
effects. Altogether, subjective and objective measurement, 
along the course of this therapy, may yield better patient 
management in private healthcare facilities if powerful, 
controlled, blinded studies may support its use. Heart 
rate (HR), respiratory rate (RR) and heart rate variability 
(HRV) analysis are possible and easy methods to assess 
autonomic regulation, therefore they could potentially 
be used to gauge the physiological effect of vagus nerve 
stimulationVNS. However, HRV analysis, i.e., the beat-
to-beat variation in either heart HR or heart period (R-R 
interval)138, based on short-term ECG, would be more 
interesting to estimate vagal modulation as it does include 
separated information about the autonomic function, that 
cannot be obtained from HR measures only, i.e., vagal 
modulation distinct from sympathetic influence: heart 
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rate increasing by sympathetic action and decreasing by 
parasympathetic activity139. The same limitations will 
apply when considering RR alone, as respiration is both 
influenced by the sympathetic and the parasympathetic 
input as inhalation is mediated by the former and 
exhalation by the later. The coupling of HR and respiratory 
cycle is called respiratory sinus arrhythmia (RSA). RSA, 
which is the variation of the heart while breathing, i.e., 
HR increases during inspiration and decreases during 
expiration, corresponds to HRV in synchronicity with 
respiration and is vagally mediated if the breathing cycle 
remains between 9 and 24 cycle/min138,140,141. Therefore, 
HRV seems to be a biomarker of choice to appraise vagal 
tone index, e.g., makers from the time-domain, frequency-
domain or non-linear analysis. The root mean square 
of successive R-R interval differences (RMSSD) and the 
percentage of successive R-R intervals that differ by more 
than 50ms from the preceding one (pNN50) are commonly 
used markers of vagal tone that are retrieved from the 
time-domain measures. The frequency-domain analysis 
and its high frequency power component (0.15–0.4 Hz) 
in normalized unit, and non-linear markers, e.g., the 
Poincaré plot standard deviation perpendicular to the line 
of identity (SD1) that reflects short-term HRV, may be used 
to assess the vagal tone as well142,143. Furthermore, It was 
demonstrated that mood disorders like depression and 
anxiety, gastrointestinal inflammation and irritation and 
chronic pain syndromes are correlated with a sympatho-
vagal imbalance in favour of an over activation of the 
sympathetic and a decrease of vagal activity as measured by 
HRV144-149. It was showed that tVNS effect, as estimated by 
HRV, induces a shift in cardiac autonomic function toward 
parasympathetic predominance. Moreover, auricular 
electroacupuncture increases RSA, mediated by the vagus 
nerveVN150,151. Following the recommendations for heart 
rate variability assessment152, HRV would be a feasible, 
reliable and non-invasive method to assess sympatho-
vagal balance in eligible patients for tVNS before and along 
with the treatment plan.

Conclusion
The present original study conducted in a private 

healthcare center didn’t show significant clinical 
improvement after acute tVNS for patients suffering from 
GAD, IBS and CP although a negative and linear, moderate 
and small relationship was found as the relationship 
between the effect of time on GAD and IBS. The explanation 
for our poor results and mitigated clinical improvement 
may reside in the fact that: (i) the small sample size in each 
group didn’t allow us to statistically assess the effectiveness 
of tVNS therapy, (ii) the stimulation settings, frequency 
and pulse width might have not been optimally chosen, 
especially for the CP group. Our assessment was based only 
on subjective measurements but it gave us an idea of the 
possible clinical effects of tVNS for patients suffering from 

GAD, IBS and CP, as it was already supported by available 
evidence. We observed that tVNS is likely safe and was 
well tolerated The supposed contribution of the placebo 
effect cannot be concluded. Future research may wish to 
delve deeper into these issues and examine them in more 
detail while addressing our study limitations to support 
the feasibility of transcutaneous vagus nerve stimulation in 
private healthcare center.
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