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Abstract

The vagus nerve regulates inflammation and cytokine release through the inflammatory reflex. Recent pilot
clinical trials using implantable biocelectronic devices have demonstrated the efficacy of vagus nerve stimulation
(VNS) in adult patients with inflammatory bowel diseases (IBD) as an alternative to drug treatments. However,
the use of non-invasive VNS should be of interest in adults with IBD and even more in pediatric IBD. In this issue
of Bioelectronic Medicine, Sahn et al. report that non-invasive transcutaneous auricular VNS attenuated signs
and symptoms in a pediatric cohort with mild to moderate IBD thus opening new therapeutic avenues in the

management of pediatric but also adult IBD patients.
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Inflammatory bowel diseases (IBD) are chronic inflam-
matory disorders of the gastro-intestinal tract, repre-
sented by Crohn’s disease (CD) and ulcerative colitis (UC).
Genetic susceptibility, environmental factors, and altered
gut microbiota, leading to dysregulated innate and adap-
tive immune responses, are the core issue of IBD (Tor-
res et al. 2017). Over 1 million residents in the USA and
2.5 million in Europe are estimated to have IBD, with sub-
stantial costs for health care. IBD can be diagnosed at any
age but the majority of new diagnoses are made in adoles-
cence and early adulthood (Loftus 2004). Since the middle
of the twentieth century, the incidence of UC and CD has
increased in the Western world (Kaplan 2015). There is no
cure for IBD, medical treatment is only suspensive, and
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surgery is indicated in case of failure of medical treatment
or complications but there is a recurrence of CD post-
surgery. Anti-tumor necrosis factor (anti-TNF) therapy is
the mainstay of IBD management, but requires indefinite
continuation of treatment, and is associated with loss of
response, and adverse events (Solitano et al. 2023). The
expanding utilization of anti-TNF therapy combined with
a continuous flow of newer biologics (anti-interleukins
and anti-integrins) and small molecules (Janus kinase
inhibitors, Sphingosine-1-phosphate receptor modula-
tors) with high price contributes to the increase of medi-
cation costs (Burisch et al. 2023). In addition, 30-50% of
patients are non-adherent to treatment (Chan et al. 2017).

Consequently, a non-drug therapy targeting anti-
inflammatory pathways with no side-effects and a lower
cost is of interest (Bonaz, 2021). One possibility is to
use the anti-inflammatory properties of the vagus nerve
(VN), the longest nerve of the organism, innervating all
the digestive tract. Indeed, the VN inhibits the release of
pro-inflammatory cytokines, such as TNEF, through an
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interaction of acetylcholine on alpha7nicotinic receptors
of splenic and gut macrophages, i.e. the inflammatory
reflex involving vagal efferents (Pavlov et al. 2018). The
VN has additional anti-inflammatory properties through
vagal afferents by activating the hypothalamic pituitary
adrenal axis. The VN also decreases intestinal perme-
ability which is one of the mechanisms involved in the
pathogeny of IBD (Bonaz 2022).

Bioelectronic medicine is based on neuromodulation of
the nervous system restoring organ functions and health
with less adverse effects than drugs (Olofsson and Tracey
2017). The VN may be stimulated either invasively (dur-
ing a 1-h surgery) at the cervical level, with an electrode
wrapped around the left VN, tunnelised under the skin
and linked to a neurostimulator positioned under the
left clavicle. Such an invasive VN stimulation (VNS),
approved in the treatment of drug refractory epilepsy, has
also been used with efficacy and no side effects for the
treatment of adult CD in pilot studies (Bonaz et al. 2016;
Sinniger et al. 2020, D’Haens et al. 2023). The three criti-
cal parameter settings of VNS are pulse width, frequency,
and intensity. However, the optimal parameters of VNS
to achieve efficacious inflammation-related symptom-
atic relief by recruiting the appropriate fibers within the
VN are still unknown. Tsaava et al. (2020) reported in
experimental conditions that specific combinations of
pulse width, pulse amplitude, and frequency produced
significant increases of the pro-inflammatory cytokine
TNE, while other parameters selectively lowered serum
TNEF levels. In addition, the periodicity and duration of
VNS is a matter of question between a continuous ON-
OFF stimulation (Bonaz et al. 2016; Sinniger et al. 2020)
and an electrical stimulation restricted to 1-4 times daily
in sessions lasting 1-5 min (D’Haens et al. 2023), thus
potentially limiting off-target effects such as hoarseness
and discomfort but also saving battery power. The elec-
trode used for invasive VNS does not stimulate all the
VN and may stimulate non-appropriated VN fibers thus
resulting in off-target effects. Indeed, in D’Haens study
and ours, the VN was not completely encircled by the
electrode and fibres not covered should require higher
stimulation, whereas fibres located near the perineurium
of a fascicle were exposed to a stronger electrical field
(Helmers et al. 2012). Moreover, anatomical variations of
the cervical VN can affect the responses of nerve fibres
to electrical signals delivered through an electrode (Pelot
et al. 2020). Selective VNS, such as fibre-selective or spa-
tially-selective VNS, aims to mitigate this by targeting
specific fibre types within the nerve to produce function-
ally specific effects (Fitchett et al. 2021). Finally, the cost
of invasive VNS ranges from USD 30,000 to USD 50,000
(Badran et al. 2018a).

Thus, non-invasive VNS, not requiring surgical implan-
tation of the device, is a safer and cheaper alternative.

Page 2 of 4

In particular, transcutaneous auricular VNS (taVNS) is
of interest since the auricular branch of the VN inner-
vates 100% of the concha of the auricle (Peuker and Filler
2002), and is afferent to the nucleus tractus solitarius, the
entrance of the VN in the central nervous system. Thus,
stimulating the concha is able to have anti-inflammatory
properties by activating a vago-vagal reflex (Butt et al.
2020). Unlike implanted VNS, taVNS components are
external. Electrodes are affixed to the ear at surface land-
marks predetermined to target the underlying auricular
branch of the VN. An external pulse generator deliv-
ers electrical stimulation to the adhesive or clipped ear
electrodes, which can be portable, self-administered,
and delivered at home (Badran et al. 2019). The only side
effects seen are related to the administration of transcu-
taneous electrical current, which causes redness and skin
irritation in some individuals at the site of stimulation
(Redgrave et al. 2018). Non-invasive VNS stimulates the
same brain loci than invasive VNS (Badran et al. 2018a).
The locus coeruleus, the principal brain noradrenergic
nucleus, directly connected to the nucleus tractus soli-
tarius, is involved in the circuitry necessary for the anti-
convulsant effects of VNS (Krahl et al. 1998). Wienke et
al. (2023) very recently showed that taVNS systematically
modulates behavioral, pupillary, and electrophysiologi-
cal parameters of locus coeruleus-noradrenergic activity
during cognitive processing and for the first time that the
pupillary light reflex can be used as a simple and effec-
tive proxy of taVNS efficacy. These findings have impor-
tant implications for clinical applications of taVNS. The
VN projects to many brain regions involved in pain pro-
cessing, which can be affected by VNS either invasive or
non-invasive. In addition to neural regulation, the anti-
inflammatory property of VNS may also contribute to
its pain-inhibitory effects (Shao et al. 2023). Badran et
al. (2018b) demonstrated that taVNS with higher pulse
widths (250 ps and 500 ps), along with higher frequencies
(10 and 25 Hz), have larger effects on activating the VN.
Non-invasive VNS has shown anti-inflammatory effects
both in experimental conditions (Go et al. 2022), as well
as in healthy controls (Brock et al. 2017), and in clinical
conditions (Wu et al. 2023; Drewes et al. 2021). As such,
the use of non-invasive VNS should be of great interest
in adults with IBD, while even more so in pediatric IBD
where surgery is less feasible.

In this issue of Bioelectronic Medicine, Sahn et al
(2023) evaluated the efficacy and safety of ta-VNS in
22 pediatric patients with mild or moderate IBD with a
fecal calprotectine (FC), a marker of intestinal inflamma-
tion, >200 ug/g within 4 weeks of study entry. Subjects
were randomized to receive either taVNS (with a pulse
width of 300 us and frequency of 20 Hz) or sham stimu-
lation, 5 min once daily for 2 weeks, followed by a cross
over to the alternative stimulation for 2 more weeks. At
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the end of week 4, all subjects received taVNS for 5 min
twice daily until week 16. Primary study endpoints were
clinical remission, and a=50% reduction in FC level from
baseline to week 16. Heart rate variability recorded vagal
tone and patient reported outcome questionnaires were
completed during interval and week 16 assessments. At
week 16, clinical remission was achieved in 50% of CD
and 33% of UC patients. At week 16, 64.7% of those with
a baseline FC>200 had a>50% reduction in FC. An 81%
and a 51% median reduction in FC was observed in UC
and CD subjects respectively. taVNS restored a normal
vagal tone in patients with either a low or a high vagal
tone on inclusion, as reported in our pilot studies (Bonaz
et al. 2016; Sinniger et al. 2020). Thus, characterizing
vagal tone before and after VNS, wether invasive or not,
is of interest. TaVNS was safe, and no significant side
effects were reported.

To the best of our knowledge, this is the first pilot study
of non-invasive taVNS reported in pediatric IBD patients.
This is a randomized study with active or sham taVNS,
in contrast to the other studies performed invasively in
adult IBD patients with no sham controls (Bonaz et al.
2016; Sinniger et al. 2020; D’Haens et al. 2023).

In conclusion, non-invasive VNS therapy, such as
taVNS, opens new therapeutic avenues in the man-
agement of IBD, both in pediatric and also adult IBD
patients. Of course, larger randomized double-blinded
control study and, overall, a long-lasting follow-up of the
patients are awaited with interest to confirm these prom-
ising results.
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