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Inflammatory bowel disease (IBD) is an inflammatory disease of the gastrointestinal
(GI) tract. It has financial and quality of life impact on patients. Although there has
been a significant advancement in treatments, a considerable number of patients do
not respond to it or have severe side effects. Therapeutic approaches such as
electrical peuromodulation are being investigated to provide alternate options.
Although bioelectric neuromodulation technology has evolved significantly in the
last decade, sacral nerve stimulation (SNS) for fecal incontinence remains the only
neuromodulation protocol commonly utilized use for GI disease. For IBD treatment,
several electrical neuromodulation (ENM) techniques have been studied, such as
vagus NS, SNS, and tibial NS. Several animal and clinical experiments were
conducted to study the effectiveness, with encouraging results. The precise
underlying mechanisms of action for electrical neuromodulation are unclear, but this
modality appears to be promising. Randomized control trials are required to
investigate the efficacy of intrinsic processes. In this review, we will discuss the
electrical modulation therapy for the IBD and the data pertaining to it.
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Core Tip: Inflammatory bowel disease (IBD) is an inflammatory disease of the

gastr('ﬁltestinal tract with no known available treatment. Electrical neuromodulation
is the use of electric stimulation of nerves or brain regions as a therapeutic technique.
Electrical neuromodulation therapy has been studied as a possible treatment
regimen for 1BD. There are several forms of neuromodulation that use various types
of nerves, such as sacral nerve stimulation (SNS), vagal NS (VNS), and tibial NS
(TNS). As indicated by many clinical investigations, VNS as a potential therapy for
IBD has a lot of promise. More research is needed to assess the possibility of VNS as
a viable cure for IBD.

INTRODUCTION

Inflammatory bowel disease (IBD) comprises ulcgtive colitis (UC) and Crohn’'s
disease (CD). In these conditions, neutrophils and macrophages produce cytokines,
proteolytic enzymes, and free radicals, leading to inflammation and ulceration of the
intestinal lining. Both UC and CD share similar manifestations, including abdominal
pain, diarrhea, weight loss, and hematochezia. Malnutrition, anemia, fatigue, fever,
mouth ulcers, joint pain, and skin lesions, including erythema nodosum or
pyoderma gangrenosum, are the common findingsl'l.

The exact etiology of IBD is unknown, but the altered immune system is suggested
as a possible explanation. Risk factors include race, family history, ethnicity,
cigarette smoking, and non-steroidal drugs. Colon cancer, skin infection, eye and
joint infection, pharmaceutical side effects, and blood clots are all common
complications of CD and UCI2I,
d)iagnostic procedures for IBD include blood work (for anemia and infection),
endoscopic procedures (colonoscopy, flexible sigmoidoscopy, upper endoscopy,
capsule endoscopy, and balloon aided enteroscopy), and imaging treatments (X-ray,
computerized tomography scan, magnetic resonance imaging)2l.

The common medical treatment consists of antibioticaorticosteroids, immune
regulators, aminosalicylates, Janus kinase inhibitor (JAK), anti-tumor necrosis factor-
alpha (Anti-TNF-a), anti-integrin, and anti-interleukin (IL) 12/IL23. Adverse

reactions include itching, erythema, and delayed allergic reactions can be seen in
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patients due to these medication usel?l. Therefore, more effective, and safer
therapeutic choices are needed. Nerves or brain structures electrical stimulation is
being studied as an intervention in a growing number of conditions, including
Parkinson’s disease, aﬁhritis, and depressive disorders. The idea that bioelectrical
neuromodulation can be used to treat gastrointestinal (GI) disorders has piqued the

interest of the medical community!*l.

ELECTROMODULAEON THERAPY FOR IBDS

The usage of electric stimulation of nerves or brain centers as a therapeutic tool is
being tested in a wide variety of conditions as Parkinson’s disease and
schizophrenia. This approach is called uromodulation or biocelectric
neuromodulation, or electroceuticalsl5. GI tract is connected to the central nervous
system wvia vagus and sacral nerve, providing disease-modifying bioelectric
neuromodulation therapy opportunitiesl. ENM has been used effectively to treat
variety of gastrointestinal disorders including GERD, dyspepsia, gastroparesis, fecal
incontinence and constipation as shown in Figure 1. Neuromodulation may be
central, as in thalamic stimulation or trans-magnetic stimulation; spinally, as in
spinal cord stimulation for ache and movement in Sé'mal cord damage; vagal as
regional, as in auricular stimulation for seizures; sacral, as in stimulation for
genitourinary (GU)/GI dysfunction; and peripherally, as in electrified stimulation
for GU/GI dysfunction peripherally, as in electroacupuncture; and enteric, as in
gastric/Gl electrical stimulation (GES)I®l. Sacral nerve stimulation (SNS) is the most
effective neuromodulation protocol for GI disease that is currently in usel?l. Because
of the dysregulation of brain-gut interactions in IBD, ENM can be considered as a
treatment optionl8l. Numerous electrical neuromodulation techniques for treating
IBD, ie., we will be discussing vagus NS (VNS), SNS, and tibial NS (TNS), in this

review.

INTERPLAY BETWEEN BRAIN-GUT AXIS/EXTRINSIC GI INNERVATION

The GI tract (GIT) has intrinsic (enteric nervous system) as well as extrinsic

innervation (gut-brain axis). The gut-brain axis is bidirectional in nature, mediated
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through hormonal, neural, metabolic, and immunological responses. It carries
different sensations such as GIT pressure changes, ischemia, poisons, bacterial
infection, gastric acidity, and inflammation of the brain through afferent fibers, as
demonstrated in Figure 2I9l. These fibers then carry information to the brain, which
sends efferent signals to the gut and associated organs, causing toxic substances to
be removed, decreasing acid production, increasing satiety, and nausea, to name a
few. Recently, the gut microbiota is also included in the gut-brain axis(!?, which
links intestinal microbiota and the brain/'1l.

Accurate extrinsic innervation is crucial for the proper functioning of the gut as
well as for the balanced emotional and psychological responses through dual
connections between brain and gut!'2l. Various researches have listed the effects of
the brain on the gut or vice versa, signaling, e.g., how depression and impaired brain
functioning can increase an individual’s vulnerability to IBD. Whereas other
experimentations have shown the prevalence of psychic and anxiety-related
disorders in IBD patients, these researches show a close interplay between the gut
and the brain/®l. 8

The complex pathway connects the entral nervous system (CNS), sympathetic
ganglia, enteric nervous system, and gastrointestinal effector tissues. The nucleus
tractus solitarius receives the communications via the vagal afferents, while the
thoracolumbar spinal cord receives the input via the spinal afferents. Cervical
afferents also link the esophagus to the cervical spinal cord. Intestinal-fugal neurons
that amplify from the intestine to the CNS are involved in certain afferent routes. To
accurately understand the specifics of the extrinsic innervation in the form of the
gut-brain axis, the various pathways through which the dual interaction between the

gut and the brain takes place are described in Figure 2.

NEURAL CONTROL OF GUT INFLAMMATION

Influence of vagal pathway on gut inflammation
Preganglionic neurons of cranial nerve corticofﬁal fibers protrude from the
medulla” dorsal motor nucleus of the vagus nerve and innervate the muscular and

tissue layer layers of the gut, each within the lamina propria and also the muscularis
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externa of the viscus walll®l. Food, antigens, potential pathogens, and symbiotic

intestinal microbiota are always present in the gastrointestinal astem, and some of
them may present as risk factors for intestinal inflammation!'*l. TNF-a, a cytokine, is
released by activated macrophages, nerve fiber cells, and different tissue layer cells
in response to the infective toxin and other harmful stimuli to cause
inflammation!!>¢l, Counter-regulatory mechanisms consist of capable immune cells
and anti-inflammatory cytokines that inhibit inflammatory mediators’ transfer into
the circulation. As an anti-inflammatory mechanism, there is a fine relationship
between neurological immune system processes. The dorsal vagus complicated
(DVC), which has the sensory nuclei of the solitary tract (NTS), the area postema
(AP), and also the dorsal motor core of the cranial nerve (DMN), responds to higher

rrent levels of TNF-a by increasing motor levels activity within the vagus nervell7..
Two studies have shown that electrical cranial nerve stimulation will suppress
inflammation in models of inflammationl'81°l. Furthermore, due to the lack of
control on immunological mediating_cells, the sub-diaphragmatic vagotomy
increases inflammation in the gut. The brain can monitor immunological states and

detect peripheral inflammation through two mechanisms.

Neural pathway

Stimulation of the vagus neae is triggered directly or indirectly by cytokines
discharged by nerve fiber cells, macrophages, and ditferent vagus-associated
immune cells and indirectly by chemoreceptorsi2?l. Visceral afferent vagus fibers
within the neural structure nodosum principally end in the DVC of the medulla
oblongata. DVC includes NTS, the dorsal motor nucleus of the vagus (DMV), and
also the post-mammary region (AP)[21. DMN is a critical region foré-le formation of
preganglionic vagus efferent fibers. The majority of sensory vagal input is received
by the NTSI22l. The paraventricular nucleus (PVN) E hypothalamus, receives signals
from the NTS. PVN causes the production and release of corticotropin-releasing
hormones (CRH), which is an important chemical on the hypothalamus-pituitary-

adrenocortical (HPA) axis (described below)23l.
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Huinoral pathway
Circulating cytokines in the humoral route interact directly with areas of the brain
involved in anti-inflammatory response. Circulatory IL-1 and TNF can move across
the blood-brain barrier through a saturated transport mechanism to get into the CSF
and interstitial space of the brain and spinal cord, where they can directly stimulate
the brain to produce an anti-inflammatory reaction(?4l. Circumventricular organs that
lack regular blood-brain barrier protection uses cytokine-to-brain transmission.
Postrema is the most well-known circumventricular organ/23l.

Followings are a few pathways that are included in the neural control of gut

inflammation.

HPA axis pathway
The HPA axis is composed of three major components (the hypothalamus, the
anterior and posterior pituitary gland, and the adrenal cortex). Steinlein(?!
demonstrated the role of vagal afferents in the neuro-immune axis in the control of
the HPA axis. According to L oehler and co-workers, peripheral administration
of lipopolysaccharides (LPS), a pro-inflammatory cytokine t stimulates vagal
afferents via IL-1 receptors, induces the production of IL-1, a pro-inflammatory
cytokine?°l_The vagal nerve is susceptible to peripheral pro-inflammatory cytokines
generated #ir_lr-‘nacrophages and other immune cells, SUCES IL-1, IL-6, and TNF-al?7l.
Vagal afferent receptors (IL-1 beta) convey informatioﬁo the parvo-cellular zone of
the paraventricular nucleus of the hypothalamus (PVH) around corticotrophin-
releasing-factor (CRF)-containing neurons. These CRF neurons subsequently drive
the hypophysis to release the adreno-corticotrophin hormone, which stimulates the
adrenal glands to release glucocorticoids, reducing peripheral inflammation!?7l.
ucocorticoids affect the inflammatory response by suppressing immune cell
release of pro-inflammatory cytokines, as well as inhibitiﬁ vasodilation and
vascular permeability caused by inflammation. The brain can influence the activity
of functional intestinal effector cells such as immune cells, smooth muscle cells,
epithelial cells, interstitial cells of Cajal, enteric neurons, and enterochromaffin cells

through neuronal and hormonal communication lines/2l. These cells, on the other
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hand, are influenced by the gut microbiome. The internal organ microbiota
encompasses a vital influence on the intestinal axis, not solely through native
interaction with intestinal cells conjointly with the enteric systema nervosum, but
also through direct effects on the system and metabolic processesl?l. Emerging
evidence supports the function of gut bacteria in anxiety and depressive-like

behaviorl?l,

Cholinergic anti-inflammatory pathway (ach axis)

Acetylcholine is a crucial neurochemical and neuromodulator within the brain,
mediates neuronal transmission in sympathetic and parasympathetic neurons, and
acts as a primary neurotransmitter in parasympathetic/ pneumogastric neural
strEture corticoefferent neurons!23l. This neurotransmitter acts through two varieties
of receptors;_muscarinic (metabotropic) and nicotinic (ionotropic)?03ll. The seven
component of the nicotinic acetylcholine receptor is displayed on phagocytes(3l.
TNF production from human macrophages used by endotoxins is considerably
reduced by acetylcholine through a post-transcriptional mechanism and is
concentration-dependent. The authors demonstrated the connection of a
bungarotox-insensitive vasoconstrictor rec&a;tor in suppressing cytokine production
in vitro by neurotransmitter mistreatment specific muscarinic and nicotiJ'E agonists
and antagonists(?l. Apart from TNF, acetylcholine suppresses alternative endotoxin-
inducible pro-inflammatory proteins reminiscent of 1L-1, IL-6, and 1L-18 through a
post-transcﬁ;tional mechanism. However, acetylcholine has no effect on the
discharge of the anti-inflammatory cytokine IL-10 from endotoxin-stimulated
macrophages!®l. Nicotinic acetylcholine receptors are a ligand-gated pentameric ion
channel family. The HPA axis (afferent vagal Fibers) activates the cholinergic anti-
inflammatory pathway. Proinflammatory cytokines discharged throughout the
immunologic response will activate vagal receptive signals, resulting in direct or
indirect activation (via the core of the neurons of the solitary tract NTS) of the yagal
efferents in the DMN. As a result, the sensory vagal afferents and motor vagus
efferents produce an inflammatory reflex that constantly monitors and modifies the

inflammatory condition in the peripheryl®3l. Since the tetravalent guanyl hydrazone
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CNI1493 induces the activation of the vagus and, by activating the cholinergic anti-

inflammatory signal pathway, confers anti-inflammatory ﬁfects in each native and
general model of inflammation, it’s going to be attainable to activate the cholinergic

anti-inflammatory pathway (with centrally active substances)3l.

Vagaﬁympathetic pathway
The celiac, superior mesenteric, and inferior mesenteric ganglia contain the cell
bodies of the bulk of postganglionic sympathetic neurons that innervate the
gastrointestinal tract!®]. In gut noradrenaline (NA) is the primary neurotransmitter
released from sympathetic postganglionic nerve terminals; however, ATP and
neuropeptide Y (NPY) can also engage in sympathetic neurotransmission within the
GI tractl®%]. The vagal afferent Fibers terminate in the NTS, which ultimately
activates the central autonomic network (CAN). The sympathetic outlet is operated
by 5 CAN brain regions (the paraventricularﬂlcleus of the neural structure HPV,
the noradrenergic cluster A5, the area of the caudal raphe, the rostral ventrolateral
medulla, and ventromedial medulla)i®l. By increasing sympathetic outflow, the
vagal nerve can generate a non-direct anti-inflammatory reaction. Abe et all®]
explained the role of the C1 adrenergic cluster. They concluded that these neurons
are concerned with protecting the result of stress in reperfusion injuries because of
hritic anemia via a sympathetic pathway. They cw’ointly mentioned how
activation of vagal afferents in mice twenty-four hours before injury considerably
reduced acute excretory organ inflammation and plasma levels of TNF-al®l.
Tyrosine hydroxylase is found in the lamina propria, the submucosa, the ganglia of
the nerve plexus, and lymph follicles (Peyer’ plaques)!0l. Aaenergic receptors of
diverse types are expressed by macrophages. In vitro, beta receptors mediate the
anti-inflammatory effects of agonists on macrophages derived from the intestinel#!l.
Although pathetic nerves decrease gut inflammation, persistent nerve
stimulation should be avoided as it can promote stasis and aggravate bacterial

growth in Crohn’s illnessl4l.

Vagal splenic pathway
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Through an association between the VN and the splenic nerve, the Vago-splenic
pathway works collectivelyl#2l. In general inflammatory conditions, the spleen is a
crucial supply of inflammatory cytokines, and excision considerably reduces
circulating TNFa levels in mouse endotoxemial#3l. Tracey et al identified the vagal
splenic route, finding that VNS caused the celiac ganglion to produce acetylcholine
(Ach), which subsequently adhered to the ¢7nAChR of the splenic neve to release
norepinephrine (NE) in the spleen?4l. Following that, it binds to beta two adrenergic
receptors of splenic lymphocytes, which produces acetylcholine, which will act on
the a c7nAChR of splenic macrophages limiting release of TNF, resulting in an anti-
inflammatory impactl4l. According to Martelli et all#5], there is also a non-nervous
relationship between the vagus and splenic sympathetic nerves. In another article,
Martelli eﬁ[‘“’l noted how the sympathetic nerve, not the vagal nerve, is the efferent

mediator of the cholinergic anti-inflammatory pathway (splenic nerve).

CAPSAICIN-SENSITIVE AFFERENTS AND INFLAMMATION REGULATION

Electrical and physiological stimulation of receptive neurons, particularly afferent
nerves of the digestive tract, generates the release of transmitters at their peripheral
ends, most often tachykinin and the amide (CGRP) linked to the calcitonin genel47l.
CGRP serves a number of purposes viz serving as a modulator, transmitter, and
hormone. CGRP-containing nerve Fibers are numerous surrounding blood vessels,
particularly arterioles, suggesting that they may have a physiologic role in
regulating blood flow to the gastric mucosal*8l. Capsaicin-sensitive afferent Fibers
conduct protective anti-inflammatory activities in the gastrointea'mal tract by
releasing peptides from their peripheral endsl#-52l, Sensory inputs innervating the
stomach generate CGRP, which reduces mucosal damage and improves mesenteric
and mucosal blood flow in stomachic ulcer models in rats and micel5051, Once
administered at the time of injury, capsaicin promotes the discharge of
neuropeptides and reduceg the extent of ethanolin-induced gastric injury in ratsl4%.521.
This impact is operated by the discharge of CGRP from receptive nerve endings
before their degeneration, which happens hours or days after the capsaicin injection.

Numerous studies have shown that hCGRP (837), a fraction of human CGRP lacking
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the cyclic loop at the amino terminus of native CGRP, inhibits the action of

exogenous CGRPI5354].

VNS E)R INTESTINAL BOWEL DISEASE
VNS is a unique therapeutic method for chronic TNF-mediated inflammatory
illnesges in the framework of bioelectronic medicine, with the objective of employing
tiny stimulators to provide electrical nerve signals for therapeutic, rather than
pharmaceutical, purposes!>-571. VNS is already used to treat depression and epilepsy
which is resistant to drugs/®l. There is currently no recognized curative medicine for
IBD. Current medicines reduce disease activity, and when thaapy is stopped, the
condition recurs. TNF is one of the most significant cytokines in IBD, and anti-TNF
medicines have trangformed the therapy of the diseasel®l. New compounds are
available that target pro-inflammatory cytokines such as IL-12, IL-23, anti-integrin,
and anti-JAK therapiesl®#¢ll. In the case of treatment failure or an IBD consequence
(perforation, abscess, stenosis), surgery is an option, although the dis&se reappears
after the procedure. While anti-TNF medications are effective in IBD, there is a 20%-
30% initial non-response rate, and the yearly chance of anti-TNF reactivity is 13%
per patient year forﬂ'nﬂiximab and 20% per patient year for adalimumabl®>¢4l. This
lack of secondary response is attributable to I the formation of autoantibodies,
particularly for infliximab but also, to a lesser extent, for adalimumab, or (ii)
secondary failure due to insufficient dosel®®l. As a result of the risk of adverse
effects and the requirement for ongoing therapy for these disorders, patients are
increasingly hesitant to begin and maintain these treatments once they are in
mission. The non-compliance rate is 30%-50%[7.%8]. Therefore, targeted therapy for
pro-inflammatory cytokines such as TNF-alpha and others usilﬁ CAP could be
extremely helpful with fewer side effects, nodompliance issues, and cheaper than
biologics (i.e.,, anti TNF-alpha). In this case, targeting the VN’s anti-inflammatory
characteristics might be of jnterest. VNS, particularly as a non-drug therapy, has the
potential to be employed as an alternative to conventional biological therapies. é
number of animal and clinical research have been undertaken in recent years to

investigate the efficacy of VNS in the treatment of IBD (Supplementary Table 1).
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Animal evidence

Vagotomy has been found in several studies to enhance the disease activity index
(DAI), gross and pro-inflammatory cytokine levels in micel®7l. To replicate UC,
Chen and colleagues emplgyed dextran sodium sulphate (DSS) colitis in mice. They
observed that VNS eased cerebral cortical microinfarcts induced by a two-photon
laser and reduced DSS colitis. This neuroprotection was linked to decreased blood-

brain barrier permeability and inflammatory processes!?2l.

Human evidence

Indirect data suggests that a vagal anti-inflammatory action plays a role in IBD.
Vagal activity has been demonstrated to be inversely associated with inflammatory
markers in healthy and cardiac patiats as evaluated by HRV spectral analysis[?l.
VNS might be an attractive method for the treatment of IBD based on pre-clinical
results in ]ﬁ; with colitis and two recent clinical pilot trials targeting two distinct
categories of patients with active CD, either ignorant of anti-TNF on inclusion or

resistant to biologics!7L.

LABORATORY AND CLINICAL STUDIES

Animal studies

Miceli and Jacobson”! published the first data on the anti-inflammatory effects of
VN in digestive inflammation. Colitis in rats with 2,4,6 trinitrobenzenesulfonic acid
(TNBS) improved with early treatment of anticholinesterase medications such as
neostigmine, which does not cross the blood-brain barrier, or physostigmine. This
impact was more pronounced with physostigmine, indicating a dominating central
mechanism. In mice, vagotomy aggravated experimental colitis, indicating that NV
serves a protective functionl7l. It was demonstrated that in the non-vagotomiz
watchful rat,ih per day for five consecutive days, low-frequency VNS (5 Hz) led in

an improvement in TNBS colitis in ratsP!! VNS inhibited weight loss and

inflammatory indicators.
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An improvement in a multivariate measure of colitis was also observed as an anti-
'ﬁnﬂammatory impact (which includes body mass, temperature, and motor function,
macroscopic area of the lesions, histological and biological parameters s as
myeloperoxidase activity, cytokines, and mRNAs related to cytokines)l”71. Sun et all32]
showed that chronic VNS increased the clinical activity index, the histological scores,
the biological inflammation due to myeloperoxidase activity, the iNOS, TNF, and IL-
6 Levels among rats with colitis, and the inflammatory response induced by LPS j
cells of the human epithelial colorectal adenocarcinoma (Caco2) by ACh in vitro. In
2000, Kevin Tracey’s team first described CAPP879l. They found that there is an
inflammatory reflex in which proinflammatory cytokines sﬂ'mulate vagus afferents,
which activate vagus efferents, causing the production of these cytokines by tissue
macrophages, mainly TNF, but also other pro-inflammatory cytokines such as IL-6.
IL-1b, but not IL-10, an anti-inflammatory cytokine VN has anti-inflammatory effects

because it inhibits pro-inflammatory cytokines.

Human studies

Decreased vagus activity was observed to be related to systemic inflammatory
markers in both IC and CD patientsls08ll. VNS improved several inflammatory
markers in rats’ small intestines, including fecal quality, inflammatory processes,
and leukocyte infiltration. Furthermore, considerable cardiac and respiratory
changes happened with supra-threshold cervical VNS, while abdominal VNS caused
alterations. Due to the lack of side effects and effectiveness in reducing
inflammation, abdominal VNS appears to be a viable alternative to cervical VNS.
This evidence supports the application of this novel peripheral nerve network for
abdominal VNS as a potentiaﬁtherapy for IBD like CDI82l. A pilot study on VNS was
carried out for the first time in patients with moderate to severe celiac disease as an
alternative to drug anti-TNF therapy or in untreated patients in a translational
approach from the laboratory to the bedsidell. A VNS device and electrode were
implanted in nine patients. At the time of implantation, two patients had failed

immunosuppressive drugs (azathioprine), while the other seven received no
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treatment®l. ENV was carried out on a continuous basis over a period of one year.
In April 2012, the first patient W&S implanted, and then the last in March 2016.

Due to increasing condition, two patients were removed from the triaﬁfter three
months of neurostimulation: the first had ileocecal resection but elected to continue
neurostimulation until the end of the study due to an early good response and
rejection of pharmaceutical therapy. The second patient took infliximab and
azathioprine and continued to use an active VNS. Six patients were in remission
owing to neurostimulation alone after one year of follow-up, while the seventh was
in relapse. In April 2012, the first patient to get the implant was in remission from
azathioprine in ileal CD with a history of ileocecal resectionl5¢l. In conclusion, five
out of seven patients who received the one-year VNS attained clinical improvement
(CDALI 150), and all gained the CDAI70 response (CDAI decreased 70 points from
baseline). Similarly, the Endoscopic CD Severity Score (CDEIS) decreased from 60%
to 100% in five patients. Other than complaints caused by the output
current/intensity of the device, no adverse events were observedl>l. In patients with

UC decrease activity has been linked with autonomic function!®.

Devices and methods

Currently, the erally used VNS therapeutic equipment is invasive and
implantable. The VNS Therapy System consists of an implanted pulse generator, a
bipolar VNS electrode, a small handheld device, programming software, a
programming stick, and hand magnets. VNS is traditionally used to treat epilepsy
and depression, as well as in the two pilot studies in patients with CD.

It is invasive, generally performed by a neurosurgeon who is experienced in the
surgery, and lasts 1 h with minimal side effects. Noninvas'&e (n) VNS may be
beneficial in certain patients who are afraid to have surgery in a vasculo-nervous
location, such as the vein or the external carotid artery, which are close to the VN.
Furthermore, if the device is removed, the electrode wrapped around the VN is
normally kept in place, although some writers have removed it without causing
significant nerve and artery damagel®l. Anesthesia is necessary for the operation,

which requires two small incisions. The bipolar lead is looped around the left
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cervical VN and the pulse generator is positioned in the top-left chest. Physicians
program the stimulator with a small handheld device, programming software, and a
programming stick. After implantation, patients are given a wearable magnet to
manipulate the stimulation on their own. The left vagus, which is more intimately
linked to cardiovascular activities, is considered more suitable than the right cervical
vagus. In the treatment of epilepsy, right-sided VNS has been observed in numerous
patients(85$7]. Right-sided appears to be as effective as, if not more successful
than, left VNSl Gadgets stimulating the VN on the cervical degree or on the
auricular degree were produced (Figure 3). Certainly, the cymbal concha of the
external ear is innervated by means of a sensory auricular branch of the VN that
sends projection inside the NTS in cats and human beings/8%-91l. These noninvasive
éevices have not been associated with any significant major side effects. In
comparison to invasive VNS, n-VNS has the disadvantage of low compliance, which
is a major concern in the treatment of IBD. Indeed, 30%-40% of IBD patients fail to
take their medicinel®2. One can wqnder if the same problem arises with these
noninvasive devices. Furthermore, in the case of the Gamma core device, the
repeatabjlity of the placement of the discs in contact with the VN is unknown.
Finally, ta-VINS was less efficient than VNS in decreasing the LPS-induced serum

cytokine (TNF, IL-1, and IL-6) response in a septic shock animal(®l.

Mechanism of

An unexpected receptor mechanism underpins the anti-inflammatory effect of the
Vagus nerve. In comparison to many “classical” physioloa'cal activities, which
might be managed with the aid of metabotropic mAChRs, the anti-inflammatory
effects of the Vagus nerve are mediated via ionotropic nicotinic acetylcholine
receptors (nNAChRs)I%l. The frequency of stimulation for VN activation is critical to
the function of various therapiesl®-100l. A couple of studies havpaindicated that
mAChRs, especially the M1 mAChR, play a role in this regulation in endotoxemia,

inflammatory bowel disorder (colitis), hemorrhagic shock, and other illnesses/101.102-

104],
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Increased cholinergic transmission in the brain with centrally acting
acetylcholinesterase inhibitors, particularly galantamine, leads to inhibition of
unusual inflammatory responses generated by vagus nerve impulses in mice models
of endotoxemia, colitis, and lupus[!%5-1071. The most recent work, which used targeted
optogenetic stimulation and sophisticated pharmacological methods, discovered that
forebrain signal transduction and M1 mAChR play a unique role in the modulation
of peripheral inflammatory responses in endotoxemia mice wvia vagus nerve
transduction(1®], VNS blocks splenic TNF, which has been identified as a primary
contributor to systemic TNFE. It is critical to understand how the vagus nerve
regulates cytokines in the spleen. The vagus nerve innervates the celiac ganglia and
the superior mesenteric ganglion, which have been shown to provide neurons to the

splenic nervel101]

SNS
The sacral nerves are divided into five pairs. Each contains an afferent and_efferent
component, allowing for effective interaction between the lower GIT and the
nervous system. The activity of the lower GIT (descending colon, rectum), sexual
organs, and urinary bladder is modulated by the parasympathetic component of
sacral nerves. The principal somatic nerve of the sacral plexus is the pudendal nerve
(52-54). It is both sensory and motor. The external anal sphincter, which is under our
conscious control, receives sensory and motor innervation from it. It also gives
sensation to the external genitalia, the skin around the anal area, the anal canal, the
perineum, and motor innervation to the external urethral sphincter.

SNS, also known as “sacral neuromodulation”, is a relatively new and promising
treatment option. SNS uses an implanted device that stimulates the S3 nerve root
and offers a wide range of applications in conditions such as urgency urinary
incontinence, pelvic pain, detrusor stimulation with transurethral approach, FI, efc.

Following are some applications of SNS in relation to IBDI3L.

SACRAL NEUROMODULATION FOR INFLAMMATION AND INTESTINAL
BARRIER IN IBD

15/18




Experimental and clinical evidence from several studies signifies the potential of
SNS as a treatment option for IBD Patients who have received SNS had less severe
mucosal lesions than those who have not received SNS. SNS also improves the
recovery of enema caused by trinitrobenzene sulfonic acid (TNBS enema). With
elevated TNF1 and trypsin levels, SNS also increases the number of mucosal
neutrophils. SNS also stopped TNBS-induced inflammatory factors, including IL-4
and IL-1, from rising. All of these variables indicate that sacral neuromodulation is
beneficial in restoring the intestinal barrier following mucosa injury[1%%. In IBD, SNS
has a significant anti-inflammatory impact. SNS enhanced the spinal afferent-vagal
efferent pathway and improved autonomic function by increased vagal efferent
activity. SNS also causes anti-inflammatory effects due to the SNS-mediated release
of Achll’0l. In a study using the TNBS rat model, sacral neuromodulation lowered

the level of pro-inflammatory cytokines and improved colonic inflammationl!11],

SACRAL NEUROMODULATION IN FECAL INCONTINENCY

The inability to regulate bowel movements, which can range from modest rectum
leaks to total bowel control, is known as FI. Viability of sacral neuromodulations as a
treatment option for FI is tremendous. Many studies have demonstrated that FI
responds positively to SNS. SNS has proven to be a reliable method for dealing with
FI in children(2l. Clinical trials have also shown that SNS can help with FII13].
Another extensive approach conveys the benefits of SNS in patients with

neuropathic FI[114],

OTHER METHODS OF NEUROMODULATION
Other than SNS and VNS, other neuromodulation methods to treat IBD are TINS and

Spinal Cord Stimulation (SCS). The sensory, motor and autonomic fibers in the tibial
nerve make it a mixed nerve. It is caused by the L4-S3 nerves, which feed the
colorectum, bladder, and pelvic floor. TNS uses electrical impulses to treat bladder
and pelvic floor issues. TNS is classified into two types: percutaneous TNS (PTNS)
and transcutaneous TNS (TCTNS) (TTNS). The former makes use of a needle

electrode, whilst the latter makes use of a sticky electrodel3l. PTNS is a minimally
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invasive method that has been demonstrated to be beneficial in treating overactive
bladder, FI, and pelvic discomfort. Having few side effects is highly convenient, but
it is limited by the necessity that patients visit the clinic weekly to obtain the series of
treatments(115l,

The actual mechanism of TNS is uncertain however it appears to involve
excitation of afferent pathways to the sacral spinal cord as well as regulation of
efferent nerves[l16l, Retrospective research looked at 183 individuals with refractory
overac%ﬁe bladder (OAB) who had 30-min PTNS sessions for 12 wk during nine
years. There was a significant improvement in micturition frequency, nocturia, and
urge incontinence episodes in the PTNS group, with the impact obvious by week 10
of therapy. With a wide range of PTNS times, 61.5 percent of subjects self-
proclaimed > 50% improvement in signs and symptoms, raising the subjective
accomplishment percentagesl!'7l. For a 12-wk treatment period, a recent randomized
research of forty women with nocturia of weekly TTNS periods compared pelvic
floor muscle training and behavioral therapy. Both medicines improved sleep
quality by reducing the number of times people awoke to pee (45 percent reduced by
1 in both groups)['18l. A spinal cord stimulator (SCS) is surgically implanted under
the skin and delivers a weak electrical current to the spinal cord. Current from a
pulse generator is carried to the spinal cords’ nerve fibers by thin wires. When the
SCS is activated, it stimulates the nerves in the area where a person is feeling pain.
The pain signal is altered and masked by electrical impulses, prohibiting it from
going to the brainl19.

For more than a half-century, spinal cord stimulation (SCS) has been used to treat
chronic pain. Several studies have demonstrated that SCS can help with stomach
discomfort(120]. Randomized trial has shown that SCS can lessen diarrhea and pain
pain in persons with irritable bowel syndromel?ll. Although it has been quite
successful, some people might experience device-related challenges such as pain at
the implantation site or subsequent infections. But it doesn’t cause any serious

complications like paralysis or hemorrhage in the epidural spacel'2212.

CONCLUSION
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The digestive system’s broad and approachable interaction with the CNS, the
predominance of IBD, and the lack of effective treatment options make it an
appealing target for bioelectrical neuromodulation therapy for digestive system
innervation. A wide range of gastrointestinal problems has been treated with
various degrees of success. This approach has been tried with different degrees of
effectiveness in a range of gastrointestinal diseases. SNS for faecal incontinence has
become a popular bio-electric therapy for gastrointestinal disorders. The
development of bioelectrical digestive sEtem neuromodulation medicines requires
investigation. The advancement of our understanding of the multiple roles of the
mixed nerve components, such as vagus nerves and sympathetic routes to the

intestines, should allow us to take IBS treatment to a new level.

Figure Legends
Figure 1 Sites of bioelectric neuromodulation to improve gastro-intestinal

symptoms. In animal research and experimental clinical settings, neuromodulation
has been used to treat a ramification of GI illnesses at numerous sites on neurons
innervating the gastrointestinal tract. Some of the neuromodulation techniques such
as transcutaneous electrical nerve stimulation, sympathetic stimulation, vagal nerve
stimulation, and gastric electrical Enulation are mentioned in the figure above that
relieve the symptoms related to inflammatory bowel disease. IBD: Inflammatory

bowel disease.
Figure 2 Gastrointestinal tract’s extrinsic innervation.
Figure 3 Vag%newe stimulation. A: Direct vagus nerve stimulation; B and C:

Noninvasive wvagus nerve stimulation; transcutaneous cervical vagus nerve

stimulation (VNS) (B); transcutaneous auricular VNS (C).
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