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Background: Guillain-Barré syndrome is an acute autoimmune disorder characterized by rapid progressive weakness, auto-
nomic dysfunction and possible respiratory failure. Even though intravenous immunoglobulin (IVIG) and plasma exchange are
now the preferred therapies, these invasive, costly treatments are not individualized to specific immune effects. This article
considers whether artificial intelligence might be capable of guiding personalized Vagus Nerve Stimulation (VNS), as a non-
pharmacological intervention in Guillain-Barré syndrome by bridging the narrow gap between fixed-parameter neuromodulation
and the disease’s broad, complex spectrum.

Methods: The search for literature was conducted in Pub Med, Science Direct and Google Scholar using a focused narrative
synthesis by synthesizing literature related to the pathophysiology of Guillain-Barré syndrome, the inflammatory reflex, vagus
nerve stimulation, closed-loop control and Al-enabled adaptive device. Neither patient data, animal models nor human subjects
research were used to generate data; analysis consisted of narrative review and assessment of the clinical relevance and strength
of support of the evidence for the defined claim.

Results: The literature supported biological plausibility for a supervisory closed-loop AI-VNS paradigm where the stimulation
parameters would be automatically adjusted based on parameters derived from the patient’s heart rate and inflammatory marker
signals. The hypothesized operational closed loop model has not been implemented as a real-time device, simulated in silico or
validated against any Guillain-Barré syndrome patient data.

Conclusions: Al-guided VNS is a bioelectronic tool hypothesis rather than a therapeutic strategy. Validation of existing
Al-based approaches will require disease-specific modeling, in silico testing, safety analyses, and prospective validation studies
prior to translation to the clinical setting.

Keywords: Guillain-Barré syndrome; vagus nerve stimulation; artificial intelligence; closed-loop control; inflammatory
reflex; bioelectronic medicine; personalized medicine.

Introduction gal modulation to suppress inflammatory signaling in disease.
There is also a second reason to take interest in this question:

The application of artificial intelligence to continuous adap-
tive decision-making offers a potentially powerful way to de-
velop devices that are more controllable, reversible, and re-
sponsive to physiological stimuli. The following discussion
explores the hypothesis of whether Al could enable an intrin-
sically safe, personalized approach to vagus nerve stimulation

for Guillain-Barré syndrome.

Guillain-Barré syndrome is a serious neurological emergency
in which immune-mediated injury occurs to peripheral nerves
and nerve roots. Patients can develop ascending weakness,
depressed reflexes, pain, autonomic instability, and, in the
most severe cases, respiratory failure that requires intensive
care. With the myriad heterogeneous clinical presentations of
this disease, recovery is often incomplete even with treatment.

This is especially true in the setting of axonal variant disease
syndromes or delays in therapy.

Vagus nerve stimulation is biologically relevant because the
vagus nerve is a component of the autonomic system that is
involved in the inflammatory reflex. This provides a plausible
mechanistic framework for investigating the potential for va-
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This paper is deliberately theoretical. It does not argue that
Al-guided VNS can treat Guillain-Barré syndrome, it simply
aims to structure existing biological and engineering-based ar-
gument in a logical order. Its main hypothesis is that, in theory,
a supervised closed loop AI VNS algorithm would achieve,
at least theoretically, a more individually optimized stimu-
lation for inflammation management in Guillain-Barré syn-
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drome than fixed-parameter stimulation. This hypothesis re-
mains untested, and should be tested in future disease-specific
research and design studies.

Scope and Limitations

Due to the nature of the topic, this paper is limited to a lit-
erature review and theoretical synthesis. It analyzes existing
published data on the Guillain-Barré syndrome pathophysiol-
ogy and the cholinergic anti-inflammatory pathway, as well
as the current use of Al-guided closed-loop neuromodulation
technology in other medical areas, and synthesizes it into a
conceptual framework of an Al-guided VNS architecture in
Guillain-Barré syndrome. Original patient data, including
animal experiments, computational models, and quantitative
modelling in the scope of Guillain-Barré syndrome, are not
part of this review; the work presented herein should not be
treated as a therapeutic protocol.

The use of indirect evidence from other diseases such as
epilepsy, rheumatoid arthritis, spinal cord injury, and diabetes
is strictly meant as an analogy to argue for the feasibility of
closed-loop bioelectronic control, not as evidence of actual ef-
ficacy in Guillain-Barré syndrome.

This review’s main limitation is the fact that it relies on
cross-disease inference: as there are currently no dedicated
closed-loop VNS studies in Guillain-Barré syndrome, certain
aspects of the proposed framework are speculative and need to
be experimentally verified before any clinical application can
be proposed.

Theoretical Framework

The paper is structured along the lines of the described cholin-
ergic anti-inflammatory pathway, or inflammatory reflex as
outlined by Tracey et al. Vagal afferents detect distal in-
flammatory signals and interpret the signals to the brain stem
which, in turn, actuates an efferent vagal arc that inhibits re-
lease of cytokines from macrophages via (1) acetylcholine and
(2) the o7 receptor. Since the immunopathology of Guillain-
Barré syndrome involves antibody- and complement-mediated
inflammation of the PNS, this proposed pathway provides
a plausible, mechanistically-based rationale for benefit from
modulating vagal tone beyond the direct effect on pathogenic
autoantibodies themselves.

This framework will be employed in the paper in two ways:
first, as the basis for the interpretation of information from
other inflammatory or neurological diseases and its related-
ness to Guillain-Barré syndrome and second, as the physio-
logical explanation for the candidate biomarkers proposed as
control inputs to the closed-loop model that will be developed
in the second part of the paper.

When the literature does not directly establish a relationship
between the pathway and this disease specifically, this will be
explicitly defined in the paper.

Methodology Overview

The review summarizes relevant publications from Pub Med,
Science Direct and Google Scholar, pertaining to the patho-
physiology of Guillain-Barré syndrome, the vagal anti-
inflammatory pathways, and closed loop Al control of bioelec-
tronic and biomedical devices in other applications. The ev-
idence was assembled narratively according to the principles
of the proposed model above, with Guillain-Barré syndrome-
specific evidence being distinguished from analogical evi-
dence obtained from other diseases, and clinical and mech-
anistic evidence being weighted more heavily than engineer-
ing simulation results when forming the argument to synthe-
size the claims into the proposed model. The detailed search
strategy, inclusion criteria and data extraction procedures are
described in the Methods.

Pathophysiology of Guillain-Barré Syndrome
(GBS)

Definition and Clinical Overview of GBS

Guillain-Barré syndrome (GBS) is an immune mediated acute
disease and the main cause of acute flaccid paralysis in adults.
It occurs mainly as different variants: acute inflammatory
demyelinating polyneuropathy (AIDP), acute motor axonal
neuropathy (AMAN), acute motor-sensory axonal neuropathy
(AMSAN), or the Miller—Fisher variant!. AIDP is character-
ized by a peripheral nerve demyelinating disorder with symp-
toms such as weakness with or without areflexia; whereas
AMAN and AMSAN are the axonal form that may result in
abrupt paralysis with only little sensory loss. GBS is a medi-
cal emergency affecting the nervous system due to the risk of

respiratory failure and autonomic disturbances?.

Pathophysiology

Mechanisms GBS is an autoimmune attack on the peripheral
nerve with most cases following an antecedent event. Cir-
culating brain self-reactive antibodies attack nerve structures
by molecular mimicry (usually post-infectious), with the ma-
jority of patients expressing anti-ganglioside antibodies (in-
cluding anti-GM1, anti-GD1a, and anti-GQ1b) that bind to
nodal or axonal constituents, activating complement and im-
mune cells®. This leads to demyelination (AIDP) and/or
direct axonal damage (AMAN/AMSAN), with blood-nerve-
barrier breakdown, infiltration by lymphocytes/macrophages,
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and complement deposition, myelin stripping, and axonal de-

generation?.

Mechanisms of Nerve and Immune System Involvement

Following immune activation and antigen recognition, autore-
active antibody and T cells are generated. This results in
immune effector functions that involve assaulting peripheral
nerve myelin or nodal and axonal antigens, recruiting comple-
ment and attracting macrophages which damage myelin and
axons. This leads to conduction block, slowing of the conduc-
tion velocity or loss of axons, which causes weakness and loss
of sensation along with mild loss of reflexes*. Autonomic
fibers might be involved causing fluctuating blood pressure,
ileus, urinary retention and many other features of autonomic
dysfunction!. Recovery is achieved by remyelination and ax-
onal regrowth, though in cases of severe axonal injury, this
process can take years or may never be completed.

Aetiology and Risk Factors

Viral and bacterial infections are the most common triggers
for GBS, although the condition often occurs idiopathically.
Infections in the respiratory or GI tracts are usually reported
days to weeks prior to the initial GBS symptoms. The most
common infectious trigger cited globally is Campylobacter
jejuni and others include EBV, CMV, Mycoplasma pneumo-
niae, Zika, dengue, hepatitis and sometimes SARS-CoV-2!.
Other non-infective triggers may include trauma, surgery, ma-
lignancy and in some cases vaccination with vaccines such as
rabies, and influenza. Risk factors for poor GBS prognosis in-
clude older age, the axonal subtypes, severe weakness, early
ventilator requirement and the autonomic variant. A prospec-
tive analysis of three cohort studies also identified body mass
index and waist circumference as independent risk factors for
GBS, indicating the metabolic state of the individual alters the
predisposition for GBS.>

Signs and Symptoms and Impact on Quality of Life

The typical initial presentation of Guillain-Barré syndrome is
paresis (weakness) of the limbs and/or face, sensory deficits
and areflexia (absence of reflexes). Generally, initial symp-
toms include paresthesias, and some patients have facial weak-
ness. Symmetric weakness of the limbs (ascending paralysis)
usually occurs over a period of a few days, along with sen-
sation loss, areflexia, and weakness.? These symptoms may
progress to paralysis requiring ventilation. Pain may be caused
by radiculopathies or neuropathies; fatigue is common and
may last for long periods. Although most patients improve
at some point, a significant minority still has disability, pain,
fatigue, or impaired quality of life at one year, with data show-
ing that 10-30% of cases have ongoing deficits (depending on

In the case of some autoimmune diseases like Guillain-Barré syndrome or multiple sclerosis, the immune
system is attacking the myelin sheath
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Figure. 1 Schematic representation of Guillain-Barré Syndrome
pathology. Immune cells attack the myelin sheath surrounding pe-
ripheral nerves, leading to demyelination and impaired nerve conduc-
tion. This process underlies the progressive weakness and paralysis
observed in patients.

cohort). Rehabilitation and multidisciplinary care are there-
fore essential 2.

The symptoms of GBS may be summarized as follows: Re-
flexes are absent as the immune injury affects the nerves dis-
tally and therefore might slow the pace of transmission in
the nerves so a knee-jerk normally, triggered by tapping the
knee with a small hammer, might be reduced or absent. The
sensation is abnormal as the damage to nerves affects their
ability to transfer feeling the patient might experience numb-
ness or altered sensation of the skin. Facial weakness may
impair blinking and smiling while neuropathic pain persists
when damaged nerves fire pain signals but no tissue damage
present. Weakness that begins to ascend from the limbs when
the patient initially notices limb weakness that progresses up
through the head and neck area. Ophthalmoplegia is paraly-
sis of the eye muscles, which affects eye mobility. Weakness
of the respiratory muscles can affect breathing. Weakness of
the bulbar muscles (which are involved in swallowing) might
lead to difficulty in swallowing. Autonomic dysfunction can
lead to fluctuating heart rate, blood pressure, sweating or dis-
turbances of balance and coordination.
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Impact on Quality of Life

Although most patients recover from GBS, a significant per-
centage remain affected by pain, fatigue, weakness, or limita-
tions in function for months to a year or longer®. These may
limit daily activities and mobility, work, social participation,
and have emotional and self-esteem implications. For this rea-
son, early rehabilitation and multidisciplinary follow-up is es-
sential. 2.

The Role of Inflammation in Making Symptoms
Worse

Inflammation — It is a crucial component of the disease, as
pro-inflammatory cytokines, macrophage infiltration, the ac-
tivation of the complement and damages of the blood-nerve
barrier further contribute to immune damage of the myelin
and axons*®. The extent and duration of the inflammatory
state is related with the magnitude of demyelination or axonal
loss, and thus with acute severity and prognosis. In this aspect,
inflammation translates an immune insult into nerve damage.
Accordingly, targeting pathogenic inflammation whilst main-
taining host defense is a key therapeutic objective.

Current Treatment Plans

Currently no cure exists that can immediately turn back
nerve injury however evidenced- based therapies exist to de-
crease the immune attack whilst allowing the nerve to re-
cover. Plasma exchange (plasmapheresis) which clears the
blood of damaging antibodies and immune complexes signif-
icantly lowers immune attack upon the nerves.>’ It is more
effective if initiated early. In this procedure the blood is re-
moved and plasma is separated from the blood and replaced
with a plasma substitute such as albumin, and the blood is then
returned to the patient. The procedure involves 4-6 sessions
for 1-2 weeks through a central venous catheter. It is effective
but it requires special equipment and skilled staff and may not
be feasible in low resource settings.

Short term complications are hypotension, coagulation ab-
normalities, abnormal electrolyte balance and cath site infec-
tion Long term risks when safely performed are infrequent
venous access complications. IVIG provides a concentrate
of antibodies that can reduce damaging immune processes. 2.
Typically administered as a large dose infusion of 2 g/kg to-
tal over 2-5 days. IVIG is as efficacious as plasmaphere-
sis, is simpler to give, does not need a central line and can
be given to children and adults. On the downside IVIG is
costly and becomes in short supply, it has short term side ef-
fects of headache, fever, allergic reactions, mild fluctuations in
blood pressure, renal damage, thrombotic episodes and aseptic

meningitis. Long term is generally safe with rare accumula-
tion risks following repeated treatments.

Supportive care remains essential because it manages com-
plications, maintains function, and promotes recovery >’ Sup-
portive care may involve respiratory care, intensive care sup-
port if necessary, autonomic monitoring, pain control, phys-
iotherapy and nutrition. Supportive care decreases death rate,
helps prevent secondary complications and hastens the recov-
ery but also uses the resources of various disciplines. Long-
term hospital stay may lead to bed sores, infections, decon-
ditioning and delayed rehabilitation if the stay is very long.
Some patients who are not supported by physiotherapy may
take longer to recover and fatigue may be a persistent issue.

Limitations of Current Treatment Approaches

Existing treatments are effective but have major drawbacks.
IVIG is costly and in short supply, and plasmapheresis re-
quires specialized machinery and personnel. Plasmapheresis
also necessitates vascular access and hemodynamic monitor-
ing, whereas IVIG can cause significant IV volumes . Both
are also associated with potential complications, such as re-
nal failure, thromboembolic phenomena, aseptic meningitis,
hypotension, infection, and coagulopathy. Similarly, a sub-
group of patients do not recover fully with treatments based
on guideline recommendations, particularly for those with ax-
onal subtypes or those who receive treatment late. As GBS is
biologically heterogeneous, one single mode of immune ther-
apy may not be fully tailored to the immune profile of the pa-
tient!. These drawbacks create an urge for more safe, less in-
vasive, affordable and more customizable approaches for im-
munomodulation®,
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Figure. 2 Global incidence of Guillain-Barré Syndrome. The con-
dition shows higher prevalence in Asia and Latin America compared
to Western countries, reflecting both environmental triggers and re-
gional infectious disease patterns.
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Table 1 Clinical Profile and Resource/Safety Constraints of Standard GBS Immunotherapies vs. Proposed Conceptual Adjunct.

Therapy Modality Primary Immunological Mechanism

Key Clinical Administration Requirements | Primary Short-Term and Long-Term Safety

Risks

Plasma Exchange Removal of pathologic autoantibodies and

Demands specialised apheresis equipment,

Hypotension, catheter-related infection,

cascade/macrophages activity. days.

(Plasmapheresis) immune complexes from blood. trained nurses, central line and 46 serial thromboembolism, electrolyte abnormalities, and
visits over 1-2 weeks. complications associated with procedures or
access to the bloodstream. ®
Intravenous Autoantibody formation neutralization and Intravenous infusion of high doses (generally | Acute kidney dysfunction, aseptic meningitis,
Immunoglobulin (IVIG) systemic regulation of complement 2 g/kg total), well titrated over two to five hyperviscosity/thrombosis, and supply/cost

difficulties.

Proposed Closed-Loop
AI-VNS Framework

Conceptual: Selective activation of the
efferent cholinergic anti-inflammatory
pathway for the inhibition of peripheral
macrophage cytokine secretion. ?

Neural interface either non-invasive or
minimally invasive, designed to be used with
a clinically-supervised adaptive controller.

Hypothetical: Autonomic escape, possible
stimulation-induced arrhythmias, sensor
calibration failure, or data drop out during acute
phase.

Mechanisms of Vagus Nerve Stimulation (VNS)

Functions of the Vagus Nerve in the Human Body

Vagus Nerve (Cranial Nerve X): It is the longest parasym-
pathetic nerve, conveying afferent sensory information from
many visceral organs to the brainstem, and efferent autonomic
signals to the heart, lung, gut, and immune-related tissue. It
helps to regulate heartbeat, respiratory and GI motility and se-
cretion, and reflex actions such as coughing and swallowing.
Vagal influence from central autonomic pathways also con-
tributes to changes in arousal, mood, and inflammatory regu-
lation. 10,

Overview of Vagus Nerve Stimulation

1. Vagus nerve stimulation (VNS) is a technique which stimu-
lates the vagus nerve with electrical impulses. It can be deliv-
ered in an invasive manner, by means of a cervical cuff elec-
trode attached to a pulse generator, or in a non-invasive man-
ner, by means of a transcutaneous (through the skin) or auricu-
lar (through the ear) method. VNS is currently used clinically
in drug-resistant epilepsy and treatment-resistant depression,
and the auricular and transcutaneous approaches to VNS have
been studied for migraine and cluster headache. These indi-
cations demonstrate that vagal stimulation can be delivered
safely in suitable centres, but do not provide evidence of ef-
ficacy in Guillain-Barré. 1, The initial randomized controlled
trial of VNS effectiveness in epilepsy actually showed a 24.5%
reduction in seizure frequency with high levels of stimulation
versus a 6.1% reduction with low levels of stimulation there
was no presumption that VNS could be safe or effective; this
is direct clinical-trial evidence that chronic VNS can be safe
and can have measurable effectiveness for a neurological indi-
cation. !

Mechanisms by Which VNS Modulates Inflammation

The main biological rationale for VNS is the inflammatory
reflex (also referred to as the cholinergic anti-inflammatory

pathway). The inflammatory reflex involves vagal afferent
fibers sensing peripheral inflammatory signals and relaying
information to brainstem circuits that, in turn, activate the
efferent arm, which provides downstream immune modula-
tion. Efferent signaling can inhibit pro-inflammatory cy-
tokine production via acetylcholine-dependent pathways that
involve interaction with a7 nicotinic acetylcholine receptors
on macrophages. In both animal models and small clinical
studies, VNS has demonstrated a reduction in inflammatory
signaling and cytokine activity. This anti-inflammatory mech-
anism is the central reason why VNS is being explored as a
treatment for autoimmune and inflammatory diseases. %%-1°
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Figure. 3 Flowchart of the immunopathological mechanism in GBS.
Post-infectious triggers initiate molecular mimicry, leading to activa-
tion of autoantibodies and complement-mediated damage of the pe-
ripheral nerves.
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Cross-Disease Evidence

1. Correlation with other illnesses needs to be viewed as
akin to circumstantial evidence, and not definitive support for
GBS. The effect of VNS in epilepsy has been shown to de-
crease the number of seizures and enhance some patient re-
sults highlighting the potential to deliver clinically responsive
neuromodulation. !> This is directly confirmed by the origi-
nal blinded, randomized trial of chronic VNS for intractable
epilepsy. A randomized controlled trial comparing high ver-
sus low level stimulation for drug-resistant epilepsy showed a
greater reduction in seizure frequency with high level stimu-
lation. This shows clinical evidence of VNS for epilepsy but
not anti-inflammatory benefits or clinical value in GBS.!!' In
treatment-resistant depression, VNS causes slow, incremental
clinical improvement, confirming that repeated stimulation of
the vagus nerve can lead to sustained changes in the nervous
system,12 In rheumatoid arthritis, human research indicates
that vagal stimulation can suppress the disease’s inflammatory
activity, a proof-of-concept that the mind-body interaction via
the ANS can be manipulated in people.!? However, it is an
inflammatory disease, not an immediate neuropathy.

Other immune diseases like inflammatory bowel disease
and lupus are also being considered as indications for VNS,
but this remains in the early stages and the results are incon-
sistent. 1* Again, while these studies imply that bioelectronic
anti-inflammatory therapy may have promise in the future, it
does not show benefit in either acute peripheral neuropathy or
GBS.

Potential Relevance to GBS

VNS could be relevant to GBS in principle since this disorder
is characterized by immune-mediated inflammation, blood-
nerve barrier breakdown, and peripheral nerve injury. Activa-
tion of the inflammatory reflex should be expected to decrease
inflammatory cytokine signaling and prevent progressive tis-
sue damage in principle. Though, to date, very little direct
clinical evidence exists for the benefit of VNS in human GBS.
The majority of the evidence available currently stems from
mechanistic insights, animal studies of similar conditions, or
translational logic from other autoimmune disorders. !

Sources of Variability in VNS Response

Individual responses to VNS depend on the biology of the
disorder, the timing of stimulation, the nerve anatomy and
electrode placement, and the electrode design, parameters of
stimulation. Symptom stage, species, concomitant medica-
tions and other variables all result in heterogeneity of the re-
sponse '%. Because there are differences between both the im-

planted and non-invasive stimulation modalities, and between
species, benefit shown in animal studies can’t be safely pre-
sumed to apply to humans '4. Those sources of heterogeneity
are part of the reason why benefits seen in a research setting
can’t be simply extrapolated to the clinical setting. '°.
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Figure. 4 Diagram showing damaged myelin sheath of the human
neuron when suffering from GBS, and its symptoms.

Conclusion

VNS offers a novel bioelectronics approach as it interferes
with the inflammatory reflex rather than dampening the en-
tire immune system. Reports of vagal stimulation in other hu-
man inflammatory states, including rheumatoid arthritis, have
hinted at the potential to manipulate immune responses. The
evidence of efficacy is unproven in GBS. Appropriate stud-
ies are required to prove the optimal intervention time, stim-
ulation parameters and clinical utility of VNS in acute neu-
ropathies, and until then VNS cannot be promoted for that in-
dication.

Methods

Study Design

This was a narrative review and conceptual synthesis. The
review gathered literature on Guillain-Barré syndrome patho-
physiology, the inflammatory reflex, vagus nerve stimulation,
closed-loop control, and adaptive systems with Al This pa-
per is meant as a theoretical foundation and not as an original
report of clinical or experimental findings.

Search Strategy and Literature Selection

Literature research was conducted by exploring Pub Med,
Google Scholar and Science Direct using the following key-
words: “Guillain-Barré syndrome”, “vagus nerve stimula-
tion”, “inflammatory reflex”, ’closed-loop neuromodulation”,
“reinforcement learning” and “adaptive control”. In addition,
since they discussed a key mechanistic aspect of the Guillain-
Barré syndrome, older papers published before 2015 were in-

cluded where necessary.
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Inclusion Criteria

Studies were included if they were relevant to one or more
of the following areas: Guillain-Barré syndrome pathophys-
iology, vagus nerve stimulation, inflammatory reflex mecha-
nisms, Al-based adaptive control, or closed-loop biomedical
devices. Priority was given to peer-reviewed clinical studies,
mechanistic reviews, and engineering papers with direct rele-
vance to the framework being proposed.

Data Extraction

Major data points extracted from the literature were disease
mechanism, biomarkers, VNS impact, Al control approach,
and safety issues. A narrative synthesis of the findings was
used to create a conceptual model of a closed-loop Al VNS
system for the treatment of GBS. As this is a conceptual re-
view, no statistical meta-analysis was performed.

Synthesis Method

The literature obtained was synthesized using a narrative for-
mat, with the cholinergic anti-inflammatory pathway as the
theoretical core. Within the literature, evidence from GBS-
specific literature was separated from cross-disease analogi-
cal evidence, with each group weighted for argument strength,
with respect to the validity of the putative AI-VNS model.

Quality Assessment

The evidence was rated according to the evidence’s applicabil-
ity and its degree of support to the claim. Direct GBS evidence
took precedence over cross-disease analogy and translational
evidence from other diseases.

Proposed Conceptual Framework

Proposed AI-VNS Closed-Loop Model

This is a proposed theoretical framework based on literature
review. No clinical trials, animal experiments, or models, but
also no GBS quantitative analyses were performed for this
study. The system elements and the anticipated consequences
are therefore only hypothetical and used solely to conceptual-
ize for future exploration.

The paper’s primary contribution is the development of the
closed-loop AI-VNS model that overcomes the shortcomings
of open-loop stimulation. In existing VNS devices, stimula-
tion is provided based on prespecified, preprogramed stimula-
tion settings. The model proposed would provide stimulation
based on continuous feedback, although at this stage it is not
confirmed that stimulation would be able to closely follow the
physiologic state, especially in Guillain-Barré.

FIGURE 6: SUPERVISORY CLOSED-LOOP AI-VNS CONTROL ARCHITECTURE
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Figure. 5 Conceptual Architecture of the Proposed Supervisory
Closed-Loop AI-VNS Framework. Multimodal sensor streams (such
as heart rate variability) pass into the Al parameter optimization core,
which remains strictly bound by a clinician-monitored safety enve-
lope and manual override controls.

Multimodal Sensor Integration and Feature Ex-
traction

A combined physiological stream would then feed into the
model, providing a patient state estimate. Potential auto-
nomic signals are selected based on their ability to track au-
tonomic state and their current not being pathophysiological
markers of GBS disease activity. For example, blood pres-
sure trends or heart rate variability may signal autonomic bal-
ancing; however, these signals are not specific to GBS dis-
ease activity and would need rigorous preclinical validation
before clinical application. A recent randomized cross-over
trial in healthy adults found that 1) the magnitude and di-
rection of HRV change following taaVNS is dependent on
stimulation frequency and pulse width and 2) that individu-
als’ baseline HRV may be indicative of subsequent inflam-
matory (TNF- a) and autonomic response to stimulation >0,
This validates the biophysical plausibility of HRV as a con-
trol input, but also emphasizes that stimulation-parameter and
individual-baseline effects must be characterized in GBS be-
fore a clinical trial.

In the future, this system could also include electrophys-
iological measures if these become sufficiently sensor-valid.
Currently, these inputs would need to remain in the realm of
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speculation and technical non-resolution, rather than confor-
mance to a clinical norm.

1. While the model also advances biomarker sensing at the
blood-nerve interface for inflammatory mediators (e.g. TNF,
IL-1p3), true in vivo real-time direct sensing of these mediators
at this interface is a future engineering target and not a clinical
reality. Its inclusion in this model can provide a conceptual
roadmap for future integration of such biosensors. Example
- The ability of recent wearable biosensor platforms for non-
invasive real-time sensing of TNF-¢ and IL-6 in sweat with
high sensitivity in infectious and inflammatory bowel disease
patient cohorts 718, indicating that non-invasive inflammatory
biomarker sensing is progressing faster than previously as-
sumed, although validation at the blood-nerve interface spe-
cific to GBS remains unestablished.

Adaptive Control and Optimization Parameters

Reinforcement learning is presented as a candidate control
method to be explored in future work and not as a validated
clinical controller. In addition'® to the related computational
and engineering efforts also have developed data-driven and
state transition-based closed-loop VNS controllers for cardio-
vascular and other applications.?®?!, broader physiological
closed-loop control frameworks 22, and general reinforcement-
learning applications in healthcare?*. Closed-loop neuromod-
ulation has also restored network connectivity and motor con-
trol in other neurological contexts?*, Other closed-loop VNS
approaches have been suggested for cardiovascular disease
management >, again underscoring that technical viability of
the proposed supervisory architecture has been demonstrated
(though none are applied in GBS). Specifically, the Al system
can modulate the intensity, frequency, pulse width, and duty
cycle of stimulation within safety limits, in an effort to de-
termine whether patient- and condition-specific stimulation is
feasible within conservative boundaries.

The controller should be supervisory rather than au-
tonomous. It should generate parameter recommendations for
clinician review, not independent treatment decisions. A de-
fined safety envelope would constrain all outputs, and hard
limits would prevent stimulation settings from exceeding con-
servative thresholds. If sensor failure, signal loss, or severe
autonomic instability were detected, the system would revert
to a pre-programmed conservative protocol and trigger imme-
diate clinical review.

Clinician override must remain available at all times. Be-
fore any human use could be considered, the reinforce-
ment learning component would require offline training,
simulation-based testing, and extensive safety validation. Ex-
ploration should be highly constrained so that unsafe parame-
ter combinations are never tested in critically ill patients.

Theoretical Relevance to GBS Management

Theoretically, an Al driven closed loop system could enable
earlier identification of deteriorating physiology and more re-
active adjustment of stimulation than a fixed-parameter de-
vice. But this is mere speculation. There is no evidence in this
manuscript that such a device would improve time on ventila-
tor, prevent demyelination or better long term recovery from
GBS.

Thus any potential GBS benefit could be titled “just a sug-
gestion”. The contribution of the model is only to specify a
research agenda.

Results

The literature synthesis reveals that Guillain-Barré syndrome
is an acute immune mediated neuropathy characterized by
inflammatory damage, complement activation, and periph-
eral nerve dysfunction leading to weakness, sensory loss, and
dysautonomia. The current standard therapies of intravenous
immunoglobulin, plasma exchange, and supportive care, do
not yet allow for treating the individual patient.

Literature reviewed provides strong evidence for the bi-
ological plausibility for Al-guided VNS as a modulator of
the inflammatory reflex, as demonstrated in other inflamma-
tory and neurological disease states as well as using closed-
loop/adaptive VNS device designs. There is, however, no clin-
ical evidence for Al-guided VNS in Guillain-Barré syndrome.

From this information, the paper suggests a supervised
closed loop AI-VNS model that would guide stimulation via
multimodal physiological inputs (e.g. HRYV, inflammatory
biomarkers) within a pre-defined safety window. It is, of
course, important to note that this model is purely theoretical
at this point and would need to be validated for each disease
prior to any clinical use.

Discussion

Potential Value of AI-VNS

The one real potential benefit of Al-guided VNS is theoret-
ical at this point. In a future system, the real-time tailoring
would theoretically enable stimulation to be more adjustable
than present fixed-parameter devices. That flexibility might
be of benefit in a heterogeneous disease such as GBS but this
remains a theoretical advantage.

Clinical Challenges and Risks

A few barriers still need to be overcome before any translation.
The models rely on high quality and varied training data, with
small training data sets having the potential to generate spu-
rious recommendations. Furthermore, real-time monitoring
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may be technically demanding, regulatory intensive and, as
with all connected devices, vulnerable to cyber-attacks. When
dealing with a seriously ill population, the implications of an
inaccurate prediction or over stimulation could be severe, and
safety must be the priority.

Relation to Standard Care

Al-enabled VNS would not be a substitute for existing GBS
therapies. Currently, the standards of care are plasma ex-
change, intravenous immunoglobulin, and supportive care.
While the proposed approach may ultimately have some ap-
plication as an adjunct, it would be inadequate to suggest this
approach can obviate disease-specific immunotherapy.

Research Gaps

There are no existing clinical trials of Al-guided VNS in
GBS. Major gaps include no validated real-time inflamma-
tory biomarkers, no disease-specific computational models,
no clarity regarding stimulation parameters, and unresolved
safety issues in severe acute autonomic instability. As such,
AI-VNS can only be described as an idea that has not yet been
translated to the clinic.

Conclusion

Guillain-Barré syndrome is therefore a major neurological
emergency, with significant unmet medical need. The con-
cept of Al-guided vagus nerve stimulation is compelling as it
integrates neuromodulation and adaptive decision making in
the same device, but has not been demonstrated in Guillain-
Barré syndrome. Consequently the current paper provides a
concept-oriented hypothesis-generating model rather than ev-
idence of success.

Significance This work is valuable in that it points towards
a potential future of personalized neuroimmunology and de-
lineates the most significant hurdles to be overcome to get
there. Disease-specific modeling, biomarker validation, stim-
ulation safety and prospective clinical testing will all be re-
quired before the AI-VNS approach can be tested as a clini-
cally useful adjunct to the current standard of care.

Connection to Objectives

The objectives of this review are related to the aims of the pa-
per as reported in section 2. The first aim was to investigate
the biological plausibility of VNS as a non-pharmacological
treatment for Guillain-Barré syndrome, and to suggest a con-
ceptual Al-controlled closed-loop architecture for its admin-
istration. This aim is fulfilled for the first (to the extent that

the published literature allows), because the inflammation re-
flex constitutes a plausible mechanism, and because control
of bioelectronic feedback loops has been shown feasible in
comparable systems for other pathologies. The second (a con-
cept was proposed), because the architecture suggested has not
been built, simulated or tested, for samples of Guillain-Barré
syndrome data.

Recommendations

Future work should include (but not be limited to): disease-
specific computational modeling of biomarker trajectories; in
silico testing of the proposed control logic with simulated
or retrospective patient data; and, (if applicable), a stepwise
translational roadmap starting with supervisory/advisory de-
cision support (not closed-loop autonomous control). None of
this will be possible until neuroimmunologists, bioelectronic
engineers, and intensive care physicians collaborate to deter-
mine the safety parameter space in terms of both safety enve-
lope and clinician override, prior to any trials of closed-loop
AI-VNS on Guillain-Barré syndrome patients.

Limitations

This review is limited by the use of a body of evidence relat-
ing to other diseases and technologies and not Guillain-Barré
syndrome specific, by the lack of any experimental, animal or
clinical testing of the framework, and by a number of under-
specifications relating to the engineering of the framework in
terms of sensor validation and safety limits under actual con-
ditions of use. These limitations suggest the model presented
should be interpreted as hypothesis-generating, not as a tested
intervention.
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