LA N

Vi N

e ‘ ~IBL INARY
THF MIII TINISCIP] INARY
INTERNA TIUNAL JUURNAL

ISSN 2277-5722 (Indian ISSN Centre)

Vol. 26 No. 26 2026
26262026939 © Author(s)

THE NEUROLOGICAL DOMINO EFFECT: HOW GUILLAIN-BARRE
SYNDROME SHEDS LIGHT ON NERVE DYSFUNCTION

K.Anandhi
Dhanalakshmi Srinivasan College of
Arts and Science for
Women(A), Perambalur

Umadevi Pongiya
Dhanalakshmi Srinivasan College of
Arts andScience for
Women(A), Perambalur

Abstract

Guillain-Barré Syndrome (GBS) is a rare but
potentially life-threatening neurological disorder
characterized by rapid-onset muscle weakness
caused by immune-mediated damage to the
peripheral nervous system. Often triggered by
preceding infections, GBS represents a complex
interaction between the immune system and neural
tissues, leading to disrupted nerve signal
transmission. This paper explores GBS as a model
for understanding broader mechanisms of nerve
dysfunction, highlighting its clinical manifestations,
pathophysiological processes, diagnostic
approaches, and current treatment strategies. By
examining epidemiological trends and historical
developments alongside recent scientific insights,
the study emphasizes how GBS contributes to
advancing knowledge of autoimmune neuropathies.
Understanding this condition not only supports
improved patient management but also provides
valuable  perspectives on immune-related

neurological disorders and their long-term

implications.
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I. INTRODUCTION

Guillain-Barré Syndrome (GBS) is an uncommon yet
severe autoimmune illness where the body’s immune
system erroncously targets the peripheral nervous
system, resulting in weakness, numbness, and severe
cases of paralysis. The syndrome impacts people of
all ages and may progress swiftly, requiring urgent
medical care. While the precise cause is not fully
understood, GBS is frequently preceded by
infections, including respiratory or gastrointestinal
ailments, and is occasionally associated with
vaccinations. This paper examines the historical
context, epidemiology, and incidence of GBS,

offering a thorough review of existing knowledge.

A. Historical Background

Guillain-Barré Syndrome was initially identified in
1916 by French neurologists Georges Guillain, Jean
Alexandre Barré, and André Strohl. They
documented two soldiers suffering from ascending
paralysis accompanied by increased cerebrospinal
fluid protein levels while maintaining a normal cell

count, a defining characteristic of GBS [1]. However,
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earlier accounts of analogous conditions date back to
the late 19" century. Over the years, GBS has been
further categorized

into various subtypes, including acute inflammatory
demyelinating polyneuropathy (AIDP), Miller Fisher
syndrome(MFS), and acute motor axonal neuropathy

(AMAN),emphasizing its varied pathophysiology [2].

B. Epidemiology and Incidence

Epidemiology ad ani of inﬁdenw /incidence rates

Male: Incidence rates

L
00 i 2L,

oMy e
C)np‘{ahmv [ P s o 0 ver-Viaifecions
Jejuni (685) Jemale) (SARS-COV-2) (is otider" aler adults over S0

Figurel: Worldwide distribution, demographic
patterns, and common infectious triggers of
Guillain—Barré syndrome.

Source: Al-generated image created using canva.

The worldwide incidence of Guillain-Barré
Syndrome ranges from 0. 81 to 1. 89 cases per
100,000 person-years, with considerable regional
variations [3]. It manifests slightly more often in
males compared to females, with a male-to-female
ratio of approximately 1. 5:1. Although GBS can
impact individuals across all age ranges, incidence
rates are higher in older adults, particularly those
over 50 years [4].

Multiple factors affect GBS incidence, including
prior infections. About 60-70% of cases follow an

infection, with Campylobacter jejuni being the most
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prevalent trigger [5]. Other viral infections, such as
cytomegalovirus (CMV), Epstein-Barr virus (EBV),
and SARS-CoV-2, have also been linked to GBS
pathogenesis [6]. Additionally, some instances have
been associated with vaccinations, although the
absolute risk remains exceedingly low [7].

Recent research has identified seasonal fluctuations
in GBS incidence, with increases during winter and
monsoon seasons in specific regions, potentially due
to a rise in respiratory and gastrointestinal infections
[8]. Furthermore, outbreaks have been documented
after public health emergencies, such as the Zika
virus epidemic (2015-2016), during which a notable

rise in GBS cases was recorded in impacted areas [9].

II.  Pathophysiology of Guillain-Barré

Syndrome
Guillain-Barré Syndrome (GBS) is an acute,

immune-mediated polyneuropathy that
predominantly impacts the peripheral nervous
system. The pathophysiology of GBS is intricate,
involving immune dysregulation, molecular mimicry,
the activation of the complement system, and nerve
injury, which results in muscle weakness, sensory
disturbances, and severe cases may lead to autonomic
dysfunction.

GBS can be categorized into two primary forms
based on histopathological and electrophysiological
evidence:

A. Dempyelinating GBS — Marked by immune-
mediated injury to the myelin sheath (e. g. , acute

inflammatory demyelinating polyneuropathy, AIDP).
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Demyelhinating GBS (eg, (eg, AIDP)

Figure 2: Immune-mediated demyelination of
peripheral nerves in acute inflammatory
demyelinating polyneuropathy (AIDP), a major
subtype of Guillain—-Barré syndrome.

Source: Al-generated image created using canva

B. Axonal GBS- Involves a direct immune assault
on the nerve axons, leading to degeneration (e. g. ,
acute motor axonal neuropathy, AMAN, and acute

motor-sensory axonal neuropathy, AMSAN).

Axonal GBS (e.g, AMAN, AMSAN)

Figure 3: Immune-mediated axonal damage in
AMAN and AMSAN variants of Guillain—Barré
Syndrome

Source: Al-generated image created using

canva

The immune system’s involvement in the

pathogenesis of GBS is wvital, with Dboth
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humoral(antibody-mediated) and  cell-mediated

processes playing a role in nerve damage [10].

III. Immune Response Mechanisms

The immune response in GBS is triggered by an
abnormal immune reaction following a preceding
infection, which results in the generation of
autoantibodies that target the peripheral nervous

system.

Several mechanisms facilitate this process:

A. Molecular Mimicry and Autoantibody
Production

Molecular mimicry is an essential mechanism in
the onset of GBS. Infections such as
Campylobacter jejuni, cytomegalovirus (CMYV),
Epstein-Barr  virus  (EBV),  Mycoplasma
pneumoniae, and SARS-CoV-2 have been linked
to GBS [11].

These pathogens possess lipooligosaccharides
(LOS) or other antigens with structural
similarities to gangliosides (GM1, GDla, GTla,
GQ1b) found on nerve cell membranes [12].

» The immune system generates anti-ganglioside
antibodies, which erroneously target the
gangliosides on Schwann cells (in demyelinating
variants) or axons (in axonal variants), causing
immune-mediated nerve damage [13].

* Research indicates that anti-GM1 and anti-
GDla antibodies are associated with axonal GBS
(AMAN, AMSAN), while anti-GQ1b antibodies
are closely associated with Miller Fisher
Syndrome (MFS), a GBS variation impacting the

cranial nerves [14].
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Figure 4: Molecular mimicry between infectious
agents and peripheral nerve gangliosides leading
to immune-mediated nerve damage in Guillain—
Barré syndrome.

Source: Al-generated image created using canva

This illustration shows how gut microbes and
pathogens interact with the nervous system,
influencing neuroinflammation and brain function. It
highlights microbial invasion routes via the gut-brain

axis and blood-brain barrier

B. Complement System Activation and
Inflammatory Damage
The complement system is critical in the pathology of

GBS. The binding of autoantibodies to gangliosides
activates the classical complement pathway, resulting
in:

Formation of the membrane attack complex (MAC,
C5b-9), which induces direct lysis of myelin or
axonal membranes [15].

Enhanced vascular permeability and the breakdown
of the blood-nerve barrier, permitting immune cells

to infiltrate and assault peripheral nerves [16].
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Recruitment of inflammatory cells such as
macrophages and T cells, resulting in demyelination
and nerve conduction failure [17].

C. Role of Macrophages and T Cells in Nerve

Injury
e In demyelinating variants  (AIDP):

Macrophages penetrate Schwann cells,
stripping myelin from the nerves, which
leads to conduction failure and muscle

weakness [18].

. In axonal variants (AMAN, AMSAN):
Complement deposition and immune
complexes assault the axonal membrane,
causing irreversible axonal degeneration and

profound paralysis [19].
D. Nerve Damage and Demyelination

AIDP is the most common form in Western countries
and is characterized by immune-mediated attack on
myelin-producing Schwann cells [20].

The process involves:

1.Segmental demyelination — Macrophages and

T cells attack Schwann cells, leading to stripping of

the myelin sheath, which insulates peripheral nerves.
2.Slowed nerve conduction — Loss of myelin

disrupts saltatory conduction, leading to muscle

weakness, sensory loss, and autonomic dysfunction.
3.Potential remyelination — Schwann cells can

regenerate myelin if inflammation resolves early,

leading to a better recovery prognosis [21].

E. Axonal Variants of GBS (AMAN, AMSAN)

Axonal GBS is more common in Asia and Latin
America and is strongly linked to Campylobacter

Jejuni infection [22].
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The immune response directly targets axons rather nerve damage in  Guillain—-Barré

than myelin, leading to: syndrome.

e Severe motor dysfunction — Due to

. Source: Al-generated image created using Microsoft
degeneration of motor axons. & & & f

Designer.

e Slower recovery — Because axonal

G. Prognostic Implications of Nerve Damage

regeneration takes longer compared to e
e Demyelinating GBS (AIDP) has a better

myelin repair. . )
prognosis due to the potential for
e Poorer prognosis — Some patients require o
remyelination.

prolonged ventilation and have permanent
e Axonal GBS (AMAN, AMSAN) often leads

disability [23].
y[23] to long-term disability due to slow axonal

regeneration.

F. Miller Fisher Syndrome (MFS)

MFS is a rare cranial nerve variant of GBS, e Early treatment with IVIG  or

characterized by ophthalmoplegia, ataxia, and plasmapheresis improves recovery by

areflexia. The anti-GQ1b antibodies selectively target reducing autoantibody levels and preventing

cranial nerve gangliosides, leading to: further nerve damage [25].

e Paralysis of extraocular muscles, causing

IV. Clinical presentation and
Symptoms

A. Initial Symptoms

double vision and difficulty moving the

eyes.

Ataxia due to brainstem and cerebellar
involvement.

Lower risk of respiratory failure compared

to other GBS forms [24].

Cranial nerve
‘\ ganglioside
Anti-GQlb /
antibodies X

v
\S\ Y‘ Brainstem
3 4 >

1 ‘

Extraoocwilar muscles palysis _/ \
Complement sys casade

paralysis

MFS is a rare cranial nerve variant of GBS, characterized by
ophthalmoplegia, ataxia, and areflexia. The anti-GQ1b antibodies selectiv
ely target cranial nerve ganbiosides, leading to:

Figure 5: Molecular mimicry between

infectious agents and peripheral nerve

gangliosides leading to immune-mediated

Guillain-Barré Syndrome (GBS) is an acute

autoimmune condition that impacts the
peripheral nervous system, resulting in swift
muscle weakness and sensory issues. The illness
frequently starts with subtle and nonspecific
signs, which can complicate early diagnosis. The
primary symptoms generally consist of weakness
and tingling sensations in the lower limbs,
typically described by patients as a “pins and
needles” sensation or a feeling of numbness [26].
These signs often begin symmetrically,
indicating that both legs are affected equally, and
may be accompanied by mild pain or discomfort,

especially in the lower back or legs.

Numerous patients indicate that these symptoms arise

days or weeks following a viral or bacterial infection,
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such as a respiratory infection (e. g. , influenza) or
gastrointestinal illness (e. g. , food poisoning due to
Campylobacter jejuni)[27].

This prior infection is believed to instigate an
abnormal immune response, wherein the body’s
immune system incorrectly attacks the myelin sheath
(the protective covering of nerves) or the nerves
themselves.

This autoimmune assault disrupts the transmission of
nerve signals, resulting in the defining symptoms of
GBS.

Along with weakness and tingling, some patients
may face challenges with balance or coordination,
making walking or climbing stairs difficult.

These early indications are frequently mistaken for
fatigue, overexertion, or even psychological stress,
resulting in delays in pursuing medical care.

For instance, a patient might attribute their leg
weakness to having “overdone it” at the gym or “just
feeling tired” after a recent illness.

Nonetheless, the swift progression of symptoms in
GBS underscores the importance of early recognition

to avert severe complications.

B. Progression of Symptoms
As GBS advances, the initial symptoms commonly

intensify and extend to other regions of the body. The
weakness and tingling that commenced in the legs
frequently rise to the upper limbs, torso, and face,
resulting in extensive muscle weakness [28].

This ascending pattern of weakness is characteristic
of GBS and assists in differentiating it from other
neurological disorders. For example, a patient who
initially faced difficulties walking may subsequently
struggle to lift their arms, grasp objects, or even

move their facial muscles.

Vol. 26 No. 26 2026
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The progression of symptoms can transpire swiftly,
often within days to weeks. In critical cases, the
weakness may advance to paralysis, affecting the
muscles that control breathing.
This could lead to respiratory failure, a life-
threatening complication necessitating immediate
medical  intervention, including  mechanical
ventilation [29].
Respiratory failure is one of the most significant
complications of GBS and is a primary reason for
hospitalization among affected patients.
In addition to motor symptoms, some patients may
develop cranial nerve involvement, potentially
resulting in facial weakness, difficulty swallowing
(dysphagia), or double vision (diplopia).
These symptoms can be particularly distressing for
patients and their families, as they profoundly affect
the ability to communicate, eat, and carry out daily
activities.
For instance, a patient experiencing facial weakness
may find it hard to speak clearly or smile, while
difficulties with swallowing can elevate the risk of
aspiration and pneumonia.

The development of symptoms in GBS can differ
greatly between individuals.

Some patients may go through a relatively mild path
with partial recovery, while others might experience
severe paralysis and long-lasting disability [30].

The differences in symptom development emphasize
the necessity for careful monitoring and prompt
treatment, such as intravenous immunoglobulin
(IVIG) or plasmapheresis, to stop the autoimmune
assault on the peripheral nerves. Early action can
greatly enhance results and diminish the likelihood of

complications.
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Patients and their families frequently describe the
evolution of GBS as alarming and overwhelming.
One patient shared, “It felt like my body was shutting
down, piece by piece, and there was nothing I could
do to stop it” [31].
This emotional and psychological effect emphasizes
the requirement for holistic care that tackles not just
the physical symptoms but also the mental health and
wellness of patients.
Assistance from healthcare professionals, family, and
support groups can be vital in aiding patients to
manage the difficulties of GBS.
Figure 6: Ascending muscle weakness" and ""Arm
weakness'" to show symptom progression. Include
a close-up inset of the patient's face with drooping
eyelids and double vision, labeled '"Diplopia'". Add
a mechanical ventilator connected to the patient,
labeled ""Respiratory failure
Source: Al-generated image created using Microsoft

Designer.
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V.  Diagnosis and Differential
Diagnosis

A. Clinical Evaluation

The clinical assessment of GBS involves a detailed

history, neurological examination, and assessment of
disease progression.

1.History and Symptom Progression

Recent Infection or Immune Trigger: Approximately
two-thirds of GBS cases follow an antecedent
infection, most commonly Campylobacter jejuni,
cytomegalovirus (CMYV), Epstein-Barr virus (EBV),
or influenza-like illnesses (32).

Post-vaccination cases have also been reported,
particularly  after influenza and COVID-19
vaccinations (33).

Rapidly Progressive Weakness: Symmetric limb
weakness typically begins in the lower extremities
and ascends over days to weeks (34).

Paresthesia and Sensory Symptoms: Patients may
report tingling, numbness, or mild sensory
impairment, though motor symptoms are more
prominent (35).

Autonomic Dysfunction: Up to 70% of patients
experience autonomic instability, including blood
pressure fluctuations, cardiac arrhythmias, and
urinary retention (36).

Facial and Bulbar Weakness: In 50% of cases, facial
nerve involvement leads to bilateral facial weakness,
and bulbar dysfunction can cause difficulty

swallowing and breathing (37).

2 .Neurological Examination
e Muscle Weakness: Symmetric weakness of

the legs and arms, progressing to the trunk

and respiratory muscles in severe cases (38).
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e Hyporeflexia or Areflexia: Deep tendon
reflexes are reduced or absent in affected
limbs, a hallmark feature of GBS (39).

e Cranial Nerve Involvement: Facial diplegia,
ophthalmoplegia, and bulbar dysfunction
can be present, particularly in Miller-Fisher
Syndrome (MFS), a variant of GBS (40).

e Sensory Examination: Mild sensory loss,
particularly in vibration and proprioception,
is observed in some patients, though sensory
involvement is usually less severe than

motor impairment (41).

B. Laboratory Tests

While GBS is largely diagnosed based on clinical
presentation, laboratory and electrophysiological tests
play a crucial role in confirming the diagnosis and

ruling out other conditions.

1. Cerebrospinal Fluid (CSF) Analysis

A lumbar puncture is performed to assess CSF

findings characteristic of GBS.

o Elevated CSF Protein: Protein levels are
typically elevated (>45 mg/dL) in 90% of
cases due to blood-nerve barrier disruption
(42).

e Normal White Blood Cell Count: Unlike
infectious causes of neuropathy, GBS
typically presents with a normal or mildly
elevated white cell count (<10 cells/pL), a
phenomenon known as “albuminocytologic

dissociation” (43).

Vol. 26 No. 26 2026
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e Timing of CSF Changes: CSF protein
elevation may be absent in the first week but

increases by the second week of illness (44).

2. Nerve Conduction Studies (NCS) and

Electromyography (EMG)
NCS is essential for diagnosing GBS and

distinguishing between its subtypes.
e Slowed Conduction ~ Velocity and
Conduction Block: In Acute Inflammatory
Demyelinating  Polyneuropathy (AIDP),
there is prolonged distal latencies, reduced
conduction velocities, and conduction block
due to myelin damage (45).

e Reduced Compound Muscle Action
Potential (CMAP): In axonal forms
(AMAN, AMSAN), there is a marked
reduction in CMAP amplitude without
demyelinating features (46).

e  Absent or Prolonged F-Waves: Prolonged or
absent F-waves suggest motor nerve
involvement and help differentiate GBS

from other neuropathies (47).

3. Serum Autoantibody Testing

Antiganglioside antibodies are found in specific GBS
variants:

e Anti-GQIb Antibodies: Strongly associated
with  Miller-Fisher =~ Syndrome, which
presents with ophthalmoplegia, ataxia, and
areflexia (48).

e Anti-GMI and Anti-GD1a Antibodies: More
common in AMAN and AMSAN variants,
suggesting a stronger association with

Campylobacter jejuni infection (49).
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4. MRI with Contrast
Magnetic resonance imaging (MRI) of the spinal cord

is sometimes performed to differentiate GBS from
conditions like transverse myelitis or chronic
inflammatory demyelinating polyneuropathy (CIDP).
e Spinal Nerve Root Enhancement: MRI may
show gadolinium-enhancing nerve roots due

to inflammation (50).
e Absence of Cord Lesions: Unlike transverse
myelitis, GBS does not show intrinsic spinal

cord lesions (51).

5. Differential Diagnosis
GBS shares features with several neurological

disorders, necessitating careful differentiation.

VI. Treatment And Management

A. Acute Phase Management
The acute phase of GBS is marked by the swift

emergence of symptoms, frequently reaching
maximum severity within 2-4 weeks. During this
phase, the main objectives of treatment are to stop the
immune-mediated damage, address complications,

and deliver supportive care.

1. Immunotherapy
The foundation of acute phase management is

immunotherapy, which seeks to diminish the immune
system’s assault on peripheral nerves. There are two
primary treatments utilized:

Intravenous Immunoglobulin (IVIG): IVIG serves as
the first-line intervention for GBS.

It consists of administering pooled immunoglobulins
from healthy donors, which modulate the immune
response and lessen inflammation.

The usual dosage is 2 g/kg administered over 2-5

days.

Vol. 26 No. 26 2026
26262026939 © Author(s)

Research has indicated that IVIG considerably

enhances muscle strength and shortens the duration

Condition

Key Differentiating Features

Chronic  Inflammatory | Chronic progression (>8

Demyelinating weeks), recurrent relapses

Polyneuropathy (CIDP)

Myasthenia Gravis (MG) | Fatiguable weakness,
positive acetylcholine

receptor antibodies

Botulism Pupillary involvement,
descending paralysis, history
of toxin exposure

Poliomyelitis Fever, asymmetric paralysis,

CSF pleocytosis

Transverse Myelitis

Sensory level, hyperreflexia,

MRI cord lesions

Tick Paralysis Rapid improvement after

tick removal, absence of

autonomic symptoms

of mechanical ventilation in severe cases (52). IVIG
is favored due to its straightforward administration
and reduced risk of complications compared to
plasma exchange (53).

Plasma  Exchange  (Plasmapheresis):  Plasma
exchange represents another effective approach,
especially for patients who are unable to tolerate

IVIG. It entails extracting the patient’s plasma, which
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harbors detrimental antibodies, and substituting it
with donor plasma or albumin. Plasmapheresis is
most effective when started within the initial two
weeks of symptom onset (54). A systematic review
conducted by Raphael et al. (2012) demonstrated that
plasma exchange diminishes the necessity for
mechanical ventilation and promotes faster recovery

in GBS patients (55).

2. Supportive Care

Supportive care is vital during the acute phase, as
patients are  susceptible to life-threatening
complications:

Respiratory Support: About 20-30% of GBS patients
need mechanical ventilation due to respiratory
muscle weakness.

Consistent monitoring of respiratory function (e. g. ,
forced vital capacity) is crucial to determine the
requirement for intubation (56). Walgaard et al.
(2011) formulated a clinical scoring system to
forecast the necessity for mechanical ventilation,
which incorporates aspects like the pace of disease
progression and the intensity of limb weakness (57).
Cardiovascular Monitoring: Autonomic dysfunction
is prevalent in GBS, causing variations in blood
pressure and heart rate.

Ongoing cardiac monitoring is essential to handle
arrhythmias and hypotension (58). Flachenecker
(2007) emphasized the significance of early
identification and management of autonomic
instability to avert life-threatening consequences
(59).

Pain Management: Neuropathic pain is a frequent

symptom in GBS. Drugs such as gabapentin,

Vol. 26 No. 26 2026
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pregabalin, or opioids may be utilized to ease pain
(60).

Ruts et al. (2010) reported that as many as 89% of
GBS patients experience pain during the acute phase,
highlighting the necessity for effective pain
management strategies (61).

Prevention of Complications: Patients face risks of
deep vein thrombosis (DVT), pressure ulcers, and
infections.  Prophylactic ~ actions, such as
anticoagulation, regular repositioning, and infection
control, are crucial (62).

The administration of low-molecular-weight heparin
and the use of compression stockings are advised to

avert DVT (63).

B. Rehabilitation and Long-Term Care
Following the acute phase, patients frequently require

comprehensive rehabilitation to regain strength,
mobility, and independence. Long-term care is
centered on managing residual deficits and enhancing

quality of life.

1. Physical Therapy

Physical therapy is a fundamental aspect of GBS
rehabilitation.

It aids in restoring muscle strength, enhancing
coordination, and preventing contractures.

Key components include:

Strength Training: Gradual resistance exercises are
implemented to restore muscle strength without
inducing fatigue (64). Garssen et al. (2004) showed
that organized physical training programs
considerably enhance muscle strength and functional
outcomes in GBS patients (65).

Gait Training: Patients with significant weakness
might need assistive devices (e. g. , walkers or canes)

to recover their walking ability (66). Khan and
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Amatya (2012) highlighted the necessity of
customized gait training programs to tackle specific
mobility challenges (67).

Balance and Coordination Exercises: These activities
assist patients in regaining stability and decreasing
the likelihood of falls (68).

Merkies et al. (2003) found that balance training is
especially advantageous for patients with lingering
sensory deficits (69).

2. Occupational Therapy

Occupational therapy aims to enhance daily living
skills and independence.

Therapists collaborate with patients to adapt to
physical constraints and suggest assistive devices for
activities such as dressing, eating, and writing (70).

A systematic review by Khan et al. (2009)
underscored the significance of occupational therapy
in improving functional independence and quality of

life in GBS patients (71).

Figure 7: Acute Phase Management in

Hospital Settings.

[llustration showing key treatments and supportive
care, including intravenous immunoglobulin (IVIG, 2

g/kg over 2-5 days), plasmapheresis for removal of

Vol. 26 No. 26 2026
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harmful antibodies, respiratory support with
ventilatory monitoring, cardiovascular monitoring for
autonomic dysfunction, and pharmacological pain
management (e.g., gabapentin,pregabalin).
Source: Al-generated image created using Microsoft

Designer.

3. Psychological Support

GBS can significantly affect mental health, resulting
in anxiety, depression, and post-traumatic stress
disorder (PTSD).

Counseling and support groups are vital for
addressing these concerns and fostering mental
wellness (72). Bernsen et al. (2002) discovered that
psychosocial interventions greatly alleviate the
emotional burden of GBS and enhance coping

strategies (73).

4. Long-Term Monitoring

Certain patients endure residual symptoms, such as
fatigue, weakness, or sensory disturbances, for
months or years post-acute phase. Frequent follow-up
with neurologists is essential to track recovery and
manage ongoing concerns (74). Hughes and
Cornblath (2005) stressed the necessity of long-term
follow-up to detect and address late complications of

GBS (75).

5. Management of Chronic Pain

Chronic pain is a prevalent long-term consequence of
GBS.

Multimodal pain management techniques, including
medications, physical therapy, and psychological
support, are frequently needed (76). Ruts et al. (2010)
reported that nearly 40% of GBS patients suffer from
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chronic pain, highlighting the importance of

comprehensive pain management strategies (77).
VII. Complications And Prognosis

A. Respiratory Complications

One of the most critical complications of GBS is
respiratory failure, which affects approximately 20-
30% of patients due to the progressive weakening of

the diaphragm and other respiratory muscles (78).

Patients exhibiting respiratory involvement may
necessitate ventilatory assistance, and failure to
identify early indicators of respiratory distress can
result in life-threatening hypoxia and complications
such as pneumonia or acute respiratory distress

syndrome (ARDS) (79).

1. Mechanisms of Respiratory Dysfunction

Respiratory failure in GBS results primarily from two
mechanisms:

1. Neuromuscular Weakness: The
progressive demyelination and axonal
injury of the phrenic nerve lead to
compromised diaphragmatic
contraction, thereby decreasing vital
capacity (80).

2. Bulbar Dysfunction: Weakened muscles
responsible for swallowing and airway

protection increase the likelihood of

aspiration pneumonia (81).
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Figure 8: Mechanisms and clinical
features of respiratory dysfunction in
Guillain—Barré syndrome, highlighting
diaphragmatic weakness, bulbar
dysfunction, aspiration risk, and
respiratory failure.
Source: Al-generated image created using

Microsoft Designer.

2.Risk Factors and Clinical Indicators

Risk factors for respiratory failure encompass:

Rapid progression of paralysis within the first week

cerebrospinal  fluid (CSF) protein

concentration without pleocytosis (83).

Initial autonomic dysfunction, including tachycardia
and instability in blood pressure (84).

Inability to elevate the head or sustain a forced vital

capacity (FVC) exceeding 20 mL/kg (85).

3.Management Strategies

Mechanical  Ventilation:  Patients  exhibiting

declining respiratory function, evaluated via FVC and
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negative inspiratory force (NIF), necessitate
intubation and ventilatory assistance (86).

Early Physiotherapy and Respiratory Exercises:
These interventions are designed to preserve lung
function and mitigate the risk of complications such
as atelectasis and pneumonia (87).

Tracheostomy: In instances of extended ventilation,
a tracheostomy is frequently undertaken to facilitate
airway management and diminish ventilator-

associated complications (88).

B. Recovery Patterns
The recovery trajectory in GBS differs among

individuals, with some achieving near-complete

symptom resolution while others endure persistent

deficits. Recovery is influenced by the extent of

nerve damage, the effectiveness of treatment, and

patient-specific factors such as age and comorbid

conditions (89).

1. Phases of Recovery

Recovery generally transpires in the following

phases:
o Initial Stabilization (0-4 weeks):
Throughout this phase, the disease reaches
its nadir, and treatment using intravenous
immunoglobulin (IVIG) or plasmapheresis
is initiated to cease disease progression (90).

e Gradual Remyelination and Axonal
Regeneration (1-6 months): Nerve
regeneration manifests at an average rate of
1 mm per day, with motor and sensory
recovery advancing in a proximal-to-distal
pattern (91).

e Long-Term Rehabilitation (6 months — 2
years): Certain patients face persistent

weakness  or  fatigue,  necessitating

Vol. 26 No. 26 2026
26262026939 © Author(s)

continuous physical therapy and adaptive

strategies (92).

2. Prognostic Indicators

Various factors indicate the likelihood of complete
recovery versus chronic disability:

e Electrophysiological Findings: Axonal
damage, as demonstrated by decreased
compound muscle action potentials
(CMAPs), correlates with a poorer prognosis
(93).

e Early Mechanical Ventilation: The
requirement for prolonged ventilation is
associated with protracted or incomplete
recovery (94).

e Age and Preexisting Conditions: Older
individuals and those with comorbidities
such as diabetes or hypertension frequently

experience a slower recovery (95).

3. Long-Term Outcomes
e  Complete Recovery (60-80% of Cases): The

majority of patients regain nearly normal
function within 6-12 months, particularly
those presenting with purely demyelinating
variants of GBS (96).

e Residual Weakness (10-20% of Cases):
Some patients persist with weakness, foot
drop, or fatigue due to incomplete nerve
regeneration (97).

e Severe Disability or Death (5-10% of
Cases): Patients with extensive axonal
damage, delayed treatment, or profound

autonomic dysfunction may experience
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significant residual disability or fatal

outcomes (98).

VIII. Research and Advances in Guillain-
Barré Syndrome

A. Current Studies
A number of recent studies have offered greater

understanding of GBS pathogenesis, initial diagnostic

biomarkers, and individualized treatment approaches.

1.Immunological Mechanisms and
Biomarkers

GBS is mainly an immune-mediated condition
initiated by infections, resulting in cross-reactivity
between microbial antigens and peripheral nerve
elements. Recent studies have concentrated on:

e  Molecular Mimicry and Autoantibodies:
Investigators have discovered particular
autoantibodies, such as anti-GM1 and anti-
GDla, that are associated with disease
subtypes and severity (93).

e Cytokine Profiling: Increased levels of pro-
inflammatory cytokines, comprising

interleukin-6 (IL-6) and tumor necrosis

factor-alpha (TNF-a), have been associated
with disease progression and the risk of

respiratory failure (94).

e Genetic  Susceptibility:  Genome-wide
association studies (GWAS) indicate that
genetic variations in immune-related genes,

such as HLA-DQBI1, may play a role in
GBS susceptibility (95).

2. Advances in Early Diagnosis

Vol. 26 No. 26 2026
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Early identification of GBS is still difficult, and
innovative diagnostic tools are being explored,
including:

Neurofilament Light Chain (NfL) Biomarkers:
Research suggests that increased serum and
cerebrospinal fluid (CSF) NfL levels might act as
early indicators of axonal damage in GBS (96).
High-Resolution Ultrasound and MRI: Imaging
techniques like nerve ultrasound and diffusion tensor
imaging (DTI) MRI have been examined for
identifying nerve inflammation and demyelination in
early-stage GBS (97).

Artificial Intelligence (AI) in Diagnosis: Al models
trained on clinical and electrophysiological data are
being developed to improve the accuracy and

promptness of GBS diagnosis (98).

3. Novel Treatment Approaches Under

Investigation
Numerous clinical trials are assessing new or

enhanced treatments for GBS, including:

e Modified Immunoglobulin Therapy:
Research is looking into subcutaneous
immunoglobulin (SCIG) as a more
accessible option to intravenous

immunoglobulin (IVIG) (99).

e Complement Inhibitors: Eculizumab, a
complement C5 inhibitor, is undergoing
clinical trials to assess its effectiveness in
diminishing immune-mediated nerve
damage in GBS (100).

e Stem Cell Therapy: Mesenchymal stem
cell therapy is being explored for its

potential to foster nerve regeneration and

mitigate inflammation (101).
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B. Potential Therapies
Although IVIG and plasma exchange continue to be

the standard treatments for GBS, upcoming therapies
are being studied to enhance patient outcomes and

avert relapses.

1. Monoclonal Antibodies

Monoclonal antibodies directed at key immune
pathways represent promising therapeutic options:
Anti-C5 Complement Inhibitors: Eculizumab, a
medication already utilized in other autoimmune
diseases, is being researched to prevent nerve damage
via inhibiting complement activation (102).

B-cell Depleting Therapies: Rituximab, an anti-
CD20 monoclonal antibody, has demonstrated
potential in minimizing autoantibody-mediated nerve
injury (103).
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Figure 9 : This figure provides an overview of
current research in Guillain—Barré syndrome,
highlighting advances in early diagnosis, including
neurofilament light chain biomarkers, advanced
imaging, and artificial intelligence—assisted
diagnostic tools. It also summarizes emerging
therapeutic  strategies such as modified
immunoglobulin therapy, complement inhibition,
stem cell therapy, and personalized medicine
approaches.

Source: Al-generated image created using Microsoft

Designer.

2. Neuroprotective and Regenerative
Therapies

Beyond immune modulation, research is
concentrating on therapies that improve nerve repair
and functional recovery:

Neurotrophic Factors: Growth factors like brain-
derived neurotrophic factor (BDNF) and nerve
growth factor (NGF) are being examined for their
roles in fostering remyelination and axonal
regeneration (104).

Gene Therapy: Preclinical research suggests that
gene-editing methods such as CRISPR could possibly
rectify genetic susceptibilities or adjust immune

responses in GBS (105).

3. Personalized Medicine Approaches

Considering the diversity of GBS, personalized
medicine is emerging as an essential strategy:

Biomarker-Guided Therapy: Identifying distinct
autoantibody profiles may aid in customizing
immunotherapy to individual patients, optimizing

treatment effectiveness (106).
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Machine Learning in Prognostic Prediction: Al-
driven algorithms are being tested to foresee disease
progression and direct early intervention strategies

(107).
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