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Guillain-Barre syndrome (GBS) is a term used to describe a
group of autoimmune disorders (variants) that share a
common presentation of acute/subacute progressive poly-
radiculoneuropathy, though they may have a different
pathogenesis. In 1859, Landry described 10 cases that
presented with acute progressive ascending flaccid paralysis
associated with minor sensory deficit, where two patients
died of asphyxiation, and the others had a slow recovery.' In
1916, Guillain, Barre, and Strohl described two French
soldiers with the same clinical features who were found to
have a high cerebrospinal fluid (CSF) protein concentration
but a normal cellular count.? This condition was termed GBS
with Strohl’s name being dropped for an unknown reason.
The clinical manifestations described by Landry remain the
cornerstone for the clinical diagnosis of this condition
regardless of the variant.

Epidemiology

The true incidence of GBS is unknown due to the limited
epidemiological data, especially in the developing regions of
the world. A worldwide epidemiological systemic review in
2009 (mainly relying on North American and European
studies) showed that the incidence of GBS is around 1.1 to
1.8/100,000/year in adults, and around 0.6/100,000/year in
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Guillain-Barre syndrome (GBS) is the leading cause of acute paralysis that can
potentially affect all of the human population. GBS is believed to be an immune-
mediated disease, possibly triggered by a recent infection, and driven by an immune
attack targeting the peripheral nervous system. GBS can be divided into several
subtypes depending on the phenotype, pathophysiology, and neurophysiological
features. Unfortunately, morbidity and mortality rates are still high despite the current
understanding of the pathophysiology and available treatment options. Additional
research is still needed to shed more light into the pathogenesis for a better under-
standing and treatment of this condition.

children (aged < 16 years).> Another epidemiological study
done in China showed a crude incidence of 1.7/100,000
person-years.* A systemic review performed on North Amer-
ican and European published articles revealed that GBS
incidence could reach up to 2.66/100,000 person-years.
Males tend to have a significantly higher risk for developing
GBS, and the risk increases with age by 20% for every 10-year
interval increase.” The incidence of GBS is higher in the
winter compared with summer in some areas of the world,
which could be related to the prodromal periods of some
infectious agents.6

Subtypes

GBS is subcategorized into several variants. This classifica-
tion is based on the underlying pathology, clinical presenta-
tion, and neurophysiological features. Acute inflammatory
demyelinating polyradiculoneuropathy (AIDP) is the most
common variant manifesting with primarily demyelinating
features and has a favorable prognosis. Acute axonal motor
neuropathy (AMAN) is a less common variant manifesting
with primarily axonal injury, pure motor involvement, and
has a worse prognosis for recovery. Acute motor sensory
axonal polyneuropathy (AMSAN) shares a similar pathogen-
esis with AMAN with additional sensory involvement.
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Miller-Fisher syndrome (MFS) has a different clinical pre-
sentation than the other variants with a classic triad of
ophthalmoparesis, areflexia, and ataxia. Bickerstaff brain-
stem encephalitis (BBE) presents similarly to MFS with
additional findings of impaired consciousness due to the
extension of the immune attack to involve the pontine
reticular formation.’” Less common variants include pharyn-
geal-cervical-brachial weakness and pandysautonomia. Up
to 41% of patients who clinically look like AIDP or AMAN may
not be classified as such neurophysiologically.?

Etiology and Pathophysiology

The exact cause and pathogenesis of GBS is still not fully
understood. It was initially thought to be one homogenous
disorder with a certain unique pathogenesis. A preceding
infectious illness (especially respiratory or gastrointestinal)
was reported in 50 to 75% of cases prior to the onset of GBS
and thought to be the main potential trigger for the immune-
mediated disorder. Several infectious microorganisms were
linked to the onset of GBS, and Campylobacter jejuni is the
most commonly associated (specifically serotype 0:19), with
the onset of axonal injury and Wallerian degeneration leading
to irreversible forms of GBS (AMAN/AMSAN).>~"! Moreover,
high levels of antibodies to GM1, GD1a, and other gangliosides
were found in patients who developed GBS after C. jejuni
infection, which is explained by the molecular mimicry
between the C. jejuni lipooligosaccharides and human ganglio-
sides.'> Mycoplasma pneumoniae is also found to be associated
with the onset of GBS (more common in children) through the
anti-galactocerebrosidase antibodies.'> Other common predis-
posing microorganisms include Epstein-Barr virus, cytomega-
lovirus (CMV), influenza A virus, and hepatitis E virus."#"® In
1976, an epidemiological study showed a large increase in the
incidence of GBS after swine influenza A vaccines specific to
that year.‘G'17 However, recent studies showed that the risk of
acquiring GBSis only slightly higher after vaccination, and there
is a larger benefit in reducing the occurrence of GBS after
vaccination.'® In the last few years of Zika virus outbreak,
several cases of Zika virus-associated GBS were reported,
manifesting predominantly as AIDP although other GBS var-
iants were reported as well.'® Other noninfectious predisposing
factors include surgery, pregnancy, and systemic lupus
erythematosus.zo‘22

In AMAN, immunohistochemical studies show a high
prevalence of complement activation products in the nodes
of large myelinated fibers.?> Campylobacter species isolated
from patients diagnosed with AMAN contain the Gal(Beta-3)
GalNAc epitope (part of gangliose tetrasaccharide).?* In
animal studies, GM1 antibodies are shown to alter ion
channel functions and increase the rate and efficacy of
potassium firing, possibly by uncovering paranodal potas-
sium channels, while complement activation may lead to
suppression of sodium current leading to current leakage as
well as attraction of macrophages in the paranodal space. In
severe cases, axonal damage and Wallerian degeneration
occurs.>*%> Antibodies to another ganglioside class “GD1a,”
which are found in the motor nerve terminal and axolemma,
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are also found to be involved in the pathogenesis of AMAN.
GD1a ganglioside function includes regeneration and stabi-
lization of the junctions between the axons and the glia.
Animal models have demonstrated that GD1a antibodies
lead to disruption in these junction and destabilization of
the distal intramuscular nodes of Ranvier through comple-
ment and calpain activation.?%?7 C. jejuni appears to con-
tribute to the development of AMSAN, where high C. jejuni
antibody titers were found along with Wallerian-like degen-
eration of dorsal/ventral roots as well as peripheral nerves
with minimal signs of demyelination.'> Antibodies to GMT,
GDAT1, and GM1b may be found in AMSAN, which suggest
that both variants may share a similar immune genesis.?®

The exact pathogenesis of AIDP is still not fully under-
stood. When compared with AMAN, antiganglioside anti-
bodies are not found to be associated with AIDP.%° Antibodies
to moesin, which take part in myelination, was found in
patients who developed AIDP after CMV infections. On the
other hand, antibodies to neurofascin were found to be
shared by central/peripheral nervous system demyelinating
disorders.>%3" No other specific antibodies were identified in
AIDP patients, although there was an increase in seroposi-
tivity for various viral infections in comparison to the healthy
population. Furthermore, CSF analysis revealed the presence
of several cellular adhesion protein fragments, which parti-
cipate in maintaining the link between the Schwann cell and
axonal membranes.3?

MFS and its overlapping syndromes (BBE and GBS with
ophthalmoplegia) have a similar immune genesis to other GBS
variants where molecular mimicry leads to autoimmune reac-
tivity similar to what was found in lipopolysaccharides isolated
from C. jejuni and Haemophilus influenza that share the same
epitope.>>3* Antibodies to GQ1b gangliosides are found to
be highly prevalent in MFS, BBE, and in GBS with ophthalmo-
plegia.>® The high abundance of GQ1b gangliosides in extrao-
cular neuromuscular junctions, muscle spindles, dorsal root
ganglia, and possibly lower brainstem structures (reticular
formation and vagal nerve) can explain the typical clinical
presentation of these syndromes,®-38 while the presence of
other antibodies (such as GM1, GM1b, GD1a, or GalNAc-
GD1antibodies) further explains the possible variability in
clinical spectrum and overlap with other GBS variants.® A
summary of the associations between GBS clinical presenta-
tions and different antibodies can be found in ~Table 1.

Clinical Manifestations and Variants

GBS is an acute polyradiculoneuropathy that typically pre-
sents with progressive monophasic generalized and sym-
metric weakness classically involving bilateral upper and
lower extremities and associated with hypo/areflexia. The
disease reaches its nadir in 2 weeks in 80% of cases, while
progression beyond 4 to 6 weeks would favor another
diagnosis.3 Sensory manifestations in the form of paresthe-
sias can occur in 50% of patients, and numbness in 43% of
cases. Pain is a relatively uncommon but still recognizable
manifestation in approximately 15% of patients.*’ Around
half of patients diagnosed with GBS develop autonomic
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Table 1 Association of clinical presentations with different

antibodies

AIDP Anti-GM2

AMAN Anti-GM1
Anti-GD1a
GalNAcGD1

AMSAN Anti-GM1
Anti-GD1a
Anti-GM1b

Classic MFS Anti-GQ1b

Anti-GQ1b, Anti-GT1a
(complex attenuated)
Anti-GQ1b, Anti-GT1a
(complex attenuated)
Anti-GQ1b + Anti-GD1b
Anti-GQ1b + Anti-GT1b
Anti-GT1a + Anti-GM1
(complex enhanced)

Anti-GQ1b + Anti-GT1b
(complex enhanced)

Anti-GQ1b + Anti-GD1a
(complex enhanced)

Anti-GT1a

Ophthalmoplegia

Hypersomnolence

Ataxia

Bulbar weakness

Cervical muscle weakness

Pharyngeal-cervical-brachial
weakness

Abbreviations: AIDP, acute inflammatory demyelinating polyradiculo-
neuropathy; AMAN, acute axonal motor neuropathy; AMSAN, acute
motor sensory axonal polyneuropathy; MFS, Miller-Fisher syndrome.

dysfunction, with the most common being gastrointestinal
manifestations (diarrhea/constipation) in 15% of patients,
followed by hyponatremia (15%), syndrome of inappropriate
antidiuretic hormone secretion (5%), bradycardia (5%), and
urinary retention (4%). Other manifestations of autonomic
dysfunction such as tachycardia, blood pressure instability,
reversible cardiomyopathy, syncope, and Horner syndrome
are rare.*41 Cranial neuropathies can occur in up to 60% of
patients and may involve multiple cranial nerves. Bulbar
weakness, facial palsy, ophthalmoplegia, and hypoglossal
nerve palsy are the most prevalent manifestations of cranial
neuropathy.*%4? ~Table 2 illustrates the common manifes-
tations that favor the diagnosis of GBS.

GBS can be categorized into several variants according to
the underlying pathophysiology and clinical presentation.
AIDP is sometimes considered as a synonym of GBS, and has a
relatively better prognosis than axonal forms of GBS. It
appears to be the most prevalent GBS variant in Europe
and North America.3®*3 The hallmark of this variant is the
typical and classic clinical presentation of GBS with features
of demyelination on neurophysiological studies.*> AMAN is
considered more prevalent in Southeast Asia, especially in
Bangladesh.**~*’ AMAN is classically an acute and progres-
sive ascending flaccid quadriparesis, frequently complicated
by respiratory failure and accompanied by minimal to no
sensory symptoms, and has a high mortality rate with slow
and poor recovery.*® It is still unclear whether AMAN and
AMSAN should be categorized under one axonal GBS variant,
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Table 2 Clinical manifestations of GBS

Clinical manifestations of GBS

* Acute onset

* Progressive monophasic illness up to 4 wk

* Preceding infectious respiratory/gastrointestinal illness

» Symmetrical upper and lower extremity weakness

* Hypo/Areflexia

* Paresthesias/numbness, pain (less common)

* Cranial neuropathies (bulbar, facial, extraocular muscles)

» Autonomic dysfunction (diarrhea/constipation,
hyponatremia)

Abbreviation: GBS, Guillain-Barre syndrome.

since a minority of patients with AMAN also have sensory
symptoms, neurophysiological studies revealing a subclini-
calinvolvement of sensory fibers, and both possibly share the
same pathogenesis.*® The prevalence of AMSAN is signifi-
cantly lower than AMAN, reaching only 4%® and is slightly
higher in Bangladesh.”®

MEFS is classically characterized by the triad of ophthal-
moplegia, ataxia, and areflexia,”' while BBE is described as
ophthalmoplegia, ataxia, and hypersomnolence.’? Despite
the different presentations, there is an overlap in the patho-
physiology and clinical phenotype between classic GBS and
these variants.”>>* ~Table 3 illustrates the most commonly
reported variants of GBS, MFS, and others.

Electrophysiological Findings

Neurophysiological studies including nerve conduction stu-
dies (NCSs) and needle electromyography are performed to
confirm the diagnosis, determine the underlying pathophy-
siology/variant, as well as to counsel patients regarding
prognosis. There is no gold standard of neurophysiological
studies for the diagnosis of GBS. GBS is a dynamic condition
that progresses over 4 to 6 weeks clinically and neurophy-
siologically; as such, it is crucial to identify the subtle
neurophysiological abnormalities especially in early stages.
The earliest neurophysiological changes in GBS are found to
be an absent H-reflex and abnormal F-waves, especially in
the first 7 days after the onset of symptoms.”>>® The most
recently proposed neurophysiological subtype classification
criteria were in 2017 by Uncini et al®’ (~Table 4), which was
based on an earlier proposed criterion by Hadden et al*? and
Rajabally et al.>® It emphasizes performing serial (at least 2)
neurophysiological studies to reach a good accuracy in
detecting the subtype (demyelinating or axonal forms) for
better prognostication, although this does not influence
management.”® Reversible conduction block is defined as
the resolution of conduction slowing and block on serial
NCSs, and is associated with the presence of anti-GM1
antibodies.?? This entity, besides the nerve inexcitability
and equivocal results, can lead to mislabeling the patient
as having AIDP on the first study, and can only be detected by
performing a second study. It is recommended to perform
the second neurophysiological study 3 to 8 weeks after the
onset of symptoms.>® The results of sensory NCSs also help in
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Table 3 GBS variants, MFS variants, and others

GBS generalized and MFS variant subtypes Other variants

localized variants

* AIDP e Classic MFS (classically described triad)  Acute pandysautonomia

* AMAN/AMSAN e BBE (MFS features with hypersomnolence) * Acute sensory small fiber

* Paraparetic variant * MFS-GBS overlap variant neuropathy

* Pharyngeal-cervical- brachial ¢ Acute ophthalmoparesis * Acute autonomic neuropathy

weakness variant
* Pure pharyngeal weakness variant
« Bifacial weakness and
paresthesias variant

MFS-ophthalmoparesis overlap
Acute ptosis

Acute mydriasis

Acute ataxic neuropathy

¢ Acute ataxic hypersomnolence

Abbreviations: AIDP, acute inflammatory demyelinating polyradiculoneuropathy; AMAN, acute axonal motor neuropathy; AMSAN, acute motor
sensory axonal polyneuropathy; BBE, Bickerstaff brainstem encephalitis; GBS, Guillain-Barre syndrome; MFS, Miller-Fisher syndrome.

Table 4 Neurophysiologic diagnostic criteria of GBS subtypes proposed by Uncini et al

AIDP AMAN
At 1st or 2nd study: At first and second study:
At least 1 of the following in at least 2 nerves: None of the above AIDP features in any nerve (demyelinating
* MCV < 70% LLN features allowed in one nerve if dCMAp < 20% LLN)
¢ DML < 130% ULN At first study: At least 1 of the following in each of 2 nerves
¢ dCMAP duration > 120% ULN
¢ pCMAP/dCMAP duration ratio > 130% * dCMAp < 80% LLN
* F-response latency > 120% ULN e pCMAP/dCMAP amplitude ratio < 0.7 (excluding tibial
OR 1 of above in 1 nerve plus: nerve)

* Isolated F wave absence (or < 20% persistence)
¢ Absent F-waves in 2 nerves with dCMAP > 20% ULN

e Abnormal ulnar SNAP amplitude and At second study: At least 1 of the followings in 2 nerves is
normal sural SNAP amplitude evidence of axonal degeneration:

* Persistent or further reduction of dCMAP amplitude

* pCMAP/dCMAP amplitude ratio < 0.7 at first test which
recovers because of decrease of dCMAP without
increased temporal dispersion (dCMAP duration <120%
UNL and pCMAP/dCMAP duration ratio < 130%)

At least 1 of the followings in 2 nerves is evidence of reversible
conduction failure:

* 150% increase dCMAP amplitude without increased
dCMAP duration (120% ULN)

* pCMAP/dCMAP amplitude ratio < 0.7 at 1st test which
improves > 0.2 because of increased pCMAP without
temporal dispersion (pPCMAP/dCMAP duration ratio
130%)

* Isolated F wave absence (or < 20% persistence) that
recovers without increased minimal latency (120% of

ULN)
AMSAN Inexcitable or equivocal
At first study: Inexcitable:
¢ AMAN criteria in motor nerves At first study:
PLUS * Distal CMAP absent in all nerves (or presentin only 1 with
* SNAP amplitudes < 50%LLN in at least 2 nerves distal CMAp < 10% LLN)
At second study: Equivocal:
* Evidence for axonal degeneration and reversible At first study:
conduction failure in motor nerves as in AMAN » Abnormal findings not fulfilling any criteria

* Evidence of axonal degeneration in sensory nerves
(if SNAP amplitude in 2 nerves it is stable or decreased)

* Evidence of reversible conduction failure in sensory nerves
[if SNAP amplitude in 2 nerves it is increased

(> 50% in median and ulnar nerves and > 60% in sural)]

Abbreviations: AIDP, acute inflammatory demyelinating polyradiculoneuropathy; AMAN, acute axonal motor neuropathy; AMSAN. acute motor
sensory axonal polyneuropathy; dCMAP, distal compound muscle action potential; DML, distal motor latency; LLN, lower limit of normal; MCV, motor
conduction velocity; pCMAP, proximal compound muscle action potential; SNAP, sensory nerve action potential; ULN, upper limit of normal.
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labeling the GBS subtype. In a study by Kuwabara et al,
sensory nerve conduction abnormalities were found in a
minority of patients with AMAN (6%), while the majority of
AIDP patients showed sensory nerve conduction abnormal-
ities (85% in the median and ulnar nerves and 38% in the sural
nerves).®’ Of note, the limitations of performing serial
studies that may confound the results are changes in
temperature of the surroundings and electrical interference
in critical care settings.

Other Diagnostic Utilities

Currently, there are no specific laboratory tests of body fluids
that can be used to detect or confirm the diagnosis of GBS.
The most common nonspecific finding that can be found in
CSF examination is the elevated CSF protein levels with
normal white blood cell count levels (albuminocytologic
dissociation). Pleocytosis is an unusual finding in patients
with GBS, and its presence should point toward another
diagnosis. For this reason, it is common to perform CSF
analysis to support the diagnosis.

Brain or spine magnetic resonance imaging may show
enhancement of the spinal roots or cranial nerves in patients
with GBS.#2-64 Ultrasonography of the peripheral nerves is a
recently implemented diagnostic utility in neuromuscular
medicine. Several small case-control studies were recently
performed in patients with GBS, and revealed a significant
difference when measuring the cross-sectional area of the
peripheral nerves in comparison to controls. Moreover,
gradual improvement in the cross-sectional area of these
nerves was observed when performing serial ultrasono-
graphic examinations correlating with clinical recovery.GS'66
Larger studies on ultrasonography in GBS are needed to
explore the usefulness of this utility to implement it widely
in clinical practice in the future.

Management

GBS patients are at high risk of developing variable compli-
cations, some of which may lead to mortality. Close mon-
itoring is crucial to predict and prevent potential
complications. Severe cases should be admitted to critical
care units for respiratory support and hemodynamic stabi-
lity (risk of arrhythmia, heart block, fluctuations in heart
rate, and blood pressure), especially in patients with respira-
tory failure or autonomic dysfunction. Around 25% of
patients admitted to the hospital with GBS may require
mechanical ventilation.®” The Erasmus GBS Respiratory
Insufficiency score is a simple validated scale that can be
used to predict the risk of developing respiratory failure
during the first week.®® Other measures should include
monitoring for dysphagia, thromboembolism prophylaxis,
treating urinary retention, constipation/diarrhea, and infec-
tions, in addition to early implementation of physical, occu-
pational, and speech therapies. Pain can occur in up to two-
thirds of patients with GBS, and can last for months to years®°
with no established standard of care. Gabapentin and carba-
mazepine have been shown to be effective in small trials.”®
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Intravenous immunoglobulin (IVIg) and plasma exchange
are considered equally efficacious in the treatment of GBS,
while combining both treatments only showed a nonsignifi-
cant superiority trend.”'~’4 It is recommended to start treat-
ment as soon as possible to prevent further immune-mediated
damage to the nerves. The total of IVIg dose is 2 g/kg, divided
into 0.4 g/kg/day over 5 days. Five sessions of plasma exchange
are recommended on an every other day regimen to avoid
shifts in body fluid balance. Trials with corticosteroid admin-
istration did not show any benefit in recovery or long-term
outcome.”” Eculizumab is a humanized monoclonal antibody
that targets complement component C5. It has shown some
promising results in a phase 2 trial, but larger randomized
trials are still needed to show a potential benefit in GBS.”®

A study regarding a second trial of IVIg in GBS patients
with poor prognosis is currently ongoing, with results
expected in 2019.77

Conclusion

GBS is considered to be the most common cause of acute
flaccid paralysis that affects all age groups worldwide and
can lead to disability and high risk of mortality. Despite being
first described more than 150 years ago, many aspects of its
pathogenesis are still uncovered. Additional studies are still
needed to clarify the etiology and pathogenesis to better
subtype and classify GBS based on immune markers rather
than just the clinical phenotype. This will hopefully lead to a
better and more targeted therapy.
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