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Abstract

Guillain-Barre Syndrome (GBS) is one of the rarest syndrome whose treatment and understanding of the
syndrome were very challenging for about past 10 years. It has been clear throughout the certain years
that this syndrome differing in seriousness so that it can cause respiratory paralysis and death in its
serious form. GBS is a diversified syndrome. Current epidemiological studies suggested the occurrence
in between 1 and 2/100000 with somewhat more male individual affected than females. Recent
epidemiological data recommend that the Varicella zoster and influenza virus may precede GBS in a
remarkable fraction of cases. In the pathogenesis of GBS the progress of certain neurological signs
antiganglioside antibody can function and through its binding to ganglioside antigens in peripheral
nerves. First diagnostic standard for GBS was from 1978, and were revised in 1990 by Asbury and
Kornbluth. GBS patient needs excellent care to prevent and manage fatal complications. This study
reviewed all the guidelines & treatments of GBS and conducted that current treatment options are largely
equal to those which was already in use 20 years ago in comparison with the recent advances in to the
novel treatment in GBS. Hoping that some more approaches by the international GBS research
community will be discovered for the goal to optimize the care for GBS patients.
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Introduction

Guillain-Barre Syndrome remains one of the most compulsive yet challenging condition
despite considerable advances in its understanding and treatment for about 10 years in the past.
During the First word war in sixth army camp, French physicians were working so this was
originally described by them ™. It has continue to exist as the rarest syndrome, but so obvious
in the presentation that the clinical features will not be remembered by some of the doctors. If
the autonomic nervous system is intricate and respiratory muscles are affected than GBS can
lead to deadly problems and weakness because to this, reaches its worst in 2-4 weeks. Over 5
percent of the patient die and some more patients with a disabling motor deficiency and /or
fatigue are left (2,

It has been clear throughout the certain years that this syndrome differing in seriousness so that
it can cause respiratory paralysis and death in its serious form. GBS is a diversified syndrome
BBl Current epidemiological studies suggested the occurrence in between 1 and 2/100000 with
somewhat more male individual affected than females . Men are affected approximately 1.5
times more than woman 1. As the age increases the incidences due to this GBS also rises,
although there is a minor apex among young adults (¢, There are no incidences based studies
of GBS in the Indian population but some case-based studies reported /1. Acute inflammatory
demyelinating polyradiculoneuropathy (AIDP) in the western world is the most recurrent
subtypes with a primarily demyelinating pathology and various degree of secondary axonal
damage. Acute motor neuropathy (AMAN), the next most recurrent and visible to be a primary
axonal disorder have an effect on motor nerves . Several clinical variants can be
distinguished such as then miller fisher syndrome (MFS), the pharyngeal-cervical-brancical
variant and paraparetic GBS 1. CSF and NCS (Cerebrospinal fluid & nerve conduction
studies) are normal in a subset of patients especially early in the course of the disease,
emphasizing the need for new diagnostic technique . Nerve ultrasound and MRI have been
suggested as potentially useful diagnostic techniques for GBS 1141,

Clinical feature
GBS has an occurrence of about 1/100,000 throughout the several studies in a number of
countries. Incidences Because of GBS can increases as the age increases and there is a small
prevalence of males [*5 161,
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Most commonly are the unremarkable infections, such as
upper respiratory infections, commonly antecede that the
onset of GBS by 14 days [*- 8, Majority of the ancestor
infections have been identified including Campylobacter
jejuni, cytomegalovirus (CMV), Mycoplasma pneumonia,
Epstein - Barr virus, influenza Virus JEV [1% 21 GBS usually
begins suddenly with distal relatively symmetrical beginning
of paraesthesia and quickly followed by progressive limb
weakness. The ongoing diagnostic norm include <4 weeks of
progression to clinical nadir approximately 80%-90% of
patientssuffered from GBS becomes non-ambulatory illness
(211, Painis prominent in 50% of the patients 2, GBS is a
critical motor neuropathy, sensory dysfunction which is
observed in some patients and in a demyelinating form of
GBS it is observed more 2 24 Few number of patients
evolve abnormal signs such as papilledema considered to be
secondary to cerebral edema and hyponatremia. Mortality in
most population studies in between 5-10 %. Most recent
epidemiological surveys show the risk of immunization
triggering GBS to be very low 2529,

Antecedent events

GBS is a rare event after vaccination. In most cases, GBS
follows an infection of GIT or Upper respiratory infection.
Campylobacter jejuni enteritis, one of the most ordinary
antecedent infection causes include cytomegalovirus, Epstein-
Barr virus and mycoplasma pneumonia [0 331, In about 30% to
50% of cases of serological studies disclose the confirmation
of antecedent infection. In about 30% of patients with GBS,
serological confirmation of C. jejuni infections exist and
observed to be related with few more severe disease and with
acute motor axonal neuropathy (AMAN)) Variants.
Serological studies suggested that Campylobacter jejuni,
Epstein Bar virus and cytomegalovirus are the most recurring
antecedent infections. Secretion of Jejuni can be continued
sometimes in the stool of the patients for up to 3 months
which is followed by the beginning of GBS 34 39,

Recent epidemiological data recommend that the Varicella
zoster and influenza virus may precede GBS in a remarkable
fraction of cases [0 441,

Table 1: Clinical case definitions of GBS [45],

Diagnostic certainty level 1

Diagnostic certainty level 2

Diagnostic certainty level 3

Bilateral AND flaccid weakness of the Limbs AND
Decreased or absent deeptendonre flexes in weak
limbs AND Monophasic illness pattern AND the

interval between onset and nadir of weakness between

AND Electrophysiological findings consistent with
GBSAND Cytoalbuminologic dissociation (i.e.,
elevation of CSF protein level above laboratory

normal value AND CSF total white cell count <50
cells/)AND Absence of an identified alternative

diagnosis for weakness

Bilateral AND flaccid weakness of the Limbs AND [Bilateral AND flaccid weakness of]
Decreased or absent deep tendon reflexes in weak
limbs AND Monophasic illness pattern AND the

interval between onset and nadir of

12 h and 28 days AND subsequent clinical plateau |weakness between 12 h and 28 days AND subsequent| illness pattern AND the interval

clinical plateau AND CSF total white cell count<50

cells/I (with or without CSF protein elevation above
laboratory normal value)OR If CSF not collected or
results not available, electrophysiological studies
consistent with GBSAND Absence of an identified |identified alternative diagnosis for
alternative diagnosis for weakness

the Limbs AND Decreased or
absent deep tendon reflexes in
weak limbs AND Monophasic

between onset and nadir of
weakness between 12 h and 28
days AND subsequent clinical
plateau AND Absence of

weakness

CSF=CEREBROSPINAL FLUID; GBS=GUILLAIN -BARRE SYDROME

Epidemiology

GBS is a uncommon disease. The annual incidences rates
range from 0.35 to 1.34 per 100,000 which is reported and are
resembled throughout the world. GBS is 1:1000 obtained by
any individual in the lifetime probability. In North-America
and Europe, in90% of the cases AIDP is a dominant
contributor and AMAN being the most common subtypes in
China and Japan %2, In India the incidences of AIDP and
AMAN are almost equal, although AMAN is more common
in younger patients %1, Majority of the source data about the
epidemiology of the GBS stem from the duration between
1980 and 2000 8. Swine flu experience in the United States
when the national influenza immunization programed was
interrupted because of the occurrence of GBS cases in vaccine
recipients 4. The alliance between GBS and influenza
vaccination was again revitalized in 2009 during the swine flu
influenza A (H1N1) virus pandemic and the upcoming launch
of mass immunization campaigns in several countries. Since
then, several cases of GBS and miller fisher syndrome after
influenza vaccination have been reported®®. Recently, age and
gender-specific background rates for GBS have been reported
for the countries like Brazil, Finland, UK, United States and
Canada (56 57581,

Pathophysiology

In the progress of certain neurological signs antiganglioside
antibody can function and through its binding to ganglioside
antigens in peripheral nerves in the pathogenesis of GBS
Because of the patient’s death, autopsy studies are rare in

GBS. Edema of the peripheral nerves with spares
inflammatory infiltrate was reported by the previous studies
of GBS. The presence of perifascicular lymphocytic cuffs of
small vessels in the endoneurium and perineurium, considered
the authentication of GBS by the well- known studies of
colleagues and Asburg, this become noticeable to be related
with demyelination, which is expected to be macrophages
associated [ €1 The microscopic studies related to nerve
biopsy have demonstrated  macrophages  associate
demyelination, macrophages which relate to invade the
Schwann cell basement membrane and phagocytic myelin
debris 61621, Some cases of GBS are related with a primarily
axonal process in which macrophages may be observed in a
close proximity to the axon with sparing of myelin 631, In
AMAN the pathological studies describes the relative paucity
of inflammatory infiltrate with axonal destruction but this
time macrophages were located between axons and the myelin
especially in the region of the node of Ranvier %4, Some other
cases in which GBS appear that involved both sensory and
motor axons and these type of cases can be called as the acute
motor and sensory axonal neuropathy (AMSAN). In AMSAN
condition it involves both motor and ventral nerve roots but
pathological changes are similar [,

Diagnosis

First diagnostic standard for GBS was from 1978, and were
revised in 1990 by Asbury and Kornbluth. For the diagnosis,
both limb (upper and lower) in GBS syndrome along with
areflexia within 4 weeks is a necessary demand and in some
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patients, diagnosis is very difficult in some patientsespecially

when pain already presentor weakness started in legs (66671,

= Cerebrospinal fluid: CSF examination helpful for the
patient weakness, if CSF total protein is high with
cellular reaction this may help to make diagnosis
especially when there are some non-typical features. CSF
protein level is highly dependent on the timing of lumbar
puncture. When lumbar puncture was performed within 1
day from the onset of weakness, 49% of patients had
elevated protein level which increased to 88% of patients
after 2 weeks [®8, Recently age-specific references values
for CSF protein level were defined for children 12 8, |n
children younger than 6 months of age, the additional

value of CSF total protein determination was considered "

nil because of large physiological variation in protein
levels [,

= EMG Examination: It’s helpful for polyneuropathy in
clinically not yet invades areas, for example when signs
of polyneuropathy in the arms of the patients observed
with weakness only in the legs. It also enables to
differentiate GBS in AMAN (axonal features) and AIDP
(demyelinating features) [4,

= Nerve conduction studies (NCS): Many
electrophysiology criteria have been developed for GBS.
However much debates are ongoing concerning the
validity of these criteria and on the optimal frequency of
NCS for GBS subtypes diagnosis ['2 731,

= NCS for GBS in current clinical practice to confirm
diagnosis especially in atypical cases such as paraparetic
GBS by finding either sign of demyelination or

diagnostic tool in mononeuropathies and traumatic
neuropathies and it is used especially in the diagnosis of
chronic immune-mediated polyneuropathies is increasing.
Nerve ultrasound and MRI techniques currently used in
especially children in GBS cases. GBS reported to be
present 1-3 days following symptom onset but is usually
mild and segmentally disturbed. Cervical nerve root
enlargement has been described in both demyelinating
and axonal form of GBS and in MFS. MRI indicates the
swelling of the nerve root that may add to the diagnosis
of GBS I8, In few cases GBS is caused by autoantibodies
current evidences suggested and that autoantibodies
arising via microbial molecular mimicry 771,
Anti-ganglioside antibodies: It is a monomer or as
complexes which can be found in a fraction of GBS
patients especially with AMAN (IgG anti-GM1
antibodies) and in patients with MFS (anti-GQ1b) that
cross-react with campylobacter. The various gangliosides
have been found in human peripheral nerves including
(LM1, GM1, GM1lb, GM2, GDla, GalNAc-GDla,
GD1b, GD2, GD3, GT1a, and GQ1b) in about half of
patient with GBS, serum antibodies [’® 8, Antibodies to
GM1, GM1lb, GM2, GDla, and GalNAc-GDla are
related with the pure motor or axonal variants of GBS.
Antibodies presence, clinical symptoms and GBS
severity, the pathological importance of some of these
antibodies have yet to be established. In GBS patients
Antibodies to other glycolipids and T cells to peripheral
nerve proteins have also been observed.

abnormalities in the region that are clinically not affected The presence of anti-GQ1lb antibodies can be helpful in
[74,75], making the diagnosis in patients with MFS as mentioned
= MRI and Nerve ultrasound: this is commonly used in below [28. 291

Table 2: Showing the diagnosis by the help of antibodies

Diagnosis Antibodies
Acute inflammatory demyelinating polyradiculoneuropathy (AIDP)34,36,44,55 Unknown
Acute motor (and sensory) axonal neuropathy (AMAN or AMSAN)10,34,36,39,41,44,47,48,55,56 GM1, GM1b, GD1a, GaINAc-GDla
MFS and GBS overlapping syndrome34,36,40,44,45,55 GD3, GTla, GQ1b

Treatment of Guillain-Barre syndrome

GBS patient needs excellent care to prevent and manage fatal

complications. Most treatments have been tried in GBS

disease. GBS does not respond to treatment with oral or

intravenous steroids. Many clinical trial both plasma

exchange and intravenous immunoglobulin shorten recovery

when its use in the early stage of neuropathy 5283 84],

= Immunotherapies: GBS is an acute immune-mediated
disorder of peripheral nerves and nerves roots,
immunotherapies generally administered to improve
outcome and prevent the disability in GBS syndrome.
Many randomized clinical trials (RCTs) established that
plasma exchange (PE) and intravenous immunoglobulin
(IVIg) are effective in the GBS immunotherapies. Early
utilization of PE and IVIG to improve neurological
outcomes. Two small clinical trials showed some positive
effect of PE in 1984, but in 1985 large study confirmed
the effect of PE (8597,

= Plasma exchange (PE): In GBS syndrome therapy related
to PE is proved but the treatment not always the direct and
with autonomic disturbance having the particular risk for
patients, which is common in GBS syndrome. According
to a case in 1959 a patient with thrombocytopenia purpura
recovered after the treatment with fresh frozen plasma

~459 7™

exchange. Indicate that PE may be advantageous for an
autoimmune disorder. In carrier, particular RCTs with 245
patients PE was established and treatment with
confirmation of the efficacy by subsequent larger clinical
trials. In GBS case the first use of PE in 1978 treat patient
with acute polyneuropathy who rapidly recovered
advocating potential efficacy in GBS [°% 8],

According to the quality standards subcommittee of the
America Academy of Neurology (AAN) in 2003 provided
for physician practice’: when PE hasten recovery in no
ambulant patients who get treatment within 4 weeks of
onset and PE hasten recovery of ambulant patients with
GBS who are examined within 2 weeks. PE usually
administered as on plasma volume, 50Ml/kg on 5 separate
occasions over 1-2 weeks 2, The like hood and duration
of mechanical ventilation has been reduced by the PE and
also reduce the time needed to walk with assistance and
increase the likelihood of fully recovering muscle strength
after one year % % %1 The mode of action of PE is not
clear. It may nonspecifically remove circulating
autoantibodies immune complex complement factors,
proinflammatory factors like cytokines that contribute to
GBS syndrome. Adverse event of PE like hypertension,
septicemia, pneumonia, abnormal clotting 5 %I,
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Intravenous immunoglobulin (IV1g): The first RCT on
the use of IVIg is effective as PE these resultant IVIG in a
regimen of 0.4g/kg body weight daily for 5 consecutive
days has replaced PE as the preferred treatment in many
centers mainly because of convenience and availability.
The use of IVIg in GBS contained 4 additional trials
according to the Cochrane review. IVIgs is a hypothesized
mode of action to modulate the immune system in GBS in
several ways; restraints of autoantibody production and
autoantibody neutralization via anti-idiotypic antibodies,
inhibiting of complement activation and membrane attack
complex formation modulating the expression and
function of Fc receptor on macrophages and other effector
cells, suppression of cytokines, chemokine and adhesion
molecule modulation of T cell function and interference
with pathogenic recognition and clinical observations is
reduce in demyelination and axonal injury with resultant
hastening of clinically recovery and better outcomes.
Many adverse events during clinical trials of 1VIg like mi,
renal failure, vomiting and headache due to meningeal
irritation [96-102],

Steroids: It has been shown by the Cochrane systemic
review of 6 trials with 587 patients that corticosteroid
therapy is ineffective for treating GBS syndrome [100],
Ayurveda treatment: currently many herbsise used for
management of GBS cases according to the reported
studies. As per Ayurvedic classics, this condition is
correlated with sarvangagatavatavyadhi (~vata affecting
all parts of the body), which is apatarpana in nature
(~diseases which are associated with deprived growth of
body tissue). Hence, the choice of treatment is santarpana
cikitsa (~nourishing treatment). Santarpana
bahyopakramas  (~nourishing  external  treatment
modalities) such as candanabalalaksadi tailamabhyarga
(~oleation  therapy) and sastikasalipinda  sveda
(~application of processed rice) were administered along

with karma basti (~pittaghna drugs processed in ksira),
sirodhara (gentle pouring of medicated liquid over
forehead), and brhatvatachitamani kalpa whose main
ingredients  include  brhatavatachitamani,  gudici
(Tinospora  cordifolia) sattva, rajatabhasma and
sitasekhara rasa. Remarkable improvement in the muscle
power from zero to five of all four limbs with
improvement in speech that were seen by using various
mineral compounds and Ayurvedic herbs. There was no
difficulty post-treatment in deglutition, sitting, standing
and walking; and now the patient has near to normal
movement [103-110]

Noval therapies: Much effort has been made in the
evolution of therapeutics that prevent the complement-
dependent neuronal damage underlying GBS. Two
randomized, double-blind, placebo-controlled phase 2
trials have evaluated the safety and efficacy of eculizumab
— a complement factor 5 inhibitor in GBS. In the
Inhibition of Complement Activation in GBS study,
patients were randomized to receive IVIg with eculizumab
or placebo. The small patient number precluded
conclusions on efficacy, but eculizumab was deemed safe
and well tolerated!3, For GBS the Japanese
Eculizumab Trial used the same study protocol, and
randomized 23 patients to 1VIg with eculizumab and 12
patients to IVIg with placebo. The predefined response
rate threshold for the eculizumab group was not reached,
but a larger proportion of patients in the eculizumab group
were able to run at 24 weeks (74%), than in the placebo
group (18%). In most patients, eculizumab was well
tolerated, although a causality with two serious adverse
events could not be excluded. These studies implicate that
eculizumab seems safe and well tolerated, and might
potentially improve outcome in GBS as add on treatment
to IV1g, but larger trials are required 4],

Table 3: Showing the major milestones in Guillain—Barré syndrome (GBS) 2.,

1859 In case report of ascending paralysis, core clinicl feature is explained by Landry.

1889 The lumbar puncture technique is developed by Essex Wynter.

1916 A report on two patients V\_/ith radiculo_nguritis s_yn_drome and high level of CSF_protein bqt low CSF \_Nhite cell count a hallmark of GBS
and establish the condition as distinct from other cause of flaccid paralysis by Guillain, barre and strohl.

1949 Humorally mediated injury in GBS was suggested in the pathology study of Haymaker and Kernohan’s.

1955 The EAN mouse model of immune-mediated peripheral nerve inflammation is developed.

1956 Miller Fisher reports on three patients with areflexia, ophthalmoplegia and ataxia, a condition that he suggested was a variant of GBS.

1969 Cell-mediated demyelination in GBS is demonstrated by pathology study of Asbury’s.

1976 Exogenous ganglioside administration in humans is linked to excess cases of GBS &Swine flu vaccination triggers fears of its

association with GBS.

1978 Publication of the Asbury diagnostic criteria for GBS.

Demonstration that sera from EAN mice and humans with GBS can induce experimental conduction block &Campylobacter jejuniis

1982 isolated from patients with GBS.

1984 Trials for plasma exchange establish which is effective for GBS.

1986 The first report on pure axonal GBSpublished by Feasby.

1988 Anti-ganglioside antibodies are detected in patients with GBS.

1992 Anti-GQ1b antibodies are detected in patients with Miller Fisher syndrome &Trials of 1VV1g show that it is effective for GBS.

1993 Campylobacter jejuni lipooligosaccharides are shown to have ganglioside-like domains &steroids are shown to be ineffective.

1996 Study demonstrates that the pathology of Chinese paralytic syndrome is the same as that of pure axonal GBS.

1997 Trials of 1VIg and plasma exchange in combination demonstrate no additional benefit for GBS.

2004 Yuki develops a rabpit mo_del of (_BBS induced _by Campylobacter jejuni_ lip oIigpsac_charides,Anti-gangIios!d_ecomplex qntibodies are
detected in patients with GBS &Trials of 1VV1g and steroids in combination demonstrate no additional benefit.

2005 Complement inhibitors are tested in animal model of GBS.

2012 The International Guillain—Barré Outcome Study is commenced.

2014 The Inhibition of Complement Activation in GBS study is commenced.

2015 The Japanese Eculizumab Trial for GBS is commenced.

2016 GBS is linked to Zika virus infection.

- Experimental - Clinical - Labo laboratory - therapy
~460 7
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Management

= Supportive care: the major factors in improving
mortality in GBS with the occurrence of good care and
modern method. Once the initial acute stage appears
passive movement of limbs and active physiotherapy,
beneficial although it has never been subjected to a
controlled clinical trials [®. The backbone of the
treatment is the active immune modulation with IVIg or
plasma exchange in most situations because of its ease of
availability and greater in patients with the unstable B.P
and pulse rate 71 In case of GBS syndrome
immunotherapy has not reduced the mortality. Mortality
can be caused by various reasons i.e. prolonged
hospitalization or disease-related issue. The mortality can
be reduced by meticulous and attentive care. Supportive
care consensus guidelines have been published 101,

= Respiratory failure in GBS: Neuropathy respiratory
paralysis can be caused by the most common peripheral
i.e. GBS. In the case of respiratory failure mechanical
ventilation mostly required by one-third of the patients.
In this case some factors associated with facial weakness,
bulparesis and neck weakness by the onset of admission
of less than one week. In general, it takes 2-6 weeks to
wean out of ventilator support. If pulmonary function
improves it may be preferable to wait 1 more week to
attempt at weaning from the ventilator.

= Nutrition: the introduction of the Gastric tube or
nasogastric tube should be early and slowly. High energy
(40-45 non-protein kcal) and high protein diet (2-2.5g/kg)
have been recommended to reduce muscle wasting and
assists respiratory weaning. In comparison with bolus
feeding in these patients the continuous enteral feeding
seems to be better tolerated.

= Pain: In GBS Patients pain and sensory symptoms
reported in majority, but hypo motility and sedation may
become a problem. NSAIDs are tried for treatment like
gabapentin, carbamazepine acetaminophen [101. 103-105]

Management of dysautonomia

The significant cause of death in GBS patients is acute
dysautonomia. Hypertension, postural hypotension and
tachycardia is occurred by the cardiac and hemodynamic
disturbances in a majority of GBS patients, this is due to
excessive sympathetic over activity and parasympathetic
under activity. At the peak of the deficit severe dysautonomia
occurs in severe cases [*°l In the range of 100-120/min
tachycardia is most common which does not require
treatment. Situation to inserting a pacemaker for serious
bradycardia or sinus arrest has assorted widely because of the
uncertainty that exists in anticipating such events at the
bedside by different ways. However, in systolic blood
pressure tachycardia increased daily variation which reduced
normal respiratory-induced heart rate variation and the first
episode of severe Brady arrhythmia reduces the threshold for
insertion of pacemaker [*16- 1171, Hyperoxygenation may lead to
reduction of the bradycardia or systole provoked by the
endotracheal suction. In one-third of GBS patients,
hypertension is seen and can be labile or be followed by
hypotension. Hypertension is severe (mean pressure greater
than approximately 125 mmHg) and sustained, specific
therapy may be necessary. Antihypertensive with short half-
lives (labetalol, esmolol or nitroprusside infusions) should be
considered & 19 With caution the beta-adrenergic or
calcium channel blockers should be used, especially if

episodes of hypertension alternate with hypotension. By
maintaining intravascular volume and avoid using diuretics
hypotension can be managed. Patients with a risk of
hypotension should not be left unattended in a sitting or
upright position. Identifiable and determined hypotension
should justify the searches for other causes, such as sepsis
myocardial infarction and pulmonary thromboembolism or
use of narcotics or positive pressure ventilation. In 15% of
severely affected GBS patients gastrointestinal motility
disorder occur. lleus is related with other features of
dysautonomia (tachycardia and hypertension). Dysmotility
can be effectively managed by a suspension of enteral feeds,

nasogastric suctioning and erythromycin or neostigmine €7
115]

Conclusion

On GBS, over a certain period of time significant progress has
been achieved in different areas of research, which included
epidemiological aspects as well as its pathogenesis. The
current treatment options are largely equal to those which was
already in use 20 years ago in comparison with the recent
advances in to the novel treatment in GBS which has been
less straightforward. Hoping that the more coordinated
approaches by the international GBS research community like
the formation of the inflammatory neuropathy consortium will
result in new treatment and outcome trials to determine novel
immunomodulatory and perhaps Neuroprotective or repair
promoting agent with the goal to optimize the care for GBS
patients. In the last 100 years since the first landmark
description of GBS, considerable progress in understanding
the nature of the disease and the mechanism that lead to its
development have been made.

References

1. Guillain G, Barré J, Strohl A. Sur un syndrome de
Radiculo-Nevrite avec hyper Albuminose du liquide
cephalorachidien sans reaction cellulaire. Remarques sur
les Characteres Clinique et graphique des reflexes
tendinaux. Bulletins et Memories de la Societe Medicale
des Hopitaux de Paris. 1916; 40:1462-70.

2. Hughes RA, Cornblath DR. Guillain-Barré syndrome.

Lancet. 2005; 366:1653-1666.

Pithadia AB, Kakadia N. gbhs pharamacol Rep, 2010, 62.

4. Alter M. The epidemiology of GBS. Ann Neurol. 1990;
27:S7-12.

5. Boglium G, Beghi E Italian Gbs Registry study group.
Incidences and clinical features of acute inflammatory
polyradiculoneuropathy in Lombardy; Italy, 1996. Acta
Neurol Scand. 2004; 110:100-6.

6. Kaplan JE, Katona P, Hurtwitz ES et al. GBS in the
unitedstate, 1970-1980 and 1980-1981. Lacl of an
association with influenza vaccination. JAMA. 1982;
248:698-700.

7. Naik KR, Saroj AO, Patil BP. Familial GBS. First Indian
report, Ann Indian Acad Neurol. 2012; 15:44-7.

8. Mateen FJ, Cornblath DR, Jafari H, Shinohara RT.
Khandit D, Ahuja B et al. GBS in India: population based
validation of the Brighton criteria. Vaccine, 2011, 9697-
701.

9. Griffian JW, Li CY, Ho TW et al. GBS syndrome in
northern China. The spectrum Neiropathological change
defined cases. Brain 1995; 118(3):577-595.

10. Willison HJ, Jacobs BC, Van Doorn PA. GBS. Lancet.
2016; 388;717-727

w

~461 "7



The Pharma Innovation Journal

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Fokke C, Van den Berg B, Drenthen J et al. Diagnosis of
GBS and validation of Brighton criteria. B rain. 2014;
137(1):33-43.

Telleman JA, Grimm A, Goedee S et al. Nerve
ultrasound in polyneuropathies. Muscle Nerve. 2018;
57:716-728.

Berciano J, Sedano MJ, Pelayo-Negro AL et al. Proximal
nerve lesions in early Guillain-Barre syndrome:
implications for pathogenesis and disease classification. J
Neurol. 2017; 264:221-236.

Galassi G, Genovese M, Ariatti A, Malagoli M. Early
imaging in paraparetic Guillain—Barré syndrome. Acta
Neurol Belg, 2017, 1-2.

Resorlu M, Guven M, Aylanc H, Karatag O. Lumbar
magnetic resonance imaging findings in Guillain-Barre
syndrome. Spine J. 2016; 16:e709—e710.

McGrogan A, Madle GC, Seaman HE, De Vries CS. The
epidemiology of Guillain-Barré syndrome worldwide: a
systematic literature review, Neuroepidemiology. 2009;
32(2):150-163.

Sejvar JJ, Baughman AL, Wise M, Morgan OW.
Population incidence of Guillain-Barre syndrome: A
systematic review and meta-analysis, Neuroepidemiology.
2011; 36(2):123-133.

Chio A, Cocito D, Leone M, Giordana MT, Mora G,
Mutani R. Guillain—-Barré syndrome: A prospective,
population based incidence and outcome survey.
Neurology. 2003; 60:1146-50.

Willison HJ. The Immunobiology of Guillain—Barré
syndromes. J Peripher Nerv Syst. 2005; 10:94-112.

John A. Good fellow and Willison. HJ. Guillain—Barré
syndrome: a century of progress. Macmilan Publishers
Limited. 2016; 12:729.

Ravi V, Taly AB, Shankar SK, Shenoy PK, Desai A,
Nagaraja D et al. Association of Japanese encephalitis
virus infection with Guillain-Barré syndrome in endemic
areas of south-India. Acta Neurol Scand. 1994; 90:67-72.
Willison HJ. Ganglioside complexes as targets for
antibodies in Miller Fisher syndrome. J Neurol
Neurosurg Psychiatry. 2006; 77:1002-3.

Winer JB, Hughes RA, Osmond C. A prospective study
of acute idiopathic neuropathy. I. clinical features and
their prognostic value. J Neurol Neurosurg Psychiatry.
1988; 51:605-12.

Gupta SK, Taly AB, Suresh TG, Rao S, Nagaraja D.
Acute idiopathic axonal neuropathy (AIAN) - a clinical
and electrophysiology observation. Acta Neurol Scand.
1994; 89:220-4.

Lawn ND, Fletcher DD, Henderson RD, Wolter TD,
Wijdicks EF. Anticipating mechanical ventilation in
Guillain—Barré Syndrome. Arch Neurol. 2001; 58:893-8.
Stevens O, Claeys KG, Poesen K et al. Diagnostic
challenges and clinical characteristics of hepatitis E
virus-associated Guillain-Barre syndrome. JAMA Neurol
2017; 74:26-33.

Reid AC, Draper IT. Pathogenesis of papillo edema and
raised intracranial pressure in Guillain-Barré syndrome,
British Medical Journal. 1980; 281(6252):1393-1394.
Colls BM. Guillain-Barre syndrome and hyponatraemia,
Internal Medicine Journal. 2004; 34(4):218.

Souayah N, Nasar A, Suri MFK, Qureshi Al. National
trends in hospital outcomes among patients with Guillain-
“e syndrome requiring mechanical ventilation, Journal of
Clinical Neuromuscular Disease. 2008; 10(1):24-28.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

~4e2 "

Bardage C, Persson 1, Ortqvist A, Bergman U,
Ludvigsson JF, Granath F. Neurological and autoimmune
disorders after vaccination against pandemic influenza A
(H1N1) with monovalent adjuvanted vaccine: population
based cohort study in Stockholm, Sweden, BMJ. 2011,
343:5956.

Doets AY, Jacobs BC, Van doom PA. Advances in
management of Guillain-Barré Syndrome. Curr opin
neurol. 2018; 31(5):541-550.

Hadden RD, Karch H, Hartung HP, Zielasek J,
Weissbrich B, Schubert J et al. Preceding infections,
immune factors, and outcome in Guillain-Barre
syndrome. Neurology. 2001; 56:758-765.

Tam C, O’Brien S, Petersen I, Islam A, Hayward A,
Rodrigues. Guillain-Barre syndrome and preceding
infection with campylobacter, influenza and Epstein-Barr
virus in the general practice research database. PLoS
One. 2007; 2:e344.

Orlikowski D, Porcher R, Sivadon-Tardy V,
Quincampoix JC, Raphael JC, Durand MC et al.
Guillain-Barre syndrome following primary
cytomegalovirus infection: a prospective cohort study.
Clin Infect Dis. 2011; 52:837-844.

Winer JB, Hughes RA, Anderson MJ et al. A prospective
study of acute idiopathic neuropathy II. Antecedent
events. J Neurol Neurosurg Psychiatry. 1988; 51:613-18.
Mishu B, llyas AA, Koski CL et al. Serologic evidence
of previous Campylobacter jejuni infection in patients
with the Guillain-Barré syndrome. Ann Intern Med.
1993; 118:947-53.

Jacobs BC, Rothbarth PH, van der Meche FG et al. The
spectrum of antecedent infections in Guillain-Barré
syndrome: a case—control study. Neurology. 1998;
51:1110-15.

Rees JH, Gregson NA, Hughes RA. Anti-ganglioside
GML1 antibodies in Guillain-Barré syndrome and their
relationship to Campylobacter jejuni infection. Ann
Neurol. 1995; 38:809-16.

Ho TW, Hsieh ST, Nachamkin I et al. Motor nerve
terminal degeneration provides a potential mechanism for
rapid recovery in acute motor axonal neuropathy after
Campylobacter infection. Neurology. 1997; 48:717-24.
Goddard EA, Lastovica AJ, Argent AC. Campylobacter
0.41 Isolation in Guillain-Barre syndrome, Archives of
Disease in Childhood. 1997; 76(6):526-528.
Sivadon-Tardy V, Orlikowski D, Porcher R, Sharshar T,
Durand M, Enouf V et al. Guillain Barré syndrome and
influenza virus infection. Clin Infect Dis. 2009; 48:48—
56.

Stowe J, Andrews N, Wise L, Miller E. Investigation of
the temporal association of Guillain-Barre syndrome with
influenza vaccine and influenzalike illness using the
United Kingdom General Practice Research Database.
Am J Epidemiol. 2009; 169:382-388.

Lehmann HC, Hartung HP. Varicella-zoster virus:
another trigger of Guillain-Barre syndrome, Clin Infect
Dis. 2010; 51:531-533.

Lehmann HC, Hartung HP, Kieseier BC, Hughes RA.
Guillain-Barre syndrome after exposure to influenza
virus. Lancet Infect Dis. 2010; 10:643-651.

Sejvar JJ, Kohl KS, Gidudu J, Amato A, Bakshi N,
Baxter R et al. Guillain-Barre syndrome and Fisher
syndrome: case definitions and guidelines for collection,
analysis, and presentation of immunization safety data.



The Pharma Innovation Journal

46.

47,

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Vaccine. 2011; 29:599-612.

Govoni V, Granieri E. Epidemiology of the Guillain-
Barre syndrome. Curr Opin Neurol. 2001; 14:605-613.
Hauck LJ, White C, Feas by TE, Zochodne DW, Svenson
LW, Hill MD. Incidence of Guillain-Barre syndrome in
Alberta, Canada: an administrative data study. J Neurol
Neurosurg Psychiatry. 2007; 79:318-320.

Lehmann HC, Kohen A, Meyer zu Horste G, Kieseier
BC. Incidence of Guillain-Barre syndrome in Germany. J
Peripher Nerv Syst. 2007; 12:285.

McGrogan A, Madle G, Seaman H, de Vries C. The
epidemiology of Guillain-Barre syndrome worldwide. A
systematic literature review. Neuroepidemiology. 2009;
32:150-163.

Cornblath DR, Hughes RC. Guillain-Barré syndrome. In:
Kimura J, editor. Handbook of Clinical Neurophysiology.
Elsevier, 2006, 695-708.

Kaida K et al. Ganglioside complexes as new target
antigens in Guillain—Barré syndrome. Ann. Neurol. 2004;
56:567-571.

McKhann GM, Cornblath DR, Griffi n JW, Ho TW, Li
CY, Jiang Z et al. Acute motor axonal neuropathy: A
frequent cause of acute flaccid paralysis in China. Ann
Neurol. 1993; 33:333-42.

Ogawara K, Kuwabara S, Mori M, Hattori T, Koga M,
Yuki N. Axonal Guillain—Barré syndrome: Relation to
antiganglioside antibodies and Campylobacter jejuni
infection in Japan. Ann Neurol. 2000; 48:624-31.

Sinha S, Prasad KN, Jain D, Pandey CM, Jha S, Pradhan
S. Preceding infections and gangliosides antibodies in
patients with Guillain—Barré syndrome: A single center
prospective case-control study. Clin Microbial Infect.
2007; 13:334-7.

Schonberger L, Bregman D, Sullivan-Bolyai J,
Keenlyside R, Ziegler D, Retailliau H et al. Guillain-
Barre syndrome following vaccination in the National
Influenza Immunization Program, United States, 1976—
1977. Am J Epidemiol. 1979; 110:105-123.

Marin LF, Abrah™ao A, Carvalho FA, Santos WA,
Dallalba CC, Barcelos LB et al. Guillain Barré syndrome
associated with HIN1 vaccination. Arq Neuropsiquiatr.
2010; 68:974-975.

Black S, Eskola J, Siegrist C, Halsey N, Macdonald N,
Law B et al. Importance of background rates of disease in
assessment of vaccine safety during mass immunisation
with pandemic HINT influenza vaccines. Lancet. 2009;
374:2115-2122.

Alter M. The epidemiology of Guillain—Barré syndrome.
Ann Neurol 1990; 27:7-12.

Kaur U, Chopra JS, Prabhakar S, Radhakrishnan K, Rana
S. Guillain-Barré ~ syndrome - a  clinical
electrophysiological and biochemical study. Acta Neurol
Scand. 1986; 73:394-402.

Microbiol 1996; 19:267-71. 19 Asbury AK, Arnason
BG, Adams RD. The inflammatory lesion in idiopathic
polyneuritis. Its role in pathogenesis. Medicine. 19609;
48:173-215.

Prineas JW. Pathology of the Guillain-Barré syndrome.
Ann Neurol. 1981; 9(suppl):6-19.

Asbury AK, Arnason BG, Adams RD. The inflammatory
lesion in idiopathic polyneuritis. Its role in pathogenesis,
Medicine. 1969; 48(3):173-215.

Prineas JW. Acute idiopathic polyneuritis. An electron
microscope study, Laboratory Investigation. 1972;

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

~463 7

26(2):133-147.

Ho TW, Willison HJ, Nachamkin | et al. Anti-GDla
antibody is associated with axonal but not demyelinating
forms of Guillain-Barré syndrome. Ann Neurol. 1999;
45:168-73.

Griffin JW, Li CY, Mackoetal C. Early nodal changes in
the acute motor axonal neuropathy pattern of the
Guillain-Barre syndrome, Journal of Neurocytology.
1996; 25(1): 33-51.

Griffin JW, Li CY, Ho TW et al., Pathology of the motor
sensory axonal Guillain-Barre syndrome, Annals of
Neurology. 1996; 39(1):17-28.

Asbury AK, Cornblath DR. Assessment of current
diagnostic criteria for Guillain-Barre syndrome. Ann
Neurol. 1990; 27(Suppl):S21-S24.

Yuki N, Hartung HP. Gbs. N Engl J Med. 2012;
366:2294-304.

Fokke C, van den Berg B, Drenthen J et al. Diagnosis of
Guillain-Barre syndrome and validation of Brighton
criteria. Brain. 2014; 137(1):33-43.

Hadden RD, Cornblath DR, Huges RA, Zielasek J,
Hartung HP Toyka JV et al. electrophysiological
classification of gbs. clinical associations and outcome.
plasma exchange/sandoglobulin GBS trial group. Ann
Neurol, 1998, 780-8

Ho TW, Mishu B, Li CY et al. Guillain-Barre syndrome
in northern China. Relationship to Campylobacter jejuni
infection and anti-glycolipid antibodies. Brain. 1995;
118(3):597-605.

Rajabally YA, Durand MC, Mitchell J et al.
Electrophysiological  diagnosis of  Guillain-Barre
syndrome subtype: could a single study suffice? J Neurol
Neurosurg Psychiatry. 2015; 86:115-119.

Van den Bergh PY, Pie ‘ret F, Woodard JL et al.
Guillain-Barre” syndrome  subtype diagnosis: a
prospective multicentric European study. Muscle Nerve.
2018; 58:23-28.

Uncini A, Ippoliti L, Shahrizaila N et al. optimizing the
electro diagnostic accuracy in Guillain-Barre syndrome
subtypes: Criteria sets and sparse linear discriminant
analysis. Clin Neurophysiology. 2017; 128:1176-1183.
Telleman JA, Grimm A, Goedee S et al. Nerve
ultrasound in polyneuropathies. Muscle Nerve. 2018;
57:716-728.

Berciano J, Sedano MJ, Pelayo-Negro AL et al. Proximal
nerve lesions in early Guillain-Barre syndrome:
implications for pathogenesis and disease classification. J
Neurol. 2017; 264:221-236.

Rinaldi S et al. Antibodies to heteromeric glycolipid
complexes in Guillain—Barré syndrome. PLoS ONE 8,
2013, e82337.

Ang CW, Jacobs BC, Laman JD. thegbs; true case of
molecular mimicry trends Immunol. 2004; 25:61-6.

Ho TW, Willison HJ, Nachamkin I, Li CY, Veitch J, Ung
H et al. Anti-GD1a antibody is associated with axonal
but not demyelinating forms of Guillain-Barre syndrome.
Ann Neurol. 1999; 45:168-173.

Winer J, Hughes S, Cooper J, Ben-Smith A, Savage C.
gamma delta T cells infiltrating sensory nerve biopsies
from patients with inflammatory neuropathy. J Neurol.
2002; 249:616-621.

French Cooperative Group on Plasma Exchange in
Guillain-Barré Syndrome. Efficiency of plasma exchange
in Guillain-Barré syndrome: role of replacement fluids.



The Pharma Innovation Journal

82.

83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

93.

94.

95.

96.

97.

98.

Ann Neurol. 1987; 22:753-61.

Van der Meche FG, Schmitz PI. A randomized trial
comparing intravenous immune globulin and plasma
exchange in Guillain-Barré syndrome. Dutch Guillain-
Barre study group. N Engl J Med. 1992; 326:1123-9.
Plasma Exchange/Sandoglobulin Guillain-Barré
Syndrome Trial Group. Randomised trial of plasma
exchange, intravenous immunoglobulin, and combined
treatments in Guillain-Barré syndrome. Lancet. 1997;
349:225-30.

Kleyweg RP, van der Meche FG, Meulstee J. Treatment
of Guillain-Barre syndrome with high-dose gamma
globulin. Neurology. 1988; 38:1639-41.

Plasmapheresis and acute Guillain-Barre syndrome. The
Guillain-Barre syndrome Study Group. Neurology. 1985;
35:1096-104.

Plasma exchange in Guillain-Barre syndrome: one-year
follow-up. French Cooperative Group on Plasma
Exchange in Guillain-Barre Syndrome. Ann Neurol.
1992; 32:94-7.

Randomised trial of plasma exchange, intravenous
immunoglobulin, and combined treatments in Guillain-
Barre syndrome. Plasma Exchange/Sandoglobulin
Guillain-Barre Syndrome Trial Group. Lancet. 1997,
349:225-30.

Greenwood RJ et al. Controlled trial of plasma exchange
in acute inflammatory polyradiculoneuropathy. Lancet.
1984; 1:877-879.

Osterman PO et al. Beneficial effects of plasma exchange
in acute inflammatory polyradiculoneuropathy. Lancet
1984; 2: 1296-1299.

Meyer zu Horste G, Hartung HP, Kieseier BC. From
bench to bedside-experimental rationale for immune-
specific therapies in the inflamed peripheral nerve. Nat
Clin Pract Neurol. 2007; 3:198-211.

Hughes RA, Wijdicks EF, Barohn R, Benson E,
Cornblath DR and Hahn AF et al. Practice parameter:
Immunotherapy for Guillain-Barre syndrome: Report of
the Quality Standards Subcommittee of the American
Academy of Neurology. Neurology. 2003; 61:736-40.
Hughes RA, Swan AV, van Koningsveld R, van Doorn
PA. Corticosteroids for Guillain-Barré syndrome.
Cochrane Database Syst Rev. 2006; 2:1446.

Rapha’el JC, Chevret S, Hughes RA, Annane D. Plasma
exchange for Guillain-Barre syndrome, Cochrane
Database of Systematic Reviews. 2001; 2:1798.

Tripathi R. Charak Samhita of Charaka, Siddhisthan
Bastisidhi. Varanasi: Chaukhamba Sanskrit Series. 2009:
966.

Mishra SN. Bhaishajya Ratnavali of Govindadas Sen
Vatvyadhirogaadhikar. Varanasi: Chaukhamba Sanskrit
series, 2007, 530.

Buchwald B, Ahangari R, Weishaupt A, Toyka KV.
Intravenous  immunoglobulins  neutralize  blocking
antibodies in Guillain-Barre syndrome. Ann Neurol.
2002; 51:673-80.

Hughes RA, Wijdicks EF, Benson E, Cornblath DR,
Hahn AF, Meythaler JM et al. Supportive care for
patients with Guillain-Barre syndrome: Multidisciplinary
Consensus Group. Arch Neurol. 2005; 62:1194-8.

Zhang G, Lopez PH, Li CY, Mehta NR, Griffin JW,
Schnaar RL et al. Anti-ganglioside antibody-mediated
neuronal cytotoxicity and its protection by intravenous
immunoglobulin; implications for immune neuropathies.

Brain. 2004; 127:1085-100.

99. Dalakas MC. Intravenous immunoglobulin  in
autoimmune neuromuscular diseases. JAMA. 2004;
291:2367-75.

100.Hughes RA, Rapha’el JC, Swan AV, Van Doorn PA.
Intravenous  immunoglobulin ~ for  Guillain-Barre
syndrome, Cochrane Database of Systematic Reviews.
2006; 1:2063.

101.Durand MC, Porcher R, Orlikowski D, Aboab J, Devaux
C, Clair B et al. Clinical and electrophysiological
predictors of respiratory failure in Guillain—Barré
syndrome: A prospective study. Lancet Neurol. 2006;
5:1021-8.

102.Tripathi R. Charak Samhita of Charaka, Chikitsasthan,
Vatvyadhi Chikitsa. Varanasi: Chaukhamba Sanskrit
Series, 2009, 701.

103.Sharshar T, Chevret S, Bourdain F, Raphael JC. French
Cooperative Group on Plasma Exchange in Guillain—
Barré syndrome. Early predictors of mechanical
ventilation in Guillain— Barré syndrome. Crit Care Med.
2003; 31:278-83.

104.Lawn ND, Wijdicks EF. Post-intubation pulmonary
function test in Guillain—Barré syndrome. Muscle Nerve.
2000; 23:613-6.

105.Tripathi R. Charak Samhita of Charaka, Chikitsasthan,
Vatvyadhi Chikitsa. Varanasi: Chaukhamba Sanskrit
Series, 2009, 691.

106.Mishra SN. Bhaishajya Ratnavali of Govindadas Sen,
Jwaraadhikar. Varanasi: Chaukhamba Sanskrit Series,
2007, 218.

107.Kasture HS. Aayurvediya Panchkarmavidnyan of Haridas
S Kasture, Sweda Vidnaniya. 7th ed. Nagpur: Baidyanath
Aayurved Bhavan Publication, 168.

108.Dhatuprakaran (Rajat Bhasma) Shlok 1. Varanasi:
Chaukhamba  Sanskrit ~ Series.  Bhisagratna  and
Brahmasankar Sastri Yogratnakar, 2010, 130.

109.Amlapitta Chikitsa Shlok 1-5. Varanasi: Chaukhamba
Sanskrit Series. Bhisagratna and Brahmasankar Sastri
Yogratnakar, 2010, 244.

110.McGonigal R, Cunningham ME, Yao D et al. Clg-
targeted inhibition of the classical complement pathway
prevents injury in a novel mouse model of acute motor
axonal neuropathy. Acta Neuropathol Commun. 2016;
4:23.

111.Halstead SK, Zitman FM, Humphreys PD et al.
Eculizumab prevents antiganglioside antibody-mediated
neuropathy in a murine model. Brain. 2008; 131(5):1197-
1208. 15.

112.Davidson Al, Halstead SK, Good fellow JA et al.
Inhibition of complement in Guillain-Barre” syndrome:
the ICA-GBS study. J Peripher Nerv Syst. 2017; 22:4-12.

113.Misawa S, Kuwabara S, Sato Y et al. Safety and efficacy
of Eculizumab in Guillain-Barre syndrome: a multicenter,
double-blind, randomized phase 2 trial. Lancet Neurol.
2018; 17:519-529.

114.NCT03010046. Single Dose Study of ANXO005 in
Healthy Volunteers Available from:
www.clinicaltrials.gov.

115.Emmons PR, Blume WT, DuShane JW. Cardiac
monitoring and demand pacemaker in Guillain-Barré
syndrome. Arch Neurol. 1975; 32:59-61.

116.Favre H, Foex P, Guggisberg M. Use of demand
pacemaker in a case of Guillain-Barré syndrome. Lancet.
1970; 1:1062-3.

~ 464~



The Pharma Innovation Journal

117.Lichtenfeld P, Autonomic dysfunction in the Guillain
Barré Syndrome, Am J Med. 1971; 50:772-80.

118.Zochodne DW. Autonomic involvement in Guillain-
Barré syndrome: A review. Muscle Nerve. 1994;
17:1145-55.

119.Truax BT. Autonomic disturbances in the Guillain-Barré
syndrome. Semin Neurol. 1984; 4:462-8.

~ 465"



