
Abstract:

Guillain-Barré syndrome (GBS) is an acute immune-

mediated polyradiculoneuropathy with a highly variable

clinical course and outcome. Intravenous immunoglobulin

(IVIG) and plasma exchange (PE) are proven effective

treatments, but about half of the patients may not respond to

these therapies; moreover, these are not established yet to treat

patients of every stage of GBS or its variants. Results from the

International Guillain-Barré Syndrome Outcome Study

suggest that geographical variations exist in Guillain-Barré

syndrome, including insufficient access to immunotherapy

in low-income countries. There is a need to provide improved

access to treatment for all patients with Guillain-Barré

syndrome, and to develop effective disease-modifying

therapies that can limit the extent of nerve injury. In this

review, the current literature  about immunotherapeutic

options is highlighted in the context of stages of the disease

and its variants and additionally, upcoming modalities are

discussed briefly.
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Introduction:

Guillain-Barré syndrome (GBS) is a rapidly progressive
and potentially life-threatening immune-mediated
polyradiculoneuropathy that requires early diagnosis,
monitoring, and treatment.1, 2 It accounts for an
estimated 100 000 new cases annually worldwide.3 In
Bangladesh, the incidence rate ranges from 1·5 to 2·5
cases per 100 000 person-years in adults, and 3·25 in
children, 4 which is higher than that of the developed
countries. In most patients (76%), the acute onset of
neurological symptoms is preceded by an infective
illness, 5 mainly upper respiratory tract infections (35%)
in Europe, North America, and east and southeast Asia
whereas gastroenteritis (27%) in Bangladesh and South
America.6 Campylobacter jejuni -gastroenteritis was
extensively reported7 and robust evidence suggests that
molecular mimicry exists between nerve and microbial
antigens, leading to the development of GBS.8

Identifying the trigger for GBS, i.e. ‘the antecedent
infection’ is important to understand the underlying
pathogenic mechanisms, but also to anticipate a possible
rise in incidence following an epidemic or pandemic, as
was seen with the recent Zika virus infection.9, 10 So far
more than 220 GBS cases were reported following current
COVID-19 infection, 11 but actual cases would be much
higher, expected to be reported in near future due to
longstanding pandemic of COVID-19 infection.

Both the humoral and the cellular immunity are likely to
have a crucial role in disease pathogenesis.
Autoantibodies against peripheral nerve molecules such
as gangliosides or proteins of the Ranvier node have
been described.12 Accordingly various immunotherapies
have been established by this time. Among them, Plasma
exchange (PE, usually 200–250 mL/kg in five sessions)
and intravenous immunoglobulin (IVIG, 0.4 g/kg for 5
days) are proven equally effective in shortening time to
recovery and improving clinical outcome but not in
reducing mortality.13

Despite the effective immunotherapies- the outcome in
many patients is still poor: 2–10% may die, 20% are still
unable to walk after 6 months and many patients suffer
from residual symptoms, including pain and severe
fatigue; 14, 15 moreover, these were tested only with severe
forms of GBS patients and very few articles were published
with mild forms or with its variants. Finally, these are very
costly therapeutic modalities and every patient in
developing countries can’t avail of these options.



In this review, the published works of literature were
systematically searched to get an idea of different
immunotherapies used in various stages of GBS and its
variants and also tried to know about the future potential
compounds that can be used to treat the patients cost-
effectively.

Objectives:

This review will highlight and elaborate on the following
issues:

1. Effectiveness of immunotherapies in hastening
recovery and reducing the long-term morbidity in
the severe form of GBS

2. The window period for initiation of standard
immunotherapies (IVIG and PE)

3. The efficacy of immunotherapies in the mild form
of GBS, in GBS variants, and children

4. Appropriate dosing of standard immunotherapies

5. Therapeutic modalities in insufficient clinical
response and treatment-related fluctuations

6. Future modalities of therapeutic compounds.

Search strategy and selection criteria:

The articles were searched from the Cochrane Library,
PubMed, Medline using the keyword “Guillain-Barré
syndrome,” “Immunotherapies for GBS,” “IVIG” and
“Plasma Exchange.” Publications from January 2010, to
September 2021, were primarily selected, but also
included older publications that provided information
matched with objectives. Review articles also searched
that were relevant to the subject matter.

Plasma exchange (PE):

Therapeutic plasma exchange has been used in medical
conditions for many years, but in the treatment of GBS
were reported between 1978 and 1981, with small
uncontrolled series claiming clinical benefit.16-20 Since
these first reports, so far six Randomized Control trials
(RCTs) have been conducted and published comparing
plasma exchange with supportive treatment alone.21-26

All concluded that plasma exchange improved the
majority of outcomes compared to supportive care
alone.

The clinical efficacy of PE depends on the volume of
plasma exchanged, number and frequency of sessions,
nature of the replacement solution, and the separating

technique. Usually, four exchange is sufficient for
therapeutic purposes.

Intravenous immunoglobulin (IVIG):

Immunoglobulin for therapeutic use is purified from
human plasma pooled from at least 1000 donors. IVIG
was introduced for the treatment of autoimmune
thrombocytopenia27 and other autoimmune disorders
including chronic inflammatory demyelinating
polyradiculoneuropathy28 before that use in GBS.
Kleyweg 1988 29 reported an apparently favorable
response from IVIG in a pilot study in GBS. This led to
the first randomized trial comparing IVIG with PE in GBS,
which reported that IVIG was possibly superior.30

Subsequent trials reviewed have confirmed that IVIG
and PE have similar efficacy in every outcome
measure.31, 32 However, IVIG treatment is easier to
implement and potentially safer than plasma exchange,
and the use of IVIG versus PE may be a choice of
availability and convenience.33Additionally, IVIG is the
preferential treatment in hemodynamically unstable
patients and in those unable to ambulate
independently.34

Many potential reasons for the beneficial effect of IVIG
in autoimmune diseases have been proposed. Possible
mechanisms in GBS include blockade of Fc receptors
on macrophages and

preventing antibody-mediated complement activation;
regulation of autoantibodies or cytokines by anti-
idiotypic or anti-cytokine antibodies in the pooled
immunoglobulin; up-regulation of the inhibitory Fc-
gamma receptor IIB on B cells; 35 down-regulation of B
cell-activating factor36 and interference with the
complement cascade or regulatory effects on T cells.37

Furthermore, the high concentrations of circulating
immunoglobulin accelerate the breakdown of
immunoglobulin G by intracellular lysosomes.38

‘Mildly VS severely affected’ patients:

A mild form of GBS usually be considered as a patient
who is still able to walk unaided, but this patient may
have other severe neurological deficits. Up to 38% of
these patients reported problems in hand function and
running after 6 months follow-up and only 22% received
treatment.39

On the other hand, severe form, defined as walking with
an aid or worse (table 1)40.  Most RCTs were conducted
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with this type of patients and the primary endpoint in
these trials was usually based on the proportion of
patients regaining the capacity to walk unaided or
improving by at least one grade on the GBS disability
scale.

The Cochrane reviews on PE and IVIG provide no direct
advice for the treatment of mild GBS.41

However, a small group of children with mild GBS showed
a shorter time to improvement and a lower GBS disability
grade at 4 weeks in the IVIG group.42 One RCT with PE
also concluded with a beneficial effect.26 But long-term
outcome (defined as full muscle strength recovery after
1 year) was not significantly different. Moreover,
spontaneous full recovery is possible due to the mild
course of the disease, so the therapeutic procedures
should be a rethink in the context of cost-effectiveness
and risk-benefit analysis. The current recommendation
for treating (with IVIG or PE) these patients are having
autonomic dysfunctions, bulbar involvement, or facial
weakness.

Table-I

Guillain-Barré syndrome (GBS) disability scale

Grade

0 Healthy

1 Minor symptom and capable of running

2 Able to walk 10 m without assistance but unable to
run

3 Able to walk 10 m across an open space with the help

4 Bedridden or chair bound

5 Requiring assisted ventilation for at least part of the
day

6 Dead

Adapted from: Hughes et al, 41

Therapeutic window period: Short VS Long

Most of the RCTs with IVIG and PE in GBS were
conducted in the acute phase of the disease, within 2
(in case of IVIG) to 4 weeks (in case of PE) after the
onset of weakness. But it may be assumed that treatment
is most effective when started as soon as possible to
prevent further nerve damage, similar to the concept
‘Time is brain’ in ischaemic Stroke. Some support for
this hypothesis comes from the PE trials, where PE in

patients randomized within 7 days had more favorable
effects than in patients randomized between 8 and 28
days after onset.41 Furthermore, IVIG has pleiotropic
immune-modulatory effects, may prevent ongoing nerve
damage when initiated early.41 Based on these, the recent
recommendation is, to start treatment as soon as possible
in patients who walk with aid, are bedbound, or are
ventilated. In patients who are still able to walk unaided
but show rapid progression of symptoms should not
wait for further clinical deterioration.

The progression of the disease takes <4 weeks, and
most patients will present within a few

days to weeks after the onset of symptoms.43 For this
reason immunotherapies were best studied within this
period. However, about 3% of patients may progress
during 4–8 weeks that may be due to an ongoing
immune-mediated injury of the nerves (subacute
idiopathic demyelinating polyneuropathy, SIDP).44 For
these cases, no evidence is available regarding the
treatment effect of IVIG or PE. But when progression
persists after 8 weeks, chronic inflammatory
demyelinating polyneuropathy (CIDP) should be
considered and then (re-) treatment with IVIG or even a
switch to corticosteroids is indicated.45

Best effective doses:

The standard dose of IVIG is 0.4 g/kg per day for five days.
The infusion is typically started slowly (0.3 to 0.5 mL/kg/
hour depending on formulation) and increased every 15 to
30 minutes as tolerated up to 6 to 8mL/kg/hour. The infusion
is held or the rate reduced to address adverse effects.

One trial compared 0.4 g/kg of IVIGdaily for three days
with the same dose daily for six days.46 The results
showed a trend in favor of the higher dose. Another
trial compared 1.0 g/kg daily for two days with the
standard regimen of 0.4 g/kg daily for five days, giving
the same total dose to each.47 There were no significant
differences in the primary or secondary outcome
measures reported by the authors except that early
relapses were significantly more common after the two-
day than the five-day regimen.

In a PE trial with moderately severe GBS, those who
received four exchanges showed quicker improvement
than those who received two.26 However, six exchanges
were not superior to four. For patients with severe disease
requiring mechanical ventilation who received six
exchanges, there was a non-significant trend toward
reduced time on mechanical ventilation compared with
those who received four and the rate of full strength at
one year was not improved.26
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Therapeutic complications: 48

In the IVIG group, Adverse effects include hypotension,
nausea, headache with or without aseptic meningitis,
rash, acute kidney failure (mostly related to sucrose-
containing products), and transfusion reactions. Rarely,
patients may develop hyperviscosity leading to stroke
or myocardial infarction. IgA deficiency can lead to
anaphylaxis; however, patients without IgA deficiency
can also develop hypersensitivity reactions to IVIG,
especially when exposed to different formulations.

The main complications in the plasma exchange group
are hypotension, sepsis, transfusion reactions, and
problems with intravenous access not suitable for
hemodynamically unstable patients

Insufficient clinical response after initial treatment:

At present, it is not always possible to evaluate the
effect of treatment on a clinical basis. Previous trials
have shown that about 40–50% of patients treated with
either PE or IVIG show no improvement on the GBS
disability scale at 4 weeks.30 In that condition, whether
a patient would benefit from a second course or a change
to another treatment cannot be determined yet.

a) Switch to another therapy

Some neurologists may switch to the other treatment
after either IVIG or PE as initial treatment if there is no
clinical response. The rationale is that these treatments
probably have different immunomodulatory effects that
may influence the treatment efficacy in individual
patients.

One randomized trial compared the efficacy of PE
followed by IVIG, and PE alone in 379 severely affected
patients but did not find significant differences between
the treatment modalities in any of the outcome
measures.50 Another small retrospective study in 46
patients reported that treatment with IVIG followed by
PE was not better than IVIG alone. Moreover, the patients
who received both treatments had a worse GBS disability
grade at discharge and were being longer hospitalised.51

b) Retreatment

Another option is to repeat the same regimen of
treatment, being either PE or IVIG. For patients treated
initially with PE with no improvement or further
deterioration, retreating (no more than one time)with PE
may be attempted at two weeks after initial treatment
was begun, under close observation for side effects.48

For those treated initially with IVIG, retreating with IVIG
was not recommended because it exposes patients to
adverse risks without additional benefit. In a trial of 93

patients with acute GBS who were treated with an initial
course of IVIG, patients with a predicted poor outcome
were randomized to the second round of IVIG or placebo
beginning within 9 days of the start of the first
treatment.52 At four-week follow-up, those assigned to
the second round of IVIG treatment had similar disability
scores and more adverse effects (17 versus 7) compared
with those who received placebo.

Treatment-related fluctuation (TRF):

TRF is generally defined as a worsening of at least one
grade on the GBS disability scale, or a decrease in
Medical Research Council sum score after initial
stabilization or improvement within the first 8 weeks
after treatment.53 TRFs have been reported in 8–16% of
patients with GBS treated with either IVIG or PE.54 At
present it is not possible to predict who may develop a
TRF or how long and severe a TRF will be.

The mechanism of a TRF has not been elucidated but it
has been hypothesized that the effect of treatment is
transient while disease activity continues.54 Therefore,
it is rational to treat a patient with a TRF with the second
course of either IVIG or PE but no RCTs have been
conducted to demonstrate the effect.

Add-on or alternative treatment:

Various trials have shown, treatment with corticosteroids
alone does not improve recovery in GBS and some
studies even suggest that oral corticosteroids may delay
recovery.55 One large RCT indicated that intravenous
methylprednisolone (500 mg/day for 5 days), when
added to IVIG, has a small effect at 4 weeks after a post-
hoc correction for known prognostic factors, but there
was no improvement of long-term outcome.56

Two small RCTs have reported a non-significant effect
of brain-derived neurotrophic factor (BDNF) or
interferon â-1a (IFNâ-1a) on disability grade or rate of
improvement, respectively. 57 58 A third small RCT found
a significant effect on the improvement of disability
grade 8 weeks after the onset of symptoms when
patients were treated with a Chinese herbal medicine
tripterygium polyglycoside compared with high-dose
corticosteroids.59 Another small, open parallel-group
study found a similar effect when comparing PE to
filtration of cerebrospinal fluid.60 In critically ill patients,
a small German study reported that treatment with
selective immune adsorption (SIA) seemed to be safe
and effective.61 But these studies were too small to
exclude clinical relevance and larger sequential RCTs
might be more promising.62 At present there is no
evidence for the effect of alternative treatments.
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GBS in children:

GBS may occur at all ages. Currently, there is no
indication to treat children with GBS differently than
adults. Various studies showed that IVIG had a
significant effect on shortening the time to improvement
and total recovery than dexamethasone or supportive
care.63 The effect of PE has not been investigated
extensively in large randomized trials in children. PE in
children can have more adverse events and
complications than in adults because of citrate toxicity,
higher relative vascular volume shifts, and the need for
safe vascular access.64

Patients with variant forms of GBS:

The efficacy of immunotherapy for patients with
variants form of GBS has not been firmly established. In
Miller Fisher variant, immunotherapy may be considered
for those who have respiratory involvement and those
whose symptoms evolve to include bulbar or limb
weakness.65 For patients with Bickerstaff brainstem
encephalitis, immunotherapy can be offered because of
the severity of symptoms, despite lack of evidence of
the efficacy.66

Future compounds:

Studies in patients and animal models have established
the crucial role of complement activation in the
pathogenesis of GBS.67 Eculizumab (Figure 1:3), a

humanized monoclonal recombinant antibody to
complement factor 5, prevents the formation of
membrane attack complex and nerve injury in an animal
model for GBS.68 This complement inhibitor is therefore
a promising new treatment for GBS that is currently being
investigated in two RCTs (Inhibition of Complement
Activation (Eculizumab) in GBS study (ICA-GBS) in UK
and Japanese Eculizumab Trial for GBS (JET-GBS) in
Japan). 69, 70 These studies implicate that eculizumab
seems safe and well-tolerated, and might potentially
improve outcome in GBS as an add-on treatment to IVIG,
but larger trials should be required.

Another complement inhibitor that was shown effective
in mouse models is an anti-complement factor 1 (C1)q
antibody (Figure 1: 2). Currently, a phase 1 clinical trial

to assess safety and tolerability of anti-C1q antibody
(ANX005) in healthy volunteers is being conducted.72

Another potentially promising therapeutic agent is the
IgG-degrading enzyme that is secreted

by Streptococcus pyogenes (IdeS). The enzyme cleaves
IgG molecules into the antigen-binding fragment -
F(ab’)2 - and Fc-portion, and is therefore expected to be
effective in GBS through the cleavage of pathogenic
antibodies (Figure 1: 1)72. A phase 2 trial for IdeS is
planned in Europe.

Fig.-1: future therapeutic molecules75
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Furthermore, reports of in vitro and animal studies and
case reports on the efficacy of biological drugs in GBS
show promising results, but clinical trials are needed to
extent these findings73.

For the patients from developing countries:

Guillain-Barré syndrome (GBS) takes its toll on the
resource-poor developing countries where the incidence

of GBS is severalfold higher than that of Europe and
North America. The poor outcome of GBS in these
countries is explained predominantly by the lack of
treatment and medical support. More than 90% of

patients receive only supportive care. Small volume
plasma exchange (SVPE) can be the most affordable
alternative for these patients. It is based on the same
principle as PE, where neurotoxic antibodies containing

plasma and other components are separated from the
patients’ blood by gravity, which is 25 times less
expensive.  One pilot study in Bangladesh showed its
effectiveness.74 But a well-designed larger study should

be conducted. If the efficacy is demonstrated, SVPE will
be the best option for patients from low-income
countries. About more than half of all patients with GBS
in the world belong to this category.

Conclusion:

GBS is clinically and immunopathologically a
heterogeneous disorder in which very few effective (and
unspecific) immunomodulatory therapies are available.

Biomarkers for treatment selection and monitoring are
lacking, that resulting in under-treatment, treatment
failure,

and suboptimal outcomes. Further researches are
warranted for the development of specific molecules to
combat the disease appropriately in a cost-effective way.
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