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GBS and CIDP show many similarities but are usually considered separate disorders 
mainly based on differences in duration of onset, subsequent disease course and re-
sponse to treatment. There are other differences, like the occurrence of preceding infec-
tions or antiganglioside antibodies but many similarities also exist. In clinical practice 
the distinction between GBS or CIDP may not be straightforward and some patients do 
not fulfil the strict diagnostic criteria for GBS (duration of progression less than 4 weeks) 
or CIDP (duration of progression at least 8 weeks).1-3 First, there are patients with an 
onset phase of 4-8 weeks that have been described as subacute idiopathic demyelinat-
ing polyradiculoneuropathy (SIDP). 4 Second, some patients initially fulfil the criteria for 
GBS and are diagnosed as such, and then show secondary deteriorations after initial 
improvement or stabilisation with IVIg or PE treatment, or show further progression for 
a period exceeding 8 weeks without these treatment-related fluctuations (TRFs). These 
patients are eventually diagnosed with an acute-onset (A-CIDP). Third, although GBS is 
in general a monophasic disorder, some patients do have recurrences of acute weakness 
and should be diagnosed with recurrent GBS and treated accordingly. Fourth, some CIDP 
patients have a monophasic course, needing only one IVIg treatment course before they 
get into remission. Fifth, some cases have been reported in which individual patients 
had separate episodes of both GBS and CIDP. These clinical observations may suggest 
that GBS and CIDP share common host susceptibility factors and/or form a continuous 
spectrum of inflammatory polyradiculoneuropathies. An accurate diagnosis has major 
implications for both the monitoring and treatment of individual patients.

For GBS, IVIg is usually the first choice treatment since plasma-exchange (PE) requires 
good vascular access and specific facilities and may be difficult to perform when pa-
tients have autonomic disturbances, and because PE is less convenient treatment with 
PE is less likely to be completed.5 All patients treated with IVIg receive the same initial 
arbitrary dose of 2 g IVIg per kg body weight (usually divided over a five-day course). This 
dosage is based mainly on the clinical experience of treating patients with idiopathic 
thrombocytopenic purpura. Not all GBS patients, however, have a good recovery after 
this standard dose and some show an end-of-dose effect with deterioration after initial 
improvement, a so called TRF, which can be treated successfully with another course 
of IVIg. The severity of GBS as well as the outcome (after four weeks or six months) 
varies considerably between patients and therefore it is likely that this standard course 
of IVIg might not be optimal for all. Although the exact working mechanism of IVIg is 
still unknown, IgG is the major component of IVIg and probably responsible for most 
of the immune modulating effects. IVIg clearance and consumption may vary between 
individual patients with GBS, suggesting that some patients may show better recovery 
after a higher dosage or second IVIg course. In contrast to CIDP, corticosteroids (given 
either oral or IV) are not effective in GBS.6 There might be a limited short-term additional 
effect of IV methylprednisolone added to IVIg after correction for prognostic factors. 7
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For treatment of CIDP, IVIg, PE, and corticosteroids have all proven to be beneficial. 
Corticosteroids and IVIg differ in terms of cost, speed of action and adverse events. There 
is no consensus on which is the best treatment for individual patients of CIDP. In CIDP, 
IVIg treatment is started with the same arbitrary standard dosage of 2 g/kg as in GBS. 
Most patients with CIDP require maintenance treatment for a prolonged period of time, 
some even till up to more than 30 years. IVIg maintenance treatment regimens vary 
considerably between CIDP patients and between institutions. IVIg treatment schedules 
seem to be dependent on both disease activity but may also be related to individual 
differences in catabolism of IVIg. Fast IgG metabolisers may require a shorter infusion 
interval than slow metabolisers. How maintenance IVIg treatment should be given and 
how treatment should be individualised by defining the optimum dosage and interval is 
currently unknown and is usually done by trial and error and seems to be related to the 
preference of local neurologists or departmental guidelines.

In this thesis we investigated the diversity of GBS and CIDP with its overlapping forms 
as well as the variation in response to treatment, with a focus on the treatment with 
IVIg. Defining the variation in subtypes of inflammatory neuropathy patients as well 
as the diversity in treatment response is important in order to be able to individualise 
treatment regimens.

In this chapter the main results of these studies, as described in chapter 2-4, will be 
discussed in relation to the available literature. Based on these results, recommenda-
tions for clinical practice are provided and suggestions for further research will be given.

The Spectrum of GBS and CIDP

Recurrences of GBS have been reported in small case series to occur in about 2-5% 
of patients. 8,9 In chapter 2.2 we describe the largest group of recurrent GBS patients 
published so far. This was the first study comparing the characteristics of recurrent GBS 
with those of non-recurrent GBS patients. Since we identified 32 patients with recurrent 
GBS out of a total of 524 GBS patients, the crude estimated prevalence is around 6%. In 
these patients, the clinical symptoms in a first episode were often similar to the follow-
ing episodes (either GBS or MFS; pure motor or sensory-motor) but the severity of the 
symptoms and the nature of the preceding infections varied between episodes. There 
was a trend towards a shorter interval between episodes and a more severe deficit with 
each recurrence. A later study from the Gothenburg region confirmed that the frequency 
of recurrent GBS is 6%.10 This study that used our definition of recurrent GBS, found that 
there was a trend towards similar viral infections in recurrences.10 Some patients in our 
study had very specific recurrent symptoms during subsequent episodes, such as unilat-
eral cranial nerve palsy at the same site. Replicated laterality of cranial nerve dysfunction 
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has been described before in MFS.11,12 The results from our study suggest that some 
patients have a susceptibility to have an abnormal immune reaction to certain types of 
infection, resulting in a person-specific immune-mediated nerve injury. The finding of 
similar symptoms in individual recurrent GBS patients has been reproduced later in an 
Asian cohort.13 In our cohort, recurrences of GBS occurred more frequently in young pa-
tients (<30 years), in those with milder symptoms and in patients with the MFS variant. 
Age as a risk factor for a recurrent GBS was not described in the literature before. After 
the publication of our study another study group confirmed that the mean age in the 
recurrent GBS patients was significantly lower than in the non-recurrent ones (35 vs. 51 
years).10 Why a younger age predisposes for a recurrent course is unknown. It is possible 
that an immunological host factor is involved and that younger GBS patients in general 
have more time ahead to encounter infections that results in an immune-response to 
nerves causing a recurrence. Furthermore, in younger patients the immune system 
might be more active and vulnerable to develop a recurrence. In addition, patients with 
a specific genetic and or immunological predisposition to develop GBS might develop 
the disease at an earlier age. The mean age of patients with a relapsing course of CIDP 
has been reported to be lower compared with CIDP patients with a non-relapsing 
(monophasic or progressive) course (27 vs. 51 years).14 This further strengthens the idea 
that GBS, recurrent GBS, relapsing CIDP and other varieties of CIDP all form parts of the 
same spectrum of inflammatory neuropathies. Patients with the MFS subtype were also 
found to be more likely to have a recurrence than GBS patients in an Asian cohort.15

Interestingly, other autoimmune diseases were more common in recurrent GBS than in 
non-recurrent GBS patients although this did not reach the conventional level of statisti-
cal significance (p = 0.05). Despite its retrospective nature, our study provides important 
information that patient-specific genetic and/or immunological host factors likely play 
an important role in recurrent GBS and are probably more important in determining the 
clinical phenotype than external factors such as preceding infections.

The rare case descriptions of patients who had had separate episodes of both GBS 
and CIDP (Chapter 2.1 and 2.3) further suggests that GBS and CIDP may constitute 
a clinical continuum and that there are common host specific factors that influence 
the susceptibility for inflammatory polyneuropathies. After our publication, a Swedish 
publication described two recurrent GBS patients who developed a progressive clinical 
course similar to CIDP.10 The fact that these patients were published in a paper on recur-
rent GBS shows that differentiation between GBS and CIDP can be difficult and perhaps 
they should be considered as part of a continuum.

In Chapter 2.1 the results of a survey among 461 members of the Dutch society of 
neuromuscular disorders are described. A total of 245 GBS and 76 CIDP patients were 
included. Nineteen of these 245 (7%) GBS patients reported a recurrence and in 9 of 
these we could verify the recurrence by screening of medical letters (4%). Two patients 
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had separate episodes in which they both had GBS and CIDP. Other autoimmune dis-
eases were present in 9% of GBS patients (23/245) in this cohort which is higher than 
the prevalence of 5% reported in the general population. 16 Another study reported a 
higher frequency of other autoimmune diseases in multifocal motor neuropathy (MMN) 
another inflammatory neuropathy. 17 In a large Dutch and Canadian cohort of CIDP 
patients as described in Chapter 3.3, other autoimmune diseases were present in 13% 
of CIDP patients (35/281), and 5 of these 35 patients even had multiple autoimmune 
disorders.

GBS is an immune-mediated disease that can be triggered by preceding infections 
but potentially also by vaccinations. The possible association of inflammatory poly-
neuropathies with vaccination causes considerable uncertainties among patients and 
society. To help answer the question of whether patients with GBS or CIDP may be vac-
cinated, we studied the recurrence of GBS after receiving a vaccination. In our study, 
described in Chapter 2.1, none of the 106 GBS patients who received a flu vaccination 
(range 1-37 times, with a total of 775 vaccinations) in the years after they developed 
GBS reported a recurrence thereafter. Of the 24 patients who received a flu vaccination 
(range 1-17 times) after being diagnosed with CIDP, five reported an increase in symp-
toms after one or more vaccinations. The results of our study indicate that the risk of 
developing a recurrence of GBS after a flu vaccination is small, and that flu vaccinations 
seem relatively safe in patients who have had GBS or still have active CIDP. In 1976 the 
American vaccination programme against the swine flu virus, an influenza virus, was 
stopped prematurely due to an increase of cases developing GBS after vaccination.18 
In 2009 the world witnessed the emergence of another influenza virus of swine origin 
that was a serious public health threat. After the quick development and start of the 
vaccination campaign against the Mexican flu (H1N1) the question was raised whether 
GBS and CIDP patients could receive a vaccination safely.19 The results of our study and 
the fact that the chance of getting (recurrent) GBS after a vaccination is probably much 
smaller than the chance of getting (recurrent) GBS after a flu infection itself resulted 
in our recommendation, as well as that from others, that GBS or CIDP is no absolute 
contraindication for a flu vaccination.19-22 In GBS or CIDP patients with a reason for a 
flu vaccination, due to advanced age or comorbidity, the risk of getting GBS after flu 
infection is probably higher than the risk of the vaccination itself. This recommendation 
has been further supported by other studies.23-25 It is important to mention that GBS or 
CIDP patients who do not belong to this risk group, should not have vaccinations. When 
a CIDP patient receives a vaccination one should be aware that a temporary increase of 
symptoms may occur but this is usually minor and does not require extra treatment.20,22,26 
A flu vaccination is relatively contraindicated in patients who had GBS recently (past 6 
weeks) or in patients with a history of GBS in the six weeks after a flu vaccination. A large 
multinational study in Europe, including the Netherlands, did not observe an associa-

6 Erasmus Medical Center Rotterdam



tion between the influenza H1N1 vaccine and GBS, after adjustment for confounders. 
27 Although our survey (Chapter 2.1) provided useful information regarding the safety 
of vaccinations it has several methodological limitations due to its retrospective nature 
such as selection as well as recall bias. Strong aspects however are the large numbers of 
patients included (response rate of 70%) with an extended follow-up time and the fact 
that we confirmed the diagnosis of recurrence.

Recurrences and vaccinations in patients within the spectrum of GBS and CIDP:
some key-points for clinical practice
1.	� Recurrence of GBS is rare, with a recurrence rate of around 6%.
2.	� Recurrences of GBS are more likely in patients under 30 years of age, in those with initial milder 

symptoms and in patients with MFS.
3.	� CIDP patients can experience a temporary minor increase of symptoms after a flu vaccination.
4.	� Seasonal flu vaccinations seem relatively safe in GBS or CIDP patients. GBS or CIDP itself is no reason to 

have a flu vaccination.

Treatment of CIDP

IVIg, PE and corticosteroids are effective treatments for CIDP, but each treatment may 
be more or less effective in certain individuals or a subgroup of patients and may cause 
treatment specific side-effects.28 In Chapter 3.1 we give an overview of their efficacy, 
side effects, costs and availability in order to guide clinicians in their choice of treatment. 
An update of the Cochrane reviews is given in Table 1. The fact that the proof of evidence 
for IVIg is better than for corticosteroids even on the long-term, its faster speed of action 
and better (long-term) side-effect profile is probably the main reason that IVIg is often 
the first treatment choice in countries where IVIg is available and affordable. The main 
advantage of corticosteroids is its low price and ease of administration. A recent study 
has found that high-dose (pulsed) treatment with corticosteroids is likely to induce a 
more long-lasting effect than IVIg, since the time to relapse is longer after discontinu-
ing steroids than after IVIg. 29,30 On the other hand, IVIg was shown to be superior over 
high-dose corticosteroids because it was effective more often and better tolerated.29 
Our study, as described in Chapter 3.3, indicates that IVIg is a very effective treatment 
and that (long-term) adverse events are minor and hardly ever a reason to withdraw 
treatment. High-dose corticosteroids given as pulsed therapy may result in less side-
effects than daily oral steroids although this has not yet been proven.31 Not much is 
known about the risk of side-effects of corticosteroids in CIDP because most trials have 
an insufficient follow-up period to capture these on the long-term.32 PE has the advan-
tage of a fast speed of action, similar to IVIg. In a retrospective study, side-effects leading 
to therapy interruption, occurred more often after PE (19%), than in steroid (12.5%) or 
IVIg (4%) treatment.33 The disadvantage of PE is that PE is less convenient and special 
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equipment is needed for the procedure. Therefore, PE is usually given only when both 
IVIg and steroids have shown to be ineffective. There is no evidence so far from RCTs for 
the effectiveness of other immunomodulatory drugs in CIDP. 28,34,35 Patients diagnosed 
with CIDP, who do not improve after IVIg, corticosteroids or PE, should have their di-
agnosis reconsidered. 36 Patients who become unresponsive to treatment should be 
re-evaluated for the appearance of a monoclonal protein or other signs of malignancy.37

Since some CIDP patients reported that one brand of IVIg seemed more efficacious 
than another; we compared the efficacy of two immunoglobulin brands in a RCT (CIC 
study).41,42 The results of this trial are described in Chapter 3.2. This trial did not find any 
differences in efficacy between two different IVIg products (a liquid and a freeze-dried 
product). The limitations of this study are that it was an equivalence study and that for 
practical reasons only two products were compared (both manufactured by the same 
pharmaceutical company and likely from the same donor population). Our study was 
the first RCT to compare various IVIg brands in inflammatory neuropathies. After this 
publication, another study showed similar results. 43 Although different IVIg brands all 
contain similar amounts of IgG, they differ slightly in composition, purification and virus 
elimination process. 44 In patients with renal failure, preparations with a low sugar or 
sucrose content are recommended and patients with thromboembolic risk factors are 
likely better off being treated with preparations with a lower osmolality and protein 
level infused over a longer period of time.44 Currently another RCT is comparing two dif-
ferent IVIg preparations in CIDP. 28,45 Different IVIg brands did not seem to differ much in 
respect to IgG Fc–glycosylation as well.46 Since IVIg brands are similar in efficacy, trying a 
different brand of IVIg in patients who show no response to IVIg is unlikely to be useful. 
It may however be tried when patients experience more than usual side-effects related 
to IVIg treatment.

In Chapter 3.3 we describe a study that included 281 CIDP patients from two neuro-
muscular disease centres that all received IVIg as a first treatment. These patients were 
followed for a mean duration of 5 years (median 3.8 years, range 20 days-28 years). A 
clear and significant response to IVIg (improvement ≥ 1 grade on the mRankin scale) 

Table 1. Cochrane reviews in the treatment of CIDP

Study Treatment Efficacy Speed of
action

Potential 
long-term 
adverse 
effects

Availability Costs

Eftimov38 IVIg Proven Fast Minor Good High

Hughes39 Corticosteroids Proven Moderate Severe Very good Low

Mehndiratta40 Plasma exchange Proven Fast Minor Variable High

Mahdi-Rogers35 Other immunomodulatory 
drugs

Unknown Variable Severe/
variable

Good/
variable

Moderate/
variable
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was achieved in 76% of patients. The higher response rate to IVIg in our study com-
pared to the ICE trial (response rate of 58%) is likely due to the fact that the diagnosis 
in our study was always established by a senior neurologist with long-term experience 
in the diagnosis and treatment of CIDP.47,48 Although most patients required long-term 
treatment, 16% of the treatment responders who achieved a documented clinical remis-
sion needed only one IVIg course, a similar percentage has been reported before.2 If 
these patients had been treated with corticosteroids as a first treatment they probably 
would have been on steroids for many months due to the need for slow tapering with 
steroids. In the largest clinical trial of IVIg in CIDP side effects were also an infrequent 
reason to stop treatment even over the long term.48,49 In our study, most of the IVIg non-
responders received an alternative subsequent treatment successfully; 66% improved 
after plasma exchange and 58% with corticosteroids. Of the IVIg non-responders who 
were treated with at least one other treatment modality, about three quarters improved 
after either PE, corticosteroids or both. The response rate to second as well as third 
treatment modalities (corticosteroids or PE) we found was higher compared to what 
has been reported in the literature.33,50 Although our study was non-blinded, it provided 
an important implication for clinical practice, as it seems very useful to try one or even 
two of the other three evidence based efficacious treatments before moving to other 
immunomodulatory treatments since efficacy of these treatments has not been proven 
in CIDP.35 Given the high success rate of IVIg, PE and corticosteroids, combining two 
treatments is rarely necessary and might cause an unnecessary risk of (more) side ef-
fects. In CIDP both corticosteroids and IVIg are in general efficacious, but some patients 
for unknown reasons do not respond to either one of the two treatments. In multivariate 
analysis, the presence of pain or a difference in level of weakness between arms and 
legs was associated with a lack of response to IVIg in our study. Whether these patients 
are better off when treated with corticosteroids still needs to be investigated. Some of 
the patients from our cohort have been included in a previous study from the Erasmus 
MC that already showed an association between no response to IVIg and a discrepancy 
between weakness of the arms and legs. 51 In patients with pure motor CIDP, IVIg is 
generally recommended as a first choice because corticosteroids can lead to a dramatic 
clinical deterioration, as we have experienced several times. 2,52 A post-hoc analysis of 
the PREDICT trial, comparing dexamethasone with prednisolone in CIDP, reported an 
association of less sensory electrophysiological abnormalities with early deterioration 
in CIDP patients treated with corticosteroids.53 In our cohort, 46% of pure motor CIDP 
patients however did show a significant improvement after steroids; therefore this treat-
ment should not be omitted in pure motor CIDP if IVIg is not efficacious.

In our cohort, there were only 3 patients who did not respond to any of the three 
proven effective treatments, all were screened again but no alternative diagnosis was 
found. The high response rate to the first as well as the second or third treatments mo-
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dalities in our study is likely due to the short interval (median 4 months) from symptom 
onset to start of treatment and the fact that patients were treated in neuromuscular 
centres with a long experience and expertise in diagnosing and treating CIDP by expe-
rienced doctors. This may be important because recent studies from the USA showed 
that the diagnosis of CIDP is often made incorrectly, especially by non-neuromuscular 
specialists, in patients with another cause of neuropathy or no neuropathy at all.54,55

Important limitations of our study (Chapter 3.3) are its retrospective nature and the 
fact that some items, such as pain or other autoimmune disease, were not assessed in a 
standardised manner. Subgroups of patients who only improved after a third treatment 
modality were relatively small, and therefore offer limited information. Currently it is 
not possible to predict whether an individual CIDP patient will improve after IVIg or 
steroids or whether a treatment failure is more likely. Animal models of CIDP are be-
ing developed and used to continue the search for biomarkers in order to be able to 
predict the response to IVIg.56 CIDP patients with antibodies of the IgG4 isotype against 
paranodal proteins contactin-1 (CNTN1) and neurofascin-155 (NF155) share specific 
clinical features and are less likely to respond to IVIg.57,58 59 Although specific autoanti-
bodies can be detected only in a small group of CIDP patients so far, they can be useful 
in guiding treatment choice. It has been suggested that rituximab might be useful in 
these patients with IgG4 antibodies. 60 Recently it has been reported that CIDP patients 
with contactin-associated protein1 (CASPR1) are less responsive to IVIg and they show 
severe neuropathic pain, since the presence of pain was associated with no response 
to IVIg in our cohort it will be interesting to check these patient for these antibodies.59 
Furthermore it is possible that the discrepancy in weakness between arms and legs that 
we found to be associated with no response to IVIg, can be explained by axonal changes 
due to certain antibodies.

Although IVIg, corticosteroids and plasma exchange are all proven efficacious in CIDP, 
many questions still remain. Maintenance treatment regimens vary largely between pa-
tients and the best strategy to adjust maintenance IVIg treatment in individual patients 
with CIDP is unknown. In Chapter 3.4 we give an overview of what is currently known 
regarding IVIg maintenance treatment and give guidance on how maintenance treat-
ment can be given in clinical practice. We are currently investigating in an RCT whether 
more frequent low IVIg dosing is more effective than low frequency high dosing as 
maintenance treatment in CIDP (DRIP study) which is briefly pointed out in Chapter 3.5.
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Treatment of CIDP: practical key-points
1.	� Around three quarters of treatment-naïve CIDP patients is responsive to IVIg.
2.	� In CIDP patients who do not respond to one or two courses of IVIg, trying a different brand of IVIg is 

unlikely to be useful.
3.	� In IVIg non-responders, the response rate to steroids or PE is still quite high. Therefore, these treatments 

should both be tried first before trying other immunosuppressive drugs that have not been proven to be 
efficacious.

4.	� Although there is a risk of deterioration, pure motor CIDP patients can show a good response to 
corticosteroids. This implies that when IVIg is not efficacious, treatment with corticosteroids should not 
be omitted.

5.	� Patients without a difference in weakness between arms and legs and those without pain are more likely 
to improve after IVIg.

6. 	� From the patients who are IVIg responsive and who reach a clinical remission, about 15% only needs one 
course of IVIg.

7.	� Most CIDP patients need IVIg for a long period of time, but side effects are hardly ever a reason to stop 
treatment, even on the long-term.

Serum IgG levels in IVIg-treated GBS and CIDP

The working mechanism of IVIg in GBS and CIDP is still unknown and patients are 
treated with the same standard induction dose (2 g/kg in 2-5 days) for many years based 
on studies in idiopathic thrombocytopenia.61,62 Not all patients recover well after this 
standard dose, but studies comparing different IVIg dosages have not been done in 
GBS. It has been shown that the number of plasma exchanges could be adjusted to the 
severity of GBS, and that in CIDP the response (rate and magnitude) can be improved 
by either repeating or increasing the dosage.63, 64 In the treatment of CIDP it is known 
that at least two IVIg courses may be required before patients show an improvement. 
65 A small case series suggested that a second IVIg course might be beneficial in severe 
unresponsive GBS patients. 66 Although not formally investigated, re-treatment with IVIg 
is recommended in GBS patients who show a treatment-related fluctuation (TRF).67 68 
These findings indicate that patients with inflammatory neuropathy may not respond 
equally to a standard IVIg dosage and that some patients may benefit from a higher 
dosage or additional course of IVIg. The differences in treatment response may be re-
lated to a variation in the clearance or consumption of IVIg. In patients with primary 
immunodeficiency the pharmacokinetics of IVIg have been reported to show consider-
able variability, which may suggest that a similar variability is present in patients with 
inflammatory neuropathies.69

In Chapter 4.1 we describe a study that was conducted with 174 GBS patients, who 
had all participated in one of two previous RCTs and were treated with a standard course 
of IVIg (2 g/kg in 5 days). 7,70 We found considerable variation between GBS patients in 
the pharmacokinetics of a standard course of IVIg. Patients with a low increase in serum 
IgG two weeks after standard IVIg treatment (delta IgG level) had a more severe course 
of disease expressed as a higher GBS-disability score and a lower MRC sum score both 
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at entry and nadir. The time required to improve one grade on the disability scale was 
significantly longer in the patients with the lowest increase in serum IgG. A low increase 
in serum IgG two weeks after IVIg was associated with a worse outcome, independent 
of other prognostic factors. Our data suggest that a certain threshold of delta IgG (> 
7.30 g/L) is required for a substantial therapeutic effect in GBS. When adjusted for the 
Erasmus GBS Outcome scale (EGOS) prognostic model,71 the delta IgG level was still 
associated with the outcome at six months (Chapter 4.1). From these results, it can be 
concluded that a subgroup of GBS patients may likely benefit from a second course of 
IVIg. Whether some patients, for example those who metabolise IVIg faster, have a better 
outcome when treated with a second course of IVIg requires further investigation in 
a RCT. Based upon the results of our study, the second IVIg dose trial in GBS patients 
with a poor prognosis was started (SID-GBS trial), registered in the Dutch trial register 
as NTR2224.72 Although some GBS patients with a poor prognosis are already treated 
in clinical practice with another course of IVIg, results from a RCT are needed to prove 
whether this is justified.73

In our study, GBS patients with a higher pre-treatment serum IgG level had slightly 
more disability in the acute stage. A higher disease activity with more extensive immune 
activation and nerve damage may result in a higher consumption of IVIg. Patients with a 
higher serum IgG level are known to have a higher catabolism of IgG, probably caused by 
the saturation of the pool of neonatal Fc receptors that protects IgG from degradation. 
74-76 The expression level of the neonatal Fc receptor (FcRn) is influenced by the number 
of gene copies, but a recent study found no difference between this genetic polymor-
phism and the pharmacokinetics of IVIg or outcome in GBS. 77 It is interesting that the 
serum IgG level at a three and six month time period did show statistically significant 
differences between groups of GBS patients with different FcRn polymorphisms.77 
It is possible that the “baseline” serum IgG level, before the administration of IVIg, is 
influenced by the acute stage of the disease suggesting that serum IgG levels being 
measured much later are more representative for the individual “baseline” IgG level.77 
This means that a relationship between FcRn polymorphisms and serum IgG levels can-
not be ruled out. Serum IgG levels are associated with serum albumin levels which may 
be explained by the fact that both IgG and albumin are protected against degradation 
by the FcRn.78,79 Patients with a mutation in the b2-microglobulin chain of the FcRn 
have been reported to have a higher catabolism of IgG.80 The higher IgG baseline level 
that we found in our GBS study only had a small effect on the variation observed in 
delta IgG level, and in multivariate analysis the pre-treatment serum IgG level was not 
associated with the outcome. After the publication of our results, the MMN research 
group in Utrecht investigated the pharmacokinetics of IVIg in MMN.81 Serum samples 
were obtained at somewhat different time-points before and after a standard course of 
IVIg (2 g/kg) in 23 treatment-naïve MMN patients. 81 Similar to our results the authors 
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found a large variation in serum IgG level as well as in delta IgG between patients.81 
Furthermore baseline IgG levels were higher and the mean delta IgG level was lower in 
IVIg non-responders but due to the low patient numbers it is likely that this study could 
not provide sufficient power to detect significant differences. 81

The optimum dosage and frequency of maintenance IVIg treatment varies widely 
between CIDP patients. 82 This variation might be partially explained by individual dif-
ferences in IVIg catabolism and disease activity. In Chapter 4.2 we describe a study in 
which we investigated serum IgG levels in CIDP patients with active but stable disease 
obtained from a previous RCT comparing two different immunoglobulin preparations in 
CIDP (Chapter 3.2). All patients were IVIg responsive and had been treated according 
to their own individual established optimum regimen of IVIg. 2 Similar to what has been 
reported in the literature, the total dosage of IVIg per infusion required to reach a stable 
clinical situation did not correlate with body weight.82 83 This is of interest since at least 
the loading dose of IVIg is still based on body weight. Disability did not correlate with 
the IVIg dosage required, which is similar to what we observe in clinical practice where 
initially more severely affected CIDP patients do not seem to require a higher dosage 
than mildly affected patients of the same body weight. It has been reported previously 
that the dosage of IVIg required does not correlate with (initial) disability in CIDP. 82 
Although the inter-patient variability in increase in serum IgG immediately after IVIg 
was higher than the intra-patient variability in these CIDP patients (Chapter 4.2), both 
were considered low. Serum IgG levels remained relatively constant over time during 
subsequent courses of maintenance IVIg treatment in stable CIDP patients. More or less 
constant serum IgG levels (above a certain threshold) are probably needed to reach and 
maintain a clinical stable situation in CIDP. Different from our pharmacokinetic study in 
GBS (Chapter 4.1) is that all CIDP patients were known to be IVIg responders, and all 
were in a clinically stable situation receiving maintenance IVIg treatment according to 
individual established dosages and intervals. A limitation of this study is the relatively 
low number of patients that received exactly the same dosage and frequency of IVIg, 
reducing the amount of patients that could be compared. Two other studies published 
later on, found constant serum IgG levels during two courses of IVIg in CIDP. 79,83 Both 
these studies reported large inter-patient variability, although the study by Rajabally 
et al. does not report whether they only compared patients with the same dosage and 
interval. 79,83

High peak levels of serum IgG may not be needed for maintenance treatment of CIDP 
with IVIg. Whether more frequent dosing of IVIg leads to more stable IgG levels and 
higher trough levels corresponding with an improvement in efficacy and less side ef-
fects is currently being investigated in an RCT in a cohort of CIDP patients (DRIP study) 
(Chapter 3.5).84 It is reported that a decrease in serum IgG level seems to correspond 
with a higher level of clinical disability in MMN and CIDP. 79,85,86 Serum IgG levels have 
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been used to guide dosage and interval of IVIg in CIDP for the first time in a small study. 
86 If high peak levels are needed for the efficacy of immunoglobulins IVIg would be pre-
ferred above SCIg. if high peak levels are not needed and the efficacy is more dependent 
on stable serum labels as well as high trough levels, SCIg would be more favourable. 
The fact that a loading dose of IVIg (0.4 g/kg/day over 5 days) improved motor function 
to a similar degree as SCIg in treatment-naïve CIDP (0.4 g/kg every week) suggests that 
a loading dose is not always needed to initiate a therapeutic response. 87 In this study 
patients did show an earlier maximal improvement after treatment with IVIg compared 
to when treated with SCIg, which might be explained by the higher peak serum levels 
of IgG after the loading dose of IVIg. 87 Results of future trials are required to investigate 
whether monitoring of serum IgG levels can be used to improve the clinical efficacy of 
IVIg treatment in GBS or CIDP. Till then monitoring of serum IgG levels to adjust the IVIg 
dosage and interval cannot be recommended.

IgG levels in IVIg treated GBS and CIDP: practical key-points
1.	� GBS patients show considerable variation in the pharmacokinetics of IgG (after IVIg treatment) which is 

associated with the outcome at six months.
2.	� A low increase in serum IgG two weeks after start of IVIg is associated with a worse outcome in GBS, 

independent of other prognostic factors.
3.	� A subgroup of GBS patients may benefit from a higher dosage or second course of IVIg.
4.	� Body weight by itself does not seem to influence the IVIg dosage required for effective CIDP 

maintenance treatment.
5.	� In CIDP patients on maintenance IVIg treatment more constant serum IgG levels above a certain 

threshold level are probably required to reach and maintain a stable clinical situation.
6.	� Standard monitoring of serum IgG levels cannot be recommended until future trials provide more 

evidence that these levels are related to treatment response and outcome.

Future perspectives

To further investigate the whole spectrum of inflammatory polyneuropathies, including 
the rare subtypes such as GBS-TRF, recurrent GBS and A-CIDP; large prospective cohort 
studies are very helpful. The prospective International GBS Outcome Study (IGOS) 
started in May 2012 and by May 2017 included more than 1500 participants from 19 
countries across 5 continents.88 The IGOS is a perfect platform to gain a large amount 
of data regarding these rare subtypes of GBS from different geographical parts all over 
the world.88 Large international studies such as IGOS will provide opportunities to study 
genetic susceptibility factors in the development of these inflammatory neuropathies 
possibly via techniques such as genome wide association studies or whole exome se-
quencing. Understanding why some patients develop recurrent GBS or chronic forms 
of inflammatory polyradiculoneuropathy might give more insight how to improve and 
personalise treatment.
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Over the past 10-15 years, a lot of new information has been gathered that shed more 
light on the pathogenesis of GBS. A recent study has shown that former GBS patients 
show a stronger response to pathogen-associated molecules compared to healthy 
controls. 89 The next step could be to investigate whether patients with recurrent GBS 
show even stronger responses to pathogen-associated molecules compared to patients 
with a monophasic GBS. It is important to realise that GBS is highly diverse with respect 
to clinical course and outcome. Some less severely affected patients show spontaneous 
and complete recovery even without treatment, while others remain severely handi-
capped despite repeated IVIg treatment. Further studies are needed to understand what 
mechanisms influence this clinical diversity and how treatment can be personalised in 
such a way that each patient receives the optimal treatment for their own personal 
situation. The IGOS aims to define biomarkers for disease activity and recovery and to 
develop prognostic models to predict the clinical course and outcome in individual pa-
tients with GBS.88 Partially based upon the results of our study, as described in Chapter 
4.1, showing that GBS patients with a higher increase in serum IgG level two weeks 
after IVIg showed a better outcome, the SID-GBS trial was started.72 In this SID-GBS trial, 
GBS patients treated with a standard dose of IVIg that have a poor prognosis at day 7 
defined by the modified EGOS prognostic model90 are randomised to receive either a 
placebo or a second course of IVIg. Results of this RCT are expected by the end of 2018. 
If this trial can prove that a second IVIg dose is more effective in patients with a poor 
prognosis and/or a lower increase in serum IgG after the first course, this will lead to an 
improvement in treatment and outcome in GBS and as such will be a first step towards 
more personalised medicine in GBS. In the SID-GBS trial serum IgG levels will also be 
determined from an earlier time point (one week after the start of treatment) which is 
different from the study we have published (Chapter 4.1). Although the time window 
in which additional IVIg treatment is effective is unknown, it is likely that an early start 
of a second IVIg course is better (“time is nerve”) to avoid axonal damage or (para)nodal 
disruption. In CIDP a quick start of effective treatment is associated with a higher chance 
to be able to stop treatment later on. 91

A prospective international observation study (I-SID GBS study, as part of the IGOS) 
is currently investigating whether a second course of IVIg (started within the first four 
weeks after onset of GBS) is more effective than treatment with one standard course 
of IVIg. The results of this observational study are likely to be published prior to the 
results of the Dutch RCT (SID-GBS trial). In large parts of the world, especially in low 
income countries, IVIg is not readily available or too expensive and GBS patients are left 
untreated or are treated with PE (or modified PE). The decrease in serum IgG level has 
been reported to differ between patients treated with (standard) PE.92 The French PE 
trial indicated that the number of plasma exchanges could be adjusted to the severity 
of GBS.64 These papers together with the results of our study (Chapter 4.1) showing 
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an association between the delta IgG and outcome of GBS after a standard IVIg course, 
make it worth investigating whether patients with a poor outcome after PE have a lower 
decrease in serum IgG after standard plasma exchange (e.g. 4 sessions) and therefore 
would potentially benefit from more sessions of PE.64 The IGOS study will provide more 
information on a very large scale regarding multiple topics studied in this thesis, includ-
ing longitudinal serum IgG levels after IVIg in relation to outcome. In the IGOS study, 
serum IgG levels are determined at multiple time-points to determine IVIg pharmaco-
kinetics. Additionally, DNA polymorphisms will be investigated to determine potential 
genetic susceptibility factors involved related to the response to treatment. These data 
likely will be available within the next few years.

It is unknown why some CIDP patients do not respond to IVIg. Future research should 
focus on finding explanations for this lack of response, but also on why some patients 
after being treated with IVIg successfully over many years at some point do not need 
treatment anymore. Why CIDP patients who do respond to IVIg require different dos-
ages and frequencies is currently unknown and requires further investigation. A large 
scale international study similar to the IGOS is currently being prepared for in CIDP 
(ICOS study). This study will provide a large amount of data regarding the occurrence 
of A-CIDP, the response to IVIg treatment, as well as IVIg pharmacokinetics. These large 
international studies (IGOS and ICOS) provide unique opportunities to study genetic 
polymorphisms and other potential biomarkers that may explain why some patients do 
not respond to IVIg, require a higher dosage or prolonged IVIg treatment. The recent 
discovery of new antibodies in a small group of CIDP patients has led to an advance in 
understanding of the diversity of CIDP and its subforms and differences in the response 
to therapy. It is expected that over the next years new antibodies will be discovered 
in subgroups of CIDP patients that can be related to the treatment response which 
may further support the development of personalised treatment. Some concern has 
arisen recently whether IVIg leads to treatment dependency in CIDP when compared 
to corticosteroid treatment.30 Some CIDP patients however only need one or two IVIg 
courses, and patients who have been treated with IVIg for years can still reach a remis-
sion without the need for further treatment. Treatment dependent patients were more 
often responsive to IVIg and resistant to corticosteroids compared to patients whose 
treatment could be withdrawn and were not treatment dependant. 91

Future studies in CIDP will hopefully give an answer whether treatment dependency is 
due to clinical features or to the therapy used. Since IVIg acts fast, and high-dose steroids 
potentially may induce more frequent remissions, the Optimal Induction Treatment 
In CIDP study (OPTIC trial) has been initiated. This study will investigate whether the 
addition of methylprednisolone to IVIg will lead to an earlier remission. Future studies 
investigating serum IgG levels in CIDP patients treated with IVIg are expected. It is of in-
terest to investigate serum IgG levels in treatment-naïve CIDP patients who receive their 
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first IVIg course and to compare responders versus non-responders in order to predict 
response and individualise therapy as early as possible. Currently we are investigating in 
a RCT (DRIP-study) whether high frequent low dosage IVIg treatment is more effective 
than low frequent high IVIg dosage as maintenance treatment for CIDP (Chapter 3.5). If 
our hypothesis is true that more stable IgG levels lead to a better efficacy, subcutaneous 
IgG (SCIg) might potentially be more effective than IVIg because it is usually given in 
smaller dosages more often over time. A recent small study found similar efficacy on the 
short-term after SCIg compared to IVIg in treatment-naïve CIDP patients, with an earlier 
improvement following IVIg treatment.87 Very recently a large placebo controlled trial 
was published showing that SCIg is effective as maintenance treatment in CIDP.93 In the 
future, more studies are needed to compare the efficacy and pharmacokinetics of SCIg 
versus IVIg.94,95 Since CIDP patients have been treated with IVIg for over 30 years it is 
remarkable that so many questions still remain regarding its working mechanism, what 
determines the response, and how IVIg treatment can be optimised.

Final remarks

GBS and CIDP, connected by their overlap forms such as recurrent GBS, GBS-TRF, mono-
phasic CIDP and A-CIDP, should be considered parts of a spectrum of immune-mediated 
polyradiculoneuropathies instead of completely separate entities. Three facts appear to 
underline the importance of genetic and host-specific immune responses in GBS and 
CIDP; 1st only a small proportion of patients develop GBS after exposure to an identical 
infection, 2nd GBS and CIDP can co-occur in a single patient and 3rd GBS can reoccur at a 
higher rate than expected, showing similar symptoms after different infections.

Descriptions of specific individual cases can be relevant since these may give more 
insight into the clinical course and outcome of GBS and CIDP, especially in atypical 
patients who are often not covered in clinical trials. Since individual patients with GBS 
or CIDP can vary largely in clinical characteristics, severity, duration of progression, me-
tabolism, and outcome, it is unlikely that one standard treatment regimen will fit every 
patient. It is important to choose the best treatment option in each individual as soon as 
possible in order to prevent secondary axonal degeneration, side-effects and unneces-
sary costs. Treatment with a standard IVIg dosage based on body weight alone does not 
fulfil the needs of every patient. More personalised treatment based on an individual’s 
clinical subtype as well as genetic and metabolic factors instead of a one-size-fits-all 
approach can hopefully be applied in GBS and CIDP patients in the near future. Serum 
IgG levels may predict the clinical response to IVIg, but whether these levels can be used 
as biomarkers to improve IVIg treatment regimens needs to be determined in a RCT. 
Hopefully the results of the SID-GBS trial, that are expected by the end of 2018, will give 
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an answer as to whether a second IVIg course improves the outcome in patients with a 
poor prognosis. If it can be proven that monitoring of serum IgG levels can be used as 
a biomarker to optimise IVIg therapy this might also have an impact for other diseases 
that are currently treated with IVIg.
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