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Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) and multifocal motor 

neuropathy (MMN) are treatable inflammatory neuropathies.1,2 CIDP runs a progressive, 

relapsing-remitting or monophasic course and can lead to significant disability due to walking 

difficulties and loss of arm dexterity.3 MMN runs a slowly progressive course over many 

years and also lead to significant disability in some patients due to impaired manual 

dexterity.4 The prevalence of CIDP varies between 1 to 9 per 100,000 adults, while the 

prevalence of MMN is estimated to be 1 to 2 in 100.000.3,5-7 Although both conditions share 

similar electrophysiological signs of demyelination, they are generally regarded as different 

disease entities within the spectrum of inflammatory neuropathies based on clinical 

phenotype, different disease course and different response to various treatments.8  

 

Chronic inflammatory demyelinating polyradiculoneuropathy  

The diagnosis of CIDP is based on clinical, electrophysiological and sometimes 

cerebrospinal fluid features and/or demyelinating features found in nerve biopsy. A typical 

CIDP patient has symmetric proximal and distal weakness and sensory dysfunction of all 

extremities, developing over at least 2 months with absent or reduced tendon reflexes.1 

Various other clinical phenotypes have emerged over the years: multifocal acquired 

demyelinating sensory and motor neuropathy (MADSAM or Lewis-Sumner syndrome), focal 

involvement of the brachial or lumbosacral plexus or of one or more peripheral nerves in one 

upper or lower limb, distal acquired demyelinating symmetric neuropathy (DADS), and a pure 

motor and pure sensory form (including chronic immune sensory polyradiculopathy).9-14 

Although the majority of patients will develop the disease slowly over more than two months, 

approximately 5% will have an acute "Guillain-Barré syndrome"-like onset.15  

Reduced nerve conduction velocities, abnormal temporal dispersion and conduction blocks 

are the most important features on nerve conduction studies (NCS).1,16 Cerebrospinal fluid 

protein levels are often elevated without cellular reaction, but are not mandatory for the 

diagnosis CIDP.17 A nerve biopsy is an invasive procedure and therefore not performed 

routinely for the diagnosis CIDP. 

Corticosteroids were the only effective treatment for CIDP until the introduction of 

intravenous immunoglobulin (IVIg) for this disease three decades ago.18 Nowadays, 

corticosteroids, IVIg and plasma exchange have been proven to be effective in randomized 

controlled trials.20-25 In the international European Federation of Neurological 

Societies/Peripheral Nerve Society (EFNS/PNS) treatment guidelines corticosteroids and 

IVIg are both considered first-line treatments.17 Choice of treatment is largely based on 

physicians’ and patient's preferences partly due to similar efficacy of these treatments and 

lack of predictors of treatment response. If corticosteroids are ineffective IVIg is started and 
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vice versa. Plasma exchange is more complicated and expensive in its use and therefore 

often used only if these first two treatments fail.  

Immunosuppressive and immunomodulating agents are considered helpful as substitute or 

add-on therapy to reduce the need for corticosteroids and IVIg. Case studies and small 

series have reported benefit from several immunosuppressive and immunomodulating 

agents, including azathioprine, methotrexate, mycophenolate mofetil, cyclophosphamide, 

cyclosporine A, rituximab, alemtuzumab, etanercept, tacrolimus, interferon beta and 

interferon alpha.26 Only azathioprine, methotrexate and interferon beta have been 

investigated in randomised controlled trials, all with disappointing results.27-30 Currently, there 

is no reliable data on efficacy or consensus about first choice of these add-on treatments.  

Approximately 15% of CIDP patients do not respond to any treatment.17 

 

Table 1. Treatments in CIDP 

First-line treatment * Second-line treatment ** Third-line treatment ** 

Corticosteroids 

Intravenous immunoglobulin (IVIg) 

Plasma exchange 

 

Azathioprine 

Methotrexate  

Mycophenolate mofetil 

Cyclophophamide 

Cyclosporine A 

Rituximab 

Etanarcept 

Interferon beta-1a (i.m.)  

Interferon alpha 2a 

Alemtuzumab 

Etanarcept 

Tacrolimus 

Autologous stem cell 

transplantation  

 

* Sufficient evidence from randomised controlled trials   

** Efficacy based on case reports and/or case series 

 

Maintenance treatment is required in those patients who initially improve but who deteriorate 

if  this treatment is not continued. Treatment dose, and in case of IVIg, treatment intervals 

are titrated individually to find the lowest required dose in patients to remain clinically 

stable.17 As various disease courses are possible in CIDP, periodic treatment-withdrawal-

attempts are recommended by international guidelines. Unfortunately, there are no 

biomarkers of disease activity to identify patients who do or do not need further treatment.  

Several retrospective studies have reported clinical and electrophysiological characteristics 

associated with favorable treatment response to IVIg including shorter disease duration, 
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faster progression of symptoms, female gender, absence of axonal damage and slowed 

conduction velocity of the motor median nerve and nerve conduction abnormalities 

predominant in the distal nerve terminals.31-34 More recently, more than twofold increase of 

cerebrospinal fluid protein was associated with favorable response to IVIG, while the 

presence of neurofascin IgG4 antibodies and a certain transient axonal glycoprotein 1 

polymorphism were associated with poor response to IVIg.35-37 Characteristics associated 

with favorable response to corticosteroids are lower mean nerve conduction velocity, lower 

sensory nerve conduction velocity and lower sensory nerve action potential amplitudes.38,39 

The pure motor clinical phenotype is associated with deterioration after corticosteroid 

treatment.14 

 

Multifocal motor neuropathy  

MMN is characterised by slowly progressive, asymmetric, predominantly distal weakness of 

one or more limbs without sensory loss.2,40 The arms are more involved than the legs, a 

feature that distinguishes this neuropathy from most other neuropathies in which the legs are 

affected predominantly. The neuropathy leads to loss of dexterity resulting in disability for 

tasks such as writing, getting dressed, and manipulating keys.4 As the disease progresses, 

the clinical picture can resemble a symmetrical distal motor polyneuropathy.2  

The hallmark of MMN is the electrophysiological finding of conduction blocks at locations 

outside usual nerve entrapment sites, possibly caused by focal demyelination.41 The 

EFNS/PNS Task Force published a set of diagnostic criteria for MMN based on the clinical 

picture and the presence of conduction blocks, that is now considered to be the reference 

standard for clinical use.42 Presence of elevated IgM anti-ganglioside GM1 antibodies and 

magnetic resonance imaging of the brachial plexuses showing gadolinium contrast 

enhancement and/or hypertrophy are also considered supportive criteria for the diagnosis, 

which are especially helpful if the electrophysiological criteria are not met completely.43,44 The 

presence of anti IgM anti-ganglioside GM1 antibodies and their diagnostic value has been a 

matter of debate ever since the identification of these antibodies as they are also found in 

other related diseases such as the Guillain-Barré syndrome, CIDP and lower motor neuron 

disease.   

Response to IVIg treatment in patients with MMN was first described in 1992 and has been 

confirmed by four small double-blind placebo-controlled randomised studies.45-48 IVIg is 

currently considered first line treatment for MMN.  

A few studies have tried to identify patient characteristics that can predict IVIg treatment 

response. Shorter disease duration before first IVIg treatment, a greater number of 

conduction blocks and absence of axonal involvement have been proposed to be positive 
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predictors for a good response to IVIg but this has not been confirmed by others.2,48-50 

Conflicting results have been reported on the correlation between high anti-GM1 antibody 

titres and treatment response.43,50 

There is no evidence-based alternative treatment for IVIg-unresponsive MMN patients. 

Corticosteroids and plasma exchange do not seem to be effective and may even be 

harmful.50,51 Several immunosuppressive and immunomodulating drugs have been tried 

(Table 2). Cyclophosphamide is probably the most studied drug. Monotherapy with 

cyclophosphamide is reported to be effective in 74% of the 38 patients included in different 

small uncontrolled studies.52 However, cyclophosphamide has potential serious long-term 

side effects and is therefore not often used as immunosuppressive treatment. 

 

MMN is usually a chronic disease. A minority of patients achieves prolonged remissions 

upon treatment, but most patients need treatment for years, which may lead to adverse 

events.40,43 Therapies aim to reduce and prevent disability by reversing conduction blocks, by 

slowing down ongoing axonal degeneration or even by promoting reinnervation and 

remyelination.40,53 However, despite treatment, MMN often runs a slowly progressive course 

resulting in decreased dexterity of hands, atrophy and disability.  

 

 

Table 2. Treatments in MMN 

 

First-line treatment * Second-line treatment ** 

Intravenous immunoglobulin (IVIg)  Rituximab 

Cyclophosphamide 

Methotrexate  

Interferon beta-1a (i.m.) 

(Azathioprine) 

 

*  Sufficient evidence from randomised controlled trials   

** Efficacy based on case reports and/or case series 
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Aim and outline of this thesis 

This thesis focuses on the efficacy of existing and alternative treatments in CIDP and MMN 

and explores predictors of treatment response in patients with CIDP treated with 

corticosteroids.  

Following the general introduction, chapter 2 summarises literature findings on disease 

courses and treatment responses in different (atypical) phenotypes of CIDP. This chapter 

also emphasizes some less frequently addressed symptoms that may be present in patients 

with CIDP. Chapter 3 contains a Cochrane review providing a meta-analysis of the 

randomised controlled trials comparing IVIg to placebo, plasma exchange, prednisolone and 

pulsed intravenous methylprednisolone in CIDP. In chapter 4 oral pulsed dexamethasone is 

compared to daily prednisolone in patients with CIDP in a double-blind randomised controlled 

trial (PREDICT study). The long-term outcome of these patients is studied in a prospective 

cohort study and described in chapter 5. Chapter 6 contains a post-hoc analysis with the 

PREDICT study data. Clinical and electrophysiological determinants of treatment response to 

dexamethasone and prednisolone were investigated. A hypothesis that corticosteroids cause 

early deterioration in patients with inflammatory neuropathies by inducing axonal membrane 

hyperpolarization is tested in a prospective proof-of principle study (chapter 7). The efficacy 

of IVIg in MMN is compared to placebo and subcutaneous immunoglobulin in another 

Cochrane review (chapter 8). The efficacy and feasibility of subcutaneous immunoglobulin 

infusions (SCIg) as alternative treatment for IVIg in patients with MMN is studied in a 

prospective open label study (chapter 9).  

This thesis concludes with a general discussion (chapter 10) which summarises the findings 

of previous chapters and compares these with results from the literature. Finally, future 

directions of research are suggested to optimize treatment in chronic inflammatory 

neuropathies.  
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Abstract 

Purpose of the review 

In this review we focus on less recognised signs and symptoms in typical CIDP and on the 

clinical presentation, course of disease and response to treatment of the atypical CIDP 

phenotypes.  

Recent findings 

Frequently occurring and often disabling symptoms in CIDP such as fatigue, pain and tremor 

have recently been emphasized, while autonomic dysfunction, if present, is usually mild. 

Sensory CIDP is probably the most frequent atypical CIDP phenotype and diagnosis can be 

difficult in absence of clear demyelinating features on nerve conduction studies.   

The most important study comparing intravenous immunoglobulin treatment with intravenous 

methylprednisolone showed a lower rate of discontinuation due to inefficacy, adverse events 

or intolerance with intravenous immunoglobulin treatment. However, improvement after 

corticosteroids seems to be more long-lasting than after IVIg suggesting superior long-term 

immunosuppressive and immunomodulating effect of corticosteroids in CIDP. 

Summary 

Symptoms other than the classical motor and sensory symptoms can lead to significant 

disability in CIDP patients. Based on limited evidence from largely small retrospective case-

series we conclude that atypical CIDP phenotypes often have a different course of disease 

and sometimes response to treatment when compared to typical CIDP. Prospective 

multicentre cohort studies using standardised clinical description, electrophysiological 

parameters and outcome measures are needed to study the natural disease course of these 

phenotypes including response to different treatments. 

 

Introduction 

Traditionally, chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) has been 

considered a heterogeneous disorder including a broad spectrum of clinical phenotypes. 

Additional to the typical CIDP phenotype, the EFNS/PNS CIDP treatment guideline has 

defined several clinical pictures as atypical CIDP.1 Some studies have suggested that 

atypical CIDP phenotypes may follow a different disease course and have different response 

to treatment, raising the question whether all phenotypes are part of the same clinical 

spectrum.  

Substantial progress has been made in recent years in standardising outcome measures in 

CIDP, including correlation of clinical outcome with electrophysiological features.1-6 Also 

there have been some encouraging studies on the role of T-cells in the pathogenesis of 
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CIDP.7,8 In this review we will however focus on the newly recognised clinical features in 

CIDP and the different clinical phenotypes. The disease course and treatment response of 

different phenotypes will be summarised.  

 

Clinical features and disease course in typical CIDP 

Typical CIDP is defined by symmetric proximal and distal weakness with sensory signs and 

symptoms in both arms and legs in presence of electrophysiological features consistent with 

demyelinating neuropathy.1 The natural disease course of CIDP is largely unpredictable as it 

can run a monophasic, relapsing-remitting or progressive course. A large retrospective study 

reported a progressive course in 62%, relapsing-remitting course in 26% and monophasic 

course in 12% of patients.9 However, most patients are nowadays treated which greatly 

influence the natural disease course as treatment can probably induce remission and 

cure.10,11,12 Prior to treatment, disease course is progressive in most patients.10 A relapsing-

remitting course has been reported to occur in a quarter to half of cases, although some 

relapses were related to treatment tapering.13-16  In two large studies using a restrictive 

definition to exclude relapses associated with tapering of treatment, relapsing-remitting 

pattern was found in 12% and respectively 13 % of patients.10,17  

 

Newly recognised clinical features in CIDP 

Acute-onset of CIDP may occur in up to 18% of patients with CIDP patients, resembling the 

Guillain-Barré syndrome (GBS).10,18 In a large prospective cohort with GBS patients, 

diagnosis was changed to CIDP in 5% of patients.19 Possible discriminating factors favouring 

the diagnosis CIDP might be less prominent weakness (i.e. maintaining the ability to walk 

and no need of mechanical ventilation), more prominent sensory symptoms, absence of 

cranial nerve deficit or absence of autonomic dysfunction.18,19 In children the distinction 

between GBS and acute-onset CIDP might be even more challenging as 20 to 40% has a 

acute or subacute presentation of CIDP.20  

Recently, there has been increasing interest in symptoms other than weakness and sensory 

deficit. Fatigue can be the main complaint in CIDP patients which can be severe in up to 

three quarters of patients.21,22 Severe pain is present in only a minority of CIDP patients, 

however, in more than a third of patients pain interferes with activities in daily living.22,23 

Independently from fatigue, around half of patients can also experience activity-induced 

weakness.24 

Tremor can be a disabling symptom in CIDP and was reported in more than half of patients.25 

Importantly, tremor seems to be generally refractory to traditional tremor treatment although 

adequate CIDP treatment might help to reduce tremor in some patients. Another study 
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reported a higher incidence of almost 40% of restless legs syndrome in patients with CIDP 

when compared to normal controls.26 

Autonomic symptoms in the course of the disease were present in 23% of which 

gastrointestinal and genitourinary symptoms were most frequent.27 Autonomic reflex 

screening revealed minor autonomic deficit in up to 47% of patients, mostly of cholinergic 

origin. No patients had moderate or severe autonomic dysfunction, which supports the 

common opinion that severe autonomic dysfunction should be regarded as a red flag when 

considering the diagnosis CIDP. 

 

New treatment options and insights 

In recent years, emphasis in trials has somewhat shifted from short-term to long-term 

outcomes. Since cure or remission have become important goals of treatment in CIDP, the 

CIDP Disease Activity Status (CDAS) was introduced to classify long-term outcome.16 The 

most important recent study was a RCT comparing IVIg with intravenous methylprednisolone 

(IVMP) in which IVIg was superior in terms of rate of discontinuation due of inefficiency, 

adverse events or intolerance.12  After half of year of treatment, none of the patients with 

IVMP experienced a relapse compared to 38% of patients treated with IVIg. A long term 

prospective follow-up of the PREDICT trial comparing remission rates in CIDP between 

pulsed dexamethasone treatment and daily prednisolone showed prolonged remission in 

quarter of patients after a relatively short period of treatment.28 These data suggests that long 

term remissions can be achieved with pulse high dose corticosteroids in approximately 25 to 

40% of patients. Post-hoc analyses from the largest RCT proving IVIg efficacy showed that 

at least two IVIg treatments three weeks apart may be required to achieve initial 

improvement and that maximum improvement often occurs after a longer period of 

treatment.[29] In patients with maintenance IVIg treatment, a switch to another IVIg 

preparation does not result in different clinical efficacy.30 

A possible alternative treatment in patients with stable CIDP might be subcutaneous 

immunoglobulin (SCIg) treatment, which was recently studied in a small double-blind placebo 

controlled trial.31 After stopping IVIg treatment, 11 of 14 patients on SCIg (79%) remained 

stable in muscle strength (primary outcome) during a 12-week follow-up period, compared to 

5 of 15 patients (33%) with placebo.  

Various immunosuppressive treatments are used in treatment-refractory CIDP with 

improvement on disability in about a quarter of patients.32 Recent randomised controlled trials 

with rituximab, intramuscular interferon beta-1a and methotrexate failed to reduce required 

maintenance IVIg doses.33-35 Small open label studies reported promising results of 

mycophenolate mofetil and a modest effect of alemtuzumab on the possibility to reduce or 

stop maintenance IVIg treatment.36,37  
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Alternative diagnoses should be considered in CIDP patients who do not respond to first-line 

treatment. Demyelinating neuropathies can be the presenting symptom of more systemic 

conditions, such as amyloidosis and malignancies but the clinical phenotypes may strongly 

resemble CIDP.28,38 In patients with treatment refractory CIDP and co-occurring 

haematological conditions, rituximab led to improvement in disability in a open-label study.39 

 

Different clinical phenotypes 

Typical CIDP accounts for more than half of cases of CIDP.10 The atypical CIDP phenotypes 

are based on the clinical presentation and include pure sensory, pure motor, predominantly 

distal (distal acquired demyelinating symmetric neuropathy, DADS), asymmetric (Lewis-

Sumner syndrome) and focal variants (Table 1). There is still discussion on the definition of 

some of these phenotypes. In DADS for example, some experts have suggested to add 

disproportionally prolonged distal latencies to its definition.40 Others have also used the term 

DADS for anti-MAG neuropathy, while the presence of anti-MAG antibodies is considered an 

exclusion criterion for CIDP by the EFNS/PNS guidelines.1, 41 In (clinically) pure sensory 

CIDP demyelinating features on motor nerve conduction studies (MNCS) are required to 

meet the EFNS/PNS electrophysiological criteria required for the diagnosis definite CIDP. 

However, in some patients with sensory neuropathies and normal MNCS, demyelinating 

origin is suspected based on sensory nerve conduction studies, increased spinal fluid 

protein, nerve biopsy or treatment response to first-line CIDP treatments.42 

The lack of accepted definitions has led to variable reporting on the proportion of these 

phenotypes in CIDP cohort studies, especially when distinguishing pure sensory CIDP and 

DADS, as the latter often presents as a pure sensory neuropathy. Given the rarity of the 

atypical CIDP phenotypes, evidence on disease course and treatment response is scarce 

and provided by retrospective series only.  

 

Pure sensory CIDP 

CIDP with pure sensory involvement is probably the most frequent atypical CIDP 

phenotype.10,15 A recent large retrospective study in 146 CIDP patients found a pure sensory 

phenotype in 51 patients (35%), although half of patients did not meet the definite or 

probable electrophysiological EFNS/PNS criteria.10 In the latter group, diagnosis was based 

on supportive criteria such as nerve biopsy, abnormal somatosensory evoked potentials and 

elevated cerebrospinal fluid protein.10,42 In a following report, six patients with pure sensory 

involvement were (re)categorised as having non-anti MAG DADS neuropathy.40   

Distal paresthesia and hypesthesia are the most frequent symptoms, followed by 

proprioceptive ataxia.10 Trigeminal involvement is rare.43 Pure sensory CIDP also includes 
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the clinical picture of predominant sensory ataxia in lower limbs, also called chronic 

inflammatory sensory polyradiculopathy (CISP).44  

There are no large studies that have reported the disease course of pure sensory CIDP. Oh 

and colleagues reported a progressive course prior to treatment in all 10 patients.43 Busby 

and Donaghy reported 5 patients with sensory ataxic neuropathy with no or only mild 

weakness in which course was relapsing remitting in two, and monophasic/progressive in 

three patients.17 All patients with CISP had a progressive course prior to treatment.44 

There is limited evidence of treatment response in pure sensory CIDP as most prospective 

cohorts have not differentiated between this phenotype and typical CIDP. Three of five 

patients with pure sensory CIDP treated with only prednisolone improved while the other two 

patients needed additional immunosuppresive treatment to achieve improvement.43 All six 

patients with CISP markedly improved with either IVIg or corticosteroids.44 

 

Pure motor CIDP 

Retrospective series have suggested that pure motor CIDP variant may account for up to 

10% of CIDP cases.10,14,17 The combination of symmetric pattern of weakness without bulbar 

involvement clinically distinguishes this phenotype from lower motor neuron disease, but 

distinction can be difficult, especially if electrophysiological criteria of demyelination are not 

met completely. Only a few patients have been described in detail, thus the clinical course of 

this phenotype is unknown. In a small case series of four patients, the disease had a 

relapsing remitting course in all patients, one patients achieved a long-term remission after 

treatment with interferon-alpha.45 Another study reported five motor-dominant CIDP with 

relapsing-remitting course in all patients.46 

Some studies have reported deterioration after corticosteroid treatment in pure motor 

CIDP.17,46 Good response to IVIg was reported in all 9 patients from two case-series.17,46 One 

of these patients was later treated with azathioprine leading to reduced need of IVIg and 

another two were successfully treated with interferon-alpha monotherapy.  

 

Distal acquired demyelinating symmetric neuropathy 

The term DADS was introduced in 2000 to describe a clinical CIDP phenotype of distal 

sensory involvement with or without weakness.41 This phenotype is strongly associated with 

presence of IgM monoclonal gammopathy which was reported in two thirds of patients in the 

initial report. Anti-myelin associated glycoprotein (anti-MAG) antibodies are present in more 

than half of patients with IgM monoclonal gammopathy associated neuropathy.41,47 Presence 

of anti-MAG antibodies however is regarded as an exclusion criterion for CIDP. Recently, 

one study added prolonged distal latencies on MNCS to the definition of DADS.40 



 

 
 

Table 1. CIDP phenotypes (in estimated order of incidence)  

 

CIDP Phenotype Clinical features Other characteristics Disease course Response to treatment 

Typical CIDP 

(>50%) 

SM, symmetric, proximal and distal, 

legs>arms, 

association with different 

infectious, haematological 

disorders 

progressive 

RR 

monophasic 

IVIg or CS or PE 

Pure sensory CIDP 

(10-30%) 

pure sensory, symmetric, proximal and 

distal, legs > arms, predominant ataxia 

possible 

cranial nerve involvement 

possible 

progressive 

RR 

 

IVIg or CS 

Lewis-Sumner syndrome 

(15%) 

SM, asymmetric, arms>legs, cranial nerve involvement 

possible 

usually slowly progressive, 

RR course possible 

IVIg or CS 

DADS 

(10%) 

sensory predominant, mild weakness 

possible, distal, legs>arms 

often monoclonal IgM 

antibodies, prolonged DML 

slowly progressive without IgM MGUS: IVIg or CS 

with IgM MGUS: rituximab 

Pure motor CIDP 

(<10%) 

pure motor, symmetric, proximal and 

distal 

 RR IVIg 

CS: Deterioration possible 

Focal CIDP 

(2%) 

Motor or SM, involvement of one plexus 

or one or more nerves in one limb 

 

 

slowly progressive IVIg or CS 

 

Abbreviations: sensory and motor (SM), relapsing remitting (RR), intravenous immunoglobulin (IVIg), corticosteroids (CS), plasma exchange (PE), distal 

acquired demyelinating symmetric neuropathy (DADS), distal motor latency (DML), monoclonal gammopathy of undetermined significance (MGUS). 
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Using this restrictive definition, non-anti-MAG DADS neuropathy accounted for 7% of 

patients in a large cohort with CIDP patients. Surprisingly, associated haematological or 

immunological condition was found in most of these patients. 

Affecting predominantly the distal lower extremities, DADS can strongly resemble a length-

dependent axonal neuropathy. In the largest prospective study with both demyelinating and 

axonal neuropathies with monoclonal IgM antibodies (including anti-MAG), pure sensory 

involvement was found in a quarter of cases, predominant motor involvement in 6% and 

predominantly sensory involvement in remaining patients.47  

DADS is characterised by a slowly progressive course, generally leading to less disability 

when compared to typical CIDP.47,48 

In DADS without monoclonal antibodies prednisolone and/or IVIg are usually effective 

although possibly less often compared to typical CIDP.40,41,49 First-line treatments for CIDP 

are generally considered ineffective in the presence of monoclonal IgM antibodies. Based on 

previous modest evidence showing benefit of rituximab in anti-MAG neuropathies, rituximab 

is often administered as first-line treatment in DADS with monoclonal IgM antibodies.49,50 

However, a recent placebo-controlled trial however showed that rituximab was ineffective in 

reducing sensory deficit in anti-MAG neuropathy (primary outcome), although improvement 

in some secondary endpoints was reported.51 

 

Lewis-Sumner syndrome 

The Lewis-Sumner syndrome (LSS) or multifocal acquired demyelinating sensory and motor 

neuropathy (MADSAM) has been reported in up to 15% of patients fulfilling the EFNS/PNS 

criteria for CIDP.52,53 Whether LSS should be regarded as a variant of CIDP or as variant of 

MMN is still a matter of debate as LSS shares clinical characteristics with both conditions.52-55  

The most distinct finding is an asymmetric and focal distribution of weakness and sensory 

deficit, with distal upper limb predominance in most patients.52,53 Contrary to typical CIDP and 

other atypical CIDP phenotypes, cranial nerve involvement during the course of the disease 

is relatively frequent and occurs in around 25% of patients.52,55 In most patients disease 

course is progressive, while about a quarter of patients have a relapsing-remitting course.52,55 

Improvement with immunomodulatory and immunosuppressive treatment has been reported 

in 60-88% of patients in larger case series.52-57 In these 6 case-series a total of 72 patients 

were treated with either IVIg or prednisolone as first-line treatment (Table 2). Response to 

IVIg was reported in 65% while response to prednisone was reported in 62% of patients. 

Rapid deterioration after corticosteroid treatment has been described in three patients.53,55 

Despite treatment the condition is often slowly progressive in around 70% of patients.52,55 
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Table 2. Treatment response to first given treatment in large case series with Lewis Sumner 

syndrome 

 n patients / n treated n IVIg/n response n CS/n response % Response to 

any treatment 

Viala [51] 23/15 11/7 4/2 73 

Gorson [52] 10/8 6/5 2/0 60 

Saperstein [53] 11/10 6/3 4/3 60 

Attarian [54] 15/15 14/7 1/0 ? 

Rayabally [55] 8/8 6/6 2/0 88 

Oh [56] 16/16 2/1 10/9 75 

Total 83/72 45/29 (64%) 23/14 (61%)  

 

Abbreviations: intravenous immunoglobulin (IVIg), corticosteroids (CS), plasma exchange (PE), 
1
 4 

patients were treated with corticosteroids along with IVIg  

 

Focal demyelinating neuropathy 

Focal CIDP is defined as involvement of the brachial or lumbosacral plexus or of one or more 

peripheral nerves in one upper or lower limb.(EFNS) This is a rare phenotype, accounting for 

1% in a large retrospective CIDP cohort.10  

Apart from a few case reports, the only detailed description is a case series consisting of 9 

patients, 6 of which had a monomelic distribution fulfilling the ENFS/PNS definition for focal 

CIDP.58 Four of these six patients had pure motor involvement while 2 had sensomotor 

involvement. Pure sensory involvement has also been described.59 

All patients had a slowly progressive course over one to several years, without progression 

to other limbs. Most of these patients responded to IVIg or corticosteroids.58,59 

 

Conclusion 

In conclusion, CIDP is a heterogeneous disorder in which different clinical phenotypes might 

have a different disease course and response to treatment. Treatment response in pure 

sensory CIDP seems to be comparable with typical CIDP based on limited evidence. IVIg 

should be the first choice of treatment in pure motor CIDP due to possible deterioration after 

corticosteroids. Rituximab might to be the appropriate first choice in DADS neuropathy with 

monoclonal IgM antibodies. Some studies have suggested that corticosteroids are less 

effective than IVIg in patients with the Lewis-Sumner syndrome. However, steroids were 

often used in patients with unsatisfactory response to IVIg making selection bias likely.  
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Prospective multicentre cohort studies using standardised clinical description, 

electrophysiological parameters and outcome measures are needed to fine-tune phenotype 

definition, and study the natural disease course and short and long-term treatment response 

to different treatments in these phenotypes. Additionally, these studies should include 

symptoms such as fatigue, pain and tremor that can lead to significant disability and greatly 

influence quality of life in CIDP patients. 

 

Key points 

1) In addition to motor and sensory symptoms, fatigue, pain and tremor can also lead to 

significant disability in CIDP patients.  

2) IVIg is less often discontinuated due to inefficiency, adverse events or intolerance when 

compared to intravenous methylprednisolone.  

3) Patients responding to intravenous methylprednisolone have less relapses after 

discontinuation of treatment compared to responders to IVIg. 

4) Atypical CIDP phenotypes often have different courses of disease and sometimes 

response to treatment when compared to typical CIDP. 
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Abstract 

Background 

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) causes progressive or 

relapsing weakness and numbness of the limbs, developing over at least two months. 

Uncontrolled studies suggest that intravenous immunoglobulin (IVIg) helps. This review was 

first published in 2002 and has since been updated, most recently in 2013. 

Objectives 

To review systematically the evidence from randomised controlled trials (RCTs) concerning 

the efficacy and safety of IVIg in CIDP. 

Search methods 

On 4 December 2012, we searched the Cochrane Neuromuscular Disease Group 

Specialized Register, CENTRAL (2012, issue 11 in the Cochrane Library), MEDLINE and 

EMBASE to December 2012 and ISI from January 1985 to May 2008. We searched for 

ongoing trials through two metaRegistries (World Health Organization International Clinical 

Trials Registry Platform Search Portal and Current Controlled Trials). 

Selection criteria 

We selected RCTs testing any dose of IVIg versus placebo, plasma exchange or 

corticosteroids in definite or probable CIDP. 

Data collection and analysis 

Two authors reviewed literature searches to identify potentially relevant RCTs, scored their 

quality and extracted data independently. We contacted authors for additional information. 

Main results 

We considered eight RCTs, including 332 participants, to be eligible for inclusion in the 

review. These trials were homogeneous and the overall risk of bias was low. Five studies, in 

a total of 235 participants compared IVIg against placebo. One trial with 20 participants 

compared IVIg with plasma exchange, one trial compared IVIg with prednisolone in 32 

participants, and one trial, newly included at this update, compared IVIg with intravenous 

methylprednisolone in 46 participants. 

A significantly higher proportion of participants improved in disability within one month after 

IVIg treatment as compared with placebo (risk ratio (RR) 2.40, 95% confidence interval (CI) 

1.72 to 3.36; number needed to treat (NNT) for an additional beneficial outcome 3.03 (95% 

CI 2.33 to 4.55), high quality evidence). Whether all these improvements are equally clinically 

relevant cannot be deduced from this analysis because each trial used different disability 

scales and definitions of significant improvement. In three trials, including 84 participants, the 

disability score could be transformed to the modified Rankin score, on which improvement of 

one point after IVIg treatment compared to placebo was barely significant (RR 2.40, 95% CI 
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0.98 to 5.83) (moderate quality evidence). Only one placebo-controlled study included in this 

review had a long-term follow-up. The results of this study suggest that IVIg improves 

disability more than placebo over 24 and 48 weeks. 

The mean disability score revealed no significant difference between IVIg and plasma 

exchange at six weeks (moderate quality evidence). There was no significant difference in 

improvement in disability on prednisolone compared with IVIg after two or six weeks, or on 

methylprednisolone compared to IVIg after two weeks or six months (moderate quality 

evidence). 

There were no statistically significant differences in frequencies of side effects between the 

three types of treatment for which data were available (IVg versus placebo or steroids). 

(moderate or high quality evidence) Mild and transient adverse events were found in 49% of 

participants treated with IVIg, while serious adverse events were found in six per cent. 

Authors' conclusions 

The evidence from RCTs shows that IVIg improves disability for at least two to six weeks 

compared with placebo, with an NNT of three. During this period it has similar efficacy to 

plasma exchange, oral prednisolone and intravenous methylprednisolone. In one large trial, 

the benefit of IVIg persisted for 24 and possibly 48 weeks. Further research is needed to 

compare the long-term benefits as well as side effects of IVIg with other treatments. 

 

Background 

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is characterised by 

progressive or relapsing motor and/or sensory symptoms and signs in more than one limb, 

developing over at least two months (Barohn 1989; Ad hoc subcom 1991; Feasby 1992; 

Dyck 1993). Sensory disturbances are usually slight, but are found in approximately 80% of 

participants. Proximal and distal parts of the limbs are usually affected symmetrically. 

Atrophy is less marked than weakness. Loss of reflexes is found in almost all participants, 

but may be confined to the ankles. Cranial nerve involvement, sometimes preceding the 

neuropathy, has been reported infrequently (Donaghy 1985; Barohn 1989). 

The overall crude prevalence of definite and probable CIDP is 1 to 9 per 100,000 adults 

(Lunn 1999; McLeod 1999; Laughlin 2009) and 0.5 per 100,000 children (McLeod 1999). The 

estimated crude annual incidence is 0.15 to 1.6 per 100,000 adults. CIDP can cause 

prolonged periods of disability with 54% of people with CIDP becoming severely disabled 

(modified Rankin score of four or five) at some time during the illness (Lunn 1999). More than 

10% of people remain severely disabled despite treatment (Lunn 1999; Chiò 2007). CIDP 

can occur at any age, with a peak prevalence in the sixth and seventh decade (McLeod 

1999). 
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The diagnosis of CIDP is based on the clinical, electrophysiological, cerebrospinal fluid 

features and, to a limited degree, on histopathology. Cerebrospinal fluid protein levels are 

generally elevated without cellular reaction (Dyck 1993). Electrophysiologically, the disease 

is characterised by reduced nerve conduction velocities, abnormal temporal dispersion and 

conduction block (Barohn 1989; van der Meché 1989; van Doorn 1991). The pathological 

findings include multifocal demyelination, mononuclear cells in close approximation to 

demyelinated axons, remyelination, fibre loss and 'onion bulbs' (Barohn 1989; Dyck 1993). 

Lymphocytic infiltration can be found in sural nerve biopsies, but, as may be expected from a 

predominantly motor neuropathy with multifocal involvement, biopsies are frequently normal 

(Matsumuro 1994; Molenaar 1998). 

CIDP has to be distinguished from Guillain-Barré syndrome (GBS), the inherited 

demyelinating polyneuropathies, metabolic neuropathies (associated with diabetes, uraemia, 

acromegaly, hepatitis, amyloidosis, and hypothyroidism), paraneoplastic neuropathies, 

neuropathies associated with monoclonal gammopathies, neuropathies associated with 

human immunodeficiency virus or Lyme disease, and multifocal motor neuropathy. CIDP is 

often considered to be a chronic variant of GBS. Differentiation of the two disorders relies on 

arbitrary clinical criteria of the time necessary to reach maximum deficit. In GBS this is less 

than four weeks and in CIDP more than eight weeks (Ad hoc subcom 1991; Feasby 1992). 

Apart from the time course, the prognosis of CIDP is worse than GBS. More than 80% of 

participants fail to make a spontaneous recovery. The distinction between CIDP and GBS is 

important because the course, treatment and outcome are different (Pollard 1987; Simmons 

1993). 

CIDP is an immune mediated disorder. A beneficial effect of immunosuppressive therapy 

(e.g. corticosteroids) and plasma exchange has been demonstrated in randomised clinical 

trials (RCTs) (Server 1979; Gross 1981; Dyck 1982; Dyck 1986; van der Meché 1997; 

Briellmann 1998; Hahn 1998). Several uncontrolled studies have suggested a beneficial 

effect of intravenous immunoglobulin (IVIg) administration (Vermeulen 1985; van der Meché 

1989; Faed 1989; van Doorn 1990b; van Doorn 1991; Cornblath 1991). The mode or modes 

by which IVIg exerts this beneficial effect in CIDP are not clear, but various mechanisms of 

improvement after IVIg treatment have been suggested (van Schaik 1994; Yu 1999). Studies 

in other diseases treated with IVIg have demonstrated that IVIg may inhibit autoantibody 

production, neutralise pathogenic antibodies, and decrease antibody-dependent cellular 

cytotoxicity by blocking Fc-receptors on macrophages (Kazatchkine 2001). Furthermore, 

peripheral blood from patients treated with IVIg shows increased CD8-positive suppressor T-

cell function. 
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No systematic review had been published before the first version of this Cochrane review 

appeared in 2002. We here provide the most recent update of this systematic review of 

randomised trials of IVIg for the treatment of CIDP. 

 

Objectives 

To review systematically the evidence from RCTs concerning the efficacy and safety of IVIg 

in CIDP. 

 

Methods 

Types of studies 

We searched for all RCTs or quasi-RCTs (alternate or other systematic allocation) examining 

the effects of IVIg treatment in participants with CIDP. 

 

Types of participants 

Eligible studies had to include participants with definite or probable CIDP. This was defined 

as an illness with symptoms and signs of polyneuropathy in the absence of systemic 

disease, electrophysiological diagnosis of a demyelinating polyneuropathy (based on 

reduced nerve conduction velocities and or conduction blocks consistent with demyelination) 

and progression of weakness exceeding eight weeks. Increased cerebrospinal fluid protein 

(more than 0.5 g/L) without a pleocytosis was considered supportive, but not essential for the 

diagnosis. It was necessary for participants to have a normal erythrocyte sedimentation rate, 

haematocrit, white cell and platelet counts, serum creatinine, serum glucose, and liver and 

thyroid function tests, absent antinuclear antibodies, cryoglobulins, and monoclonal proteins, 

and a normal chest radiograph. Participants were excluded if they had mutilation of hands or 

feet, retinitis pigmentosa, ichthyosis, drug or toxic exposure known to cause a peripheral 

neuropathy, a family history of demyelinating polyneuropathy, clinical suspicion of a vasculitic 

disorder, sensory level at examination, or unequivocal sphincter disturbances. A nerve 

biopsy was not mandatory. 

We set no restriction on appropriate settings for trials in this review. However, considering 

the challenge of diagnosing and treating people with CIDP, hospitals and neuromuscular 

centres are likely to be the usual settings. 

 

Types of interventions 

We considered any dose of immunoglobulin administered intravenously and compared with 

placebo, plasma exchange or corticosteroids eligible for inclusion. The source of IVIg was 
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not considered to be important as long as the preparation was produced according to the 

guidelines of the World Health Organization (WHO) (WHO 1982). 

 

Types of outcome measures 

Since different studies used different disability scales, we defined the primary outcome 

measure as the proportion of participants with a significant improvement in disability within 

six weeks after the onset of treatment as determined and defined by the original authors. In 

each study the strictest available criteria to define 'significant' improvement were used. 

Where possible, we transformed disability data to the modified six-point Rankin disability 

scale (de Haan 1993; Table 1 available in the original review). We asked all authors of 

included trials for original data to enable this transformation. We defined a significant 

improvement as at least one point improvement on this scale. No change or worsening on 

the Rankin scale was rated as no improvement. 

 

Secondary outcome measures were: 

(i) the change in mean disability score assessed within six weeks after the onset of treatment 

and compared to baseline; 

(ii) the change in mean Medical Research Council (MRC) sum score assessed within six 

weeks after the onset of treatment and compared to baseline; 

(iii) the change in mean disability score at 24 weeks or more; 

(iv) the frequency of serious side effects; 

(v) the frequency of any side effects. 

In these analyses, for clarity of interpretation, we considered the Rankin disability scale and 

MRC sum score to be quasi-linear scales. 

 

Search methods for identification of studies 

Electronic searches 

On 4 December 2012, we searched the Cochrane Neuromuscular Disease Group 

Specialized Register, CENTRAL (2012 Issue 11 in the Cochrane Library), MEDLINE 

(January 1985 to December 2012), EMBASE (January 1985 to December 2012), and ISI 

(1985 to May 2008). We restricted the search to articles published from 1985 onwards 

because, to our knowledge, IVIg was first used in CIDP in that year. For the detailed search 

strategies, see the appendices in original full review: Appendix 1 (MEDLINE), Appendix 2 

(EMBASE), Appendix 3 (ISI) and Appendix 4 (CENTRAL). 
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Searching other resources 

We performed a search of the references listed in the published studies, reviews, textbooks, 

and relevant conference proceedings. We searched for ongoing trials through two 

metaRegistries, the WHO International Clinical Trials Registry Platform (ICTRP) Search 

Portal, and Current Controlled Trials. We contacted investigators identified as active in the 

field to identify unpublished or overlooked studies. Readers are invited to suggest studies, 

particularly in other languages, which should be considered for inclusion when the review is 

next updated. 

 

Selection of studies 

Two review authors (IvS and JW in original review, FE and JW in the latest update) 

independently reviewed titles and abstracts obtained from literature searches to identify 

potentially relevant trials. We conducted searches of bibliographies and texts to identify 

additional studies. Using the full text publications, we selected trials which met the selection 

criteria for inclusion and graded their methodological quality. Review authors were not 

blinded to author and source institution. We resolved disagreement by consensus. 

 

Data extraction and management 

Two review authors extracted data independently using a data extraction tool. Review 

authors were not blinded to author and source institution. We resolved disagreement by 

consensus. 

 

Assessment of risk of bias in included studies 

In the original protocol and earlier versions of the review we assessed methodological quality 

using a method as proposed by Mulrow and Gillespie (Mulrow 1997; Gillespie 1998). 

Following the updated guidance in Chapter 8 of the Cochrane Handbook for Systematic 

Reviews of Interventions 5.0.1 (Higgins 2008, updated Higgins 2011), we completed a 'Risk 

of bias' table, addressing the following domains: sequence generation, allocation 

concealment, blinding, incomplete outcome data, selective outcome reporting, and other 

issues. We made a judgement about the risk of bias for each entry, such that a judgement of 

'Low' indicated a low risk of bias, 'High' indicated a high risk of bias, and 'Unclear' indicated 

unclear or unknown risk of bias. 

 

Measures of treatment effect 

For dichotomous data, such as the proportion of participants with a significant improvement 

in disability, we calculated the risk ratio (RR) for each study with 95% confidence intervals 

(CIs). To assess overall efficacy from all the studies, we calculated pooled RR estimates with 
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95% CIs. For the primary outcome we also calculated numbers needed to treat for an 

additional beneficial effect (NNT) with inversed CIs of the risk differences. 

For continuous data we used mean difference (MD) and 95% CI when outcomes were 

measured on the same scale. We anticipated that different trials would use different scales to 

measure the same secondary outcomes. In this case we calculated a standardised mean 

difference (SMD) and 95% CI. SMD is a dimensionless measure of effect for continuous data 

which is useful in combining results of individual studies in which the same outcome is 

measured with different instruments or scales. The SMD was defined as the mean change in 

score of the placebo group minus mean change in score of the treatment group, divided by 

the pooled standard deviation of the change in scores of the two groups. 

Means and standards deviations have been derived by calculation or extraction from the 

available published or received unpublished data. To assess overall efficacy, we calculated 

pooled MD or SMD estimates using a random-effects or fixed-effect model depending on 

heterogeneity of study results. 

 

Unit of analysis issues 

We analysed the results from cross-over trials in two ways: (1) we considered cross-over 

trials as two consecutive parallel design trials assuming that no carryover effect had 

occurred; this is considered to be a conservative analysis method (Higgins 2008). We 

included data from participants who did not cross over to the second treatment because of 

improvement during the first treatment period in analyses for the first treatment only; (2) we 

analysed cross-over trials making use of the generic inverse variance (GIV) approach, using 

the natural logarithms of the RR and standard error (SE) which avoids the error of falsely 

wide CIs of cross-over studies leading to less weight and therefore possibly disguising 

clinically important heterogeneity (Elbourne 2002; Higgins 2008). In the text pooled RR 

estimates are given separately for all studies and for the parallel design trials only. 

For cross-over studies, we calculated correlation coefficients for all outcomes, when 

possible. If paired results were not reported in a study, paired analyses were approximated 

by assuming the correlation between treatment and placebo found in the other studies. We 

subsequently undertook a sensitivity analysis using different values of correlation to assess 

the impact of the assumed correlation. We used the GIV method to pool both the SMD and 

MD of individual cross-over studies. 

 

Dealing with missing data 

We contacted authors of all the included trials and asked them to provide original data from 

their studies. We used intention-to-treat analysis for the primary outcome. Based on 

published and unpublished data we performed an available case analysis for all other 
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outcomes. We did not therefore include missing data in the analysis. We used a last-

observation-carried-forward approach in study participants reaching a premature endpoint, to 

calculate differences from baseline measurements. 

 

Assessment of heterogeneity 

We used the Chi2 statistic to measure heterogeneity among the trials in each analysis. 

Where there was heterogeneity we looked for an explanation in the characteristics of the 

trials. If we had identified substantial unexplained heterogeneity we would have reported it  

and explored possible causes by prespecified subgroup analysis. 

 

Assessment of reporting biases 

We did not explore small study biases using a funnel plot as there were too few included 

studies. 

 

Data synthesis 

When the Chi2 statistic showed our data to be heterogeneous, we used the random-effects 

model of DerSimonian and Laird (Ioannidis 1995). If no heterogeneity could be 

demonstrated, we used a fixed-effect model (Mantel-Haenszel RR method) (Rothman 1986). 

 

Subgroup analysis and investigation of heterogeneity 

We planned to analyse subgroups of interest because of their prognostic importance in 

previous prospective studies and trials (van Doorn 1991). However, none of the studies 

provided enough data on subgroups to allow for such analyses. 

 

Sensitivity analysis 

We also planned to undertake a sensitivity analysis on the basis of the risk of bias of the 

studies. As all eligible studies were at unclear or high risk of bias, this was not done. 

 

'Summary of findings' table 

In this update we added 'Summary of findings' tables (in original full review) with the following 

five outcomes: significant improvement in disability scale used in original study, improvement 

of one point or more on Rankin scale, change in mean disability score on scale used in 

original study, change in mean disability score on Rankin scale, and serious adverse events. 

We used the five GRADE considerations (study limitations, consistency of effect, 

imprecision, indirectness and publication bias) to assess the quality of a body of evidence 

(studies that contribute data for the prespecified outcomes) (Schünemann 2011). 
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Results 

Results of the search 

The numbers of papers found by the new current searches were as follows: MEDLINE, 220 

(of which 46 were new references for this update); EMBASE 140 (36 new references); 

Cochrane Neuromuscular Disease Group Specialized Register, 56 papers (11 new); 

CENTRAL, 30 references (30 new). The search strategy turned out to be rather sensitive and 

not very specific. After removal of duplicates, the search strategy for this update retrieved 90 

new papers of which we selected one for full-text review (Nobile-Orazio 2012). Thus, we 

considered a total of 15 studies to be potentially relevant for this review (see Figure 1 

available in original full review). We excluded seven studies and included eight. 

 

Included studies 

The eight included RCTs involved a total of 332 participants with CIDP (Vermeulen 1993; 

Dyck 1994; Hahn 1996; Thompson 1996; Mendell 2001; Hughes 2001; Hughes 2008; 

Nobile-Orazio 2012). Five RCTs compared intravenous immunoglobulin (IVIg) treatment with 

placebo, one compared IVIg with plasma exchange (Dyck 1994), one compared IVIg with 

prednisolone (Hughes 2001) and one compared IVIg with intravenous methylprednisolone 

(IVMP) (Nobile-Orazio 2012). Four RCTs had a parallel-group design (Vermeulen 1993; 

Mendell 2001; Hughes 2008; Nobile-Orazio 2012) and four had a cross-over design. A total 

of 2 g/kg bodyweight of IVIg was administered in each trial over two (Hughes 2001; Mendell 

2001), two to four (Hughes 2008; Nobile-Orazio 2012), or five days (Vermeulen 1993; Hahn 

1996; Thompson 1996). In one trial the baseline loading dose was followed by a 

maintenance dose of 1 g/kg every three weeks (Hughes 2008), while in one trial the loading 

dose of 2 g/kg was equivalent to the maintenance dose, which was administered every four 

weeks (Nobile-Orazio 2012). In the latter trial, participants treated with IVMP received a total 

of 2 g of IVMP over four consecutive days every four weeks (Nobile-Orazio 2012). In the trial 

comparing IVIg with prednisolone, a six-week course of oral prednisolone tapering from 60 

mg to 10 mg daily was given (Hughes 2001). One study administered a total of 1.8 g/kg 

bodyweight of IVIg in a course of six weeks and compared this treatment with plasma 

exchange twice weekly for three weeks, then once weekly for another three weeks (Dyck 

1994). Each study used different outcome measures. More details of these studies are 

available in the Characteristics of included studies tables in the original full review. 

The largest study was a randomised response-conditional cross-over design study (Hughes 

2008). Participants who did not achieve improvement upon appointed treatment received the 

alternate treatment during the first study period. After 24 weeks only those participants who 

improved during the first study period were re-randomised for an extension phase of another 



IVIg in CIDP   

 

41 
 

24 weeks. In both periods, participants switched to the alternate treatment in the event of 

deterioration on an adjusted Inflammatory Neuropathy Cause and Treatment (INCAT) 

disability scale. Primary outcome was defined as the percentage of participants who 

improved and maintained improvement from baseline at the adjusted INCAT disability score. 

For the purpose of this review, we analysed only the first treatment period because the 

sample entering the extension phase was largely biased. The first period can be considered 

to be a parallel group trial since the cross-over only took place in participants who did not 

improve. The trial authors provided original data at six weeks from the first study period. We 

used the number of participants who achieved sufficient improvement by six weeks (and thus 

were not crossed over by six weeks) in the meta-analysis for the primary outcome of this 

review. 

 

We obtained Individual patient data from five studies (Vermeulen 1993; Thompson 1996; 

Hughes 2001; Hughes 2008; Nobile-Orazio 2012). We sent a request for individual patient 

data to the principal investigators of the other trials. Two investigators have promised to 

supply us with the necessary information in due course (Hahn 1996; Mendell 2001). One 

refused because of three reasons: (1) "privacy of patients cannot be protected", (2) "primary 

investigators no longer have a meaningful input into the handling of their data or its 

interpretation" and (3) "good data may be lumped with poor data" (Dyck 1994). 

 

Excluded studies 

We excluded seven studies (Curro 1987; van Doorn 1990a; Hankey 1994; Baba 1996; 

Dalakas 1996; Kubori 1999; Zinman 2005). For reasons, see Characteristics of included 

studies tables in original full review. 

 

Risk of bias in included studies 

Figure 2 gives the review authors' judgements for each 'Risk of bias' domain for each trial. 

One of the five RCTs comparing IVIg with placebo did not contain adequate information to 

judge allocation sequence generation and concealment (Thompson 1996). In one study the 

blinding of outcome assessors was not described in detail (Mendell 2001), although risk of 

bias due to lack of blinding of assessors was considered to be low. In all five studies, all 

outcomes stated in the methods section were also reported in the results section. In one 

study, additional treatment was stated but trivial confounding could be expected (Hahn 

1996), while in another study additional treatment was not mentioned (Thompson 1996). One 

study assessed the primary outcome between days 16 and 21, which was just below the cut-

off level of three weeks which we took as the lower limit of a clinically appropriate study 

duration (Vermeulen 1993), while another study assessed outcomes at two weeks, which we 
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considered not to be a clinically appropriate study duration (Thompson 1996). Intention-to-

treat analysis was not possible in one study as the outcome data of three participants who 

dropped out could not be collected (Mendell 2001). One study used a response-conditional 

cross-over design, which means that not all participants received both treatments (Hahn 

1996). Imbalance in recruitment and a prestudy design for block randomisation by 

participating centres accounted for a discrepancy in the number of participants in the groups 

(Mendell 2001). One study did not provide electrophysiological criteria for the definition of a 

demyelinating polyneuropathy (Vermeulen 1993), although it is not likely that this has led to 

selection bias. The largest study was in essence a parallel design study with a conditional 

cross-over 'escape' for those participants who did not improve sufficiently (Hughes 2008). 

The study was of a high quality and provided the longest follow-up. 

The RCT comparing IVIg with plasma exchange did not contain adequate information to 

judge allocation sequence generation and concealment and did not perform an intention-to-

treat analysis (Dyck 1994). Also, participants and treatment providers were not blinded in this 

study, although we considered that the risk of this introducing bias was low. 

In the RCT comparing IVIg with prednisolone, some unblinding of treatment providers was 

expected to have taken place (Hughes 2001). Not all participants entered the cross-over 

phase owing to the use of a response-conditional cross-over design. Primary analysis was 

performed only for participants completing both treatments. 

The study comparing IVIg with IVMP was of high quality with an adequate follow-up period of 

six months during treatment, followed by six months off treatment (Nobile-Orazio 2012). 

Original data on disability, Rankin score and MRC sum score were provided at 15 days, two 

months and six months. We used disability and Rankin scores at 15 days for the primary 

outcome, as the two-month and six-month follow-up were longer than the upper limit of six 

weeks chosen as an appropriate treatment duration for assessment of short-term efficacy. 

Except for some nonsignificant imbalances in baseline characteristics between both 

treatment groups (younger age, less disability, more frequent IVIg treatment prior to study 

and less comorbidity in the IVIg treatment group), we did not identify other risks of bias. 
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Figure 2. Methodological quality summary: review authors' judgements about each 
methodological quality item for each included study. Green = low risk of bias; yellow = 
unclear risk of bias; red (not shown) = high risk of bias. 

 

Effects of interventions 

Summary of findings tables of all main comparisons can be found in the original full review.  
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IVIg versus placebo 

Five trials studied this comparison (Vermeulen 1993; Hahn 1996; Thompson 1996; Mendell 

2001; Hughes 2008). 

 

Primary outcomes 

Significant improvement in disability within six weeks of onset of treatment as determined 

and defined by the original authors (Analysis 1.1 and Analysis 1.2). 

For this analysis, five RCTs summarising the results of 235 participants were suitable 

(Vermeulen 1993; Hahn 1996; Thompson 1996; Mendell 2001; Hughes 2008). Outcomes 

were assessed at 14 days (Thompson 1996), at 16 to 21 days (Vermeulen 1993), at 28 days 

(Hahn 1996), and at 42 days (Mendell 2001; Hughes 2008). Intravenous immunoglobulin 

was given 141 times and placebo 128 times. These 269 treatments were given in 198 

participants included in three parallel design trials (104 participants assigned to IVIg, 94 to 

placebo) and 37 participants included in two cross-over trials. Of the 37 participants in the 

cross-over trials, three participants did not cross over to the second treatment because of 

improvement during the first treatment period (Hahn 1996). All these participants were 

subsequently found to be on the active treatment, meaning that 37 IVIg and 34 placebo 

treatments were administered. These three participants were included in the analysis of the 

IVIg arm. A significant improvement was reported in 78 out of 141 IVIg treatments and 

spontaneous improvements in 30 out of 128 placebo treatments. A significantly higher 

proportion of participants improved after IVIg therapy as compared with placebo, with a 

pooled RR of 2.40 (95% CI 1.72 to 3.36). The NNT was 3.03 (95% CI 2.33 to 4.55). The 

study results were homogeneous (Chi2 statistic 3.34 df = 4, P = 0.50). In analysis of the 

results of the parallel design trials alone (Vermeulen 1993; Mendell 2001; Hughes 2008), 

significant improvement was reported in 57 out of 104 IVIg treatments and spontaneous 

improvements in 25 out of 94 placebo treatments, RR of 2.14 (95% CI 1.48 to 3.09; test for 

overall effect Z = 4.05 P < 0.0001). NNT was 3.33 (95% CI 2.38 to 5.88). The study results 

were homogeneous (Chi2 statistic 1.79, df = 2, P = 0.41). 

 

We used a GIV method to analyse the primary outcome for the cross-over trials separately to 

account for paired observations in the two cross-over studies (Analysis 1.2 in original full 

review). This analysis resulted in almost identical pooled RR estimates for the cross-over 

trials: 3.52 (95% CI 1.58 to 7.87). 
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Analysis 1.1 Significant improvement in disability score on scale used in original study  

 
 
 
Analysis 1.2 Significant improvement in disability (GIV approach) 

 

 

Improvement of one or more points on Rankin scale (Analysis 1.3) 

One trial used the Rankin scale to assess disability (Vermeulen 1993). In two trials it was 

possible to transform the disability scale to a six-point Rankin score. One trial used a 

functional disability score designed by Hughes (Mendell 2001), which was transformed to the 

Rankin score according to Table 1 (see original full review) for the available cases only. The 

authors of another trial provided us with individual patient data and scored their participants 

on the Rankin disability scale (Thompson 1996). In two trials, disability outcome could not be 

transformed to the Rankin scale with the data available from the papers (Hahn 1996; Hughes 

2008). Therefore we analysed three RCTs including 84 participants for this comparison. Six 

of those 84 participants were included in a cross-over trial, resulting in 90 treatments. An 

improvement of one or more points on the Rankin scale occurred in 16 out of 50 participants 

treated with IVIg and in five out of 40 participants treated with placebo. 

 

 

 



Chapter 3 

46 
 

Analysis 1.3 Improvement of 1 point or more on Rankin scale 

 

 

The proportion of participants with improvement (at least one point decrease on this scale) 

was higher in the IVIg group compared to the placebo group (RR 2.40 (95% CI 0.98 to 

5.83)). This just reached significance. The NNT was 5.26 (95% CI 2.78 to 50.00). The study 

results were also homogeneous (Chi2 statistic 1.74, df = 2, P = 0.42). Leaving out the cross-

over trial (Thompson 1996), significant improvement was reported in 15 out of 44 IVIg 

treatments and 5 out of 34 placebo treatments, with an RR of 2.34 (95% CI 0.92 to 5.94), 

NNT 5.26 (95% CI 2.7 to 100.00). The study results were homogeneous (Chi2 statistic 1.69, 

df = 1, P value = 0.19). We did not perform a GIV analysis for this outcome as only one 

cross-over study including six participants was available for analysis. 

 

Secondary outcomes 

All secondary outcomes except for absence of serious or any side effects were assessed at 

the following times: 14 days (Thompson 1996), 16 to 21 days (Vermeulen 1993), 28 days 

(Hahn 1996) and 42 days (Mendell 2001; Hughes 2008). 

 

Change in mean disability score on scale used in original study (Analysis 1.4 and 1.5) 

We analysed the disability scores from five trials, including 215 participants. In Hahn 1996, 

SDs of the MD of the sham group were estimated using the correlation coefficient of 0.5 

calculated from the MD and its SD from the IVIg group. A sensitivity analysis showed this to 

be a somewhat conservative but robust estimate. The results of the five RCTs were highly 

heterogeneous for this analysis (Chi2 statistic = 54.95, df = 4, P < 0.00001). This is not 

unexpected since various scales with different numeric intervals and maximal and minimal 

scores had been used to assess disability. The pooled SMD for all studies was 1.37 (95% CI 
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0.22 to 2.53). This indicates that the mean of the treated group was approximately one 

standard deviation higher than the mean of the untreated group. 

We used the GIV method to analyse this outcome for the cross-over trials separately, to 

account for paired observations (Analysis 1.5 in original full review). The pooled estimate of 

the SMD was almost the same as in the previous analysis (2.84, 95% CI -1.46 to 7.13). 

 

Analysis 1.4. Change in mean disability score on scale used in original study 

 

 

Change in mean disability score on Rankin scale (Analysis 1.6) 

In the three trials in which a Rankin score was used or could be deduced, the mean 

improvement in disability was between 0.17 and 0.40 points on the Rankin scale in the IVIg-

treated groups and between 0.00 and 0.23 points in the placebo groups. This resulted in a 

MD that was significant, 0.26 (95% CI 0.05 to 0.48). Studies were homogeneous (Chi2 

statistic = 2.30, df = 2, P = 0.32). We did not perform GIV analysis as only one cross-over 

study including six participants with this outcome was available for analysis. 

 

Analysis 1.6. Change in mean disability score on Rankin scale 
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Change in mean MRC sum score (Analysis 1.7) 

Two trials (35 participants) reported MRC sum scores (Vermeulen 1993; Thompson 1996). 

Seven participants received placebo and IVIg in a cross-over trial; 28 participants received 

either IVIg (n = 15) or placebo (n = 13) in a parallel study design. Mean MRC sum scores 

were available for a total of 42 treatments. Thompson et al. used an expanded version of the 

MRC sum score, with the addition of the first dorsal interosseus muscle so that the maximum 

score was 70 (Thompson 1996). Vermeulen et al. used the standard MRC sum score with a 

total score ranging from 0 to 60 (Vermeulen 1993). Despite the slight difference in outcome 

assessment the results between the two studies were homogeneous (Chi2 statistic = 0.37, df 

= 1, P = 0.54) and we calculated a pooled MD. The MD was 0.78 (95% CI -1.04 to 2.60), 

which is not statistically significant. GIV approach analysis has not been performed as only 

one study including seven participants with this outcome was available for analysis. 

 

Analysis 1.7. Change in mean MRC sum score 

 

 

 

Change in the mean disability score at 24 weeks or more (Analysis 1.8) 

There was only one trial with a longer follow-up in which disability was assessed at 24 weeks 

on a adjusted INCAT disability score (Hughes 2008). During this first period, 23 of 59 

participants that were assigned to IVIg treatment did not respond and were switched to the 

placebo treatment. In contrast, 45 of the 58 participants that started with placebo treatment 

did not respond and were switched to IVIg treatment. Mean change from baseline disability 

was 1.1 (SD 1.8) in the IVIg treatment group and 0.3 (SD 1.3) in the placebo treatment 

group. The MD was 0.8 (95% CI 0.23 to 1.37) which was a significant improvement (test for 

overall effect Z = 2.76, P = 0.006). 



IVIg in CIDP   

 

49 
 

Analysis 1.8. Change in the mean disability score at 24 weeks or more  

 

Serious side effects (Analysis 01.09) and any side effect (Analysis 1.10) 

In two trials, side effects were not mentioned (Vermeulen 1993; Thompson 1996). In the 

largest trial, side effects were reported in 62 of 113 participants treated with IVIg and in 16 of 

95 participants treated with placebo during two periods of in total 48 weeks (Hughes 2008). 

Serious side effects were reported in six of 113 participants (5%) treated with IVIg (9/1096 

infusions, 0.8%) and 8 of 95 participants (8%) treated with placebo (11/595 infusions, 1.9%). 

The most common adverse events in the IVIg group were headache (4% of infusions) and 

pyrexia (2.4%). In the cross-over trial including 30 participants, one participant on IVIg 

developed side effects resembling aseptic meningitis and no other side effects were noted 

(Hahn 1996). In the parallel-group trial including 50 participants (IVIg n = 29; placebo n = 21) 

headache, nausea, chills, fever and transient hypertension were reported to occur in both 

treatment groups, although more often in the IVIg group compared to those participants 

receiving placebo (Mendell 2001). 

 

Analysis 01.09. Serious side effects  

 

 

The RR for the development of serious side effects was not significantly different between 

IVIg and placebo treatment (RR 0.82, 95% CI 0.36 to 1.87). Considering any side effects, 

there was a significantly increased risk with IVIg treatment (RR 2.62, 95% CI 1.80 to 3.78). 

The number needed to treat for an additional harmful outcome, that is, to experience any 

side effect with IVIg treatment, was 3.3 (95% CI 2.56 to 4.76). 
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Analysis 1.10. Any side effects   

 

 

IVIg versus plasma exchange 

Primary outcomes 

Only one trial compared IVIg with plasma exchange in a cross-over design (Dyck 1994). 

Seventeen participants completed the trial, receiving IVIg 15 times and plasma exchange 17 

times. The primary outcomes of this systematic review could not be assessed, as the 

proportion of treatment responders was not extractable from the paper. 

 

Secondary outcomes 

Change in mean disability score on scale used in original study (Analysis 2.1) 

The mean improvement at six weeks on the Neurological Disability Scale (NDS) after IVIg 

treatment was 36.1 ± 32.0 and after plasma exchange 38.3 ± 34.6. During the wash-out 

period participants worsened on average by 37.8 ± 44.8 points. The SMD for treatment with 

IVIg compared to assessment at the end of the wash-out period was 1.92 (95% CI 1.03 to 

2.82) and for treatment with plasma exchange versus wash-out period it was 1.92 (95% CI 

1.02 to 2.82). Comparing IVIg with plasma exchange revealed no difference. The SMD was -

0.06 (95% CI -0.76 to 0.63). 

 

Analysis 2.1. Change in mean disability score on scale used in original study  
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The Neuropathy Disability Score (NDS) could not be transformed to the Rankin score with 

the data available from the paper. Apart from adverse events, the other secondary outcome 

measures used in this systematic review were not retrievable from the data available in the 

published report. 

In the plasma exchange group, two problems were reported with catheters, and various 

minor side effects such as light headedness, nausea and rash were reported to be common 

without more precise details being mentioned. No serious complications were recorded in the 

IVIg treatment group. Minor complications were not mentioned. 

One other outcome measure was used in this study: the weakness subset of the NDS. 

Although not a planned analysis, we calculated the MD and CIs for this outcome. The mean 

improvement on the weakness subset of the NDS was 31.4 ± 31.5 after IVIg treatment and 

33.4 ± 29.5 after plasma exchange. During the wash-out period participants worsened by on 

average 33.4 ± 37.9 points. The MD for treatment with IVIg compared to the wash-out period 

was 1.81 (95% CI 0.94 to 2.68) and for treatment with plasma exchange versus wash-out 

period, 1.92 (95% CI 1.09 to 2.75). Comparing IVIg with plasma exchange revealed no 

difference. The MD was 0.06 (95% CI -0.76 to 0.63). 

 

IVIg versus corticosteroids 

Primary outcomes 

One trial, including 32 participants, compared IVIg treatment with prednisolone (Hughes 

2001). Using a cross-over design, 29 out of 30 IVIg courses and 24 out of 27 prednisolone 

courses were completed according to the trial protocol. Fifteen participants received 

prednisolone and 17 participants received IVIg in the first treatment arm. Twenty-four 

participants completed both treatment arms. Outcomes were assessed at four weeks. The 

proportion of participants with significant improvement could not be extracted from the 

published paper, but these results were provided by the investigators for the first observation 

period of the cross-over trial. 

 

Significant improvement in disability within one month of onset of treatment as determined 

and defined by the original authors (Analysis 3.1) 

An improvement of one grade or more on the INCAT disability scale was reported in 9 out of 

16 IVIg treatments and in 8 out of 13 prednisolone treatments. The proportion of participants 

with a significant improvement did not differ significantly between the two treatment arms 

(RR of 0.91, 95% CI 0.50 to 1.68). 
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Analysis 3.1. Significant improvement in disability within one month of onset of treatment as 

determined and defined by the original authors  

 

 

Improvement of one or more points on Rankin scale (Analysis 3.2) 

An improvement of one point or more on the Rankin scale was reported in 7 out of 17 IVIg 

treatments and in 6 out of 14 prednisolone treatments. The proportion of participants with 

improvement was not higher in the IVIg group compared to the prednisolone group (RR 0.96, 

95% CI 0.42 to 2.20). 

 

Analysis 3.2. Improvement of one or more points on Rankin scale  

 

 

Secondary outcomes 

Change in mean disability score on scale used in original study (Analysis 3.3) 

Considering the 24 participants who completed the whole trial and were used for the primary 

analysis in the original paper, the mean improvement at two weeks on the disability scale 

used in this study was 0.71 ± 1.27 grades after IVIg treatment and 0.58 ± 0.93 grades after 

prednisolone treatment, resulting in a MD of 0.13 (95% CI -0.50 to 0.76) in favor of IVIg. This 

outcome was also assessed in these participants at six weeks, when there was an 

improvement of 0.71 ± 1.19 grades after IVIg and 0.62 ± 1.53 grades after prednisolone. The 

MD was 0.09 (95% CI -0.69 to 0.87), favoring IVIg. 

In an analysis of the first treatment arm only (IVIg n = 15, prednisolone n = 17), the mean 

improvement on the disability scale was 1.24 ± 1.75 grades after IVIg treatment and 0.53 ± 

0.74 grades after prednisolone treatment, resulting in a MD of 0.71 (95% CI -0.05 to 1.47). 
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Analysis 3.3. Change in mean disability score on scale used in original study  

 

 

 

Change in mean disability score on Rankin scale (Analysis 3.4) 

The mean Rankin score worsened by 0.38 ± 0.65 after IVIg treatment and 0.17 ± 0.76 after 

prednisolone treatment. The MD was -0.21 (95% CI -0.61 to 0.19). 

 

Analysis 3.4 Change in mean disability score on Rankin scale  

 

 

Change in mean MRC sum score (Analysis 3.5) 

Mean MRC sum scores were available for a total of 46 treatments (IVIg n = 23, prednisolone 

n = 23). After IVIg the MRC sum score improved on average by 2.3 ± 3.2 and after 

prednisolone by 1.8 ± 3.2. The MD for change in mean MRC sum score was 0.50 (95% CI -

1.35 to 2.35). 

 

Analysis 3.5. Change in mean MRC sum score  

 

 

Serious side effects (Analysis 3.6) and any side effect (Analysis 3.7) 

A total of 30 IVIg treatments and 27 prednisolone courses were given. Serious side effects 

were reported in three participants: one receiving IVIg and two receiving prednisolone. The 

RR for developing a serious adverse event was 0.45 (95% CI 0.04 to 4.69). Side effects 

recorded were headache, indigestion, fever, rash, hypotension, urticaria and psychosis, 

occurring in 18 out of 30 IVIg courses and in 11 out of 27 prednisolone courses. This resulted 

in an RR of 1.47 (95% CI 0.86 to 2.53), which was not significant. 
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Analysis 3.6. Serious side effects  

 

 

Analysis 3.7. Any side effects  

 

 

Summary of analyses 

The figures and graphs display the RR, the MD or the SMD, depending on the type of data. 

 

IVIg versus methylprednisolone 

Primary outcomes 

One trial, including 45 participants, compared efficacy and tolerability of IVIg versus IVMP 

administered every month for a six-month period (Nobile-Orazio 2012). The primary outcome 

of the trial was the difference in the proportion of participants discontinuing treatment 

because of inefficacy, adverse events or intolerance. Lack of efficacy was defined as 

absence of improvement after two months of treatment, or worsening after 15 days. Three 

out of 24 participants (13%) discontinued IVIg, compared to 11 out of 21 participants (52%) 

treated with IVMP. Most participants discontinued treatment due to lack of efficacy. For the 

primary outcome of this meta-analysis, we analysed outcome at 15 days from original data 

provided by the authors. 

 

Significant improvement in disability within six weeks of onset of treatment as determined 

and defined by the original authors (Analysis 4.1) 

An improvement of one grade or more on the Overall Neuropathy Limitation Scale (ONLS) 

was reported in 5 out of 24 participants treated with IVIg compared to 3 out of 21 participants 

treated with IVMP. The proportion of participants improving on disability did not differ 

significantly between the two treatment arms (RR 1.46, 95% CI 0.4 to 5.38). 
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Analysis 4.1. Significant improvement in disability within six weeks of onset of treatment as 

determined and defined by the original authors  

 

 

Improvement of one or more points on Rankin scale (Analysis 4.2) 

An improvement of one grade or more on the modified Rankin scale was reported in 4 out of 

24 participants treated with IVIg compared to 5 out of 21 participants treated with IVMP. The 

proportion of participants improving on the Rankin did not differ significantly between the two 

treatment arms (RR 0.70, 95% CI 0.22 to 2.27). 

 

Analysis 4.2. Improvement of one or more points on Rankin scale  

 

 

Secondary outcomes 

Change in mean disability score on scale used in original study (Analysis 4.3) 

Disability scores at 15 days were available in 43 participants (IVIg n = 24, IVMP n = 19). 

Mean improvement on disability score was 0.12 ± 1.3 grades after IVIg treatment compared 

to 0.16 ± 1.1 grades after IVMP treatment, resulting in a MD of -0.04 (95% CI -0.76 to 0.68). 

 

Analysis 4.3. Change in mean disability score on scale used in original study 

 

 

 

Change in mean disability score on Rankin scale (Analysis 4.4) 

Rankin scores at 15 days were available in 43 participants. Mean improvement on the 

Rankin scale was 0.08 ± 0.72 in the IVIg treated participants and 0.32 ± 0.58 after IVMP 

treatment. The MD was -0.24 (95% CI -0.63 to 0.15). 
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Analysis 4.4. Change in mean disability score on Rankin scale  

 

 

 

Change in mean MRC sum score (Analysis 4.5) 

Mean MRC sum scores at 15 days were available for a total of 43 participants. After IVIg the 

MRC sum score improved on average by 1.63 ± 4.5 and after IVMP by 1.26 ± 3.5. The MD 

for change in mean MRC sum score was 0.37 (95% CI -2.00 to 2.74). 

 

Analysis 4.5. Change in mean MRC sum score  

 

 

Change in the mean disability score at 24 weeks or more (Analysis 4.6) 

The mean change in disability score at 24 weeks (or at an earlier end point if such occurred) 

was 0.63 ± 1.61 after IVIg treatment and 0.60 ± 1.57 after IVMP treatment, resulting in a MD 

of 0.03 (95% CI -0.91 to 0.97). Eleven out of 21 participants treated with IVIg who completed 

the 24-week period had an improvement of one grade or more on the ONLS disability scale, 

compared to 5 out of 9 participants treated with IVMP (data were missing for one participant 

treated with IVMP). 

 

Analysis 4.6. Change in the mean disability score at 24 weeks or more  

 

 

Serious side effects (Analysis 4.7) and any side effect (Analysis 4.8) 

During the six months' follow-up, a total of 131 IVIg treatments were administered in 24 

participants, compared to 82 IVMP treatments in 21 participants. Two serious side effects 

were reported in the IVIg group compared to none in the IVMP group, leading to a 

nonsignificant RR of 4.4 (95% CI 0.22 to 86.78). One participant died because of cardiac 



IVIg in CIDP   

 

57 
 

arrest one month after the last IVIg treatment, one participant died of respiratory failure three 

months after last IVIg treatment. Eleven out of 24 (46%) participants treated with IVIg 

reported at least one side effect compared to 14 out of 21 (67%) participants treated with 

IVMP. The proportion of participants developing any adverse event did not differ between the 

groups (RR 0.66, 95% CI 0.39 to 1.13). 

 

Analysis 4.7. Serious side effects 

 

 

Analysis 4.8. Any side effect  

 

 

Discussion 

Eight RCTs including a total of 332 participants with CIDP were suitable for this systematic 

review. We did not find any other systematic review. 

 

IVIg versus placebo 

In the trials comparing IVIg with placebo a significantly higher proportion of participants 

improved in disability within six weeks after the onset of treatment with IVIg compared with 

placebo, RR 2.40 (95% CI 1.72 to 3.36) and an NNT of 3.03 (95% CI 2.33 to 4.55). For the 

parallel design trials only, the RR was 2.14 (95% CI 1.48 to 3.09) and NNT was 3.33 (95% CI 

2.38 to 5.88). Whether all these improvements are equally clinically relevant cannot be 

derived from this analysis because each RCT used a different disability scale with a unique 

definition of a significant improvement. To overcome this problem an attempt was made to 

transform the various disability scales to the modified Rankin score. Again a significantly 

higher proportion of participants improved one point on the Rankin scale after IVIg treatment 

than after placebo (RR 2.40, 95% CI 0.98 to 5.83, NNT 5.26, 95% CI 2.78 to 50.00). 
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The change in mean disability score on the scale used in the original studies and on the 

Rankin scale were in favour of IVIg. The change in MRC sum score was not significantly 

different between placebo and IVIg treated participants. 

Disability scores at 24 weeks or more were only available from the largest trial, with 117 

participants, in which an initial loading dose of 2 g/kg was followed by a maintenance dose of 

1 g/kg every three weeks (Hughes 2008). After 24 weeks of treatment, disability improved 

with a mean change from baseline of 1.1 (SD 1.8) in the IVIg treatment group and 0.3 (SD) 

1.3) in the placebo treatment group. The MD was 0.8 (95% CI 0.23 to 1.37) favouring IVIg. At 

the end of the first 24 weeks of treatment 32/59 (54%) participants in the IVIg group had a 

favourable response, whereas only 12/58 (21%) participants in the placebo group had 

improved. The absolute risk reduction (ARR) is thus 34% (95% CI 17.00 to 50.00), which 

gives a NNT of 2.94 (95% CI 2.00 to 5.88). In the 24-week extension phase of the study most 

participants were re-randomised to IVIg or placebo. In the IVIg group, 37/43 (86%) 

participants had no relapse and remained clinically stable or improved, whereas 16/31 (52%) 

participants in the placebo group had no relapse; ARR 34% (95% CI 14.00 to 55.00) with a 

NNT of 2.94 (95% CI 1.82 to 7.13). The results of the extension phase were not included in 

the analyses because this sample was largely biased. Similarly, due to treatment bias, a 

proof-of-principle study was excluded in which seven participants known to respond to IVIg 

therapy discontinued treatment and after deterioration were subsequently treated with IVIg or 

placebo in a double-blind, cross-over design. IVIg resulted in improvement in all participants, 

placebo in none (van Doorn 1990a). 

 

IVIg versus plasma exchange 

In the trial comparing IVIg versus plasma exchange, the primary and secondary outcomes of 

this systematic review, apart from the change in mean disability score, could not be 

assessed as these data were not available from the published report . The other outcome 

measures used in this study revealed no significant difference between IVIg and plasma 

exchange and comparable effects when IVIg or plasma exchange was compared with 

assessment after a period of no treatment. 

We excluded a single-blind parallel design trial that compared two doses of IVIg to a special 

plasma exchange system: low dose IVIg (0.5 g/kg/day in two days), high IVIg dose (1 

g/kg/day in two days) and Excorim staphylococcal protein immunoadsorption plasma 

exchange (Zinman 2005). The advantage of this selective adsorption of immunoglobulin is 

that it reduces plasma protein and fluid loss caused by conventional plasma exchange. The 

study was of poor quality: from the 20 included participants only six participants from the high 

IVIg dose group and four participants from the immunoadsorption group completed the trial. 

Our primary outcome (proportion of participants with improvement within six weeks) could 
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not be assessed as there were only two and six months assessments available. 

Furthermore, disability at six months could not be extracted from the paper as a composite of 

different outcomes was used to define clinical improvement. According to the paper three out 

of six participants treated with IVIg and all four participants treated with immunoadsorption 

improved. Considering the small number of participants larger trials will be needed to assess 

the efficacy and safety of immunoadsorption. 

 

IVIg versus prednisolone 

In the study comparing prednisolone with IVIg there were no significant differences between 

the two treatment arms for the primary outcomes of this systematic review . Also, no 

significant difference in mean improvement on the disability scale was found at two weeks, 

six weeks and analyzing the first treatment arm only between prednisolone and IVIg. On the 

Rankin scale participants improved equally. The other outcome measures revealed no 

significant differences between the two treatment arms. Disability scores at 24 weeks were 

not assessed or reported. 

 

IVIg versus intravenous methylprednisolone 

There were no differences between monthly IVIg and IVMP treatment in the primary and 

secondary outcomes of this meta-analysis. However, the trial showed that IVIg is significantly 

less frequently discontinued than IVMP based on inefficacy, adverse events or intolerance 

which was the primary outcome of the study. Alternatively, 38% of the participants who 

improved after IVIg worsened within six months after stopping treatment, compared to none 

of the participants improving on IVMP. 

 

Taken together these results show that IVIg treatment is superior to placebo in inducing an 

improvement in people with CIDP regardless of whether this improvement is assessed by 

disability or impairment. However, the effect on disability was more pronounced and is, in our 

opinion, clinically far more relevant for people with CIDP. Participants improved 

spontaneously in 30 out of 128 cases (23%), but treatment with IVIg increased their chance 

of improvement to 55% (78 out of 141 participants). The ARR is 32% which gives a NNT of 

3.03 (95% CI 2.33 to 4.55). In other words, if treated with IVIg one in every three participants 

will improve due to this treatment. However, if ten participants are treated with IVIg, three will 

improve due to the therapy, but approximately two participants will improve spontaneously 

and four participants will not improve and need additional treatment. Long-term results from 

the largest study shows an almost equal beneficial effect of IVIg treatment for up to 24 with 

an ARR of 34% and an NNT of 2.94 (95% CI 2.00 to 5.88). Since only 3 out of 10 IVIg 
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courses are expected to cause improvement and the costs of IVIg are high, cost-benefit 

studies are urgently needed to estimate the cost-effectiveness of this treatment. 

IVIg appears to be equally as effective as plasma exchange, prednisolone and intravenous 

methylprednisolone, with some reservations. Firstly, the plasma exchange versus IVIg trial 

used an unusual dose and regimen of IVIg and had some major methodological 

shortcomings. Secondly, the prednisolone versus IVIg trial was terminated prematurely 

because trial medication expiry date was reached before all the intended 40 participants 

could be accrued. Moreover this trial was not designed and powered to detect equivalence 

between the two treatments. Furthermore, the regimen of prednisolone chosen was relatively 

short and not typical of clinical practice for the treatment of people with CIDP. If prednisolone 

had been given in a more protracted regimen and had been compared with standard IVIg 

treatment, it might have been superior. Finally, in the trial comparing IVIg and IVMP, we used 

outcomes at 15 days as defined by our study protocol. Although in favor of IVIg, the 

proportion of participants improving on disability did not differ significantly between both 

groups, which was also the case when outcomes were assessed at two months (data not 

shown) and six months. Participants with lack of improvement within two months were 

switched to the alternative treatment. Studies with a follow-up that is too short might 

underestimate the treatment effect, especially in participants treated with corticosteroids, as 

recent evidence has shown more than half of IVIg responders improve between three and six 

weeks (Latov 2010) while the median time to improvement in participants treated with pulsed 

oral dexamethasone was 17 weeks (van Schaik 2010). The dose of methylprednisolone in 

this study is high compared with doses used in previous studies of corticosteroids (Lopate 

2005; Muley 2008; van Schaik 2010). The finding that the improvement in disability did not 

differ significantly between IVIg and IVMP could mean that higher dosing such as that used 

in this study is not necessary and will only lead to more adverse events. This could be an 

explanation for the high dropout rate at 15 days in the intravenous methylprednisolone group. 

Another problem might have been that more participants in the IVIg group were treated with 

IVIg previously and thus were known to be responsive to this treatment. Therefore, the 

design of the study could have overestimated the efficacy of IVIg. 

One trial which has been excluded from analysis in this review for various reasons (see 

Characteristics of excluded studies table in original full review), compared three different IVIg 

doses (0.25, 1.0 and 2.0 g/kg) in 59 participants with CIDP and multifocal motor neuropathy 

(MMN) (Kubori 1999). There was a beneficial treatment effect in respectively 15%, 21% and 

60% of participants, illustrating that a lower dose of IVIg may not be effective. 
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Adverse events and safety 

In two trials side effects were not mentioned (Analysis 1.9; Analysis 1.10). Headache, 

nausea, chills and fever are quite common but transient side effects with IVIg treatment and 

were reported to occur in 82 out of 167 (49%) IVIg treated participants, in 25 out of 141 

(18%) placebo treated participants, and in 11 out of 27 (41%) prednisolone treated 

participants. Serious side effects were encountered in 10 out of 172 (6%) IVIg treated 

participants, in 10 out of 143 (7%) placebo treated participants, in 2 out of 27 (7%) 

prednisolone treated participants and in 2 out of 17 (12%) plasma exchange participants. 

These differences were not statistically significant. 

Most side effects of IVIg are mild and transient and estimated to occur in 1% to 15% of 

infusions (Duhem 1994; Stiehm 1996). Rashes, chills, fever, mild hypo- or hypertension, 

nausea, malaise, headache and mild arthralgias seem to be the most frequent. Occasionally 

a short-lasting aseptic meningitis may occur without or with only minimal long-term sequelae. 

The most worrisome albeit rare complications are severe and potentially fatal anaphylactic 

shock, stroke, and temporary renal impairment, which is relatively common in those 

participants with pre-existing renal disease. The exact incidence of these severe side effects 

is unknown. In an ongoing postmarketing clinical pharmacovigilance study an adverse 

reaction rate of less than 0.5% for more than 26,000 participant infusions and less than 4% in 

2554 participants was reported (Martin 2000). 

In this review, mild and transient side effects were reported in 49% of IVIg-treated 

participants which is far more than has been reported in the 'non-randomised' literature 

(Duhem 1994; Stiehm 1996; Martin 2000). Headache was the most frequent side effect. As 

cumulative percentages of all side effects were not given, we used the percentage of 

headache as an estimate of any side effect. This figure probably underestimates the side 

effects of IVIg. RCTs are not suitable for determining the frequency of side effects. Serious 

side effects were encountered in six per cent of IVIg treated participants which is more in line 

with previously published figures. In comparison with plasma exchange and prednisolone 

there were no significant differences in the occurrence of minor or major side effects. 

However, it should be noted that the number of plasma exchange treated participants was 

small compared to the number of IVIg-treated participants, thus the reported frequency of 

side effects in IVIg participants will be more accurate than in plasma exchange treated 

participants. Furthermore, serious side effects known to occur after prolonged treatment with 

steroids were not seen due to the very short prednisolone regimen given in this particular 

trial. 

The overall risk of bias in the trials was low. The allocation concealment was adequate in five 

(Vermeulen 1993; Hahn 1996; Mendell 2001; Hughes 2001; Hughes 2008) and unclear in 

two trials (Dyck 1994; Thompson 1996). 
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It is noteworthy that there is no agreement on the correct scale to assess participants with 

CIDP for clinical trials. Even the Neurological Disability Scale (NDS) (now known as the 

Neuropathy Impairment Scale), which was used twice, was modified in the second trial 

(Hahn 1996). The included trials used two types of NDS scales (Dyck 1992; Hahn 1996), the 

Hammersmith Motor Ability Score (Scott 1982), the functional disability score designed by 

Hughes (GBS study group 1985), the modified Rankin scale (de Haan 1993) and the INCAT 

disability score (Merkies 2000; Hughes 2001; Hughes 2008). A recent review showed great 

diversity in outcome measures used in immune-mediated neuropathies (van Nes 2008). 

There is a great need for standardisation of outcome measures used, to enable comparison 

of results between trials. To this end, an international database and The Peripheral 

Neuropathy Outcome Measures Standardisation (PeriNomS) study, has been initiated. 

In clinical phase III trials, the primary outcome should be disability and not impairment as the 

primary question to be answered is whether a person with CIDP benefits from a particular 

treatment. Three studies (Dyck 1994; Hahn 1996; Thompson 1996), which included a total of 

54 participants, did not use an appropriate scale to measure outcome adequately for this 

type of clinical trial. 

CIDP is a chronic disease which can follow a chronic progressive or relapsing-remitting 

course. Outcomes were assessed at 14 days (Thompson 1996), at 15 days (Nobile-Orazio 

2012), at 16 to 21 days (Vermeulen 1993), at 28 days (Hahn 1996) and at 42 days (Mendell 

2001). Original INCAT disability scores and percentage of participants responding to 

treatment at six weeks were provided by the authors for this review (Hughes 2008). Of all 

these trials, only the most recent study had a longer follow-up period, up to 48 weeks. In a 

chronic disease, the number of participants maintaining remission for a longer periods is of 

major importance. Future trials should therefore use long-term rather than short-term 

outcomes. 

We analysed the results from the cross-over trials as if they had come from a parallel group 

trial assuming that no carryover effect had occurred. Analysing cross-over trials in this way 

leads to a conservative estimate. In the case of dichotomous data, this is not statistically 

ideal but is unavoidable if an effort is made to assess efficacy from all available studies. To 

overcome this problem, individual patient data analysis of all studies should be carried out. 

These data have already been obtained from two studies and two other investigators have 

promised to supply us with the necessary information in due course. In the meantime, in the 

text of the review, the dichotomous outcome parameters have been given separately for all 

trials and for the parallel design trials. We also provided a GIV analysis for the cross-over 

trials where appropriate. In general the effect estimates were not far from the original 

analyses. For the interpretation of the overall effect of IVIg it did not make a great difference. 
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All cross-over trials used a predefined set of rules to determine the length of the washout 

period in which participants were crossed over if they remain stable, if they did not improve 

enough or if they deteriorated, depending on the scale used. Participants with significant 

improvements had to deteriorate below a predefined level before cross over could take 

place. Some participants who did not deteriorate again were not crossed over at all. Only one 

study (Hughes 2001) did a formal statistical test to exclude the possibility of a carry over 

effect. Nevertheless, we think it unlikely that a carry over effect accounts for the treatment 

effect found in this systematic review because of the extended washout periods used and the 

fact that the estimated treatment effects found in the various trials were all within the 95% CI 

of a funnel plot regardless of the design: parallel or cross-over (Figure 3 available in original 

full review). In the text, RRs are given separately for all studies and for the parallel design 

trials only (Vermeulen 1993; Thompson 1996). We have sent a request for individual patient 

data to the principal investigators of the other trials. 

 

We also planned to analyse other subgroups of interest because of their prognostic 

importance in previous prospective studies and trials (van Doorn 1991). One advantage of a 

systematic review is that data from an adequate number of participants might become 

available to detect significant differences between subgroups which were not apparent from 

individual trials. However, in none of the studies were enough data on subgroups available to 

allow such analyses. 

Since IVIg, plasma exchange, prednisolone and IVMP seem to be equally effective in the 

treatment of people with CIDP, it is currently uncertain which of these should be the first 

choice. Costs, side effects, duration of treatment, dependency on regular hospital visits, and 

ease of administration all have a bearing on such a decision. Prednisolone treatment can be 

administered easily and is cheap. When compared to prednisolone treatment IVIg will be 

cost-effective only when one quality adjusted life year (QALY) is valued at over 250,000 Euro 

(McCrone 2003). However, adverse events due to long-term prednisolone treatment are not 

taken into account and would reduce the cost per QALY of IVIg treatment. Up to 70% of 

people with CIDP relapse when the dose of steroids is reduced and treatment schedules 

lasting two years have been recommended (Mehndiratta 2012; Lindenbaum 2001). The use 

of immunosuppressants and other immunomodulatory agents as adjuvant therapy have been 

advocated and the merits of these additional treatments have been discussed in detail in 

another systematic review (Mahdi-Rogers 2013). Only approximately 25% of people with 

CIDP do not need further steroid treatment because they have achieved a real clinical 

remission. Long-term treatment with prednisolone is accompanied by many serious side 

effects. Half-year treatment of corticosteroid pulses, which might reduce long-term side 

effects, might be sufficient in some people with CIDP (Nobile-Orazio 2012; van Schaik 2010). 
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Plasma exchange is complicated, expensive and has no advantages over immunoglobulin 

treatment. Immunoglobulin treatment is expensive, usually needs a hospital setting to be 

administered, and must be repeated almost every month for many years to maintain the best 

possible functional status in people with CIDP. 

 

Authors' conclusions 

Implications for practice 

The evidence from randomised controlled trials in chronic inflammatory demyelinating 

polyradiculoneuropathy (CIDP) shows that intravenous immunoglobulin improves disability 

for up to 24 and possibly 48 weeks compared with placebo, with a number needed to treat of 

three. Short-term use of intravenous immunoglobulin (up to six weeks) has similar efficacy to 

plasma exchange and oral prednisolone. Since intravenous immunoglobulin, plasma 

exchange, prednisolone and pulsed intravenous methylprednisolone seem to be equally 

effective, it is currently uncertain which of these treatments should be the first choice. Cost, 

side effects, duration of treatment, dependency on regular hospital visits and ease of 

administration all have to be considered before such a decision can be made. 

 

Implications for research 

Further trials are needed to compare long-term benefit of intravenous immunoglobulin with 

that of plasma exchange or corticosteroids. Also, studies are needed to identify more 

appropriate outcome measures for trials in CIDP. Since intravenous immunoglobulin is 

expensive, cost-effectiveness studies comparing these treatments are needed. 
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Abstract 

Background 

Pulsed high-dose dexamethasone induced long-lasting remission in patients with chronic 

inflammatory demyelinating polyradiculoneuropathy (CIDP) in a pilot study. The PREDICT 

study aimed to compare remission rates in patients with CIDP treated with high-dose 

dexamethasone with rates in patients treated with standard oral prednisolone. 

Methods 

In eight neuromuscular centres in the Netherlands and one in the UK, patients aged 18 years 

or older who had newly diagnosed definite or probable CIDP were randomly assigned to a 

treatment regimen of either pulsed high-dose dexamethasone or standard oral prednisolone. 

Randomisation was done with a random number generator. The primary outcome measure 

was remission at 12 months, defined as improvement of at least three points on the 

Rivermead mobility index and improvement of at least one point on the inflammatory 

neuropathy cause and treatment disability scale. Analysis was by intention to treat. This trial 

is registered with Current Controlled Trials, number ISRCTN07779236. 

Findings 

Between December, 2003, and December, 2008, 40 patients were treated: 24 received 

dexamethasone and 16 received prednisolone. At 12 months, 16 patients were in remission: 

ten in the dexamethasone group and six in the prednisolone group (odds ratio [OR] 1·2, 95% 

CI 0·3–4·4). Most adverse events were minor and did not differ substantially between 

treatment groups; however, sleeplessness and Cushing's face occurred more often in the 

prednisolone group. 

Interpretation 

Pulsed high-dose dexamethasone treatment did not induce remission more often than 

prednisolone treatment. A substantial proportion of patients were in remission at 12 months 

in both treatment groups. High-dose dexamethasone could be considered as induction 

therapy in CIDP, but comparison with intravenous immunoglobulin treatment is needed. 

 

Introduction 

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is characterised by 

symmetric motor or sensory symptoms and signs, or both, in more than one limb, that 

develop over at least 2 months.1-3 CIDP can cause prolonged periods of disability, with 54% 

of patients becoming severely disabled at some point during the illness.4 More than 10% of 

patients with CIDP remain severely disabled despite treatment.4-6 
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Corticosteroids have been thought of as an effective treatment for CIDP since 1958.7 A 

placebo-controlled, unblinded, randomised clinical trial in 35 patients with CIDP showed a 

beneficial effect of corticosteroids.8 Open, uncontrolled studies have suggested that 

corticosteroid treatment improves impairment and disability in two-thirds to three-quarters of 

patients with CIDP.1,9-13 A recent guideline recommended intravenous immunoglobulin and 

corticosteroids as possible first-line treatments in patients with sensory and motor CIDP who 

have significant disability.14 Which of these treatments should be tried first is a matter of 

debate and depends on various factors, such as availability, cost, and local facilities to 

administer intravenous immunoglobulin. 

Both dexamethasone and prednisolone are corticosteroids with predominantly glucocorticoid 

activity. Prednisolone is the most commonly used corticosteroid for the treatment of CIDP. 

The anti-inflammatory potential of dexamethasone is about six-times higher than that of 

prednisolone.15,16 Dexamethasone is usually classified as a long-acting corticosteroid (half-

life 36–72 h) and prednisolone as an intermediate-acting corticosteroid (half-life 12–36 h).15,16 

Both drugs are rapidly and well absorbed from the gastrointestinal tract, bound to plasma 

proteins, and excreted in the urine. 

The mechanism of the therapeutic effect of corticosteroid treatment in patients with CIDP is 

unknown. Glucocorticosteroids modulate the inflammatory process and the immune 

response by various mechanisms: transcriptional and post-transcriptional regulation of 

several genes that act through suppression of T-cell proliferation; reduced production of 

proinflammatory cytokines, chemokines, and adhesion molecules; induction of anti-

inflammatory cytokines and cytokines receptors; and induction of apoptosis of T lymphocytes 

following CD3 downregulation.15,16 These mechanisms are mediated through binding and 

saturation of the glucocorticoid receptor. Saturation of all glucocorticoid receptors is almost 

complete at a dose of 100 mg of prednisolone equivalent per day. During high-dose pulse 

therapies, additional effects occur such as interference with intracellular signal transduction, 

interaction with cell membranes affecting cell function, and the activity of membrane-

associated proteins,15,16 which might contribute to the therapeutic success of pulse therapies. 

For example, in one study on pharmacodynamics of intravenous methylprednisolone in 

patients with multiple sclerosis, patients with CIDP served as controls;17 in all patients 

methylprednisolone induced lymphocytopenia, primarily of CD4 T cells. 

Type, dose, route, and duration of corticosteroid administration vary. Treatment schedules 

lasting as long as 2 years have been recommended.18 Long-term treatment with 

corticosteroids can cause serious side-effects. In three open-label studies, pulsed oral and 

intravenous corticosteroid treatment was effective and reduced steroid-related adverse 

events.11,12,19 Moreover, six cycles of pulsed high-dose oral dexamethasone given for 6 

months induced remission in six of ten patients.19 Pulsed oral methylprednisolone induced 
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remission in six of nine patients after a mean of 27 months of treatment.12 Inducing 

remission—defined as sustained improvement not needing maintenance treatment—would 

be beneficial in patients with chronic disease, particularly if long-term treatment is expensive 

or causes many side-effects. 

We hypothesised that pulsed high-dose dexamethasone induces remission more often and 

more rapidly against minor short-lasting side-effects and with fewer serious or long-term 

side-effects compared with standard oral prednisolone treatment. We aimed to investigate 

this hypothesis in a multicentre, double-blind, randomised, controlled clinical trial. 

Methods 

Patients 

Patients were enrolled in eight neuromuscular centres in the Netherlands and one in the UK. 

Patients were eligible if they were at least 18 years of age and had been newly diagnosed as 

having definite or probable CIDP according to the European neuromuscular centre diagnostic 

criteria.20 Patients had to have signs and symptoms sufficiently severe to warrant treatment 

and had to be treatment naive. Exclusion criteria were other diseases known to cause 

neuropathy (eg, diabetes mellitus, paraproteinaemia with the exception of an IgG 

paraproteinaemia of undetermined significance, thyroid disease, vitamin B1 or B12 

deficiency, or significant haematological, renal, or liver disorders); diseases known to lead to 

reduced mobility, severe handicap, or sudden death; contraindications to corticosteroid 

therapy; use of drugs known to cause neuropathy; CSF cell count of more than 30 per mm3; 

and premenopausal women not using a reliable means of contraception. Patients with 

subacute inflammatory demyelinating polyneuropathy or motor CIDP (no sensory signs or 

symptoms and no abnormalities in sensory nerve conduction studies) were also excluded. 

All patients gave written informed consent. The trial protocol was approved by the ethics 

committees of all participating centres. This study is registered with Current Controlled Trials, 

number ISRCTN07779236. 

Randomisation and masking 

The trial pharmacist at the trial centre (Academic Medical Center, Amsterdam, Netherlands), 

who had no further role in the study, randomised each patient upon study inclusion. 

Treatment allocation was in a 1:1 ratio by use of a random number generator. A minimisation 

procedure was used for age (<50 and ≥50 years), stratified by centre, grouped into Dutch 

centres expecting to include most patients (University Medical Center Utrecht, Erasmus 

Medical Center, and Academic Medical Center), other Dutch academic neuromuscular 

centres, and centres not belonging to the first two categories. After randomisation, trial drugs 

in identical white blister packs with the patient's identification number, week number, and day 
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number on the outside were delivered by the pharmacist to the trial nurse, who was masked 

to treatment allocation. This process ensured concealment of treatment before allocation. 

The trial nurse sent the drugs to the various centres by courier. Patients and assessors were 

unaware of the treatment assignment. 

Procedures 

Patients were randomly assigned to receive either oral dexamethasone 40 mg per day for 4 

days consecutively followed by placebo for 24 days, repeated for six cycles, or daily 

prednisolone for 32 weeks starting with 60 mg per day for 5 weeks and tapering to alternate 

day doses and then to zero over the next 27 weeks (table 1). All patients took one capsule 

per day for 32 weeks. Dexamethasone, prednisolone, and placebo came in identical 

capsules. Patients on dexamethasone received a cumulative dose of 960 mg 

dexamethasone equivalent to 6400 mg prednisolone; patients in the prednisolone group 

received a cumulative dose of 6425 mg prednisolone equivalent to 964 mg dexamethasone. 

All patients also received alendronate 10 mg daily or 70 mg weekly to prevent osteoporosis. 

Daily calcium 1000 mg and vitamin D was added at the discretion of the treating neurologist.  

 

Table 1 Treatment schedule 

 Dexamethasone (mg)  Prednisolone (mg) 

Week   Alternate days 

1 40 mg for 4 days  60 60 

2-4 placebo  60 60 

5 40 mg for 4 days  60 60 

6 placebo  60 50 

7 placebo  60 40 

8 placebo  60 30 

9 40 mg for 4 days  60 20 

10 placebo  60 10 

11 placebo  60 5 

12 placebo  60 placebo 

13 40 mg for 4 days  60 placebo 

14-16 placebo  50 placebo 

17 40 mg for 4 days  50 placebo 

18-20 placebo  40 placebo 

21 40 mg for 4 days  30 placebo 

22 placebo  30 placebo 

23-24 placebo  20 placebo 

25-26 placebo  15 placebo 

27-28 placebo  10 placebo 

29-30 placebo  5 placebo 

31-32 placebo  2·5 placebo 

1 mg prednisolone = 0·15 mg dexamethasone 

(http://www.globalrph.com/steroid.cgi) 
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After randomisation, patients were not allowed any other immunomodulatory or 

immunosuppressive treatment until they reached a predefined endpoint. Patients were not 

specifically advised to have a diet poor in carbohydrates to counteract possible weight gain. 

The study included a treatment period (weeks 1–32) and a follow-up period (weeks 33–52). 

Patients were assessed at baseline, and at 8, 16, 24, 33, 42, and 52 weeks. Patients were 

assessed earlier if clinically necessary (eg, if a patient relapsed). 

The primary outcome was the percentage of patients who reached and remained in 

remission without treatment at 12 months. Remission was defined as improvement of at least 

three points on the Rivermead mobility index (RMI)21 and improvement of at least one point 

on the inflammatory neuropathy cause and treatment (INCAT) disability scale22 compared 

with baseline or when the best possible score of a scale had been reached. The RMI ranges 

from 0 (unable to mobilise) to 15 (fully mobile); the INCAT disability scale ranges from 0 

(healthy) to 10 (unable to make any purposeful movements with arms or legs). 

Secondary outcomes were time to reach remission, number of patients who relapsed within 

12 months, time to relapse, number of patients who improved by at least one point on the 

INCAT disability scale, number of patients who improved by at least three points on the RMI, 

change in grip strength as assessed with a handheld Vigorimeter,23 change in Medical 

Research Council sum score (range 0–60; including shoulder abduction, elbow flexion, wrist 

extension, hip flexion, knee extension, and foot dorsiflexion), change in INCAT sensory sum 

score,24,25 change in short form-36 health survey,26 and change in Academic Medical Center 

linear disability scale (ALDS, range 0 [dead] to 100 [fully able]).27,28 

 

Trial treatment was prematurely stopped if a patient showed no improvement or stabilisation 

of disease compared with baseline at 8 weeks, relapsed (defined as deterioration back to the 

baseline values or worse) during treatment or follow-up making immediate re-treatment 

necessary, or had serious side-effects caused by the study drug. Apart from remission at 12 

months, all other endpoints were scored as a treatment failure (no remission). Patients who 

reached one of these endpoints were assessed for all outcome parameters. The treating 

neurologist was then informed about treatment to enable tapering of corticosteroids if a 

patient was allocated to prednisolone. The trial centre and principal investigator (INvS) 

remained masked. 

Adverse events were recorded at each visit with a structured questionnaire, and bodyweight 

and blood pressure were assessed. Hypertension was defined as mild (90–99 mm Hg 

diastolic or 140–159 mm Hg systolic), moderate (100–109 mm Hg diastolic or 160–179 

mm Hg systolic), or serious (≥110 mm Hg diastolic or ≥180 mm Hg systolic). Bone 

densitometry with dual-energy radiograph absorptiometry of the lower spinal vertebra and 

ophthalmology assessment to exclude glaucoma and cataract was done at baseline and at 
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endpoint. Bone density was expressed as T score and Z score. A T score above −1 was 

regarded as normal, between −1 and −2·5 as osteopenia, and below −2·5 as osteoporosis. Z 

scores are T scores normalised for age, size, and sex. 

 

Figure 1. Trial profile 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*1 stopped after first cycle of dexamethasone because of glaucoma, 10 reached an endpoint. †7 reached an 

endpoint. 

Statistical analysis 

Sample size calculation was done on the basis of the percentage of patients in remission at 

12 months. By use of results from pilot studies, we estimated that at least 67% (95% CI 39–

88%) of newly diagnosed patients with CIDP who were treatment naive would reach 

remission if treated with dexamethasone. Previous studies summarised in a Cochrane review 

have shown that spontaneous remissions occur in 15% (95% CI 7–25%) of patients with 

CIDP.29 Thus, we assumed that the proportion of patients with spontaneous remission was 

unlikely to be higher than 25%. We calculated that for an expected difference in effect of 42% 

between dexamethasone and prednisolone in newly diagnosed patients with CIDP, inclusion 

of 26 patients in each arm would achieve a power of 80% to detect a significant difference 

(p<0·05, two-sided) in the percentage of patients in remission using the Fisher's exact test. 

During the study, we realised that the target of 52 patients could not be achieved within a 

reasonable timeframe with the available financial resources, expiry date of trial drug, and 

16 analysed for primary and 

secondary outcome  

17 randomly assigned to prednisolone 24 randomly assigned to dexamethasone  

24 analysed for primary and 

secondary outcome  

 41 randomised 

16 received prednisolone 24 received dexamethasone 

1 withdrew 1 day after randomisation 

due to rapid disease progression and 

 41 enrolled 
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recruitment rate. As a result, inclusion was stopped on Dec 1, 2007, after 41 patients had 

been enrolled, with final follow-up on Dec 1, 2008. 

An interim analysis on safety was planned after inclusion of the first 26 patients or after 2 

years, whichever happened first, but this analysis was not done because no serious side-

effects had occurred at that time. 

Analyses were done on an intention-to-treat basis after all included patients had reached an 

endpoint. Outcomes assessed at an endpoint were carried forward if this endpoint did not 

coincide with the 12 month end of trial assessment. Testing for normality of distributions was 

done by Kolmogorov-Smirnov testing. Normally distributed continuous data are reported as 

mean and standard deviation, normally distributed ordinal data as median and range, and 

skewed data as median and IQR. All dichotomous outcome variables are reported as 

percentage and odds ratios with 95% CIs. 

Treatment groups were also compared for their endpoint values, expressed as changes from 

baseline using unpaired t tests or, where appropriate, Mann-Whitney U tests. The number of 

patients with adverse events in the treatment groups was compared with Fisher's exact test. 

Survival analyses were done for the time to remission and time to improvement following the 

start of treatment. Only remissions and improvement sustained up to 12 months were 

considered as an event for these analyses. Observations were censored when a patient 

showed no improvement or stabilisation at or after 8 weeks, experienced a relapse, or had 

serious side-effects. A Kaplan-Meier curve was calculated for each treatment group, and the 

groups were compared with a generalised Wilcoxon test (Breslow-Gehan test). 

All statistical analyses were done using SPSS 15.0 for Windows (SPSS, IL, USA). 

Role of the funding source 

The study was sponsored by the Prinses Beatrix Fonds and the Department of Neurology at 

the Academic Medical Centre. The funders of the study had no role in the study design, data 

collection, data analysis, data interpretation, or the writing of the report. The writing and 

steering committees had full access to all data in the study and the writing committee had 

final responsibility for the decision to submit for publication. 

Results 

Between December 2003 and December 2007, 41 patients were randomly assigned and 40 

started study medication (figure 1). One patient withdrew from the trial 1 day after 

assignment because of rapid disease progression and a change of diagnosis. This patient 

did not start trial medication, was not assessed for efficacy outcomes, and was excluded 

from all analyses. 24 patients were assigned to dexamethasone and 16 to prednisolone. All 

patients received at least one dose of their allocated treatment and none was lost to follow-
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up. Table 2 shows the baseline characteristics of all patients who started trial medication. 

Patients in both groups were similar in all demographic, clinical, impairment, disability, and 

quality of life parameters at baseline. Median duration of disease was 9·0 months (IQR 6·0–

24·0 months). Four patients had disease duration of 3 months; in all others the duration was 

more than 3 months. 

 

Table 2 Baseline characteristics of study participants 

 
After 1 year, 16 of 40 patients were in remission: ten of 24 in the dexamethasone group and 

six of 16 in the prednisolone group (OR 1·19, 95% CI 0·3–4·4, figure 2, table 3). Two patients 

receiving prednisolone reached remission, one at 8 weeks and one at 16 weeks, but 

relapsed before 12 month follow-up and were thus scored as no remission. 

 

 

Dexamethasone  

(n =24) 

Prednisolone  

(n =16 ) 

All 

(n = 40) 

Male/Female 18 (75%)/6 (25%) 10 (63%)/6 (37%) 28 (70%)/12 (30%) 

Age (years) 59·9 (25·8 – 80·2) 60·8 (25·3 - 87·7) 59·9 (25·3 – 87·7) 

Duration of disease (months)
 

13·5 (5·3 – 28·5)
& 

8·5 (6 – 15)
&
 9 (6 – 24)

&
 

INCAT disability scale  4 (2 – 9) 3 (2 – 8) 3·5 (2 – 9) 

Rivermead Mobility Index  12 (8 – 13)
&
 12·5 (9·5 – 13)

&
 12 (8 – 13)

&
 

MRC sum score  50 (42 – 57) 50 (35 – 59) 50 (35 – 59) 

Grip strength  56·5 (30·3) 41·3 (27·3) 50·7 (29·8) 

INCAT Sensory sum score  8·5 (1 – 15) 9 (0 – 17) 9 (0 – 17) 

ALDS  69·9 (16) 63·2 (21) 67·3 (18) 

SF-36 Health survey 33·5 (9·3) 31·7 (7·3) 32·7 (8·5) 

Body weight (kg) 81 (13·5) 84 (8·9) 82 (11·9) 

Blood pressure (mmHg)  Systolic 

 Diastolic 

135 (14) 

85 (8) 

148 (24) 

89 (15) 

140 (19) 

86 (11) 

Bone density lower spinal vertebra T-score 

 Z-score 

-0·1 (-1·4 – 1·2)
& 

0·3 (-0·7 – 1·5)
&
 

-0·2 (-0·9 – 1·1)
&
 

0·3 (-0·4 – 1·2)
&
 

-0·1 (-1·1 – 1·1)
& 

0·3 (-0·6 – 1·5)
&
 

Blood glucose (mmol/l) 5·7 (1·3) 5·2 (1·1) 5·5 (1·3) 

Data for are number (%), mean (SD), median (range), or if marked with 
&
 median with interquartile range.  Larger 

INCAT disability scale values indicate greater limitation (possible range 0-10). Lower Rivermead mobility index values 

indicate less mobility (possible range 0-15). Larger MRC sum score indicates greater strength (possible range 0-60). 

Larger INCAT sensory sum score indicate more impairment (possible range 0-20). The ALDS scores range from 0 

indicating dead to 100 if a participant is fully able. 
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Figure 2 Primary outcome measure 

 

 

 
Table 3. Primary outcome measure 

 Total study population 

 (n = 40) 

        Dexamethasone 

    (n = 24) 

Prednisolone 

    (n = 16) 

        OR 

   (95% CI) 

Reached 

primary 

outcome 

 

16          10           6  1·19 (0·3 – 4·4) 

No remission  24          14         10 - 

The primary outcome measure has been defined as the percentage of patients in remission at 12 months after 

start of first treatment. A remission is defined as improvement of at least 3 points on the RMI and an 

improvement of at least 1 point on the INCAT disability scale as compared with baseline or when the best 

possible score of a scale has been reached. Each relapse during the follow-up period has been considered as 

a treatment failure and excludes the possibility of a remission at 12 months. 

 

Three patients in the dexamethasone group improved but not sufficiently to be classed as in 

remission. None of the patients treated with prednisolone improved on the RMI score, the 

INCAT disability scale, or both without reaching remission. In a post-hoc analysis, 19 of 40 

patients had a sustained improvement: 13 of 24 in the dexamethasone group and six of 16 in 

the prednisolone group (OR 1·97, 95% CI 0·5–7·2). 

Six patients had stable disease from the start of treatment onwards: four in the 

dexamethasone group and two in the prednisolone group (figure 2). 15 out of 40 patients 

deteriorated 10·1 weeks (95% CI 5·1–15·0) after start of treatment: seven of 24 in the 

dexamethasone group and eight of 16 in the prednisolone group (OR 2·43, 95% CI 0·7–9·1). 

Time to deterioration was not substantially different between groups. 

0% 25% 50% 75% 100%

Prednisolone

Dexamethasone

deteriorated

unchanged

improved

in remission
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Median time to remission was 20·0 weeks (95% CI 12·4–27·6) in patients treated with 

dexamethasone and 39·0 weeks (29·9–48·1) in those receiving prednisolone (p=0·057, figure 

3, table 4). The median time to improvement on the INCAT disability scale was 17·0 weeks 

(13·8–20·2) in patients treated with dexamethasone and 39·0 weeks (29·9–48·1) in those 

treated with prednisolone (p=0·036). 

 

Figure 3. Time to reach remission 

 

 

Thirteen of 24 patients who received dexamethasone and seven of 16 who received 

prednisolone improved one or more points on the INCAT disability scale (OR 1·5, 95% CI 

0·4–5·4). Nine of 24 patients treated with dexamethasone and three of 16 who received 

prednisolone improved three or more points on the RMI (OR 2·6, 95% CI 0·6–11·7). There 

was no statistically significant differences between the treatment groups for the changes from 

baseline in secondary outcome variables (table 4). 
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Table 4 Secondary and other outcome measures 

 Dexamethasone Prednisolone 

 
Value at 

endpoint
* 

mean difference 

from baseline 

(95% CI) 

Value at 

endpoint 

mean difference 

from baseline 

(95% CI) 

p-value† 

Secondary outcomes     

Time to remission 

(weeks) 
20 (CI 12·4-27·6) 

- 

 
39 (CI 29·9–48·1) - 0·057‡ 

Relapses within 12 

months  
0 - 2  -  

Time to relapse 

(weeks) 
- - 8 and 16 -  

Improvement INCAT 

disability >1 point  
13  - 7  - 

OR 1·52  

(CI 0·4–5·4) 

INCAT disability scale 

score 
3 (0 – 7) 1·46 (0·3 – 2·6) 3 (0 – 8) 0·06 (-1·2 – 1·4)  

Improvement on RMI  9  3  
OR 2·6  

(CI 0·6–11·7) 

RMI 13 (12 – 14)
  

1·58 (-0·5 – 3·7) 12 (7 – 15)
 
 0 (-2·3 – 2·3) 0·3 

Grip strength 64·7 (29·7) 8·1 (-4·4 – 20·5) 54·7 (35) 13·4 (-6·1 – 32·9) 0·6 

MRC sum score 57 (50 – 60)
 
 4·0 (1·3 – 6·7) 50 (42 – 60) 1·6 (-1·8 – 4·9) 0·2 

INCAT sensory sum 

score 
4 (0 – 15) 2·2  (0·6 – 3·7) 7 (0 – 18) 1·4 (-1·1 – 3·9) 0·6 

ALDS 83·4 (6·1) 13·5 (5·4 – 18) 83·9 (5·7) 17 (7·7 – 21·5) 0·7 

SF36 40·9 (10) 7·4 (2 – 12·7) 36·1 (13·5) 4·5 (-2·2 – 11·1) 0·5 

Other outcomes      

Body weight 80·6 (12·8) - 0·38 (-1·7 – 2·4) 85·9 (8·8) 1·4 (-1·5 – 4·4) 0·3 

Blood pressure       

   Systolic 

   Diastolic 

138 (14) 

84 (9) 

3 (-1 – 7) 

-1 (-4 – 2) 

143 (20) 

85 (14) 

-5 (-15 – 5) 

-4 (-8 – 1) 

0·1 

0·3 

Body density  LSV      

   T-score 

   Z-score 

-0·7 (-1·5 – 0·4)
 
 

-0·1 (-0·4 – 1·2)
 
 

-0·6 (-2·5 – 1·3) 

-0·5 (-2·2 – 1·2) 

-0·4 (-1·0 – 0·6)
 
 

0 (-0·8 – 0·5)
 
 

0 (-0·9 – 0·9) 

-0·1 (-0·8 – 0·6) 

0·63 

0·74 

Blood glucose 

(mmol/l) 
5·4 (0·9) - 0·3 (-0·8 - 0·2) 6·7 (4·4) 1·6 (-0·8 - -4·0) 0·08 

INCAT=inflammatory neuropathy cause and treatment. RMI=Rivermead mobility index. MRC=Medical Research 

Council. ALDS=Academic Medical Center linear disability scale. LSV=Body density lower spinal vertebra. *Data 

are number, mean (SD), median (range) or median (IQR). † Unpaired t test or where appropriate Mann-Whitney 

U test. ‡Survival analysis was done and the groups were compared with a generalised Wilcoxon test (Breslow-

Gehan test). 
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Table 5 Adverse events  

  Dexamethasone 

(n=24) 

Prednisolone  

(n=16 ) 

 

  Treatment 

period 

Follow 

up 

period 

Treatment 

period 

Follow 

up 

period 

p* 

Sleeplessness minor 

severe 

6 (25) 

3 (13) 

2 (8) 

0 

10 (63) 

2 (13) 

2 (13) 

0 

0·02
 

Mood changes minor  

severe 

9 (38) 

1 (4) 

4 (17) 

0 

11 (69) 

1 (6) 

1 (6) 

0 

0·2 

Increased appetite minor  

severe 

8 (33) 

1 (4) 

3 (13) 

0 

3 (19) 

5 (31) 

1 (6) 

0 

1·0 

Weight gain 1 to 3 kg 

>3 kg 

9 (38) 

1 (4) 

3 (13) 

1 (4) 

3 (19) 

6 (38) 

3 (19) 

6 (38) 

0·3 

Cushing face minor  

severe 

6 (25) 

0 

2 (8) 

0 

8 (50) 

2 (13) 

3 (19) 

0 

0·01 

Dyspepsia or heartburn minor  

severe 

5 (21) 

3 (13) 

1 (4) 

0 

6 (38) 

0 

2 (13) 

0 

0·5 

Acne vulgaris minor  

severe 

3 (13) 

1 (4) 

0 

0 

3 (19) 

0 

0 

0 

1·0 

Infections minor  

severe 

6 (25) 

0 

3 (13) 

0 

2 (13) 

0 

0 

0 

0·3 

Delayed wound healing minor  

severe 

1 (4) 

0 

3 (13) 

0 

3 (19) 

0 

0 

0 

1·0 

Skin thinning minor  

severe 

2 (8) 

0 

2 (8) 

0 

3 (19) 

0 

0 

0 

1·0 

Hypertension mild 

moderate 

2 (8) 

1 (4) 

2 (8) 

1 (4) 

0 

2 (13) 

0 

2 (13) 

0·7 

Diabetes mellitus†
  1 (4) 0 3 (19) 2 (13) 0·3 

Other  7 (29) 1 (4) 6 (38) 1 (6) 1·0 

Data are number (%).*All patients in each category (minor and severe combined) during treatment and follow-

up compared between both treatment groups. If a patient had an adverse event during treament period which 

extended into the follow-up period, that patient is included in the data for both the treatment and follow-up 

periods, but is counted only once for the Fisher's exact test. † Including impaired glucose tolerance. 

 

Incidence of adverse events was similar in both groups, although more patients receiving 

prednisolone reported sleeplessness and Cushing's face (table 5). One patient stopped 

treatment after one cycle of dexamethasone because of acute glaucoma. This patient had 

previously had an attack of glaucoma, but this was not reported at the time of inclusion. No 
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other patients withdrew because of adverse events. One patient who received 

dexamethasone and reached remission developed mild glaucoma. There were no new cases 

of cataract during the study. 

At baseline, 20 patients had mild-to-moderate hypertension (nine in the dexamethasone 

group and 11 in the prednisolone group) and one patient allocated to prednisolone had 

serious hypertension. Two patients receiving dexamethasone developed mild hypertension, 

one patient receiving prednisolone developed moderate hypertension (table 5). In two 

patients, hypertension worsened from mild to moderate: one in the dexamethasone group 

and one in the prednisolone group. In all other patients, blood pressure remained stable or 

improved. 

Thirteen of 24 patients in the dexamethasone group and nine of 16 in the prednisolone group 

increased in bodyweight; there were more patients with severe weight increase (>3 kg) in the 

prednisolone group than in the dexamethasone group (table 5). Bone densitometry identified 

eight patients with osteopenia at baseline (T score between −1·0 and −2·5): six in the 

dexamethasone group and two in the prednisolone group. Two of these patients reached an 

endpoint (at 8 and 12 weeks) and did not have repeated dual energy radiograph 

absorptiometry scans. T score worsened to −2·4 in one patient on dexamethasone (Z score 

−2·2). In all other patients no significant changes in T score occurred. No patients had newly 

diagnosed osteopenia or osteoporosis at repeated dual energy radiograph absorptiometry 

scans. 

Two patients in the prednisolone group developed diabetes mellitus that required oral 

glucose-lowering treatment. Two patients, one in each treatment group, developed impaired 

glucose intolerance (data not shown). 

 

Discussion 

This randomised trial did not show a difference in remission rate between pulsed high-dose 

dexamethasone treatment and continuous prednisolone treatment for 6 months in patients 

with CIDP. Both treatments were associated with a remission rate about 40% higher than 

baseline. The percentage of patients who reached remission after treatment for 6 months 

was less than we had hypothesised in the dexamethasone group, and higher than we had 

hypothesised in the prednisolone group. Although there was no difference in the occurrence 

of remission between the groups, patients treated with dexamethasone improved almost 

twice as fast. Unexpectedly, more than a third of patients deteriorated after corticosteroid 

treatment. This was found more often after prednisolone than after dexamethasone. 
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The short-term treatment schedules in our study were in general well tolerated. Most adverse 

events were minor and transient. Persistent serious weight gain, moderate hypertension, and 

diabetes mellitus were observed more often in the prednisolone group. These findings are in 

accordance with previous open-label studies in which pulsed corticosteroid therapy was well 

tolerated.11,12,19 

One randomised, placebo-controlled trial in patients with CIDP has shown prednisolone to be 

superior to placebo in reducing disability and impairment.8 However, this study had several 

shortcomings, including failure to conceal allocation, absence of blinding, absence of 

intention-to-treat analysis, and a high dropout rate.9 In another randomised, crossover trial, 

there was no significant difference in disability (primary outcome) between oral prednisolone 

and intravenous immunoglobulin treatment given for 6 weeks.22 

In the ICE (immune globulin intravenous CIDP efficacy) trial, about 40% of patients who were 

treated with intravenous immunoglobulin in the first 24 weeks and were randomly assigned 

again to placebo remained in remission in an extension phase of 24 weeks.30 Although 

remission rate was not a prespecified outcome of the ICE trial, this suggests that 24 weeks of 

intravenous immunoglobulin treatment might induce remission for at least another 24 weeks 

in a similar percentage of patients as 6 months of dexamethasone or prednisolone treatment. 

This has important implications for treatment of patients with CIDP, because treatment is 

probably too long in many patients.31 

The major drawback of long-term prednisolone treatment of CIDP is the occurrence of 

serious side-effects such as diabetes, hypertension, cataracts, osteoporosis, peptic ulcer 

disease, and aseptic necrosis of the bones. There are no good estimates of the occurrence 

of side-effects in patients treated with prolonged intermittent intravenous methylprednisolone 

and pulsed dexamethasone, but pulse therapy with corticosteroids seems to lead to fewer 

long-term side-effects.11,12,19 However, transient side-effects occurring in the first 48 h, 

including insomnia, restlessness, heartburn, flushing, sweating, and facial erythema, were 

encountered quite often.11,12,19 By contrast, in a study of 125 patients with chronic idiopathic 

thrombocytic purpura who were treated with cycles of dexamethasone, no patient had to stop 

treatment owing to severe side-effects.32 

The PREDICT study was an investigator-led trial in which recruitment was slower than 

anticipated. This was mainly because only treatment naive, newly diagnosed patients could 

be included in the trial. In the Netherlands, many patients with CIDP or patients with 

suspected CIDP are treated in general hospitals with one course of intravenous 

immunoglobulin before they are sent to a neuromuscular centre because of a treatment 

failure or doubt about the diagnosis. In the sample-size calculation we assumed that pulsed 

high-dose dexamethasone would induce long-lasting remissions in a much higher 

percentage of patients than continuous prednisolone treatment. This study shows that this 
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assumption is unlikely to be true. A study with 52 patients would have had the same 

conclusions because even the most optimistic scenario (in which all non-included patients 

receiving dexamethasone would go into remission and all non-included patients receiving 

prednisolone would be counted as treatment failure) would have shown no significant 

difference in remission rate between dexamethasone and prednisolone. 

The lower than expected number of patients included as well as the number of patient 

subgroups (three centre groups by two age groups) contributed to an imbalanced allocation 

of patients during the stratified minimisation procedure, but baseline variables were not 

different between the groups. 

The definition of remission that we used might not indicate true remission—that is, freedom 

from disease without treatment for an extended period of time—but a sustained significant 

improvement. In practice, 13 of 16 patients who went into remission in our study had an RMI 

of 14 or 15 or an INCAT disability scale score between 0 and 1. Further treatment was not 

thought necessary in any of these patients. 

We intended to do a double-blind trial and took measures to prevent unblinding. Measuring 

the success of blinding in a trial cannot be done with validity, because it is not possible to 

distinguish blindness from intuition about efficacy.33 Although unblinding might have taken 

place because of differences in treatment regimens, we have no reason to suppose that 

unblinding was a serious cause of bias in this study. First, we found no difference in 

remission rate between prednisolone and dexamethasone, although we hypothesised that 

dexamethasone would be superior. Second, most adverse events were not different between 

the two treatment groups, apart from sleeplessness and Cushing face, which occurred more 

often in patients treated with prednisolone. 

In current practice, patients with CIDP who have moderate or severe disability are treated 

with intravenous immunoglobulin, plasma exchange, or corticosteroids. Intravenous 

immunoglobulin, plasma exchange, and prednisolone seem to be equally effective in the 

treatment of CIDP.34 The choice of first-line treatment depends on several factors, such as 

disease severity, whether or not a patient presents with a pure motor form of CIDP, 

contraindications and side-effects of long-term therapy, costs, availability of plasma 

exchange, and local facilities to administer intravenous immunoglobulin. Improvement after 

intravenous immunoglobulin can be fast.34 Current recommendations for corticosteroid 

treatment are 60 mg per day as induction therapy up to 12 weeks. If there is a response, the 

dose should be tapered to a low maintenance level over 1 or 2 years and eventually 

corticosteroids can be withdrawn.14 Both daily dosing and alternate-day dosing have been 

used.35,36 

This study provides data to reconsider the recommendations on corticosteroid treatment in 

CIDP. Long-term prednisolone schedules with induction lasting 12 weeks and tapering over 
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1–2 years are probably unnecessary in many patients and might lead to long-term side-

effects, even in patients already in remission. If corticosteroid treatment is considered for a 

patient with CIDP, six cycles of high-dose dexamethasone might be a relatively well tolerated 

and cheap treatment. After the third cycle (12 weeks) it will be possible in most patients to 

decide whether there is a treatment response, and non-responders can be switched to 

treatment with immunoglobulins. 

Further studies are needed to investigate long-term management of patients with CIDP. A 

randomised trial comparing intravenous immunoglobulin with pulsed high-dose corticosteroid 

treatment is warranted. Cost-effectiveness analyses should be part of such studies. 
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Abstract 

Objective: Achieving long-term remission after a limited more intense treatment period 

would prevent prolonged use of corticosteroids or intravenous immunoglobulin (IVIg) in 

chronic inflammatory demyelinating polyradiculoneuropathy (CIDP). In this prospective 

cohort study we present long-term follow-up data on patients included in a multi-centre 

randomised controlled trial comparing 6 monthly pulses of dexamethasone with 8-months 

daily prednisolone.  

Methods: Treatment effect was assessed with the Inflammatory Neuropathy Cause and 

Treatment (INCAT) disability scale and the Rivermead Mobility Index (RMI) and was 

categorized using the CIDP disease activity status (CDAS) scale. 

Results: By March 2011, 39 out of 40 patients were included with a median follow-up of 4.5 

years. Cure (>5 years off treatment) or remission according to the CDAS criteria after one or 

two courses of pulsed dexamethasone or daily prednisolone was achieved in 10 out of 39 

patients (26%). Half of the patients who were in remission after initial treatment experienced 

a relapse (median treatment-free interval: 17.5 months for dexamethasone, 11 months for 

prednisolone). Alternative diagnosis was made in 7 out of 12 (58%) who did not respond to 

any therapy and in none of the treatment responsive patients.  

Conclusions: Cure or long term remission can be achieved in about a quarter of CIDP 

patients after one or two courses of pulsed dexamethasone or 8-month daily prednisolone. In 

treatment non-responsive patients the diagnosis CIDP should be reconsidered. 

Classification of evidence: This study provides class IV evidence that pulsed dexamethasone 

or 8-month daily prednisolone can lead to long-term remission in CIDP. 
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Introduction 

Current guidelines for treatment of  chronic inflammatory demyelinating 

polyradiculoneuropathy (CIDP) recommend both prednisolone and intravenous 

immunoglobulin (IVIg) as first-line therapies.1 As CIDP often runs a relapsing remitting 

course, long-term treatment is needed in many patients. Unfortunately, both prednisolone 

and IVIg maintenance treatment have their specific drawbacks such as serious long-term 

adverse events associated with long-term prednisolone treatment and high cost and 

inconvenience associated with IVIg. Choosing a first line treatment and the proper dose for 

maintenance therapy is not guided by evidence. Furthermore, a recent trial showed that in 

44% of patients with placebo add-on treatment, IVIg doses could be reduced or even 

discontinued, indicating that patients were treated too long with too high doses.2 All treatment 

trials in CIDP, except for one trial with a one-year follow-up,3 have investigated improvement 

in the short term, while a long-term remission would be a much more interesting outcome in 

a chronic disease. We performed a multi-centre randomised controlled trial (PREDICT) 

comparing 6 monthly pulses of dexamethasone with 8-months daily prednisolone. Sixteen of 

40 patients (42% in the dexamethasone and 38% in the prednisolone group) reached 

remission, defined as sustained improvement one year after start of treatment.4 We now 

present long term follow-up data on treatment and outcomes of these patients, with an 

emphasis on long-term remission.  

 

Methods 

Design 

The primary study objective was to determine the long-term remission rates in CIDP patients 

after treatment with pulsed courses of dexamethasone or 8-month daily prednisolone. It was 

designed to provide Class IV evidence that limited treatment with corticosteroid can lead to a 

sustained remission. This prospective follow-up cohort study was conducted by the 

PREDICT study group. 

 

Standard protocols approvals, registration and patient consent 

All participants gave written informed consent for the original trial including a possible follow-

up. The trial protocol was approved by the ethics committees of all participating centres. The 

trial was registered in Current Controlled Trials, number ISRCTN07779236. 
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Participants 

The PREDICT trial included 40 patients who had been newly diagnosed as having definite or 

probable CIDP according to the ENMC diagnostic criteria.5 Participants had to have signs 

and symptoms sufficiently severe to warrant treatment and had to be treatment naive. 

Participants with subacute inflammatory demyelinating polyneuropathy or pure motor CIDP 

were excluded. 

All patients who completed the trial were asked to participate. Follow-up visits were 

scheduled between June 2009 and March 2011. Patients who had reached a remission were 

all contacted again in March 2011 to confirm that they still were in remission. If applicable, 

cause of death was sought in medical records and through contact with patients’ general 

practitioner.  

 

Treatment during trial-phase and follow-up 

In the trial, participants were randomly assigned to receive either dexamethasone 40 mg per 

day orally for four consecutive days, repeated for six cycles, or daily prednisolone for 32 

weeks starting with 60 mg per day for five weeks and tapering ultimately to zero. The 

stratification, randomization, allocation and blinding procedure is described elsewhere.4 

Patients were considered as treatment failures if there was no improvement or stabilisation of 

disease, in case of occurrence of a relapse making immediate re-treatment necessary or 

serious adverse events. The choice of subsequent treatment after completion of the trial 

including when to start treatment after a relapse was at the discretion of the treating 

neurologists. 

 

Treatment effect and definition of remission 

In the PREDICT trial, remission was defined as improvement of at least three points on the 

Rivermead Mobility Index (RMI) and improvement of at least one point on the inflammatory 

neuropathy cause and treatment (INCAT) disability scale as compared with baseline or when 

the best possible score of a scale had been reached.4,6,7 In this study, follow-up outcome was 

categorized according to the recently proposed chronic inflammatory demyelinating 

polyneuropathy disease activity status (CDAS).8 This scoring system defines long-term 

outcome in CIDP based on duration of disease, clinical response, duration of treatment and 

neurological examination (Table 1).  Patients who have a stable neurological examination 

(muscle strength and sensory testing) and duration of follow-up without treatment of more 

than 5 years are considered cured (CDAS 1), those with less than 5 years are considered in 

remission (CDAS 2). In case of a relapse, duration of remission was determined by taking 

the time elapsed between last received treatment and the start of a new treatment. Patients 
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requiring ongoing immunotherapy for a year or more to maintain clinical stability are 

considered to have stable active disease (CDAS 3). Patients responding to recently initiated 

treatment (more than 3 months and less than a year) are classified as improving (CDAS 4). 

All other patients are considered to have unstable active disease (CDAS 5).  

CDAS categories were defined by two assessors (FE and IvS) who independently scored all 

patients based on duration of disease and treatment, disability scores at last visit and 

neurological examination. 

For all administered therapies after completion of the trial, treating neurologists were 

requested to score treatment effect with the following scores: 1) remission (good response 

and off-treatment), 2) good response but no remission, 3) modest response or 4) no 

response; based on improvement in disability on the INCAT disability scale and the 

Rivermead Mobility Index (RMI). Patients from the last two categories were grouped as non-

responders. 

 

Measurements 

All participating patients were invited to the trial centre of inclusion where they were 

examined by their treating neurologist or, if patients were discharged from further follow-up, 

by FE. Disability scores were filled in using the INCAT disability scale and the RMI.6,7 The 

INCAT disability scale ranges from 0 to 10, from healthy to unable to make any purposeful 

movements with arms or legs; the RMI ranges from 0 to 15, from unable to mobilise to fully 

mobile.  

Neurological examination was performed by the treating neurologist or FE. Muscle strength 

was tested in 12 predetermined muscle groups expressed as a maximum Medical Research 

Council (MRC) sum score of 60 and bilateral grip strength was assessed with a handheld 

Vigorimeter in kPa.9 Sensory involvement was scored with the INCAT sensory sum 

score.10,11 If a patient was not able to visit the treatment centre, a telephone interview was 

held to collect the outcome data; neurological examination was not performed in these 

patients. 

Standardised questionnaires were filled in on signs and symptoms of CIDP, signs of long-

term adverse events due to corticosteroids use (i.e. diabetes, hypertension, fractures due to 

osteoporoses, glaucoma, renal failure, Cushing appearance) and current medication, 

specifically the use of blood pressure lowering agents, oral antidiabetic agents or insulin. 

Additionally, medical records of all patients were reviewed by FE for possible long-term 

corticosteroid adverse events. 
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Figure 1. Flow diagram of study inclusion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical analysis  

Simple descriptive statistics were used to analyse the results. Due to the expected 

heterogeneity of treatments and treatment response results were not tested for significance.  

 

Results 

Patients 

Forty one patients were randomised in the PREDICT trial of which 40 received treatment: 24 

patients received dexamethasone and 16 patients received prednisolone. By March 2011, 39 

patients were included in the follow-up study with a median follow-up of 54 months (range 9-

100), one patient who was treated with prednisolone was lost to follow-up. The 

characteristics of the participants were published previously.4 A total of six patients died 

during follow-up, two were in remission, one was improving on treatment and three had 

unstable disease. Five patients died due to CIDP unrelated causes: malignancy in two 
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patients, heart failure, suicide and hepatic failure in a transthyretine associated hereditary 

amyloidosis. The sixth patient had significant respiratory and cardiac co-morbidity and 

developed respiratory failure after plasma exchange and IVIg treatment. 

 

Table 1. Chronic inflammatory demyelinating polyneuropathy disease activity status (CDAS)7  

CDAS 

1. Cure:  

≥ 5 years off 

treatment 

2. Remission:  

< 5 years off 

treatment  

3. Stable active 

disease: ≥ 1 

year on 

treatment 

4.Improvement:  

≥ 3 months < 1 

year, on 

treatment   

5. Unstable 

active disease: 

abnormal 

examination with 

progressive or 

relapsing course 

 

Cure and remission 

Using the CDAS classification 16 patients (41%) reached a cure (5 patients) or a remission 

(11 patients) (Table 2 and Figure 1). Ten of these 16 patients (26% of total) were considered 

to be responsive to dexamethasone courses or 8-month prednisolone treatment: six patients 

after a single course of dexamethasone given during the trial, two patients after a second 

course of dexamethasone given for a relapse following initial remission, two patients with 8-

months prednisolone treatment given during the trial. By March 2011, median duration of 

remission was 41 months (range 7-95). Two more treatment responsive patients achieved 

remission, one after 4-year prednisolone treatment and one after 2-year IVIg treatment. Both 

patients were on prednisolone treatment during the trial.  

 

Figure 2. Treatment response in CDAS categories Cure and Remission (percentages are of  

total of included patients) 
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Four patients who fulfilled the criteria for cure or remission did not respond to treatment. One 

patient failed to respond to prednisolone, dexamethasone and IVIg treatment but improved 

gradually several months after discontinuation of therapies to only minimal disability. In two 

patients (both dexamethasone) diagnosis was changed into hereditary neuropathy based on 

repeated electrophysiological studies while the fourth patient (prednisolone) was diagnosed 

with testicular lymphoma; he improved after chemotherapy from moderate to minimal 

disability.  

In the PREDICT trial sixteen patients (40%) reached remission. Four of 10 patients who were 

in remission after dexamethasone treatment and 4 of 6 who were in remission after 

prednisolone treatment experienced a relapse requiring treatment (50% of all remissions). 

Median interval between start of remission to relapse was 17.5 months for dexamethasone 

(range 7-52 months) and 11 months for prednisolone (5-63 months). Five of these eight 

patients (3 prednisolone, 2 dexamethasone) started to deteriorate within a year after ceasing 

therapy. 

 

Table 2. Results of long-term follow-up compared with PREDICT trial outcomes 

Legend: Follow-up categories are according to CDAS. Dexa: dexamethasone; Pred: prednisolone; * 

one patient had a relapse and was treated with a course of dexamethasone resulting in a remission; † 

patient improved after dexamethasone but experienced a relapse and was treated with a second 

course of dexamethasone resulting in a remission. Percentages are of total of 39 patients included in 

follow-up study. 
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Stable active disease  

At final follow-up 13 patients (33%) had a stable active disease requiring maintenance 

treatment (Table 2). Ten patients are currently being treated with IVIg (median duration 38 

months, range 12-84 months). Three patients are being treated with prednisolone, two with 

monotherapy and one with a combination of prednisolone, plasma exchange and 

azathioprine.  

 

Improving on treatment 

Two patients were categorised as improving on treatment (Table 2). One patient was in 

remission for more than four years after his first course of dexamethasone and is currently 

being treated with a second course of dexamethasone (Table 2).  The other patient died of 

cancer while he was improving on IVIg treatment. 

 

Unstable active disease  

Eight patients (21%) had an unstable active disease course, of which two are currently on 

treatment (Table 2). Two patients had an initial improvement after dexamethasone during the 

trial while one patient had a moderate effect with high dose of IVIg (1g/kg/week). Plasma 

exchange was used in three patients with a modest effect in only one patient. 

Immunosupressive therapy was given in four patients including mycophenolaat mofetil (three 

patients), azathioprine (two patients), methotrexate (two patients), rituximab (two patients) 

and cyclosporine (one patient), all with only modest or no effect. Diagnosis was changed in 

four of these eight patients (one transthyretine associated hereditary amyloidosis, one 

plasmacytoma, one IgM paraproteinemia and one DNA confirmed Charcot-Mary-Tooth 1a). 

All these four patients were treated with dexamethasone during the trial. 

 

Disability and neurological examination  

At final follow-up mean INCAT disability score was 2 (range 0-3) in the cure group and 1 in 

both the remission (range 0-2) and the stable active disease group (range 0-3). All patients 

were independent in daily activities. The mean improvement of INCAT disability score 

between trial baseline and final follow-up was 2 in the cure group and 3 in both the remission 

and the stable active disease group. The mean INCAT disability score in the unstable active 

disease group was 5 (range 3-8). The mean Rivermead mobility index was 13 (range 11-14) 

in the cure, 14 in both the remission (range 13-15) and the stable active disease group 

(range 9-15) and 9 (range 2-12) in the unstable active disease group. Only three patients 

(8%) had a complete normal neurological examination (one patient was in remission and two 

had stable active disease). 
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Corticosteroid adverse events during follow-up 

 The most important adverse events during the trial are listed in Table 3. A more extensive 

overview has been published previously.4 No new cases of diabetes or glaucoma were 

identified during follow-up. Three patients developed hypertension (defined as blood 

pressure above 140 mm Hg systolic or 90 mm Hg diastolic) during the follow-up period. All 

three had dexamethasone during the trial of which two were subsequently treated with 

prednisolone (one patient was on maintenance prednisolone treatment). Four patients had a 

Cushing’s face, all received maintenance prednisolone treatment. Two patients treated with 

dexamethasone experienced a fracture. One of these patients had osteopenia while the 

other had a normal bone densitometry at baseline visit in the trial. In both patients bone 

densitometry was not repeated at final trial visit. One patient who was treated with long-term 

prednisolone in combination with azathioprine developed Kaposi sarcoma. After switching to 

IVIg, a remission of the Kaposi sarcoma was observed. 

 

Table 3. Adverse events during trial and follow-up 

  

TRIAL 

PERIOD 

(40 PAT) 

FOLLOW-UP¹ 

(39 PAT) 

No active steroid 

treatment at final  

follow-up visit (35 pat) 

Maintenance 

prednisolone at final 

follow-up visit (4 pat) 

Trial treatment 

(dexamethasone/prednisolone) 

24/16 21/14 3/1 

Diabetes 0/2 0 0 

Impaired glucose tolerance 1/1 0 0 

Hypertension 

(treatment at final visit) 

2/1 

(0/1) 

2*/0 

(2/0) 

1/0 

(1/0) 

Cushing appearance 8/11 0 3/1 

Increase osteopenia at bone 

densitometry  

1/0 not performed not performed 

Fractures 0 2/0 0 

Acute glaucoma 1/0 0 0 

 

Legend: One patient (prednisolone) was lost to follow-up. ¹ 8 patients were treated with prednisolone 

and 6 patients with dexamethasone during the follow-up period. Another 4 patients had prednisolone 

maintenance treatment at last follow-up visit; * 1 patient was also treated with prednisolone during 

follow-up. 
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Discussion 

Cure or long-term remission was achieved after one or two courses of pulsed 

dexamethasone treatment or 8-month daily prednisolone treatment in 10 out of 39 patients 

(26%). Cure and remission was more often seen after dexamethasone than after 

prednisolone treatment but due to the small numbers this was not statistically significant. 

Only two more treatment-responsive patients went into remission after respectively long-term 

prednisolone and IVIg treatment. These results are comparable with the CDAS validation 

cohort of 106 patients in which 11% were classified as cured and 20% were considered in 

remission.8 Half of the patients that initially reached remission experienced a relapse 

warranting treatment. However, in some patients this relapse followed a long treatment-free 

interval of remission.  

About half of the patients who did not respond to corticosteroids had a satisfactory response 

to IVIg treatment. In our study, treatment with plasma exchange and/or immunosuppressives 

was of limited value in patients who failed to respond to both corticosteroids and IVIg. To our 

surprise, seven of the 12 (58%) treatment non-responsive patients turned out to have an 

alternative diagnosis during follow-up, while no patients had an alternative diagnosis in the 

treatment responsive group. All patients who finally had another diagnosis, fulfilled at the 

time they were included in the PREDICT study the ENMC criteria for CIDP and the more 

recent EFNS criteria, illustrating the fact that different conditions can cause a neuropathy that 

mimic idiopathic CIDP.1 Our results show that the diagnosis CIDP should be reconsidered if 

patients do not respond to first-line treatments, especially before other immunosuppressive 

therapies are considered which can have potentially serious adverse events.  

Six of 7 patients in whom the diagnosis was changed were using dexamethasone during the 

trial. In a post-hoc per-protocol analysis of only idiopathic CIDP cases, about a third would 

have had cure or remission after one or two courses of corticosteroids in this long-term 

follow-up study (40% after dexamethasone and 12% after prednisolone treatment). In the 

PREDICT study this would have resulted in a higher remission rate (56% after 

dexamethasone and 40% after prednisolone treatment, difference in remission rate is not 

significant). 

Most adverse events occurred during treatment and not during follow-up suggesting that 

long-term adverse events are probably not of major importance after discontinuation of short 

periods of corticosteroid treatment.  

Due to the small numbers of included patients and the overall low frequency of adverse 

events it is difficult to compare pulsed dexamethasone and daily prednisolone with regard to 

side effects. In a larger study with 125 patients with chronic idiopathic thrombocytic purpura 

who were treated with cycles of dexamethasone, no patient had to stop treatment due to 
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severe side-effects.12 However, patients need to be instructed for transient adverse events 

such as mood changes, insomnia and excitation during and days after pulse therapy.  

There are some limitations in this study. First of all, for pragmatic reasons treatment protocol 

was at discretion of the treating neurologist once patients had reached an endpoint in the 

trial. This led to various treatment regimens. However, this variation plays a role only in 

patients on maintenance treatment and in non-responders (CDAS 3 to 5) and less in patients 

who went into remission or a cure (CDAS 1 to 2) which was the primary objective of this 

study.  

Furthermore, although this is a relatively large group of prospectively followed CIDP patients, 

the numbers of patients in combination with the rate of remissions are too small to draw firm 

conclusions on difference between dexamethasone and prednisolone in inducing remission. 

Finally, data on adverse events were collected retrospectively that could lead to an 

underestimate of these events. However, we focussed on long term adverse events such as 

diabetes and hypertension which are less prone to recall bias. 

These results suggest that remission and cure can be achieved with a relatively short course 

of corticosteroid therapy. If corticosteroids are chosen as first-line treatment dexamethasone 

pulsed therapy seems to be a more appropriate choice because it led to a faster 

improvement, slightly longer remissions, relatively fewer relapses and less adverse events 

when compared to continuous prednisolone treatment. If a patient in remission experiences a 

relapse, one may consider repeating the course of corticosteroids, especially if the first 

course led to a long-term sustained remission.  

Possible directions for further research are studies predicting patients’ response to treatment 

and a head-to-head comparison of steroids to IVIg in achieving long-term remission. 

Guidelines on long-term treatment once maintenance therapy is required are needed. 
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Abstract 

Background  

In the PREDICT study, a randomised controlled trial comparing dexamethasone with 

prednisolone in patients with chronic inflammatory demyelinating polyradiculoneuropathy 

(CIDP), almost a quarter of patients deteriorated soon after starting treatment. The primary 

objective of this post-hoc analysis was to test the hypothesis that a focal demyelination 

pattern is associated with early deterioration after corticosteroid treatment and to explore 

whether various clinical characteristics are associated with deterioration after corticosteroid 

treatment.  

Methods 

Clinical outcome was categorised into early deterioration and non-early deterioration. A 

neurophysiologist blinded for treatment outcome scored electrophysiological data into 

following categories: pure focal versus non-focal distribution of demyelination and no/minor 

versus moderate/severe sensory involvement. Additionally, we compared 

electrophysiological and clinical baseline parameters, with emphasis on previously reported 

possible associations.  

Results  

Early deterioration was found in 7 out of 33 patients (21%). Ten patients had pure focal 

distribution of demyelination, of whom 5 had early deterioration; 23 patients had non-focal 

distribution, of whom 2 had early deterioration (p=0.02). Higher mean median nerve sensory 

nerve conduction velocity (SNCV) was found in patients with early deterioration compared to 

patients with non-early deterioration (52.6 and respectively 40.8 m/s, p=0.02).  

Conclusion 

Pure focal distribution of demyelination and lesser sensory electrophysiological abnormalities 

may be associated with early deterioration in CIDP patients treated with corticosteroids.
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Background 

Corticosteroids and intravenous immunoglobulin (IVIg) are both efficacious treatments for 

chronic inflammatory demyelinating polyradiculoneuropathy (CIDP). However, first choice of 

treatment is often based on physicians’ preference, due to absence of difference in treatment 

efficacy.1,2 Predicting factors of treatment response in CIDP would greatly ease the choice of 

first treatment. Thus far, reliable clinical and electrophysiological predictors of treatment 

response are limited.  

Earlier, we performed the PREDICT trial in which remission rates were compared between 

pulsed dexamethasone treatment and daily prednisolone in typical CIDP patients with diffuse 

sensory and motor involvement.3 Forty percent of the whole group achieved a remission, 

defined as a sustained improvement one year after start of treatment, without a significant 

difference between both treatments. Strikingly, almost a quarter of the participants 

deteriorated soon after start of trial treatment.  

Early deterioration after corticosteroids is a well-recognised and enigmatic phenomenon 

reported in patients with multifocal motor neuropathy (MMN).4 To a lesser extent, 

deterioration after corticosteroids has also been reported in pure motor CIDP and Lewis-

Sumner syndrome (LSS).5,6 The hallmark of MMN is the presence of conduction blocks 

(CBs) caused by focal demyelination, while signs of diffuse demyelination such as reduced 

motor nerve conduction velocities (MNCVs) are less frequently found.7 This is in contrast with 

typical motor and sensory CIDP in which both diffuse and focal features can occur. Some 

studies have suggested that in pure motor CIDP and LSS conduction blocks are relatively 

more frequent than other demyelinating features, when compared to typical CIDP.6,8 These 

findings prompted us to consider an association between deterioration after corticosteroids 

and the presence of CBs with focal demyelination pattern in acquired demyelinating 

neuropathies, including typical CIDP. 

A few small retrospective studies have reported an association between extent of axonal 

damage or extent of sensory involvement and treatment response after corticosteroids, but 

none have focussed on early deterioration.9-11 In this post-hoc analysis we studied possible 

associations with deterioration after corticosteroid treatment, focussing on the pattern of 

demyelination and previously reported clinical and electrophysiological features associated 

with poor response to corticosteroid treatment.10-11  

Methods  

Patients and treatment 

The PREDICT trial included treatment naïve patients who had been diagnosed as having 

definite or probable CIDP according to the ENMC diagnostic criteria.12 All patients had a 
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typical CIDP with clinically symmetrical sensory and motor involvement. Patients with a pure 

motor CIDP or LSS were excluded from the trial. Participants were randomly assigned to 

receive either six monthly courses of oral pulsed dexamethasone (40 mg daily during four 

consecutive days) or 8 months daily prednisolone with a tapering schedule.3 All participants 

gave written informed consent for the original trial including analysis of baseline 

characteristics. The trial protocol was approved by the ethics committees of all participating 

centres.  

 

Treatment outcome 

In the PREDICT trial remission was the primary outcome defined as improvement of at least 

three points on the Rivermead Mobility Index (RMI) and improvement of at least one point on 

the Inflammatory Neuropathy Cause and Treatment (INCAT) disability scale as compared 

with baseline or when the best possible score of a scale had been reached. For this post-hoc 

analysis we dichotomised outcome into early deterioration and non-early deterioration. Early 

deterioration was defined as any decrease on the RMI and/or increase on the INCAT 

disability scale at first scheduled trial follow-up visit at 8 weeks or at a prior unscheduled visit 

if such occurred. The group of non-early deterioration group encompassed all other patients.  

 

Baseline characteristics 

Electrophysiological baseline parameters were re-assessed and scored into categories by a 

neurophysiologist blinded for treatment and treatment outcome. The EFNS/PNS criteria for 

CIDP were used to define a conduction block and number of segments with a MNCV within 

the demyelinating range (<70% of lower limit of normal).2 Nerve segments over pressure 

points (elbow and fibula) and nerves with distal compound muscle action potential (CMAP) 

peak-peak amplitude below 1 mV were excluded from analysis.2 The number of CBs was 

defined as the sum of definite and probable CBs and was expressed as number per patient 

and as number per measured nerve segments with distal CMAP amplitude above 1 mV. The 

mean MNCV in arms and legs was calculated using exclusively nerve segments without CB. 

The distal CMAP amplitude and sensory nerve action potential (SNAP) amplitude of the 

median nerve were expressed as means. If both median nerves were tested in a patient, the 

mean of these values was used for group comparison. In non-recordable median nerves the 

CMAP and SNAP was scored as 0.  

Categorization of pure focal versus non-focal pattern of demyelination was based on the 

assumption that CB is a sign of focal demyelination while reduced MNCV in a nerve segment 

without CB is a sign of diffuse demyelination. We defined a pure focal demyelination pattern 

as the presence of two or more definite or probable CBs without the presence of MNCVs 
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within the demyelinating range in other nerve segments. All other patients were considered 

having a non-focal demyelinating pattern.  

Electrophysiological sensory involvement at baseline was categorised into no/minor versus 

moderate/severe. Moderate/severe sensory involvement was defined as the presence of 

SNAP amplitude below the lower limits of normal (LLN) in at least two arm nerves. If a single 

arm nerve was tested, moderate/sever sensory involvement was scored if this single SNAP 

amplitude was below the LNN. All other patients were scored as having minor sensory 

involvement. Sensory nerve conduction velocity (SNCV) of the median nerve was calculated 

if distal and proximal SNAP recordings were available.  

Clinical baseline characteristics included Medical Research Council (MRC) sum score of 12 

predefined muscle groups (maximum of 60), grip strength expressed as mean grip strength 

from both hands measured with a Vigorimeter, INCAT sensory sum score (range 0-20), RMI 

(range 0-15) and INCAT disability (range 0-10) scores at baseline. 

 

Statistical analysis 

Differences between baseline characteristics were tested for significance using chi-square 

test and, if needed, a Fisher exact test for nominal data, Student’s t-test for interval data with 

normal distribution and Mann-Whitney test for all other data (expressed as median values), 

using a p value of .05 as threshold for statistical significance.  

 

Results 

Forty patients participated in the PREDICT trial. Seven patients had an alternative diagnosis 

during follow-up and were excluded from analysis. Alternative diagnoses included hereditary 

neuropathy, plasmacytoma, testicular lymphoma, IgM paraproteinemia and transthyretine 

associated hereditary amyloidosis. Details on these patients have been published 

elsewhere.13 

From 33 CIDP patients seven (21%) deteriorated within 8 weeks after start of treatment 

(Figure 1), four patients had dexamethasone and three had prednisolone. In three of these 

patients deterioration occurred within two weeks. Clinical characteristics of patients with early 

deterioration can be found in Table 1. One patient (Table 1, patient 7) had an asymmetric 

distribution of weakness based on MRC scores and grip strength. All other 32 patients had 

symmetrical distribution of weakness. In all included patients weakness was present in both 

arms and legs. Legs were predominantly affected in six patients (all without deterioration), 

arms were predominantly affected in two (one deteriorated, Table 1, patient 2). 
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Figure 1. Outcome of patients during PREDICT study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the seven patients who deteriorated, five patients had ultimately a favourable outcome 

(Table 1). Three patients responded to IVIg, one patient failed to improve on IVIg but 

improved after switch to prednisolone, one patient (prednisolone) had only a temporary 

deterioration, continued prednisolone treatment which later resulted in a remission. Two 

patients did not respond to any treatment, including various immunosuppressive agents. Of 

the 26 remaining patients, four patients (all prednisolone) deteriorated during or after 

tapering of prednisolone (10 to 33 weeks after start of treatment, Figure 1).  

 

All patients fulfilled the electrophysiological EFNS/PNS criteria for CIDP.2 The median 

number of examined motor nerve segments per patient was 7 (IQR 4-12, with a median of 6 

segments with a CMAP peak-peak amplitude above 1 mV). Pure focal distribution pattern of 

demyelination was found in 10 patients. Of these patients, CB was the only demyelinating 

feature in seven patients while three patients had also abnormal F-responses in nerves 

without a conduction block and/or prolonged distal latencies.  

Early deterioration 

(7 patients, 21%) 

Typical CIDP 

(33 patients) 

Late deterioration 

(4 patients, 12%) 

PREDICT study 

(40 pat) 

Remission 

(16 patients, 48%) 

Modest or no improvement                   

(6 patients, 18%) 

Deterioration 

(11 patients, 33%) 

Alternative diagnosis 

(7 patients) 
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Table 1. Clinical characteristics of patients with early deterioration 

 

 Baseline Time to 

endpoint 

(weeks) 

Change at endpoint compared to baseline Response 

to other 

treatments 

 MRC GS 

 

INCAT-

SS 

∆INCAT-

DS 

∆RMI ∆MRC ∆GS 

 

∆ INCAT-

SS 

1/D 48 51 np 5 1 -4 -2 -15 np
a
 P 

2/D 53 108 5 6 1 0 5 -52 -3 No 

3/D 47 18 3 1 3 -7 -5 -5 1 IVIg 

4/D 52 125 2 1 4 -10 -7 -25 0 IVIg 

5/P 48 47 7 8 4 -7 -6 -27 -2 IVIg 

6/P 50 9 11 2 3 -2 np np np P 

7/P 51 83 9 4 2 0 1 -47 5 No 

Legend: Abbreviations: D: dexamethasone; P: prednisolone; np: not performed; MRC: Medical 

Research Council Sum Score (maximum of 60); MGS: Mean Grip Strength (mean of both arms; 

Vigorimeter); INCAT-DS: Inflammatory Neuropathy Cause and Treatment Disability Scale (maximum 

score of 10, higher scores represent more disability); RMI: Rivermead Mobility Index (maximum score 

of 15, higher scores represent less disability); INCAT-SS: Inflammatory Neuropathy Cause and 

Treatment Sensory Sum Score (maximum score of 20, higher scores represent more sensory deficit). 

a
INCAT-SS in this patient at time of deterioration was 10.  

 

 

The median number of examined sensory arm nerves per patient was 3 (IQR 2-4). In three 

patients only one sensory arm was tested. Two patients had normal sensory conduction 

studies, based on a limited number of tested nerves. Both patients had clinically sensory 

involvement with INCAT sensory sum scores of 2 and 11 and both deteriorated (patient 4 

and 6 in Table 1). All other patients had electrophysiological sensory abnormalities.  

Five out of seven (71%) patients with early deterioration had a focal distribution pattern of 

demyelination, compared to five out of 26 (19%) patients without early deterioration (p=0.02, 

Table 2). Total number of conduction blocks per examined nerve segment, median CMAP 

amplitude of the median nerve and mean MNCV did not differ between both groups.  

Mean SNCV in median nerve was higher in patients with early deterioration compared to 

other patients (52.6 and 40.8 m/s respectively, p=0.02). There was no difference in the 

predefined categories of sensory involvement and the median SNAP amplitude of the 

median nerve between both groups. 
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Table 2. Distribution of baseline characteristics according to treatment outcome 

 
 

Early 
deterioration 
(7 patients) 

Non-early 
deterioration 
 (26 patients) 

p-value 

Baseline electrophysiological parameters    

Pattern of demyelination, number (%) 
   Pure focal 
    Non-Focal 

 
5 (71%) 
2 (29%) 

 
5 (19%) 
21 (81%) 

 
0.02 

CMAP amplitude median nerve (median, mV) 10 (6) 6 (5) 0.29 

MNCV arms (mean, m/s) 49.7 (10) 39.6 (12) 0.08 

MNCV legs (mean, m/s) 39.6 (3) 37.1 (12) 0.53 

Number of CB per examined segments 
(mean) 

0.31 (0.2) 0.36 (0.2) 0.70 

Sensory involvement severity, number (%) 
    Normal/minor 
    Moderate/severe 

 
4 (57%) 
3 (43%) 

 
6 (23%) 
20 (77%) 

 
0.19 

SNAP amplitude median nerve (median, µV) 15 (13) 7 (10) 0.13 

SNCV median nerve (mean m/s) 52.6 (7) 40.8 (12) 0.02 

Baseline clinical parameters    

MRC sum scores (mean) 49.9(2) 50.2 (5) 0.77 

Grip strength (median, kPa) 102 (180) 88 (64) 0.37 

INCAT sensory sum score (median) 6(7) 9(7) 0.56 

INCAT disability score (median) 3(2) 4(3) 0.42 

Rivermead Mobility Index (median) 12(3) 12(6) 0.91 

Legend: Abbreviations: MNCV: motor nerve conduction velocity; CB; conduction block (definite and 

probable summated); MRC: Medical Research Council; INCAT: inflammatory neuropathy cause and 

treatment. Numbers in brackets represent the standard deviation for mean values or interquartile 

range for median values. 

 

Discussion 

In this post-hoc analysis we found that pure focal demyelination and higher mean SNCV of 

the median nerve were associated with early clinical deterioration in patients with CIDP after 

starting corticosteroid treatment. No association was found with other electrophysiological 

and clinical baseline parameters.  

Deterioration in patients with CIDP might be due to progression of disease and/or insufficient 

therapeutic effect of corticosteroids. Most patients in the PREDICT trial who deteriorated 

however, worsened dramatically within weeks after start of treatment. Furthermore, all 

PREDICT-patients were treated with pulses of dexamethasone or were receiving high doses 

of daily prednisolone at the time of deterioration. In a recent trial comparing IVIg with 

intravenous methylprednisolone in CIDP a comparable percentage of patients (24%) 

deteriorated after start of pulses intravenous methylprednisolone.14 
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Earlier studies have suggested that higher MNCV, higher SNCV and higher SNAP 

amplitudes are associated with poor corticosteroid response.9-11 In our study we focussed on 

early deterioration instead of poor response but our results are in line with previous findings 

as we also found higher mean SNCV in patients who deteriorated. These findings suggest 

that an electrophysiological profile with predominantly motor involvement with focal 

demyelination might be a risk factor for deterioration after corticosteroid treatment. Moreover, 

our data further suggests that it might be difficult to identify patients likely to deteriorate 

based on clinical characteristics as all patients had a typical clinical picture of CIDP with 

diffuse symmetric sensory and motor involvement, although discrepancy between clinical 

findings of evident motor involvement and only minor sensory involvement was found in two 

patients who deteriorated (Table 1). 

Except for myasthenia gravis we are not aware of any other immune-mediated diseases in 

which corticosteroids are known to have such a detrimental effect. This prompted us to 

consider corticosteroid-induced changes in nerve conduction rather than disease progression 

due to lack of immunological response to corticosteroids. Threshold techniques have shown 

that conduction in inflammatory neuropathies can fail if membrane potential hyperpolarizes 

too far from threshold. In general, motor nerves are more vulnerable than sensory nerves 

that are able to counteract hyperpolarization. Critically conducting motor nerves, as can be 

seen in nerves with conduction blocks, might be especially vulnerable for changes in rest 

membrane potential.15,16 This vulnerability of motor nerves might explain why in most of our 

patients increase in disability was accompanied by deterioration on MRC sum score and/or 

grip strength rather than increase of sensory deficit (Table 1). A possible mechanism of this 

detrimental effect of corticosteroids might be axonal hyperpolarization by up-regulation of 

Na+K+ pump activity. Up-regulation of hyperpolarizing Na+K+ pumps have been recently 

shown in muscle fibres from muscle biopsies from healthy volunteers treated with a course of 

dexamethasone.17 Studies on effect of corticosteroids on nerve conduction and membrane 

potentials have not been published.  

Unfortunately, the number of patients in this study is too small to provide solid evidence on 

associations between baseline characteristics and treatment outcome. The main limitation of 

the study is possible bias associated with a post-hoc analysis. This bias was somewhat 

limited as patients were assessed during prescheduled follow-up visits and predefined 

measurements and treatment outcome. Another important limitation of this study is the lack 

of standardised electroneurography protocols which led to testing of different nerves 

segments and variable numbers of examined nerve segments. Furthermore, most 

electroneurography protocols focussed on examination of motor nerves as abnormalities in 

these nerves are needed to meet the electrophysiological criteria for CIDP. This has resulted 

in limited number of examined sensory nerves in some participants. To overcome some of 
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these limitations we made categories of distribution of demyelination and sensory 

involvement which were assessed by a neurophysiologist blinded for treatment outcome. 

Considering the explorative nature of this study, categories were based on the presence of 

conduction blocks indicating focal demyelination and low MNCV indicating diffuse 

demyelination in a nerve segment. We chose not to use abnormal or absent F-waves or 

prolonged distal motor nerve latencies for this category distinction as one could argue 

whether these are focal or non-focal features. To explore possible bias we also performed an 

analysis in which focal demyelination was defined as CB without any other demyelinating 

features. This analysis led to similar results (data not shown). 

Finally, we performed analyses including all PREDICT participants and deterioration 

throughout the whole trial period to explore possible bias due to exclusion of patients with 

alternative diagnosis or our definition of cut-off time point for early deterioration. Significant 

association with deterioration was still present with focal demyelination pattern, but not for 

SNCV.  

Larger studies are needed to confirm the association of focal pattern of demyelination and 

early deterioration. Extensive electroneurography protocols might be useful, not only to 

confirm diagnosis, but also to explore the predictive value of electrophysiological phenotypes 

for treatment response. Identifying patients who deteriorate after treatment is important as 

IVIg can be administered as alternative treatment. We did not find a difference in number of 

CBs between both groups but CBs might be more frequent in responders to IVIg compared 

to non-responders.17 When combining these results, in patients with clinically typical CIDP 

and a pure focal demyelination pattern IVIg might be the preferred treatment rather than 

corticosteroids. Alternatively, in CIDP patients with a non-focal pattern of demyelination, 

corticosteroids can safely be administered, which has advances over IVIg as there is 

increasing evidence that long-term remission can be achieved after a relatively short period 

of treatment with corticosteroids.13,14 

 

Conclusions 

Focal pattern of demyelination and lesser sensory electrophysiological abnormalities may be 

associated with deterioration after corticosteroid treatment in typical CIDP. Further studies 

are needed to confirm these associations and to explore the predictive value of different 

electrophysiological phenotypes for treatment response. 
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conduction block (CB) motor nerve conduction velocity (MNCV), compound muscle action 
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(SNCV), Rivermead Mobility Index (RMI), Inflammatory Neuropathy Cause and Treatment 

(INCAT), Medical Research Council (MRC), lower limits of normal (LLN).   
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Abstract 

Introduction  

The cause of early deterioration after corticosteroid treatment in some patients with chronic 

inflammatory demyelinating polyneuropathy (CIDP) is unclear. In this proof-of-principle study 

we assessed if dexamethasone induces persistent axonal hyperpolarization due to up-

regulation of axonal Na/K-pump expression. Previously, up-regulation of Na/K pump 

expression in muscle fibers was shown after dexamethasone.  

Methods  

Four CIDP patients and 2 normal controls were treated with a high dose dexamethasone 

course. Clinical assessments, excitability tests and nerve conduction studies (NCS) were 

performed before, 1 week after, and 4 weeks after treatment.  

Results  

After dexamethasone treatment, three patients experienced subjective deterioration. In 

patients excitability indices did not change after treatment but NCS showed a temporary 

increase in distal compound muscle action potential (CMAP)-duration without increase in 

distal motor latency (DML). No changes occurred in normal controls.  

Conclusions  

This proof-of-principle study showed no evidence of axonal hyperpolarization after 

dexamethasone administration in CIDP patients. Unexpectedly, dexamethasone induced a 

temporary increase in distal CMAP-duration without affecting DML, suggesting an effect on 

muscle fiber conductance. 

 

Abbreviations: 

Chronic inflammatory demyelinating polyneuropathy (CIDP), conduction block (CB), nerve 

conduction studies (NCS), compound muscle action potential (CMAP), distal motor latency 

(DML), motor conduction velocity (MCV), muscle fiber conduction velocity (MFCV). 
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Introduction 

Use of corticosteroids should be avoided in patients with multifocal motor neuropathy (MMN) 

and in patients with a pure motor phenotype of chronic inflammatory demyelinating 

polyneuropathy (CIDP) as this therapy can lead to clinical deterioration.1,2  More recently, 

deterioration was also reported in patients with typical symmetrical sensory and motor CIDP 

after pulsed corticosteroid treatment suggesting that this phenomenon is not restricted to 

inflammatory neuropathies with pure motor involvement.3,4 

Deterioration often occurs during the first few weeks of treatment suggesting changes in 

nerve conduction properties rather than an increase of disease activity. Additionally, we have 

observed minor and transient worsening in some CIDP patients during or just after a 4-day 

course of dexamethasone. The mechanisms of deterioration after corticosteroid treatment in 

patients with inflammatory neuropathies is unknown.5,6  Previously, excitability testing have 

shown axonal membrane hyperpolarization and activity-dependent hyperpolarization blocks 

in patients with CIDP and MMN.7,8 Conduction in critically demyelinated axons, such as in the 

presence of conduction blocks, fails if the resting membrane potential is hyperpolarized.8,9 

Compared to sensory nerves, motor axons are less capable to counteract axonal 

hyperpolarization what might render them particularly vulnerable.10  Whether corticosteroids 

lead to axonal hyperpolarization has not been studied yet. However, in muscle Na/K-pump 

expression was shown to be upregulated in healthy volunteers treated with 

dexamethasone.11 Na/K pump upregulation leads to membrane hyperpolarization due to its 

electrogenic properties.  

For this proof-of-principle study we hypothesized that corticosteroids lead to transient axonal 

hyperpolarization one week after start of treatment resulting in impaired nerve conduction 

properties and rise of conduction block (CB).  

 

Methods 

Four patients fulfilling the European Federation of Neurological Sciences/ Peripheral Nerve 

Society (EFNS/PNS) criteria for CIDP and two normal controls were investigated.1 Both 

treatment-naïve patients and patients reporting increase of symptoms directly following 

dexamethasone treatment were included. Patients with pure motor CIDP were excluded as 

these patients are preferentially treated with intravenous immunoglobulin (IVIg).1 The study 

was approved by the local Medical Ethical Committee and all subjects gave informed 

consent. Patients and normal controls were treated with a course of high dose oral 

dexamethasone, 40 mg daily during 4 days.3  
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Assessments were performed before treatment, 1 week after first dose of dexamethasone 

and 4 weeks after first dose of dexamethasone. Excitability tests and motor nerve conduction 

studies (NCS) were performed by a single investigator (HF) and FE performed all clinical 

assessments. HF was blinded for the outcome of the clinical assessments and FE was 

blinded for the excitability and the NCS results. 

Primary endpoint was a change in excitability indices compatible with axonal 

hyperpolarization. Secondary endpoints were changes in NCS variables reflecting CB or 

motor nerve conduction velocity slowing, disability, muscle strength, sensory impairment, and 

self-assessment questionnaires. 

Excitability was measured in median nerve motor axons at the wrist.10,12  The nerve was 

stimulated at the wrist via non-polarizable surface electrodes (cathode at the wrist; anode 

10cm proximal over the radial aspect of the forearm) and the thenar compound muscle 

action potential (CMAP) recorded by surface electrodes in belly-tendon montage. 

Conditioning stimuli were constant currents that either slightly depolarized resting membrane 

potential or slightly hyperpolarized resting membrane potential without inducing action 

potentials. Test stimuli were 1ms duration current pulses estimating threshold by means of 

computerized proportional tracking. Threshold was defined as the magnitude of the test-

stimulus current needed to evoke a target CMAP of 40% of its maximal amplitude. The 

QTRAC and TRONDXM programs (developed by Professor Hugh Bostock, Institute of 

Neurology, Queen Square, London) controlled conditioning and test stimuli.10 The threshold 

changes, induced by conditioning stimuli, reflect changes in membrane potential and 

changes in currents sustained by axolemmal voltage-gated ion channels, including transient 

and persistent Na-currents, fast and slow K-currents, and hyperpolarization-activated-cation 

currents. An excitability test consisted of five subtests: stimulus-response curve, strength-

duration properties, threshold electrotonus, I/V relation and recovery cycle. Excitability-tests 

were done at each assessment and the three successive excitability-tests were labeled t1 

(baseline), t2 (1 week after start of dexamethasone pulse) and t3 (4 weeks after start of 

dexamethasone pulse).    

NCS using surface electrodes were performed in both median and ulnar nerves up to Erb's 

point using the following segments: forearm, elbow (for the ulnar nerve only), upper arm, and 

shoulder. Compound muscle action potential (CMAP) amplitude, area, and duration were 

taken from the negative part. We determined: distal motor latency (DML), segmental motor 

conduction velocity (MCV), and segmental CMAP-area decrease defined as [(distal area-

proximal area)/(distal area) x100%]. Segmental CMAP-area decrease was considered to 

reflect CB in at least some axons if it fulfilled the criteria of Van Asseldonk.13 NCS were done 

also at each assessment and the three successive NCS were labeled NCS1 (baseline), 
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NCS2 (1 week after start of dexamethasone pulse), and NCS3 (4 weeks after start of 

dexamethasone pulse).  

NCS variables from assessable nerve segments were expressed as median values per time 

point. Friedman’s test was used to detect overall changes between different time points. If 

appropriate, this was followed by a Wilcoxon’s signed ranked test to compare the different 

excitability tests and the different NCS. Per subject, we also determined if changes in 

variables exceeded inter-test variability limits established by investigator HF for excitability-

variables (H. Franssen, personal observation) and NCS variables. For NCS variables, these 

limits were: distal CMAP-amplitude 2mV, distal CMAP-duration 20%, DML 1.5ms, MCV 

10m/s, segmental CMAP-drop 20% and segmental duration increase 20%.14 

 

Results 

Three patients had a symmetrical distribution while one CIDP patient (patient 4) had a 

multifocal distribution of symptoms (Lewis-Sumner syndrome), Table 1. Prior to inclusion, 

three patients reported transient worsening of symptoms approximately one week after the 

beginning of a dexamethasone course. One CIDP patient and both healthy volunteers were 

treatment naïve.  

 

Clinical assessment 

Patients 2 and 4 reported a transient and minor deterioration one week after start of 

dexamethasone treatment on the self-assessment questionnaires (Table 1). No changes 

were found on the INCAT disability scale, MRC sum score, grip strength and INCAT sensory 

sum score in patients or controls compared to baseline.  

 

Excitability tests 

At baseline, several excitability variables were abnormal in patients. Refractory period was 

increased in patients 1, 2 and 4. Strength duration time constant (SDTC) was markedly 

prolonged in patient 4. Rheobase was decreased in patient 4. Rheobase was increased in 

patient 3, without an accompanying decrease in SDTC, however. Minimal I/V slope was 

increased in patients 1 and 4. Excitability parameters in controls were normal. 

The mean values of patients’ excitability indices of t1, t2 and t3 are shown in Figure 1. Mann-

Whitney U-tests showed no statistically significant differences between excitability indices at 

t1 and at t2, nor between t1 and t3. For individual patients, no change was observed 

between excitability tests exceeding the limits of inter-test variability.   
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Table 1. Baseline characteristics 

 Main 
abnormalities 
on neurological 
examination 

NCS findings at 
diagnosis fulfilling 
EFNS/PNS criteria 

Previous 
treatment 

Subjective 
deterioration 
after Dx 
during study 

Outcome 

Patent 1  
(41 years) 

Symmetrical 
proximal and 
distal paresis UL 
and LL. Minor 
sensory 
abnormalities. 

CB, temporal 
dispersion, reduced 
MCV in multiple 
nerves; 
 

3 courses 
of Dx 

No Remission 
after 6 courses 
Dx 

Patient 2 
(51 years) 

Symmetrical 
minor proximal 
LL weakness, 
severe gait 
ataxia.  

Reduced MCV, 
prolonged DML and 
absent F-response 
peroneal nerve(s). 
Prolonged latencies 
SSEP of tibial and 
sural nerve. 

IVIg 
 
3 courses 
of Dx 

Increased 
difficulty 
walking 

Good initial 
response to 
IVIg but severe 
skin reaction. 
No response to 
Dx or 
prednisolone. 

Patient 3 
(61 years) 

Symmetrical 
distal weakness 
UL and LL. 
Moderate 
sensory 
abnormalities. 

CB in right median 
nerve, multiple 
probable CB over 
Erb’s point. 
Prolonged F-
response latency left 
median nerve 

4 courses 
of Dx 

No Remission 
after 6 courses 
Dx 

Patient 4 
(45 years) 

Asymmetrical 
proximal and 
distal weakness 
and sensory 
abnormalities left 
arm.  

CB left peroneal 
nerve and left 
musculocutaneous 
nerve, temporal 
dispersion left ulnar 
nerve and right 
median nerve 

None Decrease 
strength in 
left arm 

No response 
Dx 
Good response 
to IVIg 

Abbreviations: NCS: nerve conduction studies; EFNS/PNS: European Federation of Neurological 

Sciences/ Peripheral Nerve Society; y: year; SM: sensorimotor; UL: upper limbs; LL: lower limbs; CB: 

conduction block, MCV:  motor conduction velocity; DML: distal motor latency, SSEP: somatosensory 

evoked potential; Dx: dexamethasone; IVIg: intravenous immunoglobulin. 

 

Nerve conduction studies 

A total of 16 nerves in CIDP subjects and 8 nerves in healthy controls were analysed. 

Stimulation at Erb’s point was considered submaximal in 5 nerve segments, resulting in 

analysis of 51 nerve segments in CIDP patients and 28 nerve segments in controls. Table 2 

shows the median values of NCS variables in the patients as well as the number of nerve 

segments with signs of CB or motor nerve conduction slowing consistent with 

demyelination.15 

 

 



  Corticosteroid-induced deterioration in CIDP 

125 
 

 

Figure 1. Excitability indices before and after dexamethasone treatment 

 

Legend: Excitability studies at three time points representing the mean results from four 

CIDP patients. • Before dexamethasone; ○ One week after dexamethasone; ▲Four weeks 

after dexamethasone (A) Absolute stimulus-response relationship; (B) Normalized stimulus-

response relationship; (C) Current-threshold relationship; (D) Charge-duration relation; (E) 

Threshold electrotonus and (F) Recovery cycle.   
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At baseline, distal CMAP-amplitudes were in the normal range for all CIDP patients. Median 

distal CMAP-duration in subjects with CIDP was 6.7 ms (IQR 5.4-9.3) at baseline, 7.8 ms 

(IQR 6.1-10.3) at NCS2 and 7.5 ms (IQR 5.9-10.0) at NCS3 (NCS1 compared to NCS2, 

p=0.01; NCS1 compared to NCS3, p=0.03, Table 2). No change was found in distal CMAP- 

duration in control subjects. There were no changes in the median values of DML, distal 

CMAP-amplitude and CMAP-area, MCV and segmental CMAP-drop between the different 

time points (Table 2).  

 

Table 2. NCS variables at different time points. 

 NCS1 NCS2 NCS3 p-value*  p-value#  

Distal CMAP-duration 
(ms)  

6.7 (5.4-9.3) 7.8 (6.1-10.3) 7.5 (5.9-10.0) 0.01 0.03 

Distal CMAP-amplitude 
(mV) 

8.0 (6.8-10.2) 8.0 (5.2-9.4) 9.0 (6.5-10.0) ns ns 

DML (ms)  4.0 (2.9-4.0) 3.8 (3.0-4.6) 4.0 (2.9-4.4) ns ns 

Distal CMAP-area 
(mVms) 

34.0 (25.0-36.8) 29.2 (26.5-31.9) 35.3 (30.4-36.5) ns ns 

Segmental CMAP-area 
decrease (%) 

9 (1-19) 7 (1-19) 7 (3-20) ns ns 

Number of segments with 
signs of CB 

7 9 5 ns ns 

MCV (m/s) 53 (42-58) 53 (37-57) 52 (40-56) ns ns 

Number of segments with 
slowing consistent with 
demyelination  

11 13 12 ns ns 

 

Abbreviations: NCS: nerve conduction studies; CMAP: compound muscle action potential; MCV: 

motor conduction velocity; DML: distal motor latency. Median values (with interquartile ranges) from 4 

median nerves and 4 ulnar nerves , and if applicable, from a total of 51 nerve segments of CIDP 

patients for each different time points (NCS1 (baseline), NCS2 (1 week after), and NCS3 (4 weeks 

after). P-values were calculated using Friedman’s test for overall changes between different time 

points, followed by a Wilcoxon’s signed ranked test. * comparison NCS1 with NCS2; # comparison 

NCS1 with NCS3. Additionally, the total number of segments with signs of CB and motor nerve 

conduction slowing consistent with demyelination are shown.  

 

For individual patients, several NCS variables worsened between baseline and one week 

and start of treatment and exceeded inter-test variability (examples of the right ulnar nerve 

and left median nerve of patient 3 are shown in Figure 2). These variables subsequently 

improved at four weeks after start of treatment. Changes included an increase in distal 

CMAP-duration in 5 of 16 nerves tested (31%) occurring in 3 patients and decrease in distal 

CMAP-amplitude in 3 nerves (19%, 3 patients). Decrease in MCV was found in only one 
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nerve segment. No other changes exceeding inter-test variability were observed in patients. 

No changes exceeding inter-test variability were observed in normal controls. 

 

Figure 2. Nerve conduction studies from a single patient 

 

 

 

Legend: Nerve conduction studies from a single patient (patient 3) at NCS1 (baseline), NCS2 

(1 week after start of dexamethasone pulse) and NCS3 (4 weeks after start of 

dexamethasone pulse). Compound muscle action potential (CMAP) is shown after 

stimulation of the right ulnar nerve (at wrist and below the elbow) and left median nerve (at 

wrist and elbow). CMAP’s at more proximal stimulation sites and conduction velocity data are 

not shown.  

Note the increase of CMAP-duration after stimulation of the right ulnar nerve at NCS2 

compared to NCS1 and the CMAP-amplitude reduction after stimulation of the left median 

nerve at NCS2 compared to NCS1.  
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Discussion  

In this proof-of-principle study, excitability tests showed no evidence for axonal 

hyperpolarization as the cause of corticosteroid-induced deterioration in patients with CIDP. 

NCS showed no changes in variables reflecting CB or motor nerve conduction slowing. 

Surprisingly, we found a significant increase in (group) median distal CMAP-duration and an 

increase in individual distal CMAP-duration in a third of patient nerves exceeding inter-test 

variability.  

Several mechanisms may underlie increased distal CMAP-duration, including increased 

difference in conduction times between motor axons between wrist and muscle (increased 

distal temporal dispersion), prolongation of neuromuscular synaptic transmission time, and 

reduced muscle fiber conduction velocity. A change in distal temporal dispersion is unlikely, 

although not completely excluded, as one would aspect also to find increase in DML over 

time. Increased distal CMAP-duration highly correlates with increased DML.16 The effect from 

corticosteroids on the neuromuscular junction transmission remains debated as 

electrophysiological studies in experimental autoimmune myasthenia gravis have conflicting 

results. The results vary from reduction of the miniature endplate potential,17 suppression of 

repetitive firing18 to a facilitatory action due to increased release of acetylcholine.19 However, 

it is unlikely that neuromuscular junction transmission plays a large role in the increase of the 

CMAP-duration given the limited contribution to the duration between stimulation and the end 

of a muscle action potential. 

The corticosteroid-induced combination of increased CMAP-duration without DML 

prolongation is, therefore, best explained by an effect on muscle fibers resulting in decrease 

of muscle fiber conduction velocity (MFCV). Decreased MFCV was inversely correlated with 

distal as well as proximal CMAP-duration in patients with critical illness myopathy.20 In line 

with our results, decline in MFCV was found within a week after intravenous 

methylprednisolone treatment in multiple sclerosis patients and after oral dexamethasone in 

normal subjects.21,22 Steroid-induced myopathy can occur even after two weeks of high dose 

dexamethasone treatment.23,24 However, in the previous studies decline of MFCV was 

associated with improvement rather than worsening of muscle strength.21,22 

 

There are several limitations, which should be considered when interpreting the result of this 

study. First of all, we assumed that corticosteroids would lead to an upregulation of Na/K-

pump expression in all axons leading to hyperpolarization, especially demyelinated and 

vulnerable axons. Excitability tests were performed on the distal segment of the right median 

nerve according to widely accepted excitability protocols, but these nerve segments were 

normal in most patients. Ideally, one would have performed excitability tests on nerve 
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segments with evidence of demyelination. A second limitation is the small number of 

included subjects. NCS parameters were measured on a larger number of nerves and nerve 

segments, however smaller differences might have been missed.  

In conclusion, we did not found evidence for corticosteroid-induced axonal hyperpolarization 

in subjects. Isolated increase of the distal CMAP-duration suggests that dexamethasone 

could cause changes in muscle properties in CIDP. Combining axonal excitability and 

recently developed muscle excitability protocols could help to understand whether 

corticosteroids lead to changes of the muscle fiber conductance velocity.25 Further studies 

are needed to confirm these results and to explore whether these changes are sufficient to 

explain the corticosteroid-induced deterioration in inflammatory neuropathies.  
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Abstract   

Background   

Multifocal motor neuropathy is a rare, probably immune mediated disorder characterised by 

slowly progressive, asymmetric, distal weakness of one or more limbs with no objective loss 

of sensation. It may cause prolonged periods of disability. The treatment options for 

multifocal motor neuropathy are sparse. Subjects with multifocal motor neuropathy do not 

usually respond to steroids or plasma exchange, and may even worsen with these 

treatments. Many uncontrolled studies have suggested a beneficial effect of intravenous 

immunoglobulin. This is an update of a Cochrane review first published in 2005. 

Objectives   

To assess the efficacy and safety of intravenous immunoglobulin in people with multifocal 

motor neuropathy. 

Search methods   

On 28 October 2013 we searched the Cochrane Neuromuscular Disease Group Specialized 

Register, CENTRAL, MEDLINE and EMBASE databases for randomised controlled trials, 

and reference lists of articles. 

Selection criteria   

Randomised controlled studies examining the effects of any dose of intravenous 

immunoglobulin in people with definite or probable multifocal motor neuropathy. 

Outcome measures had to include one of the following: disability, strength, or conduction 

block. Studies which reported the frequency of adverse effects were used to assess safety. 

Data collection and analysis   

Two authors reviewed literature searches to identify potentially relevant trials, scored their 

quality and extracted data independently. We followed standard Cochrane methodology.  

Main results   

Six randomised controlled trials including a total of 85 patients were suitable for this 

systematic review. A significant improvement in muscle strength was reported in three RCTs 

including a total of 27 IVIg-naïve subjects at study entry. Strength improved in 78% of 

patients treated with intravenous immunoglobulin and only 4% of placebo-treated subjects 

(pooled relative risk of 11.00 (95% CI 2.86 to 42.25). Three RCTs including 18 subjects 

reported a disability measure. Disability improved in 39% of subjects after intravenous 

immunoglobulin treatment and in 11% after placebo (pooled relative risk of 3.00 (95% CI 

0.89 to 10.12). One trial included subjects with maintenance IVIg treatment and reported 

significant increase in disability in 40% and decrease in grip strength in 48% of subjects after 

switch to placebo treatment. One trial compared subcutaneous immunoglobulin (SCIg) to 

continuation of maintenance IVIg and found no difference in muscle strength between both 
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treatments. Four trials reported adverse events. Transient side effects were reported in 39% 

of intravenous immunoglobulin treated subjects. . The pooled relative risk for the 

development of side effects was 2.14 (95% CI 0.11 to 41.43). There was only one serious 

side effect (pulmonary embolism) during IVIg treatment. 

Authors' conclusions   

Evidence from small randomised controlled trials shows that intravenous immunoglobulin has 

a beneficial effect on improves muscle strength in patients with MMN. There was a non-

significant trend towards improvement in disability. Most IVIg responders deteriorate in 

disability and muscle strength after IVIg withdrawal. SCIg might be an alternative treatment 

for IVIg. More research is needed to discover whether intravenous immunoglobulin improves 

disability, to identify subjects in whom IVIg withdrawal is possible and to confirm efficacy of 

SCIg as alternative maintenance treatment. 

 

Background   

Description of the condition 

Multifocal motor neuropathy (MMN) is characterised by slowly progressive, asymmetric, 

predominantly distal weakness of one or more limbs with no objective loss of sensation 

(Lewis 1982; Parry 1988; Nobile-Orazio 2001; Nobile-Orazio 2002) This weakness may be 

accompanied by muscular atrophy in later stages of the disease, and cramps and 

fasciculations are reported to occur in approximately 50% of people with MMN (Nobile-

Orazio 2001). The arms are usually more affected than the legs (Nobile-Orazio 2001; Nobile-

Orazio 2002; van den Berg-V 2000a). Tendon reflexes are often decreased or absent in the 

affected limb, but can be also brisk in a minority of subjects (Cats 2010). Cranial nerve 

involvement and respiratory failure due to phrenic nerve palsy have occasionally been 

reported (Beydoun 2000; Cavaletti 1998; Kaji 1992; Pringle 1997). Recently, the extent of 

sensory signs and symptoms in MMN has been reconsidered and development of 

electrophysiological sensory changes with or without sensory signs and symptoms over the 

course of MMN have been described (Lambrecq 2009; Lievens 2009). The hallmark of the 

disease is the presence of multifocal conduction block on electrophysiological testing outside 

the usual sites of nerve compression (Cornblath 1991; Kaji 1991; Parry 1992; Parry 1993; 

van Asseldonk 2003). However, some subjects with otherwise typical MMN have no 

detectable CB, probably because these blocks are activity-dependent (Nodera 2006) or are 

located in nerve segments which cannot be assessed by routine electrophysiological 

examination (Delmont 2006; Pakiam 1998). Conduction block is a reduction in the amplitude 

or area (or both) of the compound muscle action potential (CMAP) obtained by proximal 

versus distal stimulation of motor nerves in the absence of or with only focal abnormal 
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temporal dispersion (Cornblath 1991; Kaji 2003; Nobile-Orazio 2001). The extent of reduction 

of the CMAP amplitude and/or area necessary for conduction block is still a matter of debate. 

Definite conduction block is usually defined as an area reduction of 50% or more between 

proximal versus distal stimulation in a long nerve segment or an amplitude reduction of 30% 

or more over 2.5 cm (Franssen 1997; Rhee 1990; van Asseldonk 2006). Probable 

conduction block is usually defined as an amplitude reduction of 30% or more between 

proximal versus distal stimulation in an arm nerve (Albers 1985; Oh 1994). 

Almost 80% of people with MMN are between 20 and 50 years of age at onset of the disease 

(Nobile-Orazio 2001, Cats 2010). Men are more frequently affected than women with a ratio 

of 2.6:1 (Nobile-Orazio 2001). The prevalence is estimated to be 1 to 2 per 100,000 (Nobile-

Orazio 2001). The diagnosis of MMN is based on clinical, laboratory and electrophysiological 

characteristics (van Schaik 2010; Hughes 2001; Nobile-Orazio 2001; Parry 1992; van den 

Berg-V 2000a). A set of diagnostic criteria has been proposed that combines clinical, 

laboratory, and electrophysiological features of people with MMN, which may help to predict 

whether individuals will respond to treatment (van den Berg-V 2000a). The American 

Association of Electrodiagnostic Medicine has developed five criteria through a formal 

consensus process for diagnosing MMN with a high level of confidence (Olney 2003). These 

criteria for definite MMN are: weakness without objective sensory loss in the distribution of 

two or more nerves; definite conduction block in two or more nerves outside of common 

entrapment sites; normal sensory nerve conduction velocity across the same segments with 

demonstrated motor conduction block; normal results for sensory nerve conduction studies 

on all tested nerves, with a minimum of three nerves tested; and absence of upper motor 

neuron signs. The criteria for probable MMN are somewhat less strict for conduction block. 

 

Description of the intervention 

Multifocal motor neuropathy seems to be an immune mediated disorder. Firstly, 30% to 80% 

of people with MMN have serum IgM GM1 antibodies (van Schaik 1995; Willison 2002). 

Secondly, increased signal intensities on T2-weighted MR images of the brachial plexus 

have been observed in people with MMN suggesting an inflammatory process (van Es 1997). 

These antibodies are not specific to MMN and can be found in various other immune-

mediated neuropathies such as chronic inflammatory demyelinating polyradiculoneuropathy 

(CIDP) and Guillain-Barré syndrome (GBS). Furthermore, it has been shown that antibody 

titres do not correlate with clinical severity over time (Léger 2001; van den Berg 1998). 

Elevated anti-GM1 antibodies have been suggested to be a reliable predictor of a favourable 

response after IVIg treatment (van den Berg-V 2000a). However, a considerable number of 

subjects lack these antibodies but do respond favourably to IVIg treatment (Azulay 1997; 

Bouche 1995; Chaudhry 1993; Katz 1997; van den Berg 1995). The efficacy of human 
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polyclonal immunoglobulin administered intravenously (IVIg) has been suggested in many 

open and uncontrolled studies. Finally, a beneficial effect of cyclophosphamide (Chaudhry 

1993; Feldman 1991; Krarup 1990; Meucci 1997; Pestronk 1988; van Es 1997), interferon-

beta 1a (Martina 1999; van den Berg-V 2000b), cyclosporine (Nemni 2003), methotrexate 

(Nobile-Orazio 2009) and azathioprine (Hausmanowa-Petrusewicz 1991) in MMN has been 

suggested in several uncontrolled studies and reviewed in a Cochrane systematic review 

(Umapathi 2009).  

 

How the intervention might work 

The ways by which IVIg exerts its supposed beneficial effect in MMN are not clear, but 

various mechanisms have been suggested (van Schaik 1994; Yu 1999). Studies in other 

diseases treated with IVIg have demonstrated that IVIg may inhibit auto-antibody production, 

neutralize pathogenic antibodies, and decrease antibody-dependent cellular cytotoxicity by 

blocking Fc-receptors on macrophages (Kazatchkine 2001). Furthermore, peripheral blood 

from subjects treated with IVIg shows increased CD8-positive suppressor T-cell function 

(Delfraissy 1985; Leung 1987; Macey 1990). 

 

Why it is important to do this review 

The treatment options for people with MMN are sparse. In contrast to the response in people 

with chronic inflammatory demyelinating polyradiculoneuropathy (CIDP), those with MMN 

usually do not respond to steroids or plasma exchange, and may worsen when they receive 

these treatments (Nobile-Orazio 2001). Cyclophosphamide has serious long-term side 

effects and interferon-beta 1a has only been tested in very limited numbers of people with 

MMN. At the time the first version of this Cochrane review appeared in 2005 four randomised 

controlled double-blind trials of IVIg for treating MMN were known to have been done (Azulay 

1994; Federico 2000; Léger 2001; van den Berg 1995) but no systematic review had been 

published. We here provide a systematic review of the randomised trials with IVIg which 

have been undertaken in MMN. 

 

Objectives   

The objective was to assess the efficacy and safety of intravenous immunoglobulin in people 

with multifocal motor neuropathy. 
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Methods   

Types of studies   

We searched for all randomised or quasi-randomised (alternate or other systematic 

allocation) studies examining the effects of IVIg treatment in people with MMN. We included 

two different types of studies dependent on the treatment status of the participants at study 

entry (baseline): a) studies with IVIg-naïve subjects and b) studies with subjects already on 

maintenance IVIg treatment (i.e. IVIg-controlled withdrawal studies using placebo or 

alternative treatments to substitute IVIg maintenance treatment). 

 

Types of participants   

Eligible studies had to include unselected participants with definite or probable MMN 

according to published criteria (van Schaik 2010; Olney 2003; van den Berg-V 2000a). This 

was defined as a slowly or stepwise progressive asymmetric lower motor neuron syndrome 

with no bulbar or upper motor signs and evidence of definite or probable conduction block in 

motor nerves. Mild sensory symptoms were permitted as long as there were no sensory 

signs on examination and sensory nerve conduction studies were normal. Subjects with 

upper motor neuron features or bulbar signs had to be excluded. Other related conditions 

such as other neuropathies (diabetic, lead, porphyric, or vasculitic neuropathy, chronic 

inflammatory demyelinating polyradiculoneuropathy, Lyme neuroborreliosis, postradiation 

neuropathy, hereditary neuropathy with liability to pressure palsies, Charcot-Marie-Tooth 

disease, or paraproteinaemic neuropathies) and myopathies (facioscapulohumeral muscular 

dystrophy, inclusion body myositis), had to be excluded if indicated. 

We considered any dose of immunoglobulin administered intravenously compared with 

placebo or any other treatment. All brands of IVIg were included provided that the 

preparation has been produced according to the guidelines of the WHO (WHO 1982). 

 

Types of outcome measures   

Only studies with IVIg-naïve participants at baseline were eligible for the primary outcome. 

Since these studies used different disability scales, the primary outcome measure was 

defined as the proportion of participants with a significant improvement in disability between 

two and six weeks after the last treatment and compared to baseline as determined and 

defined by the authors of the studies (Comparison 01). In each study the most strict available 

criteria to define 'significant' improvement were used. As IVIg is thought to induce and 

maintain improvement in the majority of people with MMN, but does not eradicate the 

disease, subjects have to be treated with periodic infusions for long periods of time. Outcome 
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assessment between two and six weeks after the last IVIg treatment will probably reflect the 

treatment responses of these subjects best. 

 

Secondary outcome measures were: 

(i) the proportion of subjects with a significant improvement of muscle strength as determined 

and defined by the authors of the studies assessed between two and six weeks after the last 

treatment and compared to baseline (Comparison 02); 

(ii) the mean change in muscle strength expressed as effect size assessed between two and 

six weeks after the last treatment and compared to baseline in IVIg-naïve subjects at study 

entry (Comparison 03); 

(iii) the proportion of subjects with a significant improvement in disability at 12 months or later 

as determined and defined by the authors of the studies (Comparison 04); 

(iv) the proportion of subjects in which at least one conduction block has resolved after 

therapy assessed between two and six weeks after the last treatment and compared to 

baseline (Comparison 05); 

(v) the proportion of IVIg treated subjects with an increase in disability during controlled IVIg 

withdrawal as determined and defined by the authors of the studies (Comparison 06); 

(vi) the proportion of IVIg treated subjects with a decrease in muscle strength during 

controlled IVIg withdrawal as determined and defined by the authors of the studies 

(Comparison 07); 

(vii) the mean change in muscle strength expressed as effect size assessed between two 

and six weeks after the last treatment and compared to baseline in subjects with IVIg 

treatment at study entry (Comparison 08); 

(viii) the frequency of adverse effects attributable to treatment during the whole study period 

(Comparison 09). 

Comparisons 02, 03, 04, and 05 were used only for studies with IVIg-naïve subjects at 

baseline. Comparisons 06, 07 and 08 were used only for studies with subjects on 

maintenance treatment at baseline. Comparison 09 was used for all types of studies.  

 

Search methods for identification of studies   

We searched the Cochrane Neuromuscular Disease Review Group Specialized Register 

(searched October 2013), The Cochrane Central Register of Controlled Trials (The Cochrane 

Library Issue October 2013), MEDLINE (January 1990 to October 2013), EMBASE (January 

1990 to October 2013 ), Database of Abstracts of Reviews of Effects (October 2013) and 

NHS Economic Evaluation Database (October 2013) databases using the keywords and text 

words: 'motor neuron disease', 'demyelinating neuropathy', 'motor neuropathy', 'multifocal 
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motor neuropathy', 'multifocal demyelinating motor neuropathy', 'ganglioside GM1', 'nerve 

block', 'immunoglobulin', 'immunoglobulin G', 'intravenous drug administration', 'clinical trials'. 

The search was been restricted to articles published from 1990 onwards because to our 

knowledge IVIg was first used in MMN in 1990. A search of the references listed in the 

published studies, reviews, textbooks, and relevant conference proceedings was performed. 

Investigators identified as active in the field were contacted to identify unpublished or 

overlooked studies. Readers are invited to suggest studies, particularly in other languages, 

which should be considered for inclusion when the review is updated. Finally, trial registers 

(ClinicalTrials.gov and WHO international Clinical trials Registry) were searched for ongoing 

trials (September 2014). 

Search strategies for Medline, Embase and The Cochrane Central Register of Controlled 

Trials (CENTRAL) are in Appendix 1, Appendix 2 and Appendix 3 respectively. 

 

Data collection and analysis   

Selection of studies   

Two authors (IvS and LvdB for the first review and FE and IvS for the 2014 update) 

independently reviewed titles and abstracts obtained from literature searches. From the full 

texts, the authors selected the trials which met the selection criteria for inclusion and graded 

their methodological quality. Authors were not blinded to author and source institution. 

Disagreement was resolved by consensus. 

 

Data extraction and management   

Two authors extracted data independently using a data extraction tool. Disagreement was 

resolved by consensus. 

 

Assessment of risk of bias in included studies   

Following the updated guidance in chapter 8 of the Cochrane Handbook for Systematic 

Reviews of Interventions 5.0.1 (Higgins 2008, updated Higgins 2011), we completed a risk of 

bias table, addressing the following domains: sequence generation, allocation concealment, 

blinding, incomplete outcome data, selective outcome reporting and other issues. We made 

a judgement about the risk of bias for each entry, of high, low or unclear.  

 

Measures of treatment effect  

For dichotomous data, such as the proportion of subjects with a significant improvement in 

disability, we calculated the relative risk for each study. With regard to continuous data 

(changes in muscle strength), effect sizes have been calculated for each study as muscle 
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strength assessment was not sufficiently comparable between studies to allow for analysis 

with weighted mean differences. Effect size is defined as the mean change in score of the 

placebo group minus mean change in score of the treatment group, divided by the pooled 

standard deviation of the change in scores of the two groups. Means, standards deviations 

and standard errors were derived by calculation or extraction from the available data. If only 

confidence intervals were stated, we calculated standard deviations using values specific to 

the t distribution given the expected small sample sizes of the study (Higgins 2008). 

We considered cross-over trials as two consecutive parallel design trials assuming that no 

carryover effect had occurred. We included data from participants who did not cross over to 

the second treatment because of improvement during the first treatment period in analyses 

for the first treatment only. 

 

Data synthesis   

To assess overall efficacy from all the studies, we calculated pooled relative risk estimates. 

When chi-square analysis showed our data to be heterogeneous, we used the random 

effects model of DerSimonian and Laird (Ioannidis 1995). If no heterogeneity could be 

demonstrated, we used a fixed effect model (Mantel-Haenszel risk ratio method) (Rothman 

1986). Individual weighted effect sizes were pooled with the generic inverse variance (GIV) 

method which is available in the Review Manager (RevMan) software. In this method 

1/variance is used as weights. Absolute risk differences were obtained using RevMan 

analyses. Statistical uncertainty was expressed with 95% confidence intervals. 

 

Discussion 

Open and uncontrolled studies were reviewed and compared to the results from this meta-

analysis. Adverse events of IVIg from the non-randomised literature were discussed in 

relation to the adverse events found in this review. The discussion includes a consideration 

of costs. 

We have documented any differences in the methods since publication of the protocol (van 

Schaik 2003) and the first meta-analysis (van Schaik 2005) in Differences between protocol 

and review. 

 

Results   

Description of studies   

Figure 1 (appendix) illustrates the study selection process as a flow chart. Screening of study 

titles and abstracts obtained from literature searches revealed 25 potentially relevant, 

possible randomised trials for full text review. We excluded 19 studies (Auer 1994; Charles 
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1992; Jafari 2000; Kelly 1992; Kermode 1992; Komiyama 1998; Kubori 1999; Pestronk 1995; 

Tan 1994; Turnbull 2001; van den Berg-V 2002a; Yuki 1993; Baumann 2009; Burrell 2011; 

Cats 2008; Cats 2010; Eftimov 2009; Köller 2006; Léger 2008) for reasons explained in the 

Table of Characteristics of Excluded Studies (appendix). 

 

A total of six RCTs were considered eligible including a total of 85 subjects with MMN 

(Azulay 1994; Federico 2000; Léger 2001; van den Berg 1995; Harbo 2009; Hahn 2013). 

Four studies included IVIg-naïve subjects at study entry; in two studies all subjects were 

treatment naive (Azulay 1994; Federico 2000), one study included both treatment naive 

subjects and subjects previously treated with IVIg (Léger 2001) and one study was designed 

as a proof-of-principle study (van den Berg 1995) in which all subjects were treated 

previously with IVIg treatment. Subjects from the Leger study who were previously treated 

with IVIg were not included in the analysis (Léger 2001). Although subjects in this study (van 

den Berg 1995) were selected on the basis of IVIg response in an open trial before entering 

a double-blind placebo-controlled randomised crossover trial it was decided to include this 

study because all subjects were unselected when entering the open phase of the trial and all 

these subjects responded to IVIg. Therefore, all subjects entered the second phase. As this 

is debatable, results have been shown with and without this study. 

Two studies included known IVIg responders who received maintenance IVIg treatment at 

baseline: one trial compared continuation of IVIg treatment with placebo (Hahn 2013), the 

other trial compared continuation of IVIg with subcutaneous immunoglobulines (SCIg) (Harbo 

2009).  

Different treatment regimens were used in terms of total infusion dose and interval between 

infusions. Three studies used a total of 2 g/kg bodyweight of IVIg administered over five days 

(Azulay 1994; Federico 2000; van den Berg 1995) while one study used 2.5 g/kg bodyweight 

of IVIg over five days (Léger 2001). In two studies, IVIg dose and intervals were equal to the 

individual pre-study regimen: mean monthly dose was 1.2 g/kg in one study with intervals 

ranging between 2 and 4 weeks (Hahn 2013), in the other study IVIg dose ranged between 

0.6 to 2.1 g/kg per month with intervals ranging between 18 and 56 days (Harbo 2009). SCIg 

dose was equivalent to IVIg dose in individual subjects and ranged between 0.2 to 0.5 g/kg 

per week (Harbo 2009). This total week dose was administered twice or thrice a week. 

All six RCTs had a crossover design. Crossover took place eight weeks after the first 

treatment in one study (Azulay 1994). In another study, subjects were crossed over into the 

second arm at day 28 if they remained unchanged or deteriorated (Federico 2000). Subjects 

who improved at day 28 did not enter the second arm until they were back at baseline levels. 

Léger et al. treated subjects each month for three months (Léger 2001). After three 

treatments all subjects who were responders remained on the same treatment for three 
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months, and the non-responders were crossed over for the following three months. Van den 

Berg et al treated subjects four times with IVIg or placebo in random order (van den Berg 

1995). The interval between each treatment was determined by the time it took for the patient 

to get back to baseline levels, with a minimum of one month. The outcome measures used in 

this review were assessed at one month after the last IVIg infusion in three studies (Azulay 

1994; Federico 2000; Léger 2001), and at variable time points ranging between two and four 

weeks in one study (van den Berg 1995). Hahn et al. pre-treated subjects with IVIg during 12 

weeks before entering the first study treatment period of 12 weeks. After the first study 

period, all subjects received open-label IVIg for 12 weeks ('wash-out') before entering the 

second study period of 12 weeks. Subjects who deteriorated during the first period were 

restabilised during the open-label IVIg period and crossed to the second treatment 

('accelerated switch'). The study comparing SCIg with IVIg was preceded by a prolonged 

treatment free interval of a maximum of 10 weeks to ensure subjects were responsive to 

immunoglobulins and a re-stabilisation phase of IVIg infusion (Harbo 2009). Interventions 

were separated by a variable wash-out period during which subjects received two regular 

doses of IVIg. Each study used different outcome measures. More details of these studies  

are in the table of Characteristics of Included Studies (appendix). 

Individual patient data have only been obtained from one study (van den Berg 1995). 

 

Risk of bias in included studies   

Figure 2 gives the quality scores for each trial. The method of sequence generation was only 

mentioned in two trial reports (Federico 2000; Harbo 2009); although in the other trials the 

sequence generation may have been adequate, it was not possible to assess this from the 

published reports. Allocation concealment was described in one trial report (Harbo 2009) and 

considered to be adequate. The other trials did nog give enough details in the published 

reports to assess whether measures taken to assure concealment of allocation were 

adequate. After taking into account additional information from the prinicpal investigators of 

two studies (Léger 2001; van den Berg 1995), sequence generation and concealment of 

allocation was considered to be adequate. In three studies subjects and assessors were 

stated to be blinded (Azulay 1994; Léger 2001; van den Berg 1995). However, measures to 

keep patient and assessors blinded were not described. In two trial treatment providers were 

not blinded but did not assess subjects (Azulay 1994; Harbo 2009). Risk of bias due to 

unblinding of assessors was considered to be low in these studies. All included studies 

addressed the occurrence and reasons for incomplete outcome data and all studies reported 

all outcomes in the result section which were stated in the method section.  
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Figure 2. Methodological quality summary: review authors' judgements about each 

methodological quality item for each included study.  

 

 

Protocols of the various studies were not retrieved. In one trial it was unclear whether MMN 

patiens had been treated with IVIg in the past (Azulay 1994). This may have led to  

recruiment bias. The wash-out period was 8 weeks in this study which may have led to a 

carry-over effect in subjects who switch from active treatment to placebo treament. In one 

trial a variable wash-out period was defined which lasted between 38 and 120 days and may 

have led to a variable carry-over effect between subjects (Federico 2000). In this study 

additional (immunomodulatory) treatments were not addressed. In two studies, all subjects 

had to be immunoglobulin responders (Hahn 2013; Harbo 2009). As the main goal of these 

trials was to determine whether IVIg maintenance was needed (Hahn 2013) and whether 

SCIg is as effective and safe as IVIg maintenance treatment (Harbo 2009), this recruitment 
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bias seems justified. In the first study, the blinded period lasted 12 weeks which is relatively 

short and could have resulted in a carry-over effect in the placebo arm as subjects were 

treated previously with IVIg (' washout period' were scheduled prior to study entry and 

between study periods) (Hahn 2013). In the study comparing IVIg with SCIg, subjects were 

treated with IVIg two times during the 'wash-out' which may have led to a considerable carry-

over effect into the SCIg arm which lasted only three IVIg cycles. In one trial a response-

conditional cross-over design has been used, which means that not all subjects have 

received both treatments (Léger 2001). 

 

Effects of interventions   

IVIg versus placebo 

Primary outcome 

Proportion of participants with a significant improvement in disability between two and six 

weeks after the last treatment and compared to baseline as determined and defined by the 

original authors (Analysis 1.1). 

For this analysis three RCTs summarizing the results of 18 subjects were suitable (Azulay 

1994; Léger 2001; van den Berg 1995). Outcomes were assessed at 28 days after onset of 

treatment (Azulay 1994), every month up to four or seven months (Léger 2001), and every 

week up to 28 weeks (van den Berg 1995). Intravenous immunoglobulin or placebo were 

each given 18 times. A significant improvement was reported in seven out of 18 (39%) IVIg 

treatments and in two out of 18 (11%) placebo treatments. A higher, but not significant, 

proportion of subjects improved after IVIg therapy as compared with placebo with a pooled 

relative risk of 3.00 (95% CI 0.89 to 10.12). We used a fixed effect model as the study results 

were homogeneous (chi-square 0.71, P value = 0.40, Figure 4). 

When analysing this comparison without the study of van den Berg et al., a significant 

improvement was reported in four out of 12 IVIg treatments and spontaneous improvements 

in two out of 12 placebo treatments. A higher, but not significant, proportion of subjects 

improved after IVIg therapy as compared with placebo with a pooled relative risk of 2.00 

(95% CI 0.53 to 7.60). 

Different disability scales were used: none of five subjects improved on the modified Norris 

scale after IVIg or placebo (Azulay 1994), three out of six improved after IVIg on the modified 

Rankin scale and none after placebo (van den Berg 1995), and four out of seven improved 

after IVIg and two out of seven after placebo on a self-evaluation scale scoring five motor 

activities of daily life, chosen for each subject together with the examiner at baseline (Léger 

2001). 
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Analysis 1.1. Proportion of patients with significant improvement in disability scale used in 

original study 

 

 

Secondary outcomes 

Secondary outcomes were assessed at 28 days after the start of treatment (Azulay 1994; 

Federico 2000), every month up to four or seven months (Léger 2001), every week up to 28 

weeks (van den Berg 1995) and during the last treatment cycle of the blinded 12 week period 

or earlier in case of deterioration.(Hahn 2013) 

 

Proportion of subjects with a significant improvement in muscle strength as determined and 

defined by the authors of the studies assessed between two and six weeks after the last 

treatment and compared to baseline (Analysis 1.2). 

Three RCTs including 27 subjects provided data for this outcome and were analysed for this 

comparison (Azulay 1994; Federico 2000; van den Berg 1995). Azulay et al. obtained a 

muscle score by summing the strength assessed in two selected muscles which had to be 

impaired and were selected at the beginning of the study. An improvement was defined as 

an increased muscle score of more than 50% compared to baseline (Azulay 1994). In this 

study, five subjects improved in muscle strength after IVIg and none after placebo. Van den 

Berg et al. assessed 11 different muscles using a handheld dynamometer. An improvement 

was defined as an increase of 50% or more in at least two muscles, without a decrease of at 

least 25% in more than one other muscle (van den Berg 1995). In this study, five out of six 

subjects improved after IVIg and one after placebo. Federico et al. asked their subjects to 

rate subjectively their strength at the end of a treatment period compared to the beginning 

(Federico 2000). In this study 11 out of 16 subjects rated their strength as improved whereas  
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none of the subjects did so after placebo. 

Overall, a significant improvement of muscle strength was reported in 21 out of 27 (78%) IVIg 

treatments and in one out of 27 (4%) placebo treatments. A significantly higher proportion of 

subjects improved after IVIg therapy as compared with placebo with a pooled relative risk of 

11.00 (95% CI 2.86 to 42.25). The study results were homogeneous (chi-square 0.99, P 

value = 0.61). Analysing this comparison without the study of van den Berg et al. resulted in 

a relative risk of 17.00 (95% CI 2.48 to 116.59). 

 

Analysis 1.2. Proportion of patients with a significant improvement of muscle strength 

 

 

Mean change in muscle strength expressed as effect size assessed between two and six 

weeks after the last treatment and compared to baseline (Analysis 1.3) 

In three trials assessing 29 subjects mean muscle strength scores were available (Azulay 

1994; Federico 2000; Léger 2001). Azulay et al. obtained a muscle score by summing the 

strength expressed in Newtons (N) assessed in two selected muscles which had to be 

impaired and were selected at the beginning of the study (Azulay 1994). On average, muscle 

strength on IVIg improved by 280 N and decreased by 31 N on placebo. Federico et al. 

assessed grip strength with a handheld dynamometer (Federico 2000). Grip strength 

improved by 6.4 kg with IVIg treatment and worsened by 1.0 kg with placebo. The Léger 

2001 trial measured the MRC sum score of 28 muscles (maximum score 140). The mean 

improvement after IVIg treatment was 3 points, whereas subjects treated with placebo 

improved 1 point. The weighted pooled effect size for all the studies was 1.13 (95% CI -0.70 

to 2.96). This indicates that the mean change in muscle strength on IVIg was approximately 

one standard deviation higher than the mean on placebo, but this effect is not significant. 
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Analysis 1.3. Change in mean muscle strength in subjects without IVIg treatment at study entry 

 

 

Proportion of subjects with a sustained significant improvement in disability as determined 

and defined by the authors of the studies at 12 months or later (Analysis 1.4). 

This outcome was not assessed or reported in any of the trials. 

 

The proportions of subjects in which at least one conduction block has resolved after therapy 

assessed between two and six weeks after the last treatment and compared to baseline 

(Analysis 1.5). 

Conduction blocks were assessed and reported for 28 subjects in all four trials (Azulay 1994; 

Federico 2000; Léger 2001; van den Berg 1995). Resolution of at least one conduction block 

occurred six times after IVIg and never after placebo, a non-significant difference, pooled 

relative risk 7.00 (95% CI 0.95 to 51.70). The study results were homogeneous (chi-square 

0.40, P value = 0.53). Analysing this comparison without the study of van den Berg et al. 

resulted in a non-significant relative risk of 11.00 (95% CI 0.69 to 175.86). 

 

Analysis 1.5. Proportion of patients in whom at least one conduction block has resolved after therapy 
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The proportion of IVIg treated subjects with an increase in disability during controlled IVIg 

withdrawal as determined and defined by the authors of the studies (Analysis 1.6) 

For this outcome there was only one eligible study including 42 subjects (Hahn 2013). 

Disability was measured using the upper limb portion of the Guy’s Neurological Disability 

Score (GNDS). Increase in disability was reported in 17 of 42 subjects (40%) after placebo 

and in 7 of 42 subjects (17%) after IVIg. A significantly higher proportion of subjects 

deteriorated after switching from IVIg to placebo therapy as compared to continuation of IVIg 

with a relative risk of 2.43 (95% CI 1.13 to 5.24). 

 
Analysis 1.6. Proportion of IVIg treated subjects with an increase in disability during controlled IVIg 

withdrawal as determined and defined by the authors of the studies. 

 

 

The proportion of IVIg treated subjects with a decrease in muscle strength during controlled 

IVIg withdrawal as determined and defined by the authors of the studies (Analysis 1.7) 

In 42 subjects muscle strength was measured using the maximal grip strength of the more 

affected hand (Hahn 2013). The study used a cut of 30% decrease of grip strength in the 

more affected hand to define significant improvement which was one of the secondary 

outcomes. Compared to baseline there was a decrease of grip strenth in the most affected 

hand of 30% or more in four of 42 subjects (10%) treated with IVIg compared to 20 of 42 

subjects (48%) treated with placebo. The proportion of participants with decrease in muscle 

strength was higher in the placebo group compared to IVIg group RR 5.0 (95% CI 1.87-

13.38). 

 

Analysis 1.7. Propotion of IVIg treated subjects with a decrease in muscle strength during controlled 

IVIg withdrawal 
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The mean change in muscle strength expressed as effect size assessed between two and 

six weeks after the last treatment and compared to baseline in subjects on maintenance IVIg 

treatment at study entry (Analysis 1.8); 

Maximal grip strength of the more affected hand increased by 3.75% after IVIg treatment and 

decreased by 31.38% after placebo treatment. There was a significant change in muscle 

strength with a effect size of 3.82 (CI 1.88-5.76) in favor of IVIg. 

 

Analysis 1.8. Change in mean muscle strength in subjects with IVIg treatment at study entry 

 

Frequency of adverse effects attributable to treatment during the whole study period 

(Analysis 1.9). 

In one trial side effects were not mentioned (van den Berg 1995). During the double-blind 

periods of the largest study, the rate of adverse event which were possibly caused by study 

treatment was 10% for IVIg (total of 242 infusions) and 12% for placebo infusions (total of 

129 infusions) (Hahn 2013). Two subjects (4,8%) reported one or more moderate or severe 

adverse effects after IVIg infusion compared to 10 subjects (24%) after placebo, regardless 

of causality. One serious adverse effect (pulmonary embolism) and 100 non-serious adverse 

effects were encountered throughout four 12-week IVIg treatment periods (three open-label 

and one double-blind). The other three studies reportedonly minor clinical side effects . 

Cutaneous rash and transient fever were seen in two subjects out of five treated with IVIg in 

the study of Azulay et al.(Azulay 1994). Federico et al. noted minor side effects in 13 of 16 

subjects treated with IVIg: headache (5), headache and rash (3), rash alone (2), headache 

and malaise (1), anorexia, chills and fever (1), transient hypertension (1), and in one patient 

after placebo treatment: headache, fever and chills (Federico 2000). Minor side effects were 

reported in the study of Léger et al. but were not attributable to individual subjects and could 

not be included in the analysis of this comparison (Léger 2001). In this study, subjects 

treated with IVIg complained of headache three times, flushing once, shivering twice, fever 

once, visual blur twice and eczema once; after placebo treatment only one patient had cold 

feet which was noted as a side effect. The pooled relative risk for the development of side 

effects was 2.14 (95% CI 0.11 to 41.43), indicating that there is no significant risk of adverse 

effects with IVIg treatment. We used a random effects model as study results were 

heteregeneous (chi-square 13.55, P value = 0.001). 
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Analysis 1.9. Proportion of patients with side effects attributable to treatment 

 

IVIg versus SCIg 

One study compared continuation of IVIg with a switch to SCIg in nine subjects with IVIg 

maintenance treatment (Harbo 2009). Dynamometric muscle strength was the primary 

outcome measure, while disability was not assessed in this study. 

 

Primary outcome 

The primary outcome could not be assessed for this study as all subjects were treated with 

IVIg at study entry.  

 

Secondary outcomes 

Only mean change in muscle strength (comparison 02.08) and the frequency of adverse 

effects attributable to treatment during the whole study period (comparison 02.09) were 

available for analysis. Other outcomes were not assessed.  

 

Mean change in muscle strength expressed as effect size assessed between two and six 

weeks after the last treatment and compared to baseline in subjects on maintenance IVIg 

treatment at study entry (Analysis 2.8); 

Muscle strength was expressed as a combined dynamometric strength score. The strength 

of five to six affected muscle groups at three joints and at hand grip were taken and 

expressed as percentage of normal strength. Selected muscles had to be impaired and were 

selected at the beginning of the study. The combined dynamometric strength score at 

baseline was similar in the two treatment arms; 69.5 ± 14% of normal strength in SCIg 

treated subjects and 69.9 ± 18% of normal strength in IVIg treated patient. During SCIg 

treatment an increase of 3.6 % (95% CI -3.6% to 10.9%) was found and during IVIG 

treatment an increase of 4.3% (95% CI -1.3% to 10.0%). There were no significant 

differences in muscle strength after SCIg or IVIg treatment (effect size 0.08, 95 CI -3.82 to 

3.99). 
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Analysis 2.8. Change in mean muscle strength in subjects with IVIg treatment at study entry  

 

 

Frequency of adverse effects attributable to treatment during the whole study period 

(Analysis 2.9). 

During SCIg treatment six of nine subjects reported adverse effects; these were all reported 

to be mild and transient. One patient had sustained erythema and edema at the injection 

sites which required dose adjustments. Three of nine IVIg treated subjects had a skin rash, 

phlebitis or a Porth-A-Cath infection. The relative risk for the development of side effects was 

2.00 (95% CI 0.71 to 5.62), indicating no significant difference in occurrence of side effects in 

this study. 

 

Analysis 2.9. Proportion of patients with side effects attributable to treatment 

 

 

 

Discussion   

Six RCTs including a total of 85 subjects with MMN were suitable for this systematic review. 

IVIg naïve subjects starting with IVIg treatment did not improve significantly more often in 

disability than subjects treated with placebo. In contrast, the number of subjects with a 

significant improvement in muscle strength was significantly higher after IVIg therapy than 

after placebo. In established IVIg responders on IVIg maintenance treatment, switch to 

placebo resulted in significant deterioration in both disability and muscle strength compared 

to IVIg responders who continued IVIg therapy. There was no difference in muscle strength 

in subjects on maintenance IVIg treatment after switching to maintenance SCIg. 

In this update we made a distinction between studies including subjects in whom IVIg 

treatment was being initiated (IVIg-naïve subjects) and studies including subjects who were 

receiving maintenance IVIg therapy at study entry (IVIg responders). These studies have 

different objectives. Studies that initiate IVIg treatment aim to achieve improvement in 
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disability and muscle strength. Alternatively, studies including subjects on maintenance 

treatment explore the ongoing need of IVIg treatment or alternative treatments to substitute 

maintenance IVIg treatment in preserving functional status and muscle strength. As the latter 

objective is equally important in a chronic disease such as MMN we added secondary 

outcomes to enable data analysis from recent and future trials. 

 

Initiation of IVIg treatment 

It was anticipated that different scales would have been used to assess muscle strength in 

different trials. For this reason we calculated effect sizes for each study and weighted pooled 

effect sizes. Effect sizes are a dimensionless measure of effect for continuous data which are 

useful in combining results of individual studies in which the same outcome is measured with 

different instruments or scales. According to Cohen's guideline (Cohen 1988), effect sizes of 

0.2, 0.5 and 0.8 correspond to a small, medium, and large effect. The mean muscle strength 

did not change significantly after IVIg treatment compared to placebo. 

The number of subjects with a sustained significant improvement in disability was not 

assessed or reported in any of the trials. A higher, but not significant, proportion of subjects 

had at least one conduction block resolved after IVIg treatment as compared with placebo. 

Taken together these results show that IVIg treatment is superior to placebo in inducing an 

improvement in muscle strength in subjects with MMN. Muscle strength improved 

spontaneously in 1 out of 27 cases (4%), but treatment with IVIg increased this chance of 

improvement to 78% (21 out of 27 subjects). This absolute risk difference of 74% gives a 

number needed to treat of 1.4. The percentage of subjects who improved in disability was 

39% in the IVIg treatment group and 11% in the placebo group (statistically not significantly 

different). 

This difference in effect when outcome was measured at the disability level or at the 

impairment level is not surprising since only 34 subjects were studied. The power of the 

included studies together to detect a significant proportional difference at disability level 

between treated and untreated subjects is low. 

Another reason for the divergent results could be the fact that the disability scales used in the 

three trials are not reliable and tailored for use in MMN subjects and are unresponsive to 

change. Three different disability scales were used: the modified Norris scale (Azulay 1994), 

the modified Rankin scale (van den Berg 1995), and a self-evaluation scale scored from 0 

(normal) to 5 (impossible) for five motor activities of daily life, chosen for each patient 

together with the examiner at baseline (Léger 2001). The Norris scale which evaluates limb 

function was designed for ALS assessment and is a combined disability and impairment 

scale (Norris 1974). The combination of disability and impairment in one scale frustrates the 

clinical interpretation of changes on such a scale and should be avoided. Furthermore, this 
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scale has not been evaluated for use in MMN subjects. The modified Rankin score measures 

disability and this scale has been shown to be reliable and valid in assessing subjects with 

neuropathy (de Haan 1993; Molenaar 1998; Molenaar 1999). However, whether this also is 

true for MMN subjects with predominantly upper limb and focal involvement has not been 

investigated. The disability scale used by Léger et al. seems to be more tailored for use in 

MMN subjects. However, this scale has not been formally evaluated for reliability, validity, 

responsiveness and inter- and intra-rater variability in MMN subjects. 

In clinical phase III trials the primary outcome should be disability and not impairment as the 

primary question to be answered is whether a patient benefits from a particular treatment. 

From this point of view there is lack of evidence that MMN subjects will benefit from IVIg 

treatment. However, since weakness is the only determinant of disability in subjects with 

MMN, it is to be expected that in subjects whose muscle strength improves after IVIg 

treatment, disability will improve as well. 

There are many open and uncontrolled studies. The reported response to IVIg in larger 

retrospective sudy varies between 67% and 94% (Azulay 1997; Bouche 1995; Nobile-Orazio 

2002; Terenghi 2004; Léger 2008; Cats 2010) which is comparable with the rate of muscle 

strength improvement found in this review. 

 

Maintenance IVIg treatment 

In most subjects with MMN the effect of IVIg only lasts for a few weeks and maintenance 

treatment with periodic IVIg infusions for extended periods of time seems indicated (Azulay 

1997; Léger 2000; Meucci 1997; van den Berg 1998; van den Berg-V 2002a). The 

maintenance treatment regimes range from 0.4 g/kg once a week to 1 to 2 g/kg given over 

two or five days monthly or are guided by individual response. If initial treatment with IVIg is 

effective, IVIg maintenance therapy appears to remain effective for a few years but in some 

subjects only for a few months (Elliott 1994). However, the effectiveness usually declines 

during prolonged treatment requiring increasing dose and/or higher frequency of 

administration (Terenghi 2004; van den Berg-V 2002a, Cats 2010). This long-term decline in 

effectiveness is probably due to ongoing axonal degeneration which is reflected in 

progressive reduction of CMAP amplitudes and decreased muscle strength (Terenghi 2004; 

van den Berg 1998). In a recent published retrospective study, treatment with higher than 

normal maintenance doses of IVIg promoted reinnervation, decreased the number of 

conduction blocks and prevented axonal degeneration in 10 MMN subjects up to twelve 

years (Vucic 2004). The need of ongoing treatment in most subjects was illustrated by Hahn 

et al. as 40% of placebo treated subjects deteriorated in disability and in 48% of subjects 

there was a decrease in grip strength of 30% or more in the more affected hand. The actual 

rate of deterioration on placebo was considered to be 86% by authors when decline in 
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subjects' ability to perform activities of daily living was also considered. This emphasises that 

the used disability scale (Guy's Neurological Disability Score) and 30% decline in grip 

strength do not capture all changes that can interfere with daily living. Nevertheless, it is also 

important to note that 14% of subjects did not experience deterioration although the 12 week 

placebo period might have been too short in some subjects to experience deterioration. In 

other chronic inflammatory neuropathies such as CIDP periodic IVIg withdrawals are 

recommended to determine IVIg dependency. Whether and when IVIg withdrawals should be 

attempted in subjects with MMN is unknown. In the largest retrospective study including 88 

subjects, four (5%) of IVIg responders did not require ongoing treatment (Cats 2010). In 

another study with 40 subjects, IVIg withdrawal was possible in 22% (Léger 2008). 

The ongoing need for IVIg treatment in most subjects is accompanied with the burden of 

frequent infusions, adverse effects in some subjects and high health care costs. An 

alternative treatment to IVIg could be SCIg which has the main advantage of self-infusion. 

Given the high dosage of immunoglobulins two to three weekly infusion are often needed 

which makes it more time consuming than IVIg. However, this route of administration 

increase subjects autonomy and possibly quality of life (Cocito 2014). Muscle strength 

remained stable in subjects switching from IVIg maintenance treatment to SCIg in the one 

randomised controlled trial with SCIg in MMN (Harbo 2009). The major limitation of this study 

is the short study period in which an IVIg carry over effect could have occurred. In another 

open label prospective study, four of five subjects remained stable after switching to SCIg 

when SCIg was administered in equal monthly doses to the individual pre-study IVIg dose 

(Eftimov 2009). Subjects who received lower SCIg dosages compared to pre-study IVIg dose 

deteriorated suggesting that at least equal SCIg doses are needed to maintain clinical 

efficacy of immunoglobulin therapy. In a recent prospective observational study, 21 of 22 

subjects (95%) with MMN and wearing-off signs during maintenance IVIg treatment were 

switched to SCIg and remained stable in disability (Cocito 2014). SCIg often leads to local 

adverse reaction, especially when initiating treatment. These local adverse reactions are 

usually minor and in general considered acceptable (Harbo 2009;bEftimov 2009; Cocito 

2014). However, systemic adverse events are less frequent compared to IVIg. Based on 

these recent small studies, there is limited evidence that SCIg can be used as a substitute for 

maintenance IVIg treatment. Subjects with poor venous access and recurring systemic 

adverse reaction after IVIg might be particularly good canditates for this alternative, but more 

evidence is needed to confirm SCIg efficacy. 

 

Most side effects of IVIg are mild and transient and estimated to occur in 1 to 15% of 

infusions (Dalakas 2003; Duhem 1994; Eijkhout 2002; Stiehm 1996; Wittstock 2003). 

Rashes, chills, fever, mild hypo- or hypertension, nausea, malaise, headache and mild 
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arthralgias seem to be the most frequent. Occasionally a short-lasting aseptic meningitis may 

occur without or with only minimal long-term sequelae. The most worrisome albeit rare 

complications are that of a severe and potentially fatal anaphylactic shock, stroke, and 

temporary renal impairment, which is relatively common in those subjects with pre-existing 

renal disease (Dalakas 2003; Pierce 2003). The exact incidence of these severe side effects 

is unknown (Dalakas 2003), although one recent study estimated the risk of thromboembolic 

events at 1% of infusions (Rajabally 2011). In an ongoing post marketing clinical 

pharmacovigilance study an adverse reaction rate of less than 0.5% for more than 26,000 

patient infusions and less than 4% in 2,554 subjects has been reported (Martin 2000). In this 

review, mild, transient side effects were reported in 71% of IVIg treated subjects which is far 

more than has been reported in the 'non-randomised' literature (Duhem 1994; Martin 2000; 

Stiehm 1996). Serious side effects were not encountered. 

 

Because of a lack of alternative therapies with an acceptable side effect profile, it seems 

warranted to try a full course of IVIg in a MMN patient. Patient response should be closely 

monitored to determine whether the daily life activities of the patient are importantly 

influenced by the improvement in muscle strength. 

Cost-utility analyses of IVIg used in MMN have not been published. In CIDP a cost-utility 

study has been done showing that IVIg, compared with prednisolone, is likely to be cost-

effective in this patient group (McCrone 2003). However, it was also shown that this cost-

effectiveness was greatly dependent on the price and the amount of IVIg administered. 

Furthermore, corticosteroids are not used in MMN. These factors make it uncertain whether 

the outcome of this study can be extrapolated to the MMN population. 

 

Authors' conclusions   

Implications for practice   

Limited evidence from randomised controlled trials shows a non-significant trend towards 

improvement in disability after intravenous immunoglobulin compared with placebo. There 

was a significant improvement in muscle strength. In patients receiving maintenance IVIg 

treatment, IVIg withdrawal leads to significant deterioration in disability and muscle strength 

in the majority of patients. SCIg might be an alternative for IVIg maintenance treatment, but 

confirmation from larger studies is needed. 

 

Implications for research   

More research is needed to establish whether intravenous immunoglobulin improves 

disability and is cost-effective. 
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Appendix 

Figure 1. Study flow diagram 
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Abstract 

The objective of this study was to investigate whether subcutaneous immunoglobulin (SCIg) 

treatment is feasible and safe in maintaining muscle strength of patients with multifocal motor 

neuropathy (MMN). Patients fulfilling the EFNS/PNS criteria for definite MMN treated with 

intravenous immunoglobulin (IVIg) were switched to weekly SCIg in a single-centre open-

label pilot intervention study. The first group of patients started with a SCIg dose equivalent 

to 50% of the IVIg maintenance dose. In case of deterioration, patients received a loading 

dose IVIg and doubling of SCIg dose. The second group started with a dose equivalent to the 

IVIg maintenance dose. Primary outcome was the Medical Research Council (MRC) sum 

score from ten muscle groups. Secondary outcomes were grip and pinch strength, dexterity, 

disability, quality of life, adverse events and serum immunoglobulin concentrations. Ten 

patients were included, five in both groups. In the first group, one patient withdrew informed 

consent due to local adverse events, four patients deteriorated. In the second group four out 

of five patients maintained muscle strength with SCIg during the six months follow-up. Local 

adverse events were frequent, especially during first weeks of treatment, but generally well 

tolerated. Seven mild systemic adverse events were reported, all but one in the first week of 

treatment. In some, but not all MMN patients in this study, SCIg therapy was feasible and 

safe and maintained strength as well as IVIg. SCIg may be a viable alternative maintenance 

therapy in some patients with MMN currently receiving IVIg.   

 

 

  



SCIg in MMN    
 

 
179 

 

Introduction 

Multifocal motor neuropathy (MMN) is a rare immune mediated disorder characterized by 

slowly progressive, asymmetric, predominantly distal weakness of one or more limbs without 

sensory loss.1 Four randomized trials which have been summarized in a Cochrane review, 

have shown the efficacy of intravenous immunoglobulin treatment in improving muscle 

strength in MMN patients.2 Relative high doses of immunoglobulin for extended periods of 

time are needed in immune mediated neuropathies and because such doses can be 

administered quickly intravenously, this route has become the favoured way of administration 

in these neuropathies.3 Over the last years, a renewed interest for alternative routes of 

immunoglobulin administration has resulted in trials comparing IVIg with subcutaneous 

immunoglobulin (SCIg) administration in patients with immuno-deficiency syndromes with low 

or absent antibody production.4 Successful subcutaneous administration has been reported 

in 3 patients with chronic inflammatory demyelinating polyradiculoneuropathy and also in 2 

patients with MMN.5,6 

Possible advantages of weekly SCIg infusions are the more stable day-by-day 

concentrations in contrast to alternating peak and trough levels with IVIg. These 

unphysiologically high serum IgG levels are held responsible for some of the rare but 

potentially serious adverse events seen with IVIg treatment. Furthermore, SCIg self-infusions 

lead to a higher level of independency, less emotional distress and better therapy 

convenience.7 Finally, SCIg is easier to manufacture and is therefore usually less 

expensive.8 The  objective of this pilot intervention study was to investigate whether SCIg 

treatment is feasible and safe in maintaining muscle strength of patients with MMN. 

 

Methods and Materials 

Study design 

In this prospective, open-label, non-controlled study, patients with MMN were switched to 

SCIg infusion after two baseline assessments during consecutive IVIg treatments and were 

followed and assessed with various outcome measures during six months. The study was 

registered at Current Controlled Trials (ISRCTN66618743). and approved by the Ethical 

Committee of the Academical Medical Center (AMC) in Amsterdam, the Netherlands.  

Patients 

Written informed consent was given by all patients. A convenience sample of ten adult 

patients (≥ 18 years) was included with signs and symptoms consistent with MMN fulfilling 

the EFNS/PNS criteria for definite MMN.9 Patients had to have stable disease and had to be 
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treated with IVIg for at least 6 months at regular intervals of at most 6 weeks before 

inclusion. Patients were excluded if they were known with selective IgA deficiency with anti-

IgA antibodies. 

All patients had been treated at the outpatient clinic of two neuromuscular centers in the 

Netherlands (AMC and University Medical Center in Utrecht).  

Treatment  

The investigational treatment was immunoglobulin for subcutaneous infusion, GammaQuin 

(Sanquin, registered in the Netherlands under RVG 16941). GammaQuin contains 160 

mg/ml protein of which at least 90% is IgG. The initial infusion rate during first treatment of 

SCIg was set at 2 ml/hr which was gradually increased to 15-25 ml/hr. SCIg treatment 

started one week after the last IVIg treatment. Patient and/or their partners were instructed in 

self-infusions by a home-care nurse specialized in SCIg infusions. SCIg was administered 

once or twice a week, dependent on the dose of immunoglobulin and local adverse 

reactions. 

 

Figure 1. Treatment protocol 

                             Original protocol     Adjusted protocol 

 

 

 

 

 

 

 

 

 

  

 
  

5 patients starting with SCIg 

equivalent to 50% of IVIg doses 

5 patients starting with SCIg 

equivalent to 100% of IVIg doses 

Deterioration in all 4 patients 

No or insufficient improvement 

Improvement of MRC sum score 
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After the switch to SCIg patients were followed for 6 months. At final assessment patients 

were able to choose to continue with IVIg or SCIg treatment. 

The first five patients started with a monthly dose of SCIg equivalent to 50% of the monthly 

dose of previously administered IVIg, divided into weekly doses. This lower dose was chosen 

based on studies with primary immunodeficiency syndromes in which SCIg led to higher 

mean blood-levels of IgG when compared to IVIg.8,10 In case of deterioration in muscle 

strength, SCIg dose was doubled to the equivalent of 100% of the IVIg monthly dose (Fig. 1).  

When doubling of SCIg dose led to insufficient response a IVIg loading dose of 1 g/kg was 

administered while continuing SCIg treatment. The results in the first five patients prompted 

us to amend the original protocol with permission of the Medical Ethical Committee. In the 

adjusted treatment protocol all patients started directly with SCIg doses equivalent to the 

individual monthly IVIg doses. 

 

Outcome assessments 

After two baseline assessments between consecutive IVIg treatments patients were switched 

to SCIg. Patients were assessed at 1, 2, 3, 4 and 6 weeks, at 3 and 4-and-a-half months and 

at 6 months (final visit) after start with SCIg. The primary outcome of the study was the MRC 

(Medical Research Council) sum score of ten predetermined muscle groups, on both sides, 

leading to a maximum score of 100. Seven arm and three leg muscle groups were tested. 

Secondary outcomes were grip strength using a Martin Vigorimeter and a three-pod pinch, 

functional dexterity test using a nine-hole pegboard, disability using the INCAT disability 

scale and the AMC Linear Disability Scale (ALDS),11 quality of life using the SF-36 

questionnaires and Modified Life Quality Index (LQI),12 a validated scale used in previous 

SCIg trials, number and intensity of local and systemic adverse reactions. Intensity was 

scored on a visual analogue scale representing 4 categories varying from not troublesome to 

very troublesome. Finally, trough and peak levels of immunoglobulin (IgG) were determined. 

Blood sampling for the immunoglobulin assay was done by means of a finger-prick within 24 

hours before and after IVIg administration. Serum IgG concentrations were determined in 

blinded fashion by Sanquin, Diagnostic division using a Behring nephelometer. All  clinical 

assessments were performed by one of the authors (FE). 

  

Statistical analysis 

Baseline characteristics and outcome parameters were summarized using simple descriptive 

statistics. Baseline values of the primary and secondary outcomes were taken as the 

average of two baseline assessments between consecutive IVIg treatments. 
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Baseline values (IVIg) were then compared with the outcome measurements (SCIg) at the 

final visit for each individual patient using the Wilcoxon signed-rank test. 

Significance was expressed as a p-value < 0.05. In view of the explorative nature of this 

study we did not adjust for multiple comparisons. Data were analyzed using SPSS for 

Windows, version 14. 

 

Results 

Ten MMN patients, 7 men and 3 women, were included with a median duration of symptoms 

of 14 years (range 3-25 years). Age, duration of disease and baseline MRC sum score were 

comparable between the patients treated according to the original and adjusted protocol 

(Table 1). In the original protocol patients received higher IVIg doses before switch to SCIg 

(mean 59 g/month, 0.84 g/kg/month) compared to the adjusted protocol (mean 39 g/month, 

0.46 g/kg/month). Median interval of IVIg infusion of all 10 patients was 3 weeks, range 2-6 

weeks. SCIg was administered once a week in 5 patients and twice a week in 5 patients 

depending on the dose, local adverse reaction and patient’s preference. Most infusions were 

administered at 20 ml/hr (3.2 g/hour) at 1 or 2 injection sites.  

 

Table 1. Baseline characteristics of included patients 

 

 

Male/female 

 

n 

Age (years) 

 

Median (range) 

Duration of 

disease (years) 

Median (range) 

Dose IVIg 

gram/kg/month 

Mean (range) 

MRC sum score 

at baseline 

Mean (range) 

Original 

protocol 

2/3 57 (41-69) 14 (3-20) 0.84 (0.61-1.1) 90.5 (88-96) 

Adjusted 

protocol 

5/0 57 (47-65) 14 (8-25) 0.46 (0.27-0.62) 90 (82.5-96) 

Abbrevations: FV: final visit 

 

Original treatment protocol (starting at 50% of the monthly IVIg dose, Figure 1)  

One patient withdrew informed consent after the first treatment due to local swelling and 

pain. A decrease in MRC sum score was observed in all remaining four patients within 4 

weeks after switch to SCIg (Fig. 2). Doubling of the SCIg dose did not result in improvement 

in two patients and only a modest increase of strength in the other two patients. All four 

patients received a loading dose of 1 g/kg IVIg while continuing the SCIg treatment resulting 

in an increase of MRC sum score (97-99% of mean MRC sum score at base line). 

Subsequently, all four patients deteriorated again (Table 2). All patients were restarted on 

regular IVIg treatment, improved and remained further stable at their previous level of 
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strength.  Patient 1 seemed to improve initially on doubling the SCIg doses (to 0.6 

g/kg/month) and had a somewhat fluctuating course of muscle strength. Because he did not 

show improvement to his maximal MRC sum score achieved with IVIg-treatment, we decided 

to treat him with a loading dose after which he clearly improved. Finally, he deteriorated 

again with 4 points on the MRC sum score and we considered his outcome as a treatment 

failure. 

 

Figure 2. MRC sum score and immunoglobulin in original treatment protocol (starting at 50% 
of the monthly IVIg dose)

 
 

Adjusted treatment protocol (starting at 100% of the monthly IVIg dose) 

Four patients maintained muscle strength compared to baseline during the 6 month follow-up 

period (Fig. 3). After the final visit 3 of the 4 responders preferred SCIg as future treatment 

and continued with SCIg. One responder preferred IVIg treatment. The patient (pat 9, 0.4 

g/kg/month) who deteriorated in this group had a strong preference to continue with SCIg 

and was treated with higher doses of SCIg (166%, 0.65 g/kg/month) after a loading dose of 

IVIg after which he remained stable. The only difference in baseline characteristics between 

this patient and the other patients from the adjusted treatment protocol group was a higher 

body mass index of 39.6 (mean BMI 26,5 for the other patients).  
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Figure 3. MRC sum score and immunoglobulin in adjusted treatment protocol (starting at 
100% of the monthly IVIg dose) 

 

 

Secondary outcomes (except immunoglobulin concentrations and number of adverse events) 

are presented in Table 2. Patients in the original protocol also tended to worsen with regard 

to grip and pinch strength, as well as dexterity. There was a significant increase in dexterity 

in patients treated with SCIg compared to IVIg following the adjusted treatment protocol. No 

other significant differences could be demonstrated between baseline and final visit for any of 

these measures, including quality of life (Table 2). 

 

Local adverse events with SCIg treatment were reported by all patients throughout the 330 

treatments, with a declining frequency during treatment (Table 3). The patient who withdrew 

informed consent did so due to local adverse events after the first SCIg treatment. Swelling 

and redness of injection site were most frequent, followed by induration of the skin and 

soreness. Nine mild systemic adverse events were reported by 3 patients, of which 7 

adverse events occurred in the first week of treatment (fever, malaise, palpitations and skin 

rash). After the 20 baseline IVIg treatments (two treatments in all patients), 12 adverse 

events were reported by 7 patients. There were no serious adverse events. The intensity of 

adverse events did not differ between IVIg and SCIg treatment. 
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Table 2. Primary and secondary outcomes 

 MRC sum 

score 

Grip strength 

(kPa) 

Pinch strength 

(Newton) 

Dexterity 

(seconds) 

INCAT 

disability#### 

ALDS** 

 

SF-36 

 

Life Quality 

Index 

Intensity adverse 

events***#### 

 BL FV BL FV BL FV BL FV BL FV BL FV BL FV BL FV IVIg SCIg 

Original treatment protocol 

Pat 1 96 92 142 128 198 193 41.5 44 0.5 0 89 90 115.5 116.9 100.5 93 1 1 

Pat 2* 88  39  65  53  2.5  90  113.2  81  2 4 

Pat 3 90 83 113 74 169 138 61.5 68 3 4 90 90 100.7 101.8 65 76 2 1 

Pat 4 88.5 78 31 22 98 34 82 100 2.5 3 86 81 78.6 73.7 89.5 89 1 1 

Pat 5 90 84 40 38 87 83 43 84 3.5 3 89 89 102.4 103.2 85 75 2 3 

Mean 

(sd) 

91.1 

(3.3) 

84.3 

(5.8) 

82 

(54.5) 

66 

(47.0) 

138 

(54.0) 

112 

(68.7) 

57 

(19.0) 

74 

(23.9) 
3 3 

88.8 

(1.6) 

89.1 

(4.6) 

99.3 

(15.3) 

98.9 

(18.2) 

85 

(14.8) 

83 

(9.2) 
2 1 

 p=0.07 p=0.07 p=0.07 p=0.07 p=0.71 P=0.72 p=0.72 p=0.72 p=0.66 

Adjusted treatment protocol 
Pat 6 84.5 86 120 74 118.5 114 88 64 2 2 89 88 114.0 113.7 90.5 64 1 2 

Pat 7 96 97 145 180 222 235 39.5 37 1 0 89 88 95.3 99.1 82 86 1.5 1 

Pat 8 90.5 89 74 36 171 157 118 89 3 3 72 60 79.0 98.1 85.5 93 2 2 

Pat 9 82.5 72 0 0 68.5 44 49.5 48 2.5 4 73 64 79.4 82.1 86 95 1 1 

Pat 10 94 96 110 104 169 160 56.5 55 2 2 89 90 93.4 81.8 80 69 2 1 

Mean 

(sd) 

89.5 

(5.9) 

88 

(10.1) 

90 

(56.3) 

79 

(68.8) 

150 

(58.4) 

142 

(70.0) 

70 

(32.3) 

59 

(19.7) 
2 2 

85.3 

(11.1) 

84.2 

(19.6) 

92.2 

(14.4) 

95.0 

(13.4) 

85 

(4.0) 

81 

(14.1) 
1 1 

 p=1.0 p=0.27 p=0.23 p=0.04 p=0.66 P=0.50 p=0.50 p=0.69 p=0.79 

Mean results from baseline and final visit (baseline/final). Abbreviations: BL: baseline; FV: final visit; MV: mean of visits; ALDS: AMC Linear disability scale; 
SF-36: short-form 36; sd: standard deviation * Patient 2 withdrew informed consent after first visit and was excluded from analysis. ** The original units of the 
ALDS scale are (logistic) regression coefficients, expressed in logits. These logits were used in all analyses but for the sake of clarity only the linearly 
transformed ALDS scores (0 dead to 100 fully able) are presented. ***category 1 =not troublesome; 2=somewhat troublesome; 3=troublesome; 4=very 

troublesome. #### Median value instead of mean. 

 

 



Chapter 9 

186 
 

Table 3. Number of reported local and systemic adverse events during the study (a total of 

330 SCIg treatments) 

 

 
Local adverse event Systemic adverse events 

 
Redness 

 

Swelling 

 

Soreness 

 

Induration 

of skin 

Fever 

 

Malaise 

 

Palpitations 

 

Skin rash 

 

Other 

 

≤ 4 wk 13 19 6 8 1 2 2 1 1 

≥ 4 wk -FV 8 11 4 5 0 0 0 2 0 

Total 21 30 10 13 1 2 2 3 1 

Abbreviations: FV=final visit 

 

Immunoglobulin concentrations showed a characteristic peak and trough level in all patients 

during IVIg treatment. During SCIg treatment, the mean immunoglobulin concentration of 

patients treated according to the original protocol and before receiving a loading dose IVIg 

was 16.4 mg/L, range of mean IgG concentration between patients 14.1-19.8 (Fig. 2).  In the 

adjusted treatment protocol immunoglobulin concentrations were stable in all patients (mean 

of all visits 15.8 mg/L, range 13.8-17.4) (Fig. 3).  

  

Discussion 

Our study shows that it is feasible to administer large quantities of IgG subcutaneous needed 

to treat patients with MMN. Most patients administered the treatment at a rate of 20 ml/hr at 

2-3 injection sites. In case of more than 60 ml/week we advised patients to administer the 

treatment twice weekly. The time needed to complete the treatment in our patients was 3 to 4 

hours per week, which is substantially more time consuming compared to IVIg 

administration. With new SCIg infusion pumps, SCIg can be administered simultaneously to 

multiple injection sites which obviously greatly shortens the duration of administration.  

 

All 4 patients from the original protocol received a loading dose of IVIg after initial 

deterioration which led to  improvement of strength to baseline, but again deteriorated with 

increased SCIg dose to 100% of the monthly IVIg dose (equal to the adjusted protocol). 

Alternatively, 4 of the 5 patients starting with the equivalent of their IVIg dose remained 

stable (adjusted protocol). At the end of the study 3 of the 4 responders preferred SCIg 

above IVIg and continued on this therapy. The patient from the adjusted group who 
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deteriorated (patient 9) preferred SCIg and was started on a higher dose of SCIg, after which 

he remained stable for 8 months after the end of study.  

The serum concentration of immunoglobulin in our patients was at the upper limit or just 

above the normal range of IgG concentration found in healthy subjects. The finding that 4 

patients had no changes in muscle strength with these IgG concentrations suggests that 

peak doses produced by IVIg are not per se needed to maintain optimal functional status in 

MMN. Many modes of action have been suggested to explain the effects of 

immunoglobulins.13 Peak dose immunoglobulin could be needed to initiate the 

immunomodulatory effect. Once initiated, stable and only slightly higher than normal 

immunoglobulin serum concentration could possibly maintain this balance.  

Local adverse events were frequent, especially redness and swelling at the injection site, but 

decreased during prolonged treatment. This is in concordance with larger studies with SCIg 

in patients with primary immunodeficiency disorders: local adverse events were reported in 

80-90% of the patients during the initial treatments and the majority (98%) were reported to 

be mild.8,10 After the tenth infusion local tissue reactions became less frequent. In our study, 

adverse events were judged as not troublesome by 6 of the 10 patients, and there was no 

difference when compared to IVIg treatment. 

Due to improvement in IVIg preparations, systemic adverse events such as headache, fever 

and hypertension have recently been reported to occur only in 7% of patients with serious 

adverse events occurring in 0.3%.14 Most side effects are thought to be due the high peak 

levels of serum IgG produced by IVIg. In contrast, SCIg produces stable IgG concentrations 

leading to systemic adverse events in less than 1% of the infusions with fever being the most 

frequent.10 In our study 7 out of 9 systemic adverse events were reported in the first week of 

treatment and all were mild. SCIg led to less systemic adverse events when compared to 

IVIg. An advantage of SCIg is the absence of serious side effects such as anaphylactic 

shocks and thromboembolic events. 

 

Patient’s treatment related satisfaction was similar between SCIg and IVIg in our patients. All 

but one of our patients received their IVIg treatment at home in a special home-care 

treatment program. This situation is however not comparable with that in many other 

countries where IVIg can only be administered in a (day)-clinical setting. Patients with 

primary immunodeficiencies who switched from hospital-based IVIg treatment to home-

based SCIg had an increased treatment related satisfaction.12 

 

The alteration of treatment protocol during the study complicated a straightforward 

comparison between treatments. However, this dose finding step taught us that patients 

were still Ig dependent and that there was no significant carry-over effect which would 
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overestimate the SCIg treatment effect as all patients treated according to the original 

protocol received a loading dose IVIg after which they experienced increase of strength 

comparable with baseline, but subsequently deteriorated. Furthermore, it made clear that 

MMN patients should receive SCIg in at least the equal dose of IVIg. Different intervals 

between treatment (range 2-6 weeks) and doses (7.5-15 gram per week) of IVIg treatment 

before switch to SCIg represent the variable need of immunoglobulin in treatment of MMN 

patients. The patients treated according to the original treatment protocol received IVIg 

doses almost twice as high at baseline compared to patients who followed the adjusted 

protocol. Due to the small number of patients in this pilot study, we do not know whether 

patients using higher IVIg doses are less prone to remain stable on equivalent SCIg dose, 

although our results suggest that patients who need high doses of IVIg probably should not 

be candidates for a switch to SCIg. The cut-off in dose in this study was approximately 0.6 

g/kg/month. However patient 9 deteriorated despite a lower monthly dose of IVIg (0.4 

g/kg/month).  

Due to uncertainties about SCIg doses needed and the question of feasibility of 

administration of relatively high IgG doses subcutaneously we performed a single-group pilot 

intervention study to explore whether SCIg could replace IVIg in individual patients and could 

be an alternative route of administration. A limitation of the study is the small number of 

patients, but a small sample size is unfortunately a characteristic for studies in MMN, mainly 

due to the low prevalence.  

In conclusion we have shown that SCIg treatment is feasible in MMN patients. Furthermore, 

in four out of nine MMN patients subcutaneous immunoglobulin was equally effective in 

achieving stable muscle strength as IVIg maintenance treatment during a 6 month follow-up. 

Additionally, one patient who deteriorated on SCIg treatment but who preferred this treatment 

achieved stable muscle strength with higher doses of SCIg. Treatment was generally well 

tolerated with only mild local and systemic adverse events which become less frequent with 

subsequent treatment. No serious adverse events occurred.  
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Summary  

The primary objective of this thesis was to study the merits of IgG and corticosteroid therapy 

in chronic inflammatory neuropathies.  

Typical CIDP is defined by symmetric proximal and distal weakness with sensory signs and 

symptoms in both arms and legs in presence of electrophysiological features consistent with 

demyelinating neuropathy, albeit that various atypical phenotypes have been recognised.1 

Chapter 2 presents an overview of these different atypical CIDP phenotypes. Based on 

limited evidence from largely small retrospective case-series we conclude that atypical CIDP 

phenotypes often have a different disease course and sometimes a different treatment 

response when compared to typical CIDP. This chapter also emphasizes that some less 

frequently addressed symptoms, such as acute-onset, fatigue, tremor, autonomic symptoms 

and pain that may be present in patients with CIDP can lead to significant disability. 

The evidence from randomised controlled trials of IVIg for CIDP are summarised in a 

Cochrane review (chapter 3). This review shows that intravenous immunoglobulin improves 

disability for at least two to six weeks compared with placebo, with a number needed to treat 

of 3. During this period it has similar efficacy to plasma exchange, oral prednisolone and 

intravenous methylprednisolone. In one large trial, benefit of IVIg persisted for 24 and 

possibly for 48 weeks.2 Pulsed high-dose dexamethasone induced long-lasting remission in 

patients with CIDP in an earlier pilot study.3 In the PREDICT study, a double-blind, 

randomised, controlled trial we compared remission rates in patients with CIDP treated with 

high-dose dexamethasone with remission rates in patients treated with standard oral 

prednisolone (chapter 4). Pulsed high-dose dexamethasone treatment did not induce 

remissions more often than prednisolone treatment, but remissions were achieved quicker in 

the dexamethasone treated patients. A substantial proportion of patients were in remission at 

12 months in both treatment groups. High-dose dexamethasone could be considered as 

induction therapy in CIDP, but comparison with intravenous immunoglobulin treatment is 

needed.  

Achieving long-term remission after a limited more intense treatment period would prevent 

prolonged use of corticosteroids or IVIg in CIDP patients. In a prospective cohort study we 

present long-term follow-up data on patients included in the PREDICT trial (chapter 5). Cure 

or long-term remission can be achieved in about a quarter of CIDP patients after one or two 

courses of pulsed dexamethasone or 8-month daily prednisolone. In treatment non-

responsive patients the diagnosis CIDP should be reconsidered as an alternative diagnosis 

was made in almost 60% of patients who did not respond to any therapy but in none of the 

treatment responsive patients. 
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Surprisingly, almost a quarter of the PREDICT patients deteriorated soon after starting 

corticosteroid treatment. In a post-hoc analysis of the PREDICT data, we searched for 

determinants of poor treatment response. No clinical characteristics were identified, but an 

electrophysiological profile with predominantly motor involvement with focal demyelination 

was found significantly more often in patients with early deterioration (chapter 6). The 

combination of these findings and the fact that patients with MMN and pure motor CIDP can 

deteriorate after corticosteroid treatment led to the hypothesis that deterioration is caused by 

a corticosteroid induced axonal hyperpolarization (chapter 7).4,5 This hypothesis was tested 

in a proof-of-principle prospective observational study including CIDP patients. Excitability 

studies before and after high dose pulses with dexamethasone suggested no changes in the 

axonal membrane properties and did not support our hypothesis. An unexpected finding was 

an increase of the compound muscle action potential (CMAP) duration, without an increase 

of the distal motor latency or changes in the other parameters of demyelination. We conclude 

that the increase of CMAP duration might be due to conduction slowing over the muscle 

membrane.  

The results from six small randomised controlled trials, investigating the benefit of IVIg for 

MMN, were summarized in another Cochrane review (chapter 8). IVIg naïve MMN patients 

starting with IVIg treatment did not improve significantly more often in disability than patients 

treated with placebo. In contrast, the number of patients with a significant improvement in 

muscle strength was significantly higher after IVIg therapy (78%) than after placebo (4%). In 

established IVIg responders on IVIg maintenance treatment, switch to placebo resulted in a 

clinically relevant deterioration in both disability and muscle strength in significant more 

patients compared to IVIg responders who continued IVIg therapy. There was no difference 

in muscle strength in patients on maintenance IVIg treatment after switching to maintenance 

SCIg in a small randomized controlled double-blind trial. Finally, we conducted a prospective 

open-label study, which showed that subcutaneous immunoglobulin (SCIg) is a possible 

alternative treatment in patients with MMN who receive maintenance IVIg treatment (chapter 

9). Most patients receiving SCIg dosages equivalent to their prior IVIg dose remained stable, 

while all patients who were switched to half of the equivalent of their prior IVIg dose 

deteriorated.  
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Chronic inflammatory demyelinating polyneuropathy  

Different CIDP phenotypes 

CIDP covers a wide spectrum of demyelinating neuropathies presenting with various clinical 

phenotypes and disease courses. There is only limited knowledge on the pathogenesis in 

CIDP. Involvement of different types of lymphocytes, macrophages, Schwan cells and the 

complement system has been suggested.6 (Hughes 2005) Failure of regulatory T-cell 

mechanisms might underlie the often chronic course of CIDP in contrast to acute 

inflammatory neuropathies such as the Guillain-Barré syndrome (GBS).7,8 It is unclear 

whether distinct clinical phenotypes share a common pathogenic pathway. More likely, CIDP 

includes a spectrum of neuropathies with different pathological mechanisms, possibly even 

within the same clinical phenotype. Additionally, one should realize that most evidence for 

treatment efficacy is provided by trials that included only typical CIDP patients with sensory 

and motor involvement. Although the typical phenotype probably accounts for more than half 

of the cases, these trial results should be interpreted with caution when treating patients with 

an atypical CIDP phenotype. A good example is the pure motor phenotype in which 

corticosteroids can lead to dramatic deterioration.5 

 

What and when should we treat? 

Patients with only minor symptoms that do not lead to any disability can probably be followed 

without treatment.9 However, most CIDP patients will need treatment during the course of the 

disease. Disability due to loss of muscle strength and sensory deficit have been the main 

trigger to start immunosuppressive or immunomodulating therapy and various disability 

measures, capturing these impairments, have been developed to assess treatment efficacy. 

However, as reported in chapter 2, atypical signs and symptoms such as fatigue, pain and 

tremor are not infrequent in patients with CIDP and can be in themselves serious disabling. 

CIDP treatment should therefore equally focus on resolving or improving these atypical signs 

and symptoms as well as improving muscle strength and sensory deficit.  

Unfortunately, structured disability questionnaires are seldom used in routine clinical practice 

to assess treatment response and need of ongoing treatment. Introducing simple but 

standardized questionnaires that measure disability, pain and fatigue would be a major 

improvement of the standard neurological assessments used in routine daily practice.  

 

The variable disease course of CIDP including a chronic course, a relapsing remitting course 

and a monophasic course is probably the most challenging aspect of treating patients with 

CIDP.  
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Currently, there is no consensus what the primary objective of CIDP treatment should be. 

Improvement remains a major objective in all CIDP patients regardless of their disease 

course. However, reaching long-term remissions, which is defined as a stable condition 

without the need of ongoing treatment, is equally important in patients with a chronic or a 

relapsing remitting disease course. Treatment of a CIDP patient can best be divided into 

(short-term) initiation treatment and (long-term) maintenance treatment. Improvement in 

disability is often the main objective of initiation treatment while the objective during 

maintenance treatment is to preserve the functional status during active disease. During 

maintenance therapy it is important to realise that ‘chronic’ in CIDP is often misinterpreted as 

ongoing disease activity requiring continuing treatment. Similarly to GBS, patients might not 

improve completely to their previous level. This is largely due to axonal injury that can occur 

during the active disease phase.10 However, this does not mean that all patients with residual 

symptoms or disability also have active disease and are in need of ongoing therapy. Only 

one out of 16 patients who were in remission (6%), i.e. had no active disease, had a 

completely normal neurological examination (chapter 5). 

  

Treatment options 

Randomized controlled trials (RCT’s) have proven the benefit of prednisolone, IVIg and 

plasma exchange for patients with CIDP. A summary of the RCT’s investigating IVIg versus 

placebo showed that disability improves in 55% of patients (chapter 3). Improvement after 

placebo treatment occurred in almost a quarter of patients emphasizing that CIDP treatment 

trials must be randomized, double blind and controlled. The high rate of improvement after 

placebo probably reflects spontaneous remissions within the variable disease course in CIDP 

patients. Overall, when compared to placebo, the number needed to treat to achieve a 

significant improvement in disability with IVIg in a single patient is 3 (chapter 3). The most 

recent and largest study (ICE trial) treated patients with a loading dose of 2g/kg body weight 

followed by maintenance infusions of 1 g/kg every 3 weeks.2 Half of the IVIg-responders 

improved within 3 weeks after the loading dose and all IVIg responders showed improvement 

within 6 weeks.11 This data suggests that two instead of a single IVIg infusion might be 

required before it can be concluded that a patient does not respond to IVIg treatment. 

Another important finding of the ICE trial was that almost all IVIg-responders reached their 

maximal improvement within 4 to 5 months of treatment. The fact that further improvement is 

possible during the first months justifies that IVIg therapy should be sustained for longer 

periods, especially in patients with moderate to severe disability.  

IVIg has been compared to daily prednisolone, monthly IVMP and a 6-week scheme of 

plasma exchange in three different trials.12-14 There were no differences in improvement on 
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disability between these treatments in the primary and secondary outcomes of this meta-

analysis. However, the IMC trial comparing IVIg with IVMP showed that IVIg is significantly 

less frequently discontinued than IVMP due to inefficacy, adverse events or intolerance, 

which was the primary outcome of the study. A limitation of this study was possible selection 

bias as more patients in the IVIg group were treated with IVIg previously and thus were 

known to be responsive to this treatment.13 

For quite a long time, corticosteroid treatment was considered the only treatment for CIDP.14 

Although evidence from randomised controlled trials is largely lacking, many retrospective 

studies have supported the efficacy of steroid treatment.15 There are no placebo-controlled 

trials with corticosteroids. One RCT compared daily prednisolone with no treatment and 

found a small but significant improvement in disability.16 In the PREDICT study we compared 

6 monthly oral dexamethasone pulses with daily prednisolone during 8 months (chapter 4). 

Improvement on the INCAT disability scale was achieved in 54% of the dexamethasone 

group and 44% in the prednisolone group, with no significant difference between both 

treatments. When both treatment were considered together, improvement in disability during 

corticosteroid treatment was achieved in half of cases, comparable to the 55% response rate 

found in IVIg treated patients. It should be emphasised that all patients in the PREDICT 

study were treatment naïve while some other studies included patients who were previously 

treated with IVIg. Surprisingly, approximately 60% of non-responders to steroids or other 

subsequent treatments had an alternative diagnosis suggesting that the diagnosis CIDP 

should be reconsidered if patients do not respond to first-line treatments (chapter 5). As all 

these patients were non-responders to treatment, there might be even a higher rate of 

improvement in true CIDP patients treated with corticosteroids.  

Time to improve in disability was one of the secondary outcomes in the PREDICT trial. There 

was a significant difference in the median time to improve in disability: 17 weeks for the 

dexamethasone group and 39 weeks for the prednisolone group (chapter 4). In presence of 

similar efficacy on the primary and other secondary outcomes of the PREDICT study, this is 

the main reason to choose dexamethasone pulses above daily prednisolone treatment. The 

time to improvement after corticosteroids was much higher in the PREDICT trial than 

previously reported in literature. When compared to IVIg in which all IVIg-responders improve 

within 6 weeks, improvement with corticosteroids can be regarded as slow in most patients. 

This is one of the main reasons why IVIg is preferred by many treating physicians and CIDP 

patients, especially in patients with severe disability. 

As mentioned earlier, improvement in disability should not be the only objective of CIDP 

treatment. The most recent two RCT’s in CIDP also provided data on remissions after 

dexamethasone, IVMP and IVIg. In the PREDICT study, remission was the primary outcome 

while in the IMC study (IVIg versus IVMP) remission was explored in an extension phase of 
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the trial.13 The PREDICT showed that a remission, defined as a sustained improvement 

without treatment at 1 year after start of corticosteroid treatment, was achieved in 40% of 

patients with no difference between dexamethasone and prednisolone (chapter 4). A post-

hoc analysis, excluding the patients with an alternative diagnosis, resulted in a remission rate 

of 56% in the dexamethasone group and 40% in the prednisolone group. In a prospective 

long-term follow up of the PREDICT patients we reported that a relapse occurred in half of 

the 16 patients who went into remission during the PREDICT trial (chapter 5). Median 

duration to relapse after stopping treatment was 18 months for dexamethasone and 11 

months for prednisolone. It is noteworthy that in some patients, remission lasted up to 5 

years. A few of these patients were treated with a second course of corticosteroids resulting 

in a new remission. Overall a quarter of patients reached a long-term remission after one or 

two courses of corticosteroids. 

The IMC study compared remission rates after a half year of treatment with IVIg and IVMP.13 

During a 6-month follow-up study 38% of the patients who improved after IVIg worsened 

after stopping treatment and needed continued treatment, while all patients who improved on 

IVMP did not need ongoing treatment to maintain their improvement.13 Recently, long-term 

data of this trial reported a relapse in 77% of the patients with remission after IVMP 

compared to 87% of patients treated with IVIg.18 There was a significant difference in the 

median time to relapse which was 14 months in the IVMP group and 4,5 months in the IVIg 

group. The relapse rate after IVMP in this study was higher than the relapse rate after 

corticosteroid treatment in the PREDICT trial. This could be explained by the fact that most 

patients in the IMC study were already treated prior to the trial, which might have led to a 

selection bias towards patients in need for long term treatment. The median time to a relapse 

in IVMP treated patients is however similar to our PREDICT follow-up results. The results 

from both studies emphasize the advantage of corticosteroids over IVIg for CIDP patients as 

it leads to longer relapse-free periods. 

Advantages and drawbacks of IVIg and corticosteroid treatment 

In conclusion, both IVIg and corticosteroids have their advantages and disadvantages. The 

major advantage of IVIg is the fast improvement while corticosteroids probably lead to a 

higher rate of ongoing remission and to longer duration of relapses. The choice of treatment 

should not rely solely on the advantages of these treatments but also on their drawbacks. 

Corticosteroids are often avoided because they can lead to various short- and long-term 

adverse events, some of which are considered to be serious. However, one should realize 

that most CIDP patients are otherwise healthy and that the corticosteroid regimens in all 

recent trials were of limited duration of six to eight months. Furthermore, although short-term 

adverse events with pulsed corticosteroids, such as insomnia, mood changes and nausea, 
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can be severe in a minority of patients, these adverse events are transient and generally 

contained to the single week in which patients are treated. The hazards of prolonged daily 

prednisolone treatment are well known, but there is only limited data on long-term 

complications associated with pulsed high dose corticosteroids during a limited period of 

time. In the PREDICT study, there was a low frequency of adverse events, which were 

mostly mild (chapter 4). Most adverse events occurred during treatment and not during 

follow-up suggesting that long-term adverse events are probably not of major importance 

after discontinuation of corticosteroid treatment (chapter 5). During the IMC trial and its 

follow-up there was no difference in adverse events between IVIg and IVMP.13,18 IVIg is 

usually well tolerated in most patients although serious adverse events such as venous and 

arterial thromboembolic events, kidney failure and toxicodermia can occur.  

Corticosteroids are easy to administer while IVIg requires regular infusions that may lead to 

discomfort and difficult IV access during prolonged maintenance treatment. Infusions can 

interfere with daily activities such as work and other social activities, especially in case of 

frequent intervals or when treatment has to be administered slowly due to adverse events. 

Finally, annual IVIg treatment costs per patient are very high, varying between € 25,000 to € 

100,000. 

 

Predictors of corticosteroid treatment response 

Weighing all these advantages and drawbacks of both treatments the choice of treatment 

remains difficult. Predictors of treatment response for both therapies would make the choice 

easier. Unfortunately, pure motor involvement is the only known clinical characteristic that is 

associated with a poor response to corticosteroids as patients can deteriorate shortly after 

start of treatment. For this reason, IVIg is the treatment of first choice in this rare clinical 

phenotype according to the EFNS/PNS guidelines.9 Surprisingly, almost a quarter of patients 

in the PREDICT study deteriorated soon after start of trial treatment (chapter 6). As patients 

with a pure motor form were excluded in this study, all patients had the typical sensorymotor 

involvement. Similar results were reported in the IMC trial in which 24% of patients 

deteriorated after start of pulses intravenous methylprednisolone.13 No clinical characteristics 

were associated with this deterioration, but a pure focal demyelination pattern and less 

sensory abnormalities were found significantly more often in patients with early deterioration 

(chapter 6). This was the first study focussing on deterioration after corticosteroid treatment. 

Earlier studies focussing on poor corticosteroid response are in line with our findings as 

those studies also found an association with higher mean nerve conduction velocity, higher 

sensory nerve conduction velocity and higher sensory nerve amplitudes.19,20 Given the 

retrospective nature of these analyses and the small number of patients, this association will 

need to be confirmed in larger studies. Extensive electroneurography protocols might be 
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useful, not only to confirm diagnosis, but also to explore the predictive value of 

electrophysiological phenotypes for treatment response.  

The mechanism of deterioration after corticosteroid treatment in patients with inflammatory 

neuropathies is unknown. In addition to the deterioration in patients from the PREDICT 

study, we have observed transient worsening during or just after a pulse of corticosteroids 

frequently. The transient deterioration, together with the presence of conduction blocks as a 

hallmark of inflammatory motor neuropathies prompted us to consider corticosteroid-induced 

axonal hyperpolarization and impaired nerve conduction properties as a possible cause for 

this transient phenomenon (chapter 7). Excitability studies before and after high dose pulses 

with dexamethasone suggested no such changes and did not support our hypothesis. We did 

find an increase of the compound muscle action potential (CMAP) duration. As there were no 

increase of the distal motor latency or changes in the other parameters of demyelination, this 

isolated finding could indicate conduction slowing over the muscle membrane. Whether this 

is a coincidental finding and whether this increase of CMAP duration causes deterioration 

remains an unanswered question. Additional research using methods to measure muscle 

membrane conduction velocity will be needed to provide further arguments to support this 

hypothesis. 

 

Multifocal motor neuropathy 

Contrary to CIDP, MMN has a more defined clinical presentation with pure motor and 

asymmetric focal involvement.  The disease course is chronic and slowly progressive in most 

patients and requires ongoing maintenance IVIg treatment, often in increasing dosages 

throughout the years.21 

 

Initiation treatment 

IVIg has been studied in several small randomised cross-over placebo-controlled trials, 

summarised in a Cochrane review (chapter 8). Main finding of this review is that patients 

starting with IVIg treatment did not improve significantly more often in disability than patients 

treated with placebo. However, only a total of 18 patients were eligible for this analysis 

leading to broad confidence interval. Another question is whether the disability outcome 

measures used in these studies were suitable to capture changes in disability in MMN 

patients, as they were never validated for this condition. MMN is a pure motor neuropathy 

and muscle strength loss is the only determinant of disability in this neuropathy. IVIg led to 

increase in muscle strength in 78% of patients, while placebo led to improvement only in 6% 

of patients. The large discrepancy between the lack of efficacy on disability and the clear 

benefit on muscle strength might indicate poor responsiveness of the disability outcome 
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measures. The reported response to IVIg in larger retrospective studies varies between 67% 

and 94%, which is in line with the proportion of patients who improve in muscle strength 

found in this thesis.21-24 Unfortunately, there are no treatment alternatives for IVIg-

unresponsive MMN patients or patients who develop serious adverse events to IVIg. 

Corticosteroids and plasma exchange do not seem to be effective and may even be 

harmful.4,25,26 There is only low class evidence for a beneficial effect of several 

immunosuppressive drugs reported by different small retrospective studies. Controlled trials 

with mycophenolate mofetil and eculizumab led to disappointing results as add-on therapy to 

IVIg maintenance treatment.27,28 

The lack of evident treatment response to other immunosuppressive or immunomodulating 

agents other than immunoglobulins raises the question whether inflammation is the main 

cause of the slow progression despite increasing dose of IVIg maintenance treatment. An 

inflammation-independent process such as axonal degeneration that occurs later in the 

disease might be an alternative explanation for the diminishing treatment response to IVIg. 

 

Maintenance treatment 

The need of maintenance IVIg treatment in most patients was shown in a recent IVIg 

withdrawal trial.29 Nevertheless, it is also important to note that a minority of patients do not 

need ongoing IVIg maintenance treatment. Successful IVIg withdrawal is reported between 5 

and 22% of MMN patients.21,22,29 In contrast to CIDP, in which periodic IVIg withdrawals are 

recommended to determine IVIg dependency this practice in not routinely recommended for 

MMN patients. Whether and when IVIg withdrawals should be attempted in patients with 

MMN is unknown, but performing a withdrawal attempt at least once every two or three years 

seems reasonable. 

Recurrent adverse events and difficulty with venous access in some IVIg-treated patients 

prompted us to consider subcutaneous treatment as an alternative route of IgG 

administration. Ten patients with MMN and ongoing IVIg treatment were switched to 

subcutaneous immunoglobulin (SCIg) treatment (chapter 9). Only patients who were 

switched to SCIg using a dose equivalent to their prior IVIg dose remained stable during a 

six-month follow-up. Another small randomized controlled cross-over trial showed no 

difference between IVIg and SCIg in MMN patients previous on maintenance IVIg 

treatment.30 Recently, a larger prospective observational study reported a successful switch 

to SCIg in almost all patients.31 Taken together, these results suggest that SCIg is a viable 

alternative for maintenance IVIg treatment in MMN, despite the fact that these studies 

included only small numbers of patients.  

Main advantages of SCIg self-infusion are the increase in patients’ autonomy and treatment 

satisfaction and lesser systemic adverse events that occur with IVIg treatment.30,31 
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Drawbacks of SCIg treatment are the increase of frequency of infusions, the increase in total 

duration time of infusions, and the side effects at the site of infusion. In our experience, 

patient’s preference for maintenance treatment is based on various aspects including the 

interval between infusions, the speed of IVIg administration, the presence of recurrent 

adverse events due to IVIg, the efficiency and flexibility of the home-care nurses, the 

patient’s social activities and their perception of autonomy during these treatments. 

 

New insights and emerging issues  

Although recent trials have not provided conclusive answers as to whether IVIg or 

corticosteroids should be used as first-line treatment in CIDP, they have delivered many new 

insights on different aspects of treatment such as appropriate outcome measures, expected 

speed of recovery and safety. In addition to this knowledge, the recent evidence has led to a 

discussion on whether improvement or long-term remission should be the primary treatment 

objective in CIDP. In the beginning of the 20th century, experts in the field believed that head-

to-head comparison trials would provide answers to which treatment is better. Aside of 

optimistic power calculations which have lead to trials with small sample sizes that were able 

to detect only large differences between treatments, the question arises whether these 

treatments are comparable at all. Perhaps combining IVIg and corticosteroids as initiation 

treatment is a viable option as it potentially could lead to both fast improvement and long-

term remission in more patients. However, this combination may have a higher overall risk of 

adverse events and may lead to higher health care costs. Assessment of the adverse events 

and cost-effectiveness associated with this combination of treatments will be necessary prior 

to introducing such a combination as a standard therapy.   

Recent trials have also shown the limitation of focussing completely on randomised 

controlled trials in a rare disease such as CIDP and MMN. Even the largest trials are small in 

terms of sample size and follow-up of 6 to 12 months is too short for a chronic disease. 

Furthermore, most trials with CIDP excluded patients with atypical phenotypes that constitute 

almost half of the population. Large prospective international collaborative cohort studies are 

lacking and urgently needed to better define the different CIDP phenotypes and provide 

answers whether these phenotypes should be treated in the same fashion as typical CIDP. 

Only then we can identify predictors of treatment response in CIDP and build prognostic 

models of the disease that could assist in the choice of treatment. To this end we recently 

initiated the International CIDP Outcome Study, a prospective observational cohort study 

combining standardised clinical outcomes, treatment data and the collection of different types 

of biomaterials.  
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Prospective observational international studies are also needed for MMN. Recently, larger 

retrospective studies have provided a better description of the clinical phenotype of MMN 

and its disease course.21,22 Apart from the clinical picture, the diagnosis MMN depends 

largely on the presence of conduction blocks found with nerve conduction studies. The 

question remains whether electrophysiological studies are sensitive enough to capture all 

patients with IVIg-responsive focal motor neuropathy, sometimes also referred to as MMN 

without conduction block. Adding alternative diagnostic tests such as anti-GM1 IgM 

antibodies, nerve sonography and MRI imaging to increase sensitivity have been suggested 

but the diagnostic accuracy of these tests has not been studied yet.23,32,33 In meanwhile, we 

do not know whether patients with the clinical picture of MMN but without conduction block 

should be given the benefit of the doubt and should be treated with IVIg. Currently, we only 

start treatment if patients fulfil the EFNS/PNS criteria for MMN. 

 

Similar to other studies, this thesis has focussed largely on the initiation treatment in CIDP. 

However, most patients require maintenance treatment, which unfortunately is based largely 

on trial and error in absence of evidence and guidelines. IVIg is often the preferred treatment 

to avoid long-term adverse events associated with corticosteroid treatment. Maintenance 

treatment should attain a major role in the upcoming international registries, including studies 

on optimal dosing and intervals. Overtreatment with IVIg has become an increasing concern, 

especially in patients in whom withdrawal trials are not routinely performed.34 Developing a 

biomarker of disease activity could assist the titration of IVIg treatment and identification of 

patients in whom IVIg withdrawal should be attempted.  

To a lesser extent, there might be also overtreatment in MMN. Although the most recent trial 

provided evidence that maintenance treatment is required in most patients,29 it would be 

worthwhile to try and identify those patients who do need ongoing treatment. 

 

Conclusions 

Currently, there is probably enough evidence to conclude that IVIg is superior to steroids in 

achieving improvement faster in CIDP patients. However, corticosteroids, and especially high 

dose pulse therapy, are superior to IVIg because much longer relapse-free periods can be 

induced. In MMN, IVIg remains the only proven initiation treatment. 

Future directions of CIDP research should focus on better description of the different 

phenotypes and their disease courses and on the development of models with which therapy 

response can be predicted.  

Maintenance treatment should receive increasing attention in future research in both CIDP 

and MMN, concentrating on the optimisation of treatment dosages, IVIg infusion intervals 
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and IVIg withdrawal strategies to reduce overtreatment. Identifying biomarkers of disease 

activity would greatly help to achieve these goals and to individualize maintenance treatment.  

SCIg seems to be a promising alternative for MMN patients requiring maintenance IVIg 

treatment, but confirmation from larger studies is needed.  

Finally, too few studies are initiated on the pathogenesis of chronic neuropathies. Only with a 

better understanding of the underlying disease mechanisms we will be able to develop more 

specific treatments for CIDP and MMN and provide alternatives to the existing treatments. 
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Chronische inflammatoïre demyeliniserende polyradiculoneuropathie (CIDP) en multifocale 

motorische neuropathie (MMN) zijn relatief zeldzame immuun-gemedieerde 

polyneuropathieën. Bij deze aandoeningen is er sprake van schade aan de omhulsel van de 

zenuwvezels (myeline), waarschijnlijk ten gevolge van een ontregeling van het 

afweersysteem. De schade aan het myeline leidt tot een gestoorde prikkeloverdracht en dit 

leidt tot allerlei symptomen, waaronder krachtverlies en gevoelsstoornissen. De doelstelling 

van dit proefschrift was het bestuderen van de effectiviteit van de bestaande behandelingen 

in CIDP en MMN, het optimaliseren van deze behandelingen en het introduceren van 

alternatieve behandelingen. 

 

CIDP 

Een patiënt met een typische presentatie van CIDP krijgt geleidelijk progressief krachtverlies 

met gevoelsstoornissen aan alle ledematen en heeft daarbij verlaagde of afwezige 

spierrekkingsreflexen. Naast deze typische presentatie zijn er ook nog andere zeldzame 

vormen, de zogenoemde atypische fenotypen. Hieronder vallen de asymmetrische vorm, de 

puur motorische en puur sensorische vorm, CIDP met voornamelijk distale betrokkenheid en 

de focale vormen.  

De diagnose CIDP wordt gesteld op basis van de klinische verschijnselen in combinatie met 

afwijkingen bij het zenuwgeleidingsonderzoek (EMG) die moeten passen bij een 

demyeliniserende neuropathie. Andere oorzaken die tot een demyeliniserende neuropathie 

kunnen leiden moeten zijn uitgesloten.  

CIDP kan een langzaam progressief beloop hebben maar ook een beloop met spontane 

remissies en exacerbaties. Sommige patiënten zijn slechts gering aangedaan zodat een 

afwachtend beleid zonder behandeling gerechtvaardigd is. De meeste patiënten ervaren 

echter zodanige beperkingen dat behandeling nodig is. Corticosteroïden (waaronder 

prednisolon, dexamethason en methylprednisolon) en intraveneus immunoglobuline (IVIg) 

zijn de meest gebruikte behandelingen in CIDP. Immunoglobulinen zijn antistoffen die 

gewonnen worden uit bloed van donoren. Beide hebben als doel om de afweer te 

onderdrukken of te moduleren zodat de afweer zich niet meer op de zenuwen richt. 

 
In hoofdstuk 2 geven we een literatuuroverzicht van de bestaande atypische CIDP 

fenotypen. Op basis van beperkt bewijs concluderen we dat deze atypische CIDP fenotypen 

kunnen verschillen in ziektebeloop en reactie op behandeling in vergelijking tot de typische 

vorm van CIDP. Dit is belangrijk omdat deze vormen momenteel op dezelfde manier worden 

behandeld als de typische CIDP, mede omdat in de meeste vergelijkende onderzoeken 

alleen patiënten met de typische CIDP fenotype zijn geïncludeerd. Dit overzicht benadrukt 



 
 

209 
 

ook dat in patiënten met CIDP minder kenmerkende symptomen zoals pijn, moeheid en 

tremor regelmatig kunnen optreden. Het is belangrijk deze te herkennen omdat ze soms fors 

invaliderend kunnen zijn. 

Het bewijs ten aanzien van de effectiviteit van IVIg op de mate van beperkingen die 

patiënten met CIDP ondervinden wordt samengevat in een meta-analyse van 

gerandomiseerde gecontroleerde vergelijkende studies (RCT’s ) (hoofdstuk 3). Hieruit blijkt 

dat IVIg effectief is in behandeling van CIDP. Uit de meta-analyse blijkt dat 3 patiënten met 

IVIg moeten worden behandeld om een klinisch relevante verbetering bij 1 patiënt te 

bewerkstellingen. Dit komt enerzijds omdat niet alle patiënten op IVIg verbeteren en 

anderzijds omdat sommige patiënten ook spontaan kunnen verbeteren. Uit de meta-analyse 

blijkt verder dat op korte termijn IVIg even effectief is als prednisolon, intraveneus 

methylprednisolon en plasmawisselingen. De meeste patiënten die op IVIg reageren laten in 

de eerste 6 weken al verbetering zien. 

Hoofdstuk 4 beschrijft de resultaten van een RCT (PREDICT) waarin twee verschillende 

doseringsschema’s van corticosteroïden worden vergeleken: stootkuren met dexamethason 

en dagelijks prednisolon. Beide behandelschema’s leidden tot remissie in 40% van de 

patiënten, gemeten één jaar na starten van de behandeling. Remissie was gedefinieerd als 

een aanhoudende klinisch relevante verbetering na het staken van de medicatie. Er was 

geen verschil in de percentage van remissie tussen beide behandelingen. Dexamethason 

leidde echter wel tot een snellere verbetering dan dagelijks prednisolon en had minder 

bijwerkingen. Deze twee voordelen zijn de voornaamste reden waarom dexamethason 

stootkuren momenteel de voorkeur verdienen boven dagelijks prednisolon. Hoofdstuk 5 

gaat over de lange-termijn uitkomst van de deelnemers aan de PREDICT studie. In deze 

prospectieve cohort studie vonden we dat de helft van de patiënten die gedurende de 

PREDICT studie in remissie waren, tijdens het vervolg een achteruitgang hadden ervaren. In 

een kwart van de patiënten was er sprake van aanhoudende remissie na 1 of 2 relatief 

kortdurende behandelperiode met corticosteroïden. Daarnaast is het belangrijk om op te 

merken dat in sommige patiënten de remissie soms meerdere jaren kon aanhouden voordat 

er weer een achteruitgang optrad. Een andere opvallende bevinding van deze lange-termijn  

vervolg studie was dat in 18% van de patiënten de diagnose later werd herzien omdat er 

nieuwe symptomen optraden. Al deze patiënten hadden niet gereageerd op corticosteroïden 

of IVIg. In patiënten die niet reageren op behandelingen moet daarom de diagnose CIDP 

worden heroverwogen. 

 

Dat het bereiken van een langdurige remissie een belangrijk voordeel is van corticosteroïden 

bleek ook uit een recentere studie waarin IVIg met stootkuren intraveneus methylprednisolon 

(IVMP) werd vergeleken. IVIg werd beter getolereerd en leidde mogelijk ook vaker tot 
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verbetering dan IVMP. Anderzijds bleken de patiënten die in remissie kwamen na IVMP 

behandeling vaker geen behandeling meer nodig te hebben dan de patiënten die na IVIg 

verbeterden. Op basis van deze en andere recente studies kan geconcludeerd worden dat 

IVIg sneller werkt en mogelijk ook effectiever is dan corticosteroïden, terwijl corticosteroïden 

juist tot langere remissies kunnen leiden.  

Factoren die de behandelrespons na corticosteroïden en/of IVIg kunnen voorspellen zouden 

de keus tussen deze twee behandelingen vergemakkelijken. In hoofdstuk 6 hebben we 

specifiek gekeken naar patiënten die gedurende de PREDICT studie achteruit zijn gegaan. 

Achteruitgang na het starten van corticosteroïden in patiënten met puur motorische 

neuropathieën zoals bij de puur motorische CIDP en MMN is vaker beschreven. Echter, in de 

PREDICT studie deden alleen patiënten met een typische sensomotorische CIDP mee. Tot 

ons verrassing trad een snelle achteruitgang op in 24% van de patiënten na het starten van 

dexamethason of prednisolon. In een post-hoc analyse bleek dat patiënten met alleen focale 

(motorische) demyeliniserende afwijkingen en minder sensorische afwijkingen op het EMG 

een grotere kans hadden op verslechtering na starten met corticosteroïden. Deze 

bevindingen moeten prospectief bevestigd worden in een grotere groep patiënten. 

De oorzaak van deze verslechtering is onbekend. Het feit dat patiënten die verslechterden 

meer focale afwijkingen op het EMG hadden leidde tot het vermoeden dat corticosteroïden 

een direct invloed hebben op de geleiding van de zenuwen (hoofdstuk 7). In spiervezels is 

het aangetoond dat dexamethason tot een hyperpolarisatie van de spiermembraan kan 

leiden en daarmee tot een hogere drempel voor prikkeloverdracht. In zenuwen was dit nooit 

eerder onderzocht. Aangezien aangetaste motorische zenuwen gevoeliger zijn voor dit soort 

veranderingen redeneerden we dat behandeling met corticosteroïden tot een 

hyperpolarisatie van de zenuwvezels leidt. Dit resulteert in een verdere verstoring van de 

prikkeloverdracht door een toename van de focale demyeliniserende afwijkingen wat tot een 

toename van het krachtverlies leidt. Deze hypothese werd getoetst in vier patiënten en twee 

gezonde vrijwilligers die met een 4-daagse stootkuur van dexamethason werden behandeld. 

Metingen vonden plaats vóór en na de behandeling. De resultaten steunden de hypothese 

niet, aangezien er geen verschillen werden gevonden wijzend op hyperpolarisatie van 

zenuwvezels en er geen toename was van focale demyeliniserende afwijkingen. Wel werden 

na dexamethason behandeling in een derde van de onderzochte zenuwen veranderingen 

gezien die op een vertraagde snelheid van prikkeloverdracht over de spiervezelmembraan 

zouden kunnen duiden. 
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Multifocale motorische neuropathie 

Anders dan bij CIDP is bij MMN per definitie sprake van krachtverlies zonder 

gevoelsstoornissen. De verdeling van het krachtverlies is asymmetrisch waarbij meestal de 

armen meer aangedaan zijn dan de benen. De diagnose MMN wordt gesteld op basis van de 

klinische verschijnselen in combinatie met conductie bloks op het EMG. IVIg is de enige 

bewezen behandeling voor MMN. Corticosteroïden kunnen bij MMN tot verslechtering leiden 

en worden derhalve niet gebruikt. Er is onvoldoende bewijs voor het gebruik van andere 

afweer onderdrukkende middelen (hoofdstuk 1). In tegenstelling tot het zeer variabele beloop 

van CIDP is het beloop van MMN bijna altijd langzaam progressief waardoor langdurige 

onderhoudsbehandeling met IVIg noodzakelijk is.  

De resultaten van enkele kleine RCT’s naar de effectiviteit van IVIg in MMN zijn samengevat 

in hoofdstuk 8. Deze meta-analyse liet geen significant verschil zien in het percentage van 

patiënten dat een afname van beperkingen had na IVIg ten opzichte van na placebo. Echter, 

de spierkracht verbeterde in 78% van de patiënten behandeld met IVIg ten opzichte van 4% 

van de patiënten behandeld met placebo. Het feit dat er geen verschil op beperkingenniveau 

werd gevonden terwijl er een duidelijke verbetering was op spierkracht heeft waarschijnlijk te 

maken met de schalen die gebruikt zijn om beperkingen te meten. Deze zijn onvoldoende 

gevoelig om kleine veranderingen te meten. Daarnaast was het totale aantal patiënten zeer 

klein waardoor de verschillen mogelijk ook niet significant waren. Eén studie onderzocht of 

mensen die langdurig met IVIg worden behandeld met de behandeling kunnen stoppen. 

Patiënten die op placebo werden overgezet hadden een grotere kans om achteruit te gaan 

dan patiënten die met IVIg werden doorbehandeld. De laatste studie uit de meta-analyse 

vergeleek IVIg met onderhuidse immunoglobuline (SCIg) in patiënten met IVIg 

onderhoudsbehandeling. Er was geen verschil in spierkracht na het overzetten van IVIg naar 

SCIg. In hoofdstuk 9 worden de resultaten van een open-label studie beschreven waarin wij 

patiënten met IVIg onderhoudsbehandeling overzetten op 2 verschillende doseringen van 

SCIg. Doseringen van SCIg waren afhankelijk van de individuele IVIg dosering vóór de 

studie. De meeste patiënten die werden behandeld met SCIg doseringen die gelijk waren 

aan de eerdere IVIg dosering bleven stabiel met betrekking tot spierkracht. Alle patiënten die 

met een lagere dosering SCIg werden behandeld gingen achteruit gedurende de studie. 

Deze studie was één van de eerste studies die liet zien dat SCIg een mogelijke alternatief is 

voor IVIg onderhoudsbehandeling. 
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Conclusies 

IVIg en corticosteroiden zijn beide effectieve therapieën in CIDP. Het blijft onduidelijk welke 

van de twee de voorkeur verdient. Als een snelle verbetering het doel is van de behandeling 

dan heeft IVIg de voorkeur. Anderzijds leiden corticosteroïden vaker tot langdurige remissies. 

Als besloten is een corticosteroïd te geven dan hebben dexamethason stootkuren de 

voorkeur boven dagelijks prednisolon omdat deze iets sneller effect hebben en waarschijnlijk 

tot minder bijwerkingen leiden. Voorspellers van behandelrespons zouden de keus 

makkelijker maken, maar hiervoor zullen grote internationale studies opgezet moeten 

worden.  

In MMN blijft IVIg de enige bewezen therapie. In de meeste patiënten met MMN is 

onderhuidse toediening van immunoglobuline een mogelijk alternatief voor IVIg maar grotere 

studies zullen deze resultaten moeten bevestigen. 
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Dankwoord 

 

Veel mensen hebben bijgedragen aan dit proefschrift. Sommige waren direct bij het 

onderzoek betrokken, anderen bij mijn groei als arts. Ik wil sommigen apart nog bedanken.  

 

Beste Ivo, iedereen begint met het bedanken van de promotor. Niet altijd heeft deze het 

meeste aan het werk van de promovendus bijgedragen, maar hier was dit zeker wel het 

geval. Sinds 2006 hebben wij als een soort tweemansfractie gewerkt, her en der met de 

nodige aanvulling. Het onderzoek was in de eerste jaren grotendeels avondwerk naast de 

opleiding. Ik mocht zelf de tempo te bepalen, met voor mijn gevoel slechts geringe bijsturing 

op de nodige momenten. In de loop der jaren veranderden onze rollen. Ik werd vader 

waardoor mijn avonden met betrekking tot het onderzoek minder productief werden. Jij werd 

afdelingshoofd waardoor de doorlooptijd van het nakijken verdubbelde, van 1 naar 2, en 

soms 3 dagen. Jouw deur was altijd open, maar sinds 2009 zaten er steeds vaker serieus 

kijkende mensen bij jou aan tafel dus het binnenvallen met alles en nog moest wijken voor 

een vast wekelijks uurtje. Op een CV in 2012 schreef ik dat ik eind dat jaar zou promoveren. 

Dit is iets later geworden, maar met een goede reden. Wij hebben in de laatste 2 jaar grote 

stappen gemaakt om nieuwe onderzoeksfronten te openen samen met andere afdelingen en 

neuromusculaire centra. Dank voor al jouw steun, bij het onderzoek en daarbuiten.  

 

Professor Vermeulen, beste Rien, in de achtergrond bleef jij altijd betrokken bij mijn 

onderzoek. Als één van de pioniers in CIDP onderzoek heb je het onderzoeksveld over 30 

jaar zien veranderen. Nog steeds blijf jij open voor nieuwe, en zelfs voor oude afgesloten 

wegen. Zo doen wij weer sporadisch zenuwbiopten terwijl jij bijna hoogstpersoonlijk voor een 

wereldwijde ban van deze vaak nutteloze diagnosticum had gezorgd. Jouw enthousiasme 

voor CIDP is onmetelijk en samen met al jouw anekdotes waren er genoeg redenen om vaak 

langs te lopen. Jouw frustratie over onze onwetendheid waarom patiënten met een 

motorische neuropathie achteruitgaan op steroïden leidde tot mijn leukste onderzoek. Als 

jonge onderzoeker wil je dat elke hypothese klopt, maar jij leerde me dat ik juist een studie 

moet opzetten om de hypothese te weerleggen. Nou, dit is gelukt, nu hopen dat de editors dit 

ook zo zien.  

 

Professor Stam, beste Jan. CIDP is weliswaar niet jouw veld, maar jij hebt ook veel 

bijgedragen aan dit proefschrift. Als opleider heb jij mij tijdens de opleiding waarschijnlijk het 

meeste bijgebracht over structureren van mijn gedachtegang. Dit is onmisbaar voor een 

goede dokter en wetenschapper.  



 
 

 

 
 

 

Beste Diederik. Ik begon ooit bij jou met onderzoek. Ik was geschokt dat ik als student om 9 

uur moest beginnen maar ik ging akkoord. Het was een mooie tijd die bijgedragen heeft aan 

mijn overtuiging om neuroloog te worden en een wetenschappelijke carrière te ambiëren. Ik 

waardeer het zeer dat jij bereid was om mij te steunen in onzekere tijden. 

 

Professor de Haan. Rob, dank voor de statische steun van de studies maar vooral voor jouw 

hulp in het opzetten van de recente subsidieaanvragen en studies. Het bewijst hoe belangrijk 

het is om af en toe eigen onderzoeken van een totaal andere hoek te bekijken. 

Alle medeauteurs voor het includeren van patienten en de inhoudelijke input. Janneke Zwiers 

en Mary Mujis van Sanquin voor de logistieke ondersteuning en prettige samenwerking. 

 

Beste Marianne en Anneke, wij hebben in de laatste 2 jaar intensief samengewerkt in de 

neuromusculaire zorg en ik heb ontzettend veel van jullie geleerd. Het aantal 

overlegmomenten neemt steeds verder af, maar voor sommige patiënten vrees ik dat ik nog 

jaren bij jullie zal moeten aankloppen. Marianne, jou wil in het bijzonder bedanken voor de 

steun om in het AMC te blijven. 

 

Alle andere (oud) stafleden. Jullie heb mij het voorbeeld gegeven dat men kan uitblinken in 

zijn subspecialisme maar ook een uitstekende algemene neuroloog kan zijn. 

 

Beste Camiel. Je droge humor en bijna neurotische precisie zal altijd een reden blijven om 

samen te werken. 

 

Beste Max en Tamar, de uitbreiding van het CIDP team. Jullie enthousiasme en vrolijkheid 

was zeer welkom in de laatste hectische maanden. Ik hoop dat deze nooit verdwijnen. 

 

Mijn kamergenote Joke, elkaars luisterend oor voor de supervisie twijfels en de dagelijkse 

bezigheden en soms frustraties.  

 

Marieke, in mijn ogen waren wij de eerste echte promovendi van Ivo. Jij hebt de goede 

beslissing genomen, helaas moeten wij daardoor een fantastische arts missen.  

 

Barry, paranimf, ex-kamergenoot. Wij hebben de hele opleiding samen doorlopen. Prachtige 

tijd. In het laatste jaar kwamen wij op een kruispunt waarin wij keuzes moesten maken. AMC 

kon geen garanties bieden en banen lagen niet voor het oprapen. Jij koos voor perifeer en ik 
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academisch. Door jouw veelzijdigheid verbaasde het weinig mensen dat jij een zeer 

begeerde perifere plek bemachtigde. Vliegen, skiën, dansen, tennissen, squashen, allemaal 

hobby’s waarin je soms tot het irritante toe beter in was dan jouw collega’s. Ik squash nu wat 

beter, helaas blijf jij de (aansluitend aan ons laatste potje) opgelopen hernia als smoes 
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was de rest niet compleet. 

 

Sanne, de andere paranimf. Jij had altijd opvallend minder haast om geneeskunde af te 

maken. Waar ik een jarenlange ‘strategie’ had om in opleiding te komen leek de gedachte 

dat het bij jou niet ging lukken nooit op te komen. Wetenschappelijke ambities had jij niet, 

maar nu als psychiater hoor ik jou steeds vaker de woorden ‘bewijs’ en ‘ uitzoeken’ in jouw 

mond nemen. Misschien ook een goede invloed van thuis, naast alle het andere. Ik kijk heel 

graag terug naar meer dan 15 jaar mooie momenten, goede gesprekken en skivakanties. 

 

Niels, jij blijft een fantastische gast, niet voor niets was jij door jouw verhuizingen op alle 7 

plekken waar jij voor (deel)opleidingen had gesolliciteerd ook aangenomen. Jij hebt nu ook 

een prachtige plek, ik hoop alleen dat jij daardoor niet te veel naar het oosten verhuist. 

Agenda’s werken niet mee, maar met weinig mensen eindigt elke afspraak in een top avond.   

 

De boys, Jorn, Pepe, Chiel en JW. De lijst van vrienden die je meerdere keren per maand 

moet zien werd elk jaar korter maar ik geloof dat dit echt de limiet is. Dank voor alle jaren, ik 

hoop dat de voorliefde voor koken, eten en wijn altijd kunnen blijven delen. 

 

Alle andere vrienden uit Hoorn, van geneeskunde, Orionis en uit Macedonië. 

 

Misa en Ludmila. Bedankt voor jullie steun in het laatste jaar. Ik hoop dat jullie pensioen 

eindelijk de rust zal brengen en dat Ella en Emily nog veel van jullie zullen genieten. 

 

Mijn ouders en Simon. Fala ze podrskata vo site ovie godini. Od vas nauciv deka nisto vo 

zivotov ne e lesno ali deka sve e mozno.  

 

Lieve Aegida, Ella en Emily. Jullie kwamen in beeld vóór, halverwege en tegen het einde van 

dit proefschrift. Ik verheug me op alles wat nog komen gaat.    
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