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Multifocalmotor neuropathy (MMN) is a chronic immune-mediated disorder leading to slowly progressivemus-
cleweakness andwasting. Current treatments are aimed atmodulating the immune system in order to avoid fur-
ther decline and to maintain functional status. Intravenous immunoglobulin (IVIg) is widely used in the
treatment of immune-mediated disorders and is the only treatment approved for MMN. While patients do re-
main stable with maintenance IVIg treatment, most patients will slowly deteriorate over many years. The use
of subcutaneous immunoglobulin (ScIg) is also gaining acceptance in this disease. The amount of axonal loss
and the number of years without immunoglobulin (Ig) treatment appear to be associated with the permanence
of weakness. We summarize the key literature to date that supports Ig use in the treatment of MMN.
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1. Introduction

Multifocal motor neuropathy (MMN) is a rare, immune-mediated
disorder characterized by slowly progressive, asymmetric, primarily
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distal limb muscle weakness and atrophy [1–3]. Wrist drop, reduced
grip strength and foot drop are frequently the presenting symptoms
[1,4]. Nerve involvement is irregular as evidenced by a difference in
severity of weakness in individual muscles innervated by a single
terminal nerve [5]. Proximal limb muscles are typically spared, as
are the respiratory muscles and cranial nerves. Sensory symptoms
are not a prominent feature and are seldom reported, however,
mild impairment of vibration sense has been seen in up to 22% of
MMN cases [6].

MMN was first described in the mid-1980s [7–10] and is estimated
to have a prevalence ranging between 0.6 and 2 per 100,000 [1,2]. The
male to female ratio is approximately 2.6:1, with a mean age of onset
of 40 years with a wide range (25–80 years) [1].

Motor conduction block is the electrophysiological hallmark
that distinguishes MMN from motor neuron disease. Axon loss is
prominent and is the most important prognostic factor for perma-
nent disability. Early diagnosis and treatment can reduce axonal
degeneration, while also promoting remyelination [2,6]. Peripheral
nerve biopsies at the site of conduction block of MMN patients
show multifocal axonal degeneration, and regenerating nerve
clusters, but segmental demyelination of the nerve axon or onion
bulb formation reflecting recurrent episode of demyelination and
remyelination, is not seen [11].
Fig. 1. IgM antibodies to paranodal GM-1 lead to complement fixation and disruption of the ne
may have benefit in the treatment of MMN.
1.1. Pathophysiology

High serum levels of IgM antibodies directed against the ganglioside
GM1, as well as to a lesser extent against asialo-GM1, GM1-
galactocerebroside, GD1a and GM2 have been reported [10] and can
be detected in about half of patients withMMN,with some recent stud-
ies reporting a range between 43 and 64% [12,13]. GM1 ganglioside is a
glycolipid found abundantly in the paranodal region of the peripheral
motor nerves as well as in the axolemma at the nodes of Ranvier
(Fig. 1) [14]. It is thought to play a role in axonal repair and in themain-
tenance of tight junctions through paranodal stabilization, providing an
anchor for potassium channels and concentrating sodiumchannels [15].
These functions are necessary for rapid action potential propagation and
maintenance of conduction velocity. Antibodies to GM1, when present,
have been linked tomore weakness and axonal loss and thus to a great-
er severity of disease. On binding GM1, these antibodies activate the
classical complement pathway leading to the formation of the mem-
brane attack complex (MAC) which disrupts ion channels in the axonal
membrane, thus impairing signal propagation [16–18].

Antibodies against gangliosides can also cause redistribution of
lipids and other important proteins [19], thereby disrupting the func-
tion of some areas of the membrane, such as nodes of Ranvier. Sensory
nerves are less vulnerable to damage following anti-GM1 IgM antibody
ural membrane at the nodes of Ranvier. Figure shows possible mechanisms by which IVIg
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binding [20]. Higher titers of anti-GM1 antibodies are rare in other neu-
rological disorders such as amyotrophic lateral sclerosis (ALS) and
chronic inflammatory demyelinating polyneuropathy (CIDP), and may
help diagnostically when the diagnosis of MMN is uncertain [12]. How-
ever, the patients in whom this antibody is detected, have not been re-
ported to have a different response to treatment.

1.2. Diagnosis

Several groups have proposed specific diagnostic criteria for MMN
[21,3,22]. There is considerable overlap between them,with the diagno-
sis being based primarily on clinical and electrophysiologic characteris-
tics, and supported by additional ancillary findings. Guidelines continue
to evolve, however, these diagnostic criteria may have challenges when
applying them to differentiate between other acquired demyelinating
polyneuropathies, such as CIDP, in clinical practice (Table 1) [23,24].

Motor conduction block, at sites other than those attributable to en-
trapment, alongwith a reduction in the compoundmuscle action poten-
tial (CMAP) amplitude and area, after proximal as compared to distal
stimulation, remains the defining electrophysiology of MMN. Conduc-
tion block may not be found in some patients, probably because these
blocks are activity-dependent or are located in segments not routinely
assessed by electrophysiological examination [25]. In a retrospective
study [6] of 88 patients with definite, probable, or possible MMN, 81%
were reported to have at least one definite conduction block, while
18% did not have a definite but had at least one probable conduction
block. Conduction block was most often detected in the ulnar (80%)
and median (77%) nerves.

Sensory nerve action potential amplitudes and conduction velocities
are typically normal, but a reduction in action potential amplitude may
occur years later. Other supportive findings include normal or slightly
increased CSF protein (N45 mg/dl, but b100 mg/dl; CSF protein in
CIDP typically N100 mg/dl) in about one-third of patients [1], GM1 spe-
cific IgM antibodies and an abnormal MRI signal in the brachial plexus.

1.3. Management overview

High doses of immunoglobulin (intravenous or subcutaneous) re-
main the mainstay of treatment but responses are ill sustained and a
steadily progressive course is often seen despite continuation of thera-
py. IVIg has been recommended as the first-line treatment for MMN
by the joint European Federation of Neurological Societies/Peripheral
Table 1
Key features.

Features MMN CIDP

Weakness • Asymmetric
• Distal N proximal
• Upper limbs N lower
limbs

• Typically symmetric
• Proximal + distal
• ≥8 weeks from onset
to nadir

Sensory deficits • No • Yes
• Typically symmetric

Reflexes • Reduced or absent
(multifocal or
diffuse)

• Reduced or absent
symmetrically

Abnormal CMAPs:
demyelinating features

• Asymmetric
(multifocal)

• Usually symmetric

Conduction block • Frequent • Frequent
Abnormal SNAPs • SNAPs are normal • Usually abnormal
CSF protein • Usually normal • Usually elevated
Monoclonal protein • Rarely present • Occasionally present

• Usually IgG or IgA
Anti-GM1 antibodies • Present in up to

~50% patients
• Rarely present

Sensory nerve biopsy:
demyelination/remyelination

• Uncommon • Frequent

CMAP, compound muscle action potential; SNAP, sensory nerve action potential; CIDP,
chronic inflammatory demyelinating polyneuropathy; MMN, multifocal motor neuropathy.
Nerve Society (EFNS/PNS) taskforce following four randomized, dou-
ble-blind, placebo-controlled trials investigating the use of IVIg in a
total of 34 MMN patients. Meta-analysis of these four RCTs concluded
that IVIgwas an efficacious, short-term treatment forMMNas 78% of in-
cluded patients had a significant improvement in muscle strength, se-
lected as the primary outcome measure, 2–6 weeks following IVIg
therapy, when compared with 4% following placebo [26,27].

Other immunomodulatory therapies like corticosteroids, plasma ex-
change, rituximab, cyclophosphamide andmycophenolate mofetil have
shown inconsistent effects and evidence is scarce to support their use in
MMN given their worrisome toxicity profiles. It has been suggested that
plasma exchange and corticosteroids may even worsen the disease
course [28–32].

This review focuses on the use of Ig in the effective management of
MMN as well as on the possible mechanisms of its therapeutic efficacy
in this disease.

2. Immunoglobulin therapy

2.1. Background

The immunomodulatory use of immunoglobulin was a serendipi-
tous discovery,first demonstrated in patientswith immune thrombocy-
topenic purpura [33]. Since then it has gainedwidespread acceptance in
various autoimmune diseases, including several autoimmune neuro-
muscular disorders like myasthenia gravis, CIDP and MMN.

There are multiple effects of IVIg that have been demonstrated in
vitro but very few studies have firmly identified the exact mecha-
nism(s) in vivo. IVIg in many ways can be considered a “dirty biologic”
with multiple mechanisms likely contributing to its overall therapeutic
effect in autoimmune disorders.

2.2. Preparation

Each batch of Ig ismade by cold ethanol fractionation of human plas-
ma derived from pools of about 3000–10,000 donors [34,35]. It is then
purified by enzymatic treatment, fractionation and chromatography.
The marketed IVIg contains N95% IgG, b2.5% IgA, and a negligible
amount of IgM [34,36]. IVIg preparations are derived from a large pool
of human donors and so the product contains antibodies with a wide
range of idiotypic specificities. IVIg products also vary based on sugar
and sodium content as well as osmolality and volume load. These prod-
uct characteristics should be considered based on patient risk factors
and co-morbidities (i.e., renal dysfunction, cardiac issues, diabetes,
thromboembolic risk, age, etc.).

2.3. Pharmacokinetics

Infusion of 2 g/kg of IVIg increases the serum IgG level N 4-fold, from
pretreatment means of 700–1060mg/dl to peaks over 3000mg/dl [37].
Its levels drop by about 50% over 48–72 h as IgG is distributed into the
total extracellular fluid volume [38,39]. The IgG is catabolized by first-
order kinetics and has a half-life of approximately 21–30 days, and is
as such usually repeated every 3–4 weeks in the treatment of autoim-
mune neurologic disease [40–42]. The change in serum IgG concentra-
tion after infusion (ΔIgG) has been reported to be higher in IVIg
responders in one study [43], suggesting its use as a potential biomarker
for response to treatment, however, this did not correlate with disease
activity.

When administered subcutaneously, Ig is absorbed and distributed
more slowly, over time. Subcutaneous doses need to be given at a higher
frequency, as a limited amount can be accommodated in a single admin-
istration. Consequently, the fluctuations in Ig levels are much smaller.
Trough levels of Ig are also higher with SCIg, as it maintains a better bal-
ance between the intravascular and extravascular compartments [40].
The half-life of Ig does not seem to differ between the two routes of
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administration [44]. Further studies are needed to elucidate the precise
pharmacokinetics of SCIg, when given in the context of autoimmune
disorders.

2.4. Putative mechanisms of action

The effects of IVIg, which have been demonstrated in vitro, include
neutralization of autoantibodies, inhibition of lymphocyte proliferation,
down-regulation of cell adhesion molecules, inhibition of pro-inflam-
matory cytokines, F(c) receptor blockade, and modulation of the
FcγRII/FcγRIII ratio on macrophages [45–47] (Fig. 1).

IVIg contains anti-idiotypic antibodies that may form idiotype–anti-
idiotype IgG dimers [48,49]. Several groups have reported that in vitro
IVIg is able to prevent the binding of anti-ganglioside antibodies to
their target antigen, which is probably mediated by the F(ab) portion
of the IgG molecule [50–52]. Ig can also have anti-idiotype effects on
specific T-cell receptors [53]. It has been reported that both human
and mouse anti-GD1a antibodies can lyse neuronal cells expressing
gangliosides on their surface in the presence of complement [52].
Co-incubation with human Ig in this assay blocked the binding of
antiganglioside antibodies and led to a downregulation of activated
complement, resulting in reduced cytotoxicity [52]. IVIg treatment
decreases classical complement pathway activity [17] and can attenuate
the deposition of complement in vitro [17,54]. Complement inhibition
may be the prominent mechanism of the efficacy of IVIg in MMN
since IgM is a very potent activator of that system. Inhibition of C3b
and C4b binding also decreases amplification of the complement
cascade, decreasing C5 activation and deposition of the membrane at-
tack complex (MAC). Inhibition of formation of the amplification
convertases also reduces the generation of the potent chemoattractant
C5a and thus decreases infiltration of inflammatory leukocytes [54]. In
an open label study of patients with MMN [55], the complement inhib-
itor drug eculizumab was given in conjunction with IVIg. No difference
in the requirement for IVIgwas noted in this group, indicating a possible
complement independent mechanism of its benefit. However, whether
eculizumab is able to cross the blood-nerve barrier has not been dem-
onstrated and no definitive conclusions could be drawn from this study.

The number of blood lymphocytes expressing adhesion molecule
ICAM-1 has been shown to decrease immediately after IVIg infusion
which may represent a decrease in the ability of T cells to recruit by-
stander leukocytes through LFA-1/ICAM-dependent cell–cell interac-
tions [56]. A decrease of ICAM-1 expression might also occur on
endothelial cells [57]. This reduction would decrease leukocyte migra-
tion into the nerves.

The balance of inhibitory FcγIIR and stimulatory FcγIIIR receptors
determines cellular immune responses including degranulation, phago-
cytosis, antibody-dependent cell-mediated cytotoxicity, transcription of
cytokine genes, and inflammatory mediator release. Changes favoring
inhibitory signaling have been observed 1 week after infusion of
IVIg [58].

Catabolism of IgG is controlled by an Fc receptor, FcRn [59]. FcRn on
endothelial cells binds and internalizes circulating IgG, protecting it
from lysosomal degradation. The IgG is recycled back to the cell surface
and is again released into the plasma. This explains the relatively long
half-life and the concentration dependent pharmacokinetics of IgG in
the circulation [59,60].

IVIg can decrease andneutralize several pro-inflammatory cytokines
like IL-1, IL-12, and IFN-γ; and increase production of regulatory mole-
cules including IL-10 and IL-1 RA [61–63]. Altering these cytokines can
affect the balance between regulatory (CD25+) and effector (CD8+)
T-cells [62], and decrease the inflammatory activity of macrophages. It
also neutralizes B cell activating factor (BAFF), thus limiting B cell
proliferation.

The precise mechanism of benefit of IVIg in MMN cannot be clear
until more light is shed on the pathogenesis of this yet incompletely un-
derstood disease.
3. Intravenous immunoglobulin

Response to IVIg treatment in patients withMMNwas first reported
in the early 1990s by several groups [64–68]. Since then there have been
five randomized clinical trials demonstrating the efficacy of IVIg for
MMN. A small study of five patients treated with IVIg at a dose of
0.4 g/kg for five days versus placebo demonstrated improved strength
at 28 days [28]. Six patients were treated and responded in a double-
blind, placebo controlled trial; treatment demonstrating significant im-
provement in MRC score assessed in 16 affected muscles, in 5 of 6 pa-
tients [30]. In a double-blind, placebo-controlled trial, nineteen
patients were randomized to receive 0.5 g/kg/day IVIg for five days
monthly for three consecutive months [32]. Patients in the treatment
group demonstrated improvement in the MRC sum score at month 9,
however, there was no statistically significant difference compared to
placebo. In a crossover clinical trial, 16 patients with MMN were ran-
domized to receive 0.4 g/kg/day IVIG for five days versus placebo. Elev-
en patients reported improvement in the Neuropathy disability scale in
the IVIg group with no reports of improvement for those receiving pla-
cebo [31] (Table 2).

The results of these four trials showed that 78% of included patients
had a significant improvement in muscle strength, selected as the pri-
mary outcome measure, following IVIg therapy, when compared with
4% following placebo. The meta-analysis of these trials, however, did
not show a statistically significant improvement in disability and identi-
fied a need for further studies [27].

The most recent, and largest trial of IVIg for MMN, involved 44 pa-
tients randomized in a crossover design to 12 weeks of treatment
with IVIg followed by placebo or the reverse [69]. The primary outcome
measure was grip strength which demonstrated a decline of 31.38% in
placebo and an increase of 3.75% in the treatment group (p = 0.005).
A co-primary endpoint was Guys' Neurologic Disability Score (GDNS)
for upper limb which showed worsening in the majority of patients
on placebo (p = 0.021). Patient perception strongly favored IVIg as
69% of patients switched prematurely from placebo to open-label IVIg
and 2.4% switched from blinded IVIg to open-label IVIg (p b 0.001).
This trial concluded that IVIg is an effective treatment in improving
both muscle strength and disability in MMN patients.

Despite the convincing evidence of the efficacy of IVIg for treatment
of MMN, optimal dosage and treatment intervals remain unknown.
Symptomatic improvement achieved following IVIg is transient, and re-
peated administration at intervals of ≤3–4 weeks is necessary to main-
tain clinical effect [70–73]. Long term strength may continue to decline
despite ongoing treatment as a result of ongoing axonal loss [74]. As oc-
curs in CIDP, a decrease in strength-duration time-constant for CMAP
follows IVIg infusions in MMN, suggesting that decreased axonal excit-
ability contributes to the pathology [75]. Axonal excitability improves
shortly after IVIg infusions, but these effects wane in subsequent
weeks, before the next infusion is due [76,74,77].

One study suggests that earlier treatment may be of benefit, and in-
creasing dosages may be required during long term treatment over
years [6]. The European Federation of Neurological Societies (EFNS)
guidelines recommend 2 g/kg of IVIG as the first-line treatment given
in divided doses over 2–5 days. The guidelines also indicate that main-
tenance therapy should be administered following initial response and
recommend a dose of IVIg ranging from 1 to 2 g/kg every 2–4 weeks
[26].

3.1. Long-term use of IVIg

The long-term use of IVIg has been assessed in several studies. In a
longitudinal study on maintenance IVIg, 11 MMN patients underwent
assessment of muscle strength by MRC sum score, disability using the
GNDS, and electrophysiology over a 4–8 year follow up period [74].
This study determined that IVIg favorably influenced reinnervation or
remyelination on the basis of both clinical and electrophysiologic



Table 2
Key treatment trials of IVIg in MMN.

Author year No of patients Trial design Ig dose Primary outcome
measure

Outcome

Hahn et al., 2013 44 Crossover
RCT

0.4–2.0 g/kg every 2–4 weeks Grip strength
GNDS-upper limb

Decline 31.38% in placebo, increase 3.75% IVIg 35.7%
GNDS worsened during placebo, 11.9% worsened IVIg

Leger et al., 2001 19 RCT 2.5 g/kg every
month × 3 months

MRC score No significant change in MRC score

Federico et al., 2000 16 Crossover
RCT

2.0 g/kg NDS
Grip strength

Significant increase in NDS, grip strength with IVIg

Van Den Berg et al., 1995 6 RCT 2.0 g/kg MRC score
Dynamometric strength
Modified Rankin Scale

5/6 improved muscle strength with IVIg vs placebo

Azulay et al., 1994 5 Crossover
RCT

2.0 g/kg Quantitative strength Significant increase in muscle strength; NS difference
in % change in strength at 2 month follow-up

GNDS, Guy's Neurological Disability Score; NDS, Neurologic Disability Score; MRC, Medical Research Council; RCT, randomized controlled trial.
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improvement. However, there was a statistically significant decrease in
strength during the maintenance period associated with decreased
CMAP leading the authors to conclude that axon loss cannot be
prevented at a mean maintenance dose of 0.54 g/kg/month ± 0.44. An-
other study described 10 patients with MMN followed over a mean of
8.2 years. Eight patients worsened over the observation period despite
ongoing IVIg treatment, the decline beginning at a mean of 4.8 years
[77]. The correlation with reduction of distal CMAP suggested that clin-
ical worseningwas a result of axonal degeneration. In contrast, a review
of 10 patientswithMMNand conduction blockwhowere followed for a
mean of 7.25 years and all of whom received IVIgmonthlymaintenance
therapy, had sustained improvement in muscle strength and functional
disability, albeit at a higher mean maintenance dose of 1.6 g/kg/
month ± 0.84 [78]. In addition, EMG studies demonstrated significant
improvement in conduction block, decrease in axonal degeneration
and evidence of re-innervation. A retrospective study of 40 patients
withMMN showed that theMRC score improved in 70% of the 20 treat-
ment-naïve patients with MMN over a 6-month period [79]. The data
concerning the long-term response to IVIg showed marked variations
in terms of MRC score, disease duration and IVIg infusion regimens. To
evaluate the long-term efficacy (N6months), all 40 patientswere divid-
ed into three groups at the end of clinical follow-up: group 1 = remis-
sion defined as lasting clinical improvement (N6 months), without
further treatment, after initial IVIg therapy for at least 6 months;
group 2 = stabilization of clinical improvement dependent on mainte-
nance IVIg infusions (2a = without additional immunosuppressive
agent; 2b = with immunosuppressive agent); group 3 = non-
responders. At the end of follow-up (mean of 2.2 ±2.0 years) and
among the entire population (40 patients), 8 patients (22%) were in
group 1 and 25 patients (68%) were in group 2, requiring periodic IVIg
infusions to maintain good clinical condition. Among these 25 patients,
8 (46%) were given additional immunosuppressive agents during vari-
ous periods. Four patients (11%) were in group 3. Data were missing
for 3 patients.

Another cross-sectional study with 88 MMN patients showed IVIg
was efficacious in 94% of those that received therapy and that the dose
had to be increased gradually in those who received maintenance IVIg
treatment, indicating a diminishing response over time [6]. This validat-
ed previous findings showing that IVIg has a beneficial long-term effect
on muscle strength and disability but does not prevent axon loss and a
slight overall decrease in muscle strength. They also demonstrated
that it is the years untreated and not duration of IVIg treatment that de-
termines severity of weakness and disability. Axon loss appears to be
more extensive in patients with long disease duration without treat-
ment. Optimization of therapy with adjustments in dose and treatment
intervals to avoid end-of-dose worsening may help promote stabiliza-
tion of disease and long term recovery [78].

In our practice, we treat patients with IVIg long term and typically
offer a maintenance regimen of 2 g/kg every 3–4 weeks, and optimize
frequency and dose further based on clinical course. We also recom-
mend utilizing objective markers of clinical stability such as grip
strength (Jamar® Hand Dynamometer) and MRC sum score.

3.2. Safety of IVIg

Intravenous immunoglobulin in general is safe and well tolerated.
Serious adverse events following treatment with IVIg are rare. Some of
the known serious events include aseptic meningitis, renal failure,
heart failure, myocardial infarction, non-cardiogenic pulmonary edema,
severe hypersensitivity reactions, hemolytic anemia, and thrombotic
events [41].

In the ICE study, up to 50% of patients in the treatment arm experi-
enced transient symptoms of headache, fever, mild hypotension or hy-
pertension, chills, arthralgia and nausea, as compared to 17% in the
placebo arm [80]. Many of these can be controlled by slowing the rate
of infusion, and hydration [81].

Additionally, in a large randomized clinical trial of IVIg in MMN [69],
AEs per infusion ranged from 2.9%–15.2% in the IVIg group, and from
5.9%–18% in the placebo group. A single severe adverse reaction of a
71-year-old subject with pulmonary embolism who was successfully
treated, was reported. Most AEs were mild and, severe, non-serious
AEs were episodes of headache in 3 subjects.

Thromboembolic events are a known rare complication of IVIg ther-
apy with an estimated incidence of 1.7%, being more frequently report-
ed in subjects with multiple cardiovascular risk factors. In patients with
increased risk, antithromboticmeasures, a lower infusion rate, aswell as
dividing the dose over several days can be considered [82–85].

4. Subcutaneous immunoglobulin

Subcutaneous formulations of immunoglobulins have demonstrated
equal efficacy as intravenous therapy in MMN [71]. The convenience of
self-administered home therapy may be of interest to MMN patients,
who often require long term treatment. Additionally, ScIg results in a
more uniform serum level of IgGwhich can limit the variability in levels
between treatment cycles seenwith IVIg, and potentiallymitigate nerve
damage.

Weekly subcutaneous IgG has shown efficacy in MMN, comparable
to the IV formulation [86–88]. In a randomized, single-blinded, cross-
over trial of nine IVIg responsive patients receiving IVIg or ScIg [71],
the changes in mean muscle strength and the SF-36 quality of life
questionnaire were not significantly different between patient groups,
indicating that ScIg was a suitable treatment alternative to IVIg. One pa-
tient presented with sustained erythema and edema at the injection
sites for a few weeks, but all other adverse events with ScIg were mild
and transient. A prospective observational study of 21 MMN and 45
CIDP patients with a prior sustained clinical response to IVIg, showed
clinical equivalence when patients were shifted to ScIg along with an
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improvement in the patient's perception of the therapeutic setting [89].
However, the CIDP and MMN groups showed a different rate of clinical
worsening during follow-up, with 13.3% of CIDP (6/45) and 42.9% of
MMN (9/21) patients reporting a ScIg dose increase, ScIg + IVIg combi-
nation therapy, or a return to IVIg therapy, in order to obtain stabiliza-
tion of disease. In another proof-of-concept study [88], a “smooth
transition protocol” was employed to switch eight patients from intra-
venous to subcutaneous Ig. For the first infusion, 25% of the total weekly
ScIg dosewas given on the day of the last IV infusion, followed by 50% of
the total weekly dose in the second week and the full weekly dose
(maintenance dose) in the third week. The patients were maintained
on full dose ScIg for 21 weeks. There was no change in muscle strength,
disability or motor function with an overall increase in the health relat-
ed quality of life in the seven patients who completed the study. A re-
cent open label trial [90] demonstrated equal efficacy of the
subcutaneous preparation in 11 of 15 patients treated for 6 months
using the smooth transition protocol. They also advocated an ScIg:IVIg
dosing ratio of 1.53:1, based on dosage in other neuromuscular diseases,
as all patients on this dosemaintained strength over the 6month period
of follow up and adverse effects were minimal. Three patients on a 1:1
dose ratio of ScIg:IVIg had intolerable deterioration of strength follow-
ing a precipitous drop in IgG levels. These observations show that the
subcutaneous form of Ig may be an equally efficacious alternative to
IVIg, being more cost effective and having the potential to improve pa-
tient compliance with this long term treatment. Local injection-site
AEs were reported in 0.4–19.8% of all drug administrations (n = 439),
and included swelling, induration, and pruritus. Systemic AEs were
less common, with malaise most frequently reported, in 10.2% drug
administrations.

5. Expert opinion and conclusion

MMN is a treatable immune-mediated disease and it is critically im-
portant to recognize early in its course. Both IVIg and ScIg have proven
efficacy for the treatment of MMN. Multiple randomized trials have
demonstrated improvement in strength and function. Although optimal
dosing remains unknown, maintenance therapy is required for patients
with ongoing disability. While maintenance IVIg treatment is effective
in disease stabilization, a slow progressive decline in strength and func-
tion continues inmany patients. The amount of axonal loss and number
of years without Ig treatment appear to be associated with the perma-
nence of weakness. This underscores the need to diagnosis MMN and
initiate treatment as early as possible. There is a growing need to iden-
tify improved diagnostic markers as well as markers of disease activity
in order for clinicians to establish the diagnosis of MMN aswell as tailor
a patient's treatment regimen (Ig dose and frequency). While Ig is a
“dirty biologic” possessing multiple mechanisms of action, understand-
ing how it benefits patients withMMNmay allow further enhancement
of these attributes, and development of targeted strategies.

Contributorship statement

RJN, HP and AK: article concept, drafting and revision of manuscript.

Disclosures

AK reports no disclosures. HP reports serving as a speaker/advisor
for Baxter and CSL Behring. RJN reports serving as a speaker, advisor/
consultant for Grifols and Shire.

Funding

This research did not receive any specific grant from funding agen-
cies in the public, commercial or not-for-profit sectors.
Ethics approval

Not applicable.
Acknowledgements

None.

References

[1] E. Nobile-Orazio, Multifocal motor neuropathy, J. Neuroimmunol. 115 (1–2) (2001)
4–18.

[2] L. Vlam, L.H. van den Berg, E.A. Cats, S. Piepers, W.L. van der Pol, Immune pathogen-
esis and treatment of multifocal motor neuropathy, J. Clin. Immunol. 33 (Suppl. 1)
(2013) S38–S42.

[3] P.R. Hughes, 79(th) ENMC international workshop: multifocal motor neuropathy.
14–15 April 2000, Hilversum, The Netherlands, Neuromuscul. Disord. 11 (3)
(2001) 309–314.

[4] B.V. Taylor, R.A. Wright, C.M. Harper, P.J. Dyck, Natural history of 46 patients with
multifocal motor neuropathy with conduction block, Muscle Nerve 23 (6) (2000)
900–908.

[5] M. Slee, A. Selvan, M. Donaghy, Multifocal motor neuropathy: the diagnostic spec-
trum and response to treatment, Neurology 69 (17) (2007) 1680–1687.

[6] E.A. Cats,W.L. van der Pol, S. Piepers, H. Franssen, B.C. Jacobs, R.M. van den Berg-Vos,
J.B. Kuks, P.A. van Doorn, B.G. van Engelen, J.J. Verschuuren, J.H. Wokke, J.H. Veldink,
L.H. van den Berg, Correlates of outcome and response to IVIg in 88 patients with
multifocal motor neuropathy, Neurology 75 (9) (2010) 818–825.

[7] D.A. Chad, K. Hammer, J. Sargent, Slow resolution of multifocal weakness and fascic-
ulation: a reversible motor neuron syndrome, Neurology 36 (9) (1986) 1260–1263.

[8] G. Roth, J. Rohr, M.R. Magistris, F. Ochsner, Motor neuropathy with proximal multi-
focal persistent conduction block, fasciculations and myokymia. Evolution to
tetraplegia, Eur. Neurol. 25 (6) (1986) 416–423.

[9] G.J. Parry, S. Clarke, Multifocal acquired demyelinating neuropathymasquerading as
motor neuron disease, Muscle Nerve 11 (2) (1988) 103–107.

[10] A. Pestronk, D.R. Cornblath, A.A. Ilyas, H. Baba, R.H. Quarles, J.W. Griffin, K. Alderson,
R.N. Adams, A treatable multifocal motor neuropathy with antibodies to GM1 gan-
glioside, Ann. Neurol. 24 (1) (1988) 73–78.

[11] B.V. Taylor, P.J. Dyck, J. Engelstad, G. Gruener, I. Grant, P.J. Dyck, Multifocal motor
neuropathy: pathologic alterations at the site of conduction block, J. Neuropathol.
Exp. Neurol. 63 (2) (2004) 129–137.

[12] E.A. Cats, B.C. Jacobs, N. Yuki, A.P. Tio-Gillen, S. Piepers, H. Franssen, J.T. van
Asseldonk, L.H. van den Berg, W.L. van der Pol, Multifocal motor neuropathy: asso-
ciation of anti-GM1 IgM antibodies with clinical features, Neurology 75 (22) (2010)
1961–1967.

[13] A. Pestronk, V. Chaudhry, E.L. Feldman, J.W. Griffin, D.R. Cornblath, E.H. Denys, M.
Glasberg, R.W. Kuncl, R.K. Olney, W.C. Yee, Lower motor neuron syndromes defined
by patterns of weakness, nerve conduction abnormalities, and high titers of
antiglycolipid antibodies, Ann. Neurol. 27 (3) (1990) 316–326.

[14] H.J. Willison, N. Yuki, Peripheral neuropathies and anti-glycolipid antibodies, Brain
125 (Pt 12) (2002) 2591–2625.

[15] K. Susuki, H. Baba, K. Tohyama, K. Kanai, S. Kuwabara, K. Hirata, K. Furukawa, K.
Furukawa,M.N. Rasband,N. Yuki, Gangliosides contribute to stability of paranodal junc-
tions and ion channel clusters in myelinated nerve fibers, Glia 55 (7) (2007) 746–757.

[16] K. Susuki, M.N. Rasband, K. Tohyama, K. Koibuchi, S. Okamoto, K. Funakoshi, K.
Hirata, H. Baba, N. Yuki, Anti-GM1 antibodies cause complement-mediated disrup-
tion of sodium channel clusters in peripheralmotor nerve fibers, J. Neurosci. 27 (15)
(2007) 3956–3967.

[17] S. Piepers, M.D. Jansen, E.A. Cats, N.M. van Sorge, L.H. van den Berg, W.L. van der Pol,
IVIg inhibits classical pathway activity and anti-GM1 IgM-mediated complement
deposition in MMN, J. Neuroimmunol. 229 (1–2) (2010) 256–262.

[18] K. Susuki, N. Yuki, D.P. Schafer, K. Hirata, G. Zhang, K. Funakoshi, M.N. Rasband, Dys-
function of nodes of Ranvier: a mechanism for anti-ganglioside antibody-mediated
neuropathies, Exp. Neurol. 233 (1) (2012) 534–542.

[19] A. Ueda, S. Shima, T. Miyashita, S. Ito, M. Ueda, S. Kusunoki, K. Asakura, T. Mutoh,
Anti-GM1 antibodies affect the integrity of lipid rafts, Mol. Cell. Neurosci. 45 (4)
(2010) 355–362.

[20] O. Harschnitz, B.A. Jongbloed, H. Franssen, D.C. Straver, W.L. van der Pol, L.H. van den
Berg, MMN: from immunological cross-talk to conduction block, J. Clin. Immunol. 34
(Suppl. 1) (2014) S112–S119.

[21] R.M. Van den Berg-Vos, H. Franssen, J.H. Wokke, H.W. Van Es, L.H. Van den Berg,
Multifocal motor neuropathy: diagnostic criteria that predict the response to immu-
noglobulin treatment, Ann. Neurol. 48 (6) (2000) 919–926.

[22] R.K. Olney, R.A. Lewis, T.D. Putnam, J.V. Campellone Jr., American Association of
Electrodiagnostic M. Consensus criteria for the diagnosis of multifocal motor neu-
ropathy, Muscle Nerve 27 (1) (2003) 117–121.

[23] M.M. Dimachkie, R.J. Barohn, Chronic inflammatory demyelinating polyneuropathy,
Curr. Treat. Options Neurol. 15 (3) (2013) 350–366.

[24] L. Ruts, J. Drenthen, B.C. Jacobs, P.A. van Doorn, G.B.S.S.G. Dutch, Distinguishing
acute-onset CIDP from fluctuating Guillain-Barre syndrome: a prospective study,
Neurology 74 (21) (2010) 1680–1686.

[25] E. Delmont, J.P. Azulay, R. Giorgi, S. Attarian, A. Verschueren, D. Uzenot, J. Pouget,
Multifocal motor neuropathy with and without conduction block: a single entity?
Neurology 67 (4) (2006) 592–596.

http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0005
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0005
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0010
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0010
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0010
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0015
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0015
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0015
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0020
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0020
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0020
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0025
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0025
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0030
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0030
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0030
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0030
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0035
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0035
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0040
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0040
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0040
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0045
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0045
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0050
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0050
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0050
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0055
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0055
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0055
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0060
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0060
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0060
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0060
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0065
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0065
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0065
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0065
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0070
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0070
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0075
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0075
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0075
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0080
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0080
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0080
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0080
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0085
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0085
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0085
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0090
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0090
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0090
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0095
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0095
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0095
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0100
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0100
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0100
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0105
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0105
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0105
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0110
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0110
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0110
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0115
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0115
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0120
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0120
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0120
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0125
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0125
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0125


196 A. Kumar et al. / Journal of the Neurological Sciences 375 (2017) 190–197
[26] N. Attal, G. Cruccu, R. Baron, M. Haanpaa, P. Hansson, T.S. Jensen, T. Nurmikko, Euro-
pean Federation of Neurological S. EFNS guidelines on the pharmacological treat-
ment of neuropathic pain: 2010 revision, Eur. J. Neurol. 17 (9) (2010) 1113–e1188.

[27] I.N. van Schaik, L.H. van den Berg, R. de Haan, M. Vermeulen, Intravenous immuno-
globulin for multifocal motor neuropathy, Cochrane Database Syst. Rev. 2 (2005),
CD004429. .

[28] J.P. Azulay, O. Blin, J. Pouget, J. Boucraut, F. Bille-Turc, G. Carles, G. Serratrice, Intrave-
nous immunoglobulin treatment in patients with motor neuron syndromes associ-
atedwith anti-GM1 antibodies: a double-blind, placebo-controlled study, Neurology
44 (3 Pt 1) (1994) 429–432.

[29] L.H. Van den Berg, H. Franssen, J.H. Wokke, Improvement of multifocal motor neu-
ropathy during long-term weekly treatment with human immunoglobulin, Neurol-
ogy 45 (5) (1995) 987–988.

[30] L.H. Van den Berg, H. Kerkhoff, P.L. Oey, H. Franssen, I. Mollee, M. Vermeulen, F.G.
Jennekens, J.H. Wokke, Treatment of multifocal motor neuropathy with high dose
intravenous immunoglobulins: a double blind, placebo controlled study, J. Neurol.
Neurosurg. Psychiatry 59 (3) (1995) 248–252.

[31] P. Federico, D.W. Zochodne, A.F. Hahn, W.F. Brown, T.E. Feasby, Multifocal motor
neuropathy improved by IVIg: randomized, double-blind, placebo-controlled
study, Neurology 55 (9) (2000) 1256–1262.

[32] J.M. Leger, B. Chassande, L. Musset, V. Meininger, P. Bouche, N. Baumann, Intrave-
nous immunoglobulin therapy in multifocal motor neuropathy: a double-blind, pla-
cebo-controlled study, Brain 124 (Pt 1) (2001) 145–153.

[33] P. Imbach, S. Barandun, V. d'Apuzzo, C. Baumgartner, A. Hirt, A. Morell, E. Rossi, M.
Schoni, M. Vest, H.P. Wagner, High-dose intravenous gammaglobulin for idiopathic
thrombocytopenic purpura in childhood, Lancet 1 (8232) (1981) 1228–1231.

[34] J.M. Dwyer, Manipulating the immune system with immune globulin, N. Engl. J.
Med. 326 (2) (1992) 107–116.

[35] M.C. Dalakas, Intravenous immune globulin therapy for neurologic diseases, Ann. In-
tern. Med. 126 (9) (1997) 721–730.

[36] C.M. Roifman, H. Schroeder, M. Berger, R. Sorensen, M. Ballow, R.H. Buckley, A.
Gewurz, P. Korenblat, G. Sussman, G. Lemm, Comparison of the efficacy of IGIV-C,
10% (caprylate/chromatography) and IGIV-SD, 10% as replacement therapy in pri-
mary immune deficiency. A randomized double-blind trial, Int. Immunopharmacol.
3 (9) (2003) 1325–1333.

[37] W.H. Reinhart, P.E. Berchtold, Effect of high-dose intravenous immunoglobulin ther-
apy on blood rheology, Lancet 339 (8794) (1992) 662–664.

[38] T.A. Waldmann, W. Strober, Metabolism of immunoglobulins, Prog. Allergy 13
(1969) 1–110.

[39] B. Pirofsky, Intravenous immune globulin therapy in hypogammaglobulinemia. A
review, Am. J. Med. 76 (3A) (1984) 53–60.

[40] F.A. Bonilla, Pharmacokinetics of immunoglobulin administered via intravenous
or subcutaneous routes, Immunol. Allergy Clin. N. Am. 28 (4) (2008) 803–819
(ix).

[41] H.S. Patwa, V. Chaudhry, H. Katzberg, A.D. Rae-Grant, Y.T. So, Evidence-based guide-
line: intravenous immunoglobulin in the treatment of neuromuscular disorders: re-
port of the Therapeutics and Technology Assessment Subcommittee of the
American Academy of Neurology, Neurology 78 (13) (2012) 1009–1015.

[42] M.Y. Hu, P. Stathopoulos, K.C. O'Connor, S.J. Pittock, R.J. Nowak, Current and future
immunotherapy targets in autoimmune neurology, Handb. Clin. Neurol. 133
(2016) 511–536.

[43] L. Vlam, E.A. Cats, E. Willemse, H. Franssen, J. Medic, S. Piepers, J.H. Veldink, L.H. van
den Berg, W.L. van der Pol, Pharmacokinetics of intravenous immunoglobulin in
multifocal motor neuropathy, J. Neurol. Neurosurg. Psychiatry 85 (10) (2014)
1145–1148.

[44] R. Gustafson, A. Gardulf, S. Hansen, H. Leibl, W. Engl, M. Linden, A. Muller, L.
Hammarstrom, Rapid subcutaneous immunoglobulin administration every second
week results in high and stable serum immunoglobulin G levels in patients with pri-
mary antibody deficiencies, Clin. Exp. Immunol. 152 (2) (2008) 274–279.

[45] A. Samuelsson, T.L. Towers, J.V. Ravetch, Anti-inflammatory activity of IVIG mediat-
ed through the inhibitory Fc receptor, Science 291 (5503) (2001) 484–486.

[46] M. Stangel, K.V. Toyka, R. Gold, Mechanisms of high-dose intravenous immunoglob-
ulins in demyelinating diseases, Arch. Neurol. 56 (6) (1999) 661–663.

[47] T.L. Vassilev, M.D. Kazatchkine, J.P. Duong Van Huyen, M. Mekrache, E. Bonnin, J.C.
Mani, C. Lecroubier, D. Korinth, D. Baruch, F. Schriever, S.V. Kaveri, Inhibition of
cell adhesion by antibodies to Arg-Gly-Asp (RGD) in normal immunoglobulin for
therapeutic use (intravenous immunoglobulin, IVIg), Blood 93 (11) (1999)
3624–3631.

[48] B. Buchwald, R. Ahangari, A. Weishaupt, K.V. Toyka, Intravenous immunoglobulins
neutralize blocking antibodies in Guillain-Barre syndrome, Ann. Neurol. 51 (6)
(2002) 673–680.

[49] R. Gold, M. Stangel, M.C. Dalakas, Drug insight: the use of intravenous immunoglob-
ulin in neurology—therapeutic considerations and practical issues, Nat. Clin. Pract.
Neurol. 3 (1) (2007) 36–44.

[50] U. Malik, L. Oleksowicz, N. Latov, L.J. Cardo, Intravenous gamma-globulin inhibits
binding of anti-GM1 to its target antigen, Ann. Neurol. 39 (1) (1996) 136–139.

[51] N. Yuki, F. Miyagi, Possible mechanism of intravenous immunoglobulin treatment
on anti-GM1 antibody-mediated neuropathies, J. Neurol. Sci. 139 (1) (1996)
160–162.

[52] G. Zhang, P.H. Lopez, C.Y. Li, N.R. Mehta, J.W. Griffin, R.L. Schnaar, K.A. Sheikh, Anti-
ganglioside antibody-mediated neuronal cytotoxicity and its protection by intrave-
nous immunoglobulin: implications for immune neuropathies, Brain 127 (Pt 5)
(2004) 1085–1100.

[53] S. Lacroix-Desmazes, S. Kaveri, M.D. Kazatchkine, Regulation of autoreactivity by the
idiotypic network and therapeuticmodulation of autoimmunity by polyvalent intra-
venous immunoglobulins (IgIV), Rev. Neurol. (Paris) 152 (5) (1996) 349–354.
[54] N. Yuki, H. Watanabe, T. Nakajima, P.J. Spath, IVIG blocks complement deposition
mediated by anti-GM1 antibodies in multifocal motor neuropathy, J. Neurol.
Neurosurg. Psychiatry 82 (1) (2011) 87–91.

[55] A.M. Fitzpatrick, C.A. Mann, S. Barry, K. Brennan, J.R. Overell, H.J. Willison, An open
label clinical trial of complement inhibition in multifocal motor neuropathy, J.
Peripher. Nerv. Syst. 16 (2) (2011) 84–91.

[56] M.A. del Pozo, M. Nieto, J.M. Serrador, D. Sancho, M. Vicente-Manzanares, C.
Martinez, F. Sanchez-Madrid, The two poles of the lymphocyte: specialized cell
compartments for migration and recruitment, Cell Adhes. Commun. 6 (2–3)
(1998) 125–133.

[57] D. Rigal, C. Vermot-Desroches, S. Heitz, J. Bernaud, F. Alfonsi, J.C. Monier, Effects of
intravenous immunoglobulins (IVIG) on peripheral blood B, NK, and T cell subpop-
ulations in women with recurrent spontaneous abortions: specific effects on LFA-1
and CD56 molecules, Clin. Immunol. Immunopathol. 71 (3) (1994) 309–314.

[58] A. Creange, N.A. Gregson, R.A. Hughes, Intravenous immunoglobulin modulates
lymphocyte CD54 and monocyte FcgammaRII expression in patients with chronic
inflammatory neuropathies, J. Neuroimmunol. 135 (1–2) (2003) 91–95.

[59] Z. Yu, V.A. Lennon, Mechanism of intravenous immune globulin therapy in anti-
body-mediated autoimmune diseases, N. Engl. J. Med. 340 (3) (1999) 227–228.

[60] D.C. Roopenian, S. Akilesh, FcRn: the neonatal Fc receptor comes of age, Nat. Rev.
Immunol. 7 (9) (2007) 715–725.

[61] M. Gupta, G.J. Noel, M. Schaefer, D. Friedman, J. Bussel, R. Johann-Liang, Cytokine
modulation with immune gamma-globulin in peripheral blood of normal children
and its implications in Kawasaki disease treatment, J. Clin. Immunol. 21 (3)
(2001) 193–199.

[62] A. Kessel, H. Ammuri, R. Peri, E.R. Pavlotzky, M. Blank, Y. Shoenfeld, E. Toubi, Intra-
venous immunoglobulin therapy affects T regulatory cells by increasing their sup-
pressive function, J. Immunol. 179 (8) (2007) 5571–5575.

[63] M. Ballow, The IgG molecule as a biological immune response modifier: mecha-
nisms of action of intravenous immune serum globulin in autoimmune and in-
flammatory disorders, J. Allergy Clin. Immunol. 127 (2) (2011) 315–323 (quiz
324-315).

[64] R. Kaji, H. Shibasaki, J. Kimura, Multifocal demyelinating motor neuropathy: cranial
nerve involvement and immunoglobulin therapy, Neurology 42 (3 Pt 1) (1992)
506–509.

[65] N. Charles, P. Benoit, C. Vial, T. Bierme, T. Moreau, B. Bady, Intravenous immunoglob-
ulin treatment in multifocal motor neuropathy, Lancet 340 (8812) (1992) 182.

[66] A.G. Kermode, B.A. Laing, W.M. Carroll, F.L. Mastaglia, Intravenous immunoglobulin
for multifocal motor neuropathy, Lancet 340 (8824) (1992) 920–921.

[67] V. Chaudhry, A.M. Corse, D.R. Cornblath, R.W. Kuncl, D.B. Drachman, M.L. Freimer,
R.G. Miller, J.W. Griffin, Multifocal motor neuropathy: response to human immune
globulin, Ann. Neurol. 33 (3) (1993) 237–242.

[68] E. Nobile-Orazio, N. Meucci, S. Barbieri, M. Carpo, G. Scarlato, High-dose intravenous
immunoglobulin therapy in multifocal motor neuropathy, Neurology 43 (3 Pt 1)
(1993) 537–544.

[69] A.F. Hahn, S.R. Beydoun, V. Lawson, Team IiMS, M. Oh, V.G. Empson, H. Leibl, L.Y.
Ngo, D. Gelmont, C.L. Koski, A controlled trial of intravenous immunoglobulin in
multifocal motor neuropathy, J. Peripher. Nerv. Syst. 18 (4) (2013) 321–330.

[70] S.J. Ruegg, P. Fuhr, A.J. Steck, Rituximab stabilizes multifocal motor neuropathy in-
creasingly less responsive to IVIg, Neurology 63 (11) (2004) 2178–2179.

[71] T. Harbo, H. Andersen, A. Hess, K. Hansen, S.H. Sindrup, J. Jakobsen, Subcutaneous
versus intravenous immunoglobulin inmultifocal motor neuropathy: a randomized,
single-blinded cross-over trial, Eur. J. Neurol. 16 (5) (2009) 631–638.

[72] C.S. Lin, A.V. Krishnan, S.B. Park, M.C. Kiernan, Modulatory effects on axonal function
after intravenous immunoglobulin therapy in chronic inflammatory demyelinating
polyneuropathy, Arch. Neurol. 68 (7) (2011) 862–869.

[73] J.D. Pollard, P.J. Armati, CIDP - the relevance of recent advances in Schwann cell/ax-
onal neurobiology, J. Peripher. Nerv. Syst. 16 (1) (2011) 15–23.

[74] R.M. Van den Berg-Vos, H. Franssen, J.H. Wokke, L.H. Van den Berg, Multifocal motor
neuropathy: long-term clinical and electrophysiological assessment of intravenous
immunoglobulin maintenance treatment, Brain 125 (Pt 8) (2002) 1875–1886.

[75] D. Boerio, A. Creange, J.Y. Hogrel, A. Gueguen, D. Bertrand, J.P. Lefaucheur, Nerve ex-
citability changes after intravenous immunoglobulin infusions in multifocal motor
neuropathy and chronic inflammatory demyelinating neuropathy, J. Neurol. Sci.
292 (1–2) (2010) 63–71.

[76] A. Priori, C. Cinnante, A. Pesenti, M. Carpo, A. Cappellari, E. Nobile-Orazio, G. Scarlato,
S. Barbieri, Distinctive abnormalities of motor axonal strength-duration properties
in multifocal motor neuropathy and in motor neurone disease, Brain 125 (Pt 11)
(2002) 2481–2490.

[77] F. Terenghi, A. Cappellari, A. Bersano, M. Carpo, S. Barbieri, E. Nobile-Orazio, How
long is IVIg effective in multifocal motor neuropathy? Neurology 62 (4) (2004)
666–668.

[78] S. Vucic, K.R. Black, P.S. Chong, D. Cros, Multifocal motor neuropathy: decrease in
conduction blocks and reinnervation with long-term IVIg, Neurology 63 (7)
(2004) 1264–1269.

[79] J.M. Leger, K. Viala, T. Maisonobe, P. Bouche, Multifocal motor neuropathy: a retro-
spective study of the response to high-dose intravenous immunoglobulin (IVIg)
and current perspectives for diagnosis and treatment, Bull. Acad. Natl Med. 191
(7) (2007) 1395–1407 (discussion 1407-1399).

[80] R.A. Hughes, P. Donofrio, V. Bril, M.C. Dalakas, C. Deng, K. Hanna, H.P. Hartung, N.
Latov, I.S. Merkies, P.A. van Doorn, Group ICES, Intravenous immune globulin (10%
caprylate-chromatography purified) for the treatment of chronic inflammatory de-
myelinating polyradiculoneuropathy (ICE study): a randomised placebo-controlled
trial, Lancet Neurol. 7 (2) (2008) 136–144.

[81] C.L. Koski, Treatment of multifocal motor neuropathy with intravenous immuno-
globulin, J. Clin. Immunol. 34 (Suppl. 1) (2014) S127–S131.

http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0130
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0130
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0130
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0135
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0135
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0135
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0140
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0140
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0140
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0140
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0145
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0145
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0145
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0150
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0150
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0150
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0150
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0155
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0155
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0155
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0160
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0160
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0160
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0165
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0165
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0165
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0170
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0170
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0175
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0175
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0180
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0180
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0180
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0180
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0180
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0185
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0185
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0190
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0190
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0195
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0195
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0200
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0200
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0200
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0205
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0205
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0205
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0205
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0210
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0210
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0210
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0215
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0215
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0215
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0215
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0220
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0220
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0220
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0220
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0225
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0225
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0230
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0230
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0235
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0235
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0235
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0235
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0235
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0240
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0240
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0240
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0245
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0245
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0245
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0250
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0250
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0255
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0255
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0255
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0260
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0260
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0260
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0260
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0265
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0265
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0265
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0270
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0270
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0270
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0275
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0275
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0275
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0280
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0280
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0280
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0280
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0285
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0285
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0285
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0285
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0290
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0290
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0290
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0295
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0295
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0300
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0300
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0305
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0305
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0305
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0305
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0310
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0310
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0310
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0315
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0315
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0315
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0315
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0320
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0320
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0320
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0325
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0325
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0330
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0330
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0335
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0335
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0335
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0340
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0340
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0340
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0345
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0345
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0345
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0350
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0350
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0355
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0355
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0355
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0360
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0360
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0360
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0365
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0365
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0370
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0370
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0370
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0375
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0375
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0375
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0375
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0380
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0380
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0380
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0380
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0385
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0385
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0385
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0390
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0390
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0390
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0395
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0395
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0395
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0395
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0400
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0400
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0400
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0400
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0400
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0405
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0405


197A. Kumar et al. / Journal of the Neurological Sciences 375 (2017) 190–197
[82] M. Stangel, R. Kiefer, M. Pette, M.N. Smolka, P. Marx, R. Gold, Side effects of intrave-
nous immunoglobulins in neurological autoimmune disorders—a prospective study,
J. Neurol. 250 (7) (2003) 818–821.

[83] M. Wittstock, R. Benecke, U.K. Zettl, Therapy with intravenous immunoglobulins:
complications and side-effects, Eur. Neurol. 50 (3) (2003) 172–175.

[84] J.B. Caress, L. Hobson-Webb, L.V. Passmore, A.P. Finkbiner, M.S. Cartwright, Case-
control study of thromboembolic events associated with IV immunoglobulin, J.
Neurol. 256 (3) (2009) 339–342.

[85] Y.A. Rajabally, D.A. Kearney, Thromboembolic complications of intravenous immu-
noglobulin therapy in patients with neuropathy: a two-year study, J. Neurol. Sci.
308 (1–2) (2011) 124–127.

[86] T. Harbo, H. Andersen, J. Jakobsen, Long-term therapywith high doses of subcutane-
ous immunoglobulin in multifocal motor neuropathy, Neurology 75 (15) (2010)
1377–1380.
[87] F. Eftimov, M. Vermeulen, R.J. de Haan, L.H. van den Berg, I.N. van Schaik, Subcuta-
neous immunoglobulin therapy for multifocal motor neuropathy, J. Peripher. Nerv.
Syst. 14 (2) (2009) 93–100.

[88] S.A. Misbah, A. Baumann, R. Fazio, P. Dacci, D.S. Schmidt, J. Burton, M. Sturzenegger,
A smooth transition protocol for patients with multifocal motor neuropathy going
from intravenous to subcutaneous immunoglobulin therapy: an open-label proof-
of-concept study, J. Peripher. Nerv. Syst. 16 (2) (2011) 92–97.

[89] D. Cocito, A. Merola, E. Peci, A.Mazzeo, R. Fazio, A. Francia, P. Valentino, R. Liguori, M.
Filosto, G. Siciliano, A.M. Clerici, S. Lelli, G.A. Marfia, G. Antonini, I. Cecconi, E. Nobile-
Orazio, L. Lopiano, Scig, Chronic Dysimmune Neuropathies Italian N, Subcutaneous
immunoglobulin in CIDP and MMN: a short-term nationwide study, J. Neurol. 261
(11) (2014) 2159–2164.

[90] H.D. Katzberg, V. Rasutis, V. Bril, Subcutaneous immunoglobulin for treatment of
multifocal motor neuropathy, Muscle Nerve (2016).

http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0410
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0410
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0410
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0415
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0415
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0420
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0420
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0420
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0425
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0425
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0425
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0430
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0430
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0430
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0435
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0435
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0435
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0440
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0440
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0440
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0440
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0445
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0445
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0445
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0445
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0445
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0450
http://refhub.elsevier.com/S0022-510X(17)30070-9/rf0450

	Immunoglobulin therapy in the treatment of multifocal motor neuropathy
	1. Introduction
	1.1. Pathophysiology
	1.2. Diagnosis
	1.3. Management overview

	2. Immunoglobulin therapy
	2.1. Background
	2.2. Preparation
	2.3. Pharmacokinetics
	2.4. Putative mechanisms of action

	3. Intravenous immunoglobulin
	3.1. Long-term use of IVIg
	3.2. Safety of IVIg

	4. Subcutaneous immunoglobulin
	5. Expert opinion and conclusion
	Contributorship statement
	Disclosures
	Funding
	Ethics approval
	Acknowledgements
	References


