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DEFINING CHRONIC INFLAMMATORY DEMYELINATING
POLYNEUROPATHY

There is no definitive test for chronic inflammatory demyeli-
nating polyneuropathy (CIDP). A diagnosis is made on the
basis of the clinical presentation, evidence for demyelination,
absence of another cause for demyelinating neuropathy, and
response to immune therapy. 

CLINICAL PRESENTATION

The typical clinical presentation is that of progressive, sym-
metric proximal and distal weakness with large fiber sensory
loss.9,13 Over 50% of patients, however, have atypical presen-
tations, including: (1) asymmetric CIDP, with asymmetric
weakness and large fiber sensory loss; (2) distal CIDP, with
symmetric, predominately sensory neuropathy, or with mild
distal weakness; or (3) purely sensory CIDP.6,15,17,18,20 There
is some debate as to whether multifocal motor neuropathy or
the Lewis-Sumner syndrome should be lumped in with
CIDP, as they have more prominent focal lesions and more
severe axonal loss. However, it is important to note that
patients with atypical syndromes can progress to generalized
involvement and exhibit the typical CIDP phenotype.3,11,22

The diagnosis is usually straightforward in patients with the
typical presentation. However, in patients with asymmetric
or distal CIDP, demonstration of demyelination becomes

paramount for distinguishing CIDP from other causes of
neuropathy.

ELECTRODIAGNOSIS

The diagnosis of CIDP requires a demonstration of demyeli-
nating lesions that cannot be explained by other known caus-
es of neuropathy, such as Charcot-Marie-Tooth type 1
(CMT1). In electrodiagnostic (EDX) studies, demyelinating
range abnormalities are defined as those showing more severe
abnormalities than can occur as a consequence of primary
axonal degeneration, with hereditary axonal neuropathy or
motor neuron disease used to define the acceptable ranges.5,7

This, however, makes it difficult to diagnose CIDP in early
cases where the nerve conduction velocity is only mildly
abnormal, or where secondary axonal degeneration is suffi-
ciently severe to mask the effects of demyelination.12

Demyelinating lesions that are proximal or distal to the areas
of investigation, or that are only present in sensory nerves,
can also be easily overlooked.6,20 In such patients, nerve biop-
sy studies are often required to prove the diagnosis. 

The number, type, and distribution of demyelinating abnor-
malities required for the diagnosis of CIDP is a matter of dis-
pute. In the author’s studies, a significant number of patients
with typical CIDP (25-30%) exhibited only one such abnor-
mality, even if eight motor nerves were tested.14
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Consequently, three limbs, or eight motor nerves may need
to be investigated in order to detect the presence of demyeli-
nation.

PATHOLOGICAL DIAGNOSIS

Pathological changes on nerve biopsy that are indicative of
demyelination/remyelination include axons that are denuded
or that have abnormally thin myelin sheaths or onion bulbs.
These can be seen in semi-thin sections or electron micro-
graphs. Teased fiber analysis, in addition, can demonstrate
segmental demyelination, or variation in internodal length as
a sign of demyelination/remyelination.

RESPONSE TO THERAPY AS A CLUE TO DIAGNOSIS

In earlier studies, patients were defined by their response to
corticosteroids, rather than by phenotype or presence of
demyelination.1 Given the ambiguities inherent in diagnos-
ing CIDP, one can argue that a patient with a compatible
phenotype who responds to immunotherapy, is more likely
to have CIDP than idiopathic neuropathy, if no other cause
for neuropathy can be identified. 

LABORATORY TESTING 

Laboratory tests are routinely ordered for other causes of
demyelinating neuropathy. Deoxyribose nucleic acid tests
may reveal the presence of a hereditary demyelinating neu-
ropathy, particularly in patients with a positive family histo-
ry, compatible phenotype, or that are resistant to
immunotherapy. The presence of an immunoglobin M (IgM)
monoclonal gammopathy or IgM autoantibodies to glyco-
conjugates is routinely detected by immunofixation elec-
trophoresis (IFE), and by testing for antibodies to myelin-
associated glycoprotein, sulfatide, and GD1b in the distal
CIDP phenotype, or for GM1 and GD1a in the predomi-
nately motor neuropathies. Serum, urine IFE, and a skeletal
survey are ordered for the diagnosis of osteosclerotic myelo-
ma or the polyneuropathy, organomegaly, endocrinopathy,
M protein, skin changes syndrome. Spinal fluid protein con-

centration is elevated in over 90% of patients with typical
CIDP, but in less than half of the patients with distal or mul-
tifocal CIDP.16,21

CHRONIC INFLAMMATORY DEMYELINATING
POLYNEUROPATHY IN PATIENTS WITH OTHER TYPES OF
NEUROPATHIES

Chronic inflammatory demyelinating polyneuropathy can
also occur in patients with other types of neuropathy. When
associated with axonal neuropathies, the presence of demyeli-
nating features on EDX testing or nerve biopsy, can confirm
the diagnosis. When associated with other types of demyeli-
nating neuropathies such as diabetes19 or CMT1,11 however,
the diagnosis can be difficult to make. A typical phenotype,
rapid progression, unusually high cerebral spinal fluid pro-
tein concentration, or a particular distribution of demyelinat-
ing lesions may alert the physician to the diagnosis of CIDP. 

PREVALENCE OF CHRONIC INFLAMMATORY DEMYELINATING
POLYNEUROPATHY

According to epidemiologic studies, the incidence of CIDP is
1-7.7 per 100,000 which correlates to 2000-15,000 patients
in the United States.13 However, reports from academic cen-
ters note an incidence of CIDP in 3–21% of previously undi-
agnosed patients2,4,10 which correlates to over 100,000 people
in the United States. The difference is likely to be due to
referral bias and differences in diagnostic criteria.

RESEARCH VERSUS CLINICAL DIAGNOSTIC GUIDELINES 

In developing diagnostic guidelines for the diagnosis of
CIDP it is important to keep in mind that clinical guidelines
and research guidelines serve different purposes. Research
guidelines that help select patients for clinical trials must be
highly specific rather than sensitive and have few confound-
ing variables. Clinical guidelines used in routine practice
need to be more sensitive so as not to miss potentially treat-
able patients, as well as accommodate patients with more
atypical features and confounding variables. These guidelines
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should help the physician determine what disorder the
patient is most likely to have, regardless of whether or not
particular criteria are met.

SHOULD DIAGNOSTIC GUIDELINES BE EVIDENCE-BASED OR
BASED ON THE BEST AVAILABLE EVIDENCE

Evidence-based recommendations can only be based on
blinded controlled trials. Since there are no controlled trials
to evaluate diagnostic criteria for CIDP, the diagnosis needs
to be based on the best available evidence: noncontrolled tri-
als, case series and reports, outcome studies, physician expe-
rience, and clinical judgment. 

ECONOMIC CONSIDERATIONS

Since therapy of CIDP can be expensive, payers denying
reimbursement often justify their decision on the basis of
diagnosis rather than cost. As such, diagnostic criteria for
CIDP have become a contentious issue. 

SUMMARY

Given the lack of a definitive diagnostic test for CIDP, there
is controversy regarding clinical, electrodiagnostic, or patho-
logical diagnostic criteria for research or clinical practice.
There are also questions regarding when to use genetic or
immunological tests to rule out other causes of demyelinat-
ing neuropathy, or the prevalence of the disease in the gener-
al population. These issues have important implication for
patient care, and are impacted by economic considerations.
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INTRODUCTION

This manuscript will discuss the treatment of chronic inflam-
matory demyelinating polyneuropathies, including chronic
inflammatory demyelinating polyradiculoneuropathy
(CIDP), multifocal motor neuropathy (MMN) and anti-
myelin-associated gyloprotein (MAG) associated neuropathy.
The following immunomodulatory treatments will be dis-
cussed: corticosteroids, intravenous immunoglobulin (IVIg),
plasmapheresis, beta-interferon, etanercept, rituximab, and
chemotherapeutic agents including cyclophosphamide aza-
thioprine, mycophenolate mofetil, fludarabine, and
cyclosporine.

CORTICOSTEROIDS

Glucocorticoids inhibit inflammation by activating the
cytosolic glucocorticoid receptor (GR). This complex is then
transported to the nucleus and regulates gene expression. The
glucocorticoid-GR complex binds to specific regions of
deoxyribonucleic acid (DNA), within the regulatory regions
of genes, designated as glucocorticoid responsive elements.
There are also interactions of the GR that inhibit the proin-
flammatory transcription factor NF-κB that are important in
the antiflammatory effects of glucocorticoids.59,63

A single dose of glucocorticoids leads to a decrease in the
number of lymphocytes. Glucocorticoids also suppress

inflammation by decreasing the release of proinflammatory
cytokines, vasoactive, and chemoattractive factors.
Macrophage function is inhibited and there is a decreased
release of lipolytic and proteolytic enzymes. They also result
in decreased transmigration of leukocytes to areas of injury.63

Corticosteroids increase the apoptosis of autoaggressive T
cells in peripheral nerve.160 Despite their widespread effects
on cellular immunity, corticosteroids have little effect on B
cells or humoral immunity.63

Side effects occur in almost all patients on chronic steroid
therapy. These can include hyperglycemia, hypertension, gas-
tritis and gastrointestinal bleeding, osteoporosis, glaucoma,
aseptic necrosis of the hip, cataracts, poor wound healing,
susceptibility to infection, myopathy, and psychiatric prob-
lems.63,162

Some measures can reduce the incidence of adverse effects.
Patients who are on chronic daily steroids should take calci-
um and vitamin supplements (1000 mg of elemental calci-
um) have bone density monitored and follow a diabetic, low
carbohydrate diet with low salt and regular weight-bearing
exercise to minimize complications. Potassium should be
monitored and supplementation is often needed. Patients
who are on 16 mg or more of prednisone a day for 8 or more
weeks should receive pneumocystis pneumonia prophylaxis,
such as with trimethoprim-sulfamethoxazole (bactrim).138

The dose of prednisone is usually tapered to the lowest effec-
tive dose, once a response is seen.
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Efficacy

A single placebo controlled study showed benefit for pred-
nisone in CIDP.52 This study was randomized, though not
blinded and not an intention-to-treat study. Despite the lack
of randomized, double-blind, placebo-controlled studies,
corticosteroids for CIDP are accepted because of the long
experience with their use.103 With an initial high dose of 100
mg of prednisone, the mean time to improvement was 1.9
months, though the range was from several weeks to 5
months.5

Prednisone is usually not effective58 for MMN and may result
in worsening of the disease.45 Corticosteroids have only been
effective in patients with anti-MAG neuropathy, when com-
bined with other therapy.116

INTRAVENOUS IMMUNEGLOBULIN 

Intravenous immuneglobulin (IVIg) is prepared from human
plasma derived from 3000-10,000 donors. The immunoglo-
bin (Ig) product is purified by enzymatic treatment, followed
by fractionation and chromatography and usually stabilized
with sugars or amino acids such as sucrose, glucose, maltose
glycine, soribitol, or albumin to avoid aggregation.15 Most
products are treated with solvents and detergents to inactivate
hepatitis viruses. More than 95% of  IVIg contains IgG and
less than 2.5% IgA. Other plasma components such as CD4,
CD8, human lymphocyte antibody molecules, and coagula-
tion factors are also present in variable amounts and may play
a role in some adverse effects.11,157

Intravenous immunoglobulin has multiple effects on the
immune system and affects costimulation and antigen recog-
nition, auto-antibodies, chemokines, and adhesion molecules
and their receptors. Intravenous immunoglobulin can neu-
tralize pathogenic cytokines. It inhibits complement activity
and limits apoptosis through anti-Fas Ab. By binding to the
Fcγ receptor on macrophages, it can modulate phagocyto-
sis.40,97,135,159,161

It is likely that different actions are important in different
autoimmune disease. For example, the anti-ideotype action
of IVIg as well as the down-regulation of complement activa-
tion are important in the benefit seen in MMN with anti-
GM1 antibodies.97,161 In other autoimmune diseases, such as
immune thrombocytopenic purpura (ITP), accelerated elim-
ination of pathogenic antibodies by competitive inhibition of
the neonatal Fc receptor (FcRn) may be more impor-
tant.82,135,159 Rapid infusion rates of up to 800 ml/hr have

been employed, though these rates are not recommended for
patients with renal or vascular disease.69 Others recommend
limiting the rates to 200 ml/hr to avoid complications.40

Those with cardiac disease may have an increased risk of
complications with rates over 200 ml/hr.69 A study in chil-
dren did not show a difference in adverse effects comparing
400 g/kg for 2 days with 1 g/kg for 2 days.154 Children, how-
ever, are not likely to have renal or thrombotic complications.
Lower daily doses at slower infusion rates is advisable in older
patients with cardiac, vascular or renal disease to minimize
complications.

The author’s approach is to continue treatment until benefit
is maximized. After an induction dose of 2 g/kg, mainte-
nance doses of 1 g/kg monthly73 were effective. In another
open label study, patients were assessed every 6 weeks and the
frequency and dosage required to maintain improvement was
noted to be variable from .4 g/kg every other day to .025
gm/kg every 10 days.50 van Doorn noted in 9 of 21 patients
the dose of IVIg could be gradually tapered off to .25g/kg
every 2 weeks.145 The half-life of IVIg is 18-32 days.
Therefore, a maintenance dose of 0.2 grams to 2 grams per
kilogram per month should be offered to maintain a constant
serum drug level.46

Treatment is usually given with 2 g/kg divided over 5 days.73

Treatment with 2/kg in either 1 day or divided over 2 days is
also effective.105 A single dose of 2 g/kg in 1 day has been
demonstrated to be more effective than 0.4g/kg for 4 days in
children with Kawaski’s disease.114 The regimen of .4 g/kg
weekly for 3 weeks, followed by .2 g/kg weekly for 3 weeks is
also effective.50 These regimens have not been compared in
regards to efficacy and safety. Higher doses (400 mg/kg x 5
days) have been shown to be more effective than lower doses
(200 mg/kg x 5days or 50 mg/kg x 5 days) in a dose-depend-
ent manner.87

A maintenance dose of 0.5 grams per kilogram over 2 weeks
with adjustments made on an individual basis is this author’s
approach.15

Infusion-related Symptoms

Infusion-related symptoms consisting of chills, nausea, myal-
gias, headache, and vasomotor symptoms are frequent. These
are typically self-limited and can often be controlled with
reducing the infusion or with acetaminophen or diphenhy-
dramine. More severe reactions may be controlled by intra-
venous hydrocortisone (solucortef ) 50-100 mg. These reac-
tions can sometimes be severe and interrupt or even cause
patients to discontinue treatment.17,90 The cause of these
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reactions is uncertain.3,12,56 Similar symptoms have been
noted to a lesser degree in patients receiving placebo of albu-
min or saline.107,112

Congestive Heart Failure

Congestive heart failure may occur in patients with preexist-
ing heart disease because of the volume overload with IVIg
infusion.17 Congestive heart failure was seen in 10% of
patients receiving rapid infusion (600-800 ml/hour). Rapid
infusion should be avoided in patients with cardiac disease.69

Anaphylaxis

Anaphylaxis has only been described in patients with com-
mon variable immunodeficiency and selective IgA deficiency.
The incidence of IgA deficiency is 1:1000. Patients with IgA
deficiency have safely been given IVIg.17 Antibodies to IgA
may identify those at risk of anaphylaxis. Patients with IgA
deficiency and IgG antibodies against IgA have also been
given IVIg without incident22,44 and IgG anti-IgA antibodies
are not associated with adverse reactions to IVIg.44 IgE anti-
bodies against IgA may predict those that develop anaphylax-
is after receiving IVIg.22

A National Institute of Health consensus panel recommend-
ed that prescreening for IgA levels was not essential,112

though it may be advisable for treatment of chronic neu-
ropathies and is often a part of the diagnostic evaluation for
immune-mediated neuropathies.15

An IVIg product that is low in IgA is available, however the
risk for anaphylaxis is not eliminated with the use of this
products.85

Renal

Oliguric renal failure may occur as a complication of
IVIg.17,46,55 Most, though not all cases of renal failure have
occurred in patients with mild pre-existing renal insufficien-
cy and who receive a sucrose containing product. Among the
86 cases reviewed by the Center for Disease Control (CDC)
with available data, the majority of patients received products
containing sucrose, however 8% received a product with
another stabilizing sugar.26 Renal biopsies have shown
swelling and vacuolization of the proximal tubular epithelial
cytoplasm typical of damage from a high-solute load, such as
sucrose.137

The following have been identified as risk factors for renal
failure: pre-existing renal disease, diabetes mellitus, hypov-
olemia, sepsis, concomitant therapy with nephrotoxic agents,
and patient age greater than or equal to 65.26 The CDC rec-

ommends checking renal studies prior to initiating treatment
and periodically thereafter. Patients who have previously had
renal failure associated with IVIg may safely be given IVIg.
Slower infusion rates,117 discontinuing nephrotoxic medica-
tions, correcting hypovolemia, and the use of products with-
out sucrose is advised.

Rash

Rash was reported in 6% of patients treated with IVIg in two
series.17,38 There are reports of urticaria,17 eczema,4,17 erythe-
ma multiforme,108,131 purpuric erythema,131 maculopapular
rash,17 and alopecia.27 A nonpruritic petechial rash may
occur with normal platelet counts.17 A pruritic papular facial
vasculitic rash has also followed treatment with IVIg treat-
ment.77

Recurrent urticarial or localized eruptions, which may be
recurrent can be controlled with diphenhydramine17 or topi-
cal corticosteroid ointments. More severe and extensive reac-
tions may require systemic corticosteroids, sometimes for up
to 4-6 weeks. In some cases, recurrence of the rash precludes
further IVIg treatment, but changing the formulation or
batch of IVIg may allow continuing treatment without recur-
rence.15

Thrombosis

One of the most concerning complications related to IVIg
has been thromoembolic events. A small number have been
reported including stroke, myocardial infarction (MI), cen-
tral retinal vein occlusion, deep vein thrombosis (DVT), and
pulmonary embolus. Most patients who have had thrombot-
ic events have had known risk factors including increased age,
preexisting vascular disease, or immobility. A preliminary
report examining hospital discharge codes in patients receiv-
ing IVIg identified 16 thromboembolic events in 295
patients within 1 month (5%), including 9 (3%) within 24
hours.74 Most case series or clinical trials have noted throm-
boembolic events in 0-3% of patients.

The etiology of thromboembolic events after IVIg is not
clear. The rise in platelets in patients with ITP after treatment
with IVIg, accompanied by increased platelet aggregation has
been suspected as a cause of coronary thrombosis.121,158

Thrombotic events have also been described in many other
diseases treated with IVIg other than ITP.15,23 Increased vis-
cosity may play a role and measuring serum viscosity prior to
treatment has been suggested. Intravenous immunoglobulin
can increase serum viscosity by 0.1 to 1.0 centipoise (mean
0.55 cp), which declines over 1 month. The increase in vis-
cosity is dose dependent. Patients with monoclonal gam-
mopathies and other causes of increased viscosity may be
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more susceptible to this affect of IVIg and screening serum
viscosity is recommended.37,126

Procoagulant activity of coagulation Factor XIa has been
found in some batches of the majority of IVg brands and
could contribute to thrombosis.157 Intravenous
immunoglobulin’s action on endothelial cells may also con-
tribute.132 One patient who had an MI on day three of IVIg
was given IVIg again on day 4 and had a stroke158 and anoth-
er who continued to receive IVIg after suffering from a stroke
had worsening.28 Intravenous immunoglobulin has been
regiven to a patient who previously had an MI associated
with IVIg after anglioplasty corrected the coronary stenosis.54

Intravenous immunoglobulin was safely given again after a
central retinal vein occlusion at a less frequent dose.120

One patient seen in this author’s center developed a DVT
after IVIg and was identified to have a prothrombin gene
mutation.15 Some patients who have developed thromboem-
bolic events have been tested for anticardiopin antibodies,
factor V leiden mutation, activated protein C resistance,
antiphospholipid antibodies, anti thrombin III, protein C,
protein S, heparin cofactor II, and homocysteine after the
event. This has been unrevealing.46,57,61,62 

Reversible Vasospam

A reversible encephalopathy has occurred in three patients
with Guillain-Barré syndrome, while receiving treatment or
within days after IVIg treatment. All patients had visual com-
plaints and disorientation. Aphasia, tremor, and seizures
occurred. Magnetic resonance imaging showed occipital
white matter changes and cerebral spinal fluid showed a pleo-
cytosis with polymorphonuclear leukocytes in one patient.
Electroencehpahlogram showed diffuse slowing and transcra-
nial dopplers suggesting vasospasm. Total recovery occurred
in all patients after stopping IVIg.75,100,152 Doppler studies
have revealed vasospasm following IVIg in a patient with a
reversible encelphalopathy who improved after treatment
with nimodipine. In a series of 10 patients receiving IVIg
without symptoms of encephalopathy, Doppler studies
revealed vasospasm in one patient 3-10 days after the infu-
sion.136

Headache 

Headache occurs commonly after IVIg and has been report-
ed in 26-56% of patients in some series.8,17,118,134 Mendel
reported 67% of patients receiving IVIg for CIDP had
headache, though 44% of the patients receiving albumin as
placebo did also. The headache is often mild or moderate,
short-lived, and can respond to acetaminophen, nonsteroidal

anti-inflammatory medications, or lowering the infusion
rate.17,134 Sometimes headaches are more severe and can
interrupt treatment. Prophylactic intravenous steroids may
be effective.17,118 Migrainous headaches may respond to pro-
phylactic medications such as propranolol.36

Aseptic meningitis has been reported with varying incidence
after IVIg. The incidence has been reported as high as 11%134

although less frequently in most other series.8,17,131

Patients develop severe headache with nuchal rigidity, drowsi-
ness, fever, photophobia, painful eye movements, and nausea
and vomiting lasting 2-5 days. Cerebral spinal fluid reveals a
pleocytosis with white blood counts (WBC) up to 1169 with
a polymorphonuclear neutrophils predominance (up to
92%). Patients with a history of migraine are more suscepti-
ble. This occurs with different IVIg brands and can reoccur
in the same patient using different IVIg preparations and
slower infusion rates. Patients without migraine may tolerate
a different lot of  IVIg product without a recurrence of asep-
tic meningitis. Pretreatment with corticosteroids is not help-
ful.109,133,147

Hematologic

After IVIg, the WBC commonly falls, which is transient and
usually asymptomatic.17,86 Rarely patients develop reversible
neutropenia.7,14,17,96 This is also typically asymptomatic,
though one patient developed mouth ulcers during neu-
tropenic episodes.97 The neutropenia is often recurrent and
may reoccur with different brands of IVIg suggesting that a
host factor is involved in the pathogenesis.14,17 Hemolytic
anemia may also occur after IVIg treatment.22,115

Transmission of Infectious Agents

There has not been a confirmed case of human immunodefi-
ciency virus transmission via IVIg.25 Human immunodefi-
ciency virus added to plasma prior to the Cohn fractionation
process is successfully eliminated.108 In 1994, hepatitis C
transmission was reported associated with Gammagard. The
product was replaced by Gammagard-S/D, which includes a
solvent/detergent step to inactivate the hepatitis C virus.9,131

There is also a report of parvovirus transmitted by IVIg.76 As
with any biologic product, there remains a risk of new or
unrecognized blood-borne pathogens.39,112

Other Complications

Immune complex arthritis,94 uveitis,2 cryoglobulinic vasculi-
tis,119 and transfusion-related acute lung injury128 have
occurred following IVIg. 
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Predicting and Preventing Complications

Most serious side effects occur in patients with identifiable
risk factors. Vascular disease, immobility, and potential caus-
es of increased serum viscosity such as high chylomicrons,
triglycerides, cryoglobulins, and paraproteinemia are risks for
thromboembolism.17,37 Migraine increased the risk of aseptic
meningitis134 and IgA deficiency increases the risk of anaphy-
laxis.108 A preparation is available with a low content of IgA
and may be used cautiously in those with IgA deficiency.

There are differences in the preparation and content of dif-
ferent brands of IVIg,11,12,157 though they are generally con-
sidered equal in terms of efficacy and safety.39,112 The use of
sucrose as a stabilizing sugar has been associated with most,
though not all, cases of renal failure associated with IVIg.26

Other complications such as neutropenia and aseptic menin-
gitis reoccur in the same patient after receiving different
products.14,133

Efficacy

Four randomized controlled studies have demonstrated the
benefit of IVIg in patients with CIDP,50,73,78,105 though not
all patients receiving IVIg for CIDP respond.64 The usual
dose is 2 g/kg as a single dose or divided over 2-5 days. 

The half-life of IVIg is 18-32 days therefore a maintenance
dose should be offered to maintain a constant serum drug
level. This author recommends a maintenance dose of 0.5
grams per kilogram every 2 weeks with adjustments made on
an individual basis.15 Treatment is usually continued while
patients continue to improve and when patients no longer are
improving, an attempt at tapering or stopping treatment is
made.5,15,84

Intravenous immunoglobulin is the treatment of choice for
MMN and has been demonstrated to be effective in placebo-
controlled, randomized, double-blind trials.57,144

Intravenous immunoglobulin has been studied in anti-Mag
neuropathy. One double-blind placebo-controlled random-
ized crossover study was negative. However, approximately
20% of patients did have a substantial benefit.42 Another ran-
domized, controlled study did not reveal benefit in disability
at 2 weeks, but did show reduced disability at 4 weeks as well
as improvement in multiple other secondary outcome meas-
ures.35

PLASMAPHERESIS

Plasmapheresis is a method to remove pathogenic antibodies
by removing the blood, separating the plasma by filtration
and centrifugation, and then return the blood cells with a
plasma substitute. It requires IV’s or other access. A single
plasma exchange of one plasma volume will reduce the total
IgG by 60% and the total IgM by 45%.105

Adverse events are seen in 3-17% of procedures.105 These
include infections from indwelling catheters, hypotension,
electrolyte imbalance, citrate-induced hypocalcemia, throm-
bosis, vessel perforation, and bleeding. 

Efficacy

Two randomized placebo-controlled studies have demon-
strated benefit of plasmapheresis in CIDP.48,72 Plasmapheresis
has a higher incidence of relapse, as a sole treatment than
with IVIg, prednisone, or chemotherapy.72 Patients with
anti-MAG neuropathy also improve after plasmapheresis.13

In MMN, plasmapheresis is usually not effective58 and has
resulted in worsening of disease.24

CHEMOTHERAPY

Cyclosporin

Cyclosporin and other calcineurin inhibitors including
tacrolimus block the activity of the phosphatase calcineurin.
This interferes with the movement of nuclear factor of acti-
vated T lymphocytes into the nucleus, which is required for
the induction of genes for IL-2 and other cytokines.63

Cyclosporin is metabolized in the liver by the cytochrome
CYP3A. There are frequent drug interactions. Medications,
which induce the P450 3A system, reduce the level of
cyclosporin. Inhibitors of the CYP3A system, including anti-
fungal agents (fluconazole), can result in toxic levels of
cyclosporin. Toxicity includes tremor, renal dysfunction, and
hypertension.63 Cyclosporin accelerates the development of
skin and lymphoproliferative cancers.43

Cyclosporin-A has been beneficial in some patients with
CIDP4,95 and MMN.113 One patient has been reported to
improve with tacrolimus.1 There have been four reports of
CIDP developing after the use of tacrolimus.53,156
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Cyclophosphamide

Cyclophosphamide is an akylating agent, which targets rap-
idly proliferating cells, including B and T cells. For autoim-
mune diseases it is usually given orally at a dose of 2 mg/kg
or intravenously monthly at a dose of 1-3 g/m2. Side effects
include bone marrow suppression, hemorrhagic cystitis,
alopecia, vomiting, infertility, teritogenicity and the delayed
development of hematologic and bladder malignancies.63

The risk of malignancy rises when the total cumalitive dose
exceeds 80 grams, which is more likely to occur when
cyclophosphamide is given orally.126 Cystitis can be reduced
by hydration and the use of 2-mercaptoethane sulfonate.

Patients with CIDP,62 MMN,122,124 and anti-MAG associat-
ed neuropathy13 have been reported to improve in open label
studies with cyclophosphamide. One patient with CIDP has
been reported with a long-term remission after an autologous
stem cell transplant.148 High dose cyclophosphamide (200
mg/kg) without stem cell rescue can produce a long-term
remission—up to 20 years in aplastic anemia—and has been
used successfully in other autoimmune diseases.19,20,47,60

Patients are usually neutropenic for 7-14 days, but because of
the presence of the enzyme aldehyde dehydrogenase in the
hematopoitic stem cell, there is no dose of cyclophosphamide
that is myeloablative.81 This therapy does not purge
hematopoietic stem cells, which allows for rapid white cell
recovery without stem cell rescue. B and T lymphocytes are
deficient in this enzyme and have no protection against the
cytoxicity of cyclophosphamide, making this regimen strong-
ly immunosuppressive.

High-dose cyclophosphamide without stem cell rescue result-
ed in long-term remission for a small group of patients that
had been refractory to standard and multiple second line
treatment modalities and improved quality of life.18,61 One
patient with MMN who responded to IVIg, but had contin-
ued weakness improved after treatment with high dose
cyclophosphamide without stem cell rescue and was able to
discontinue IVIg.17

Azathioprine

Azathioprine is a purine antimetabolite. Patients taking
allopurinol, must reduce the dose of azathioprine. Toxicity
includes leukopenia, thrombocytoisis, susceptibility to infec-
tions, hepatotoxicity, alopecia, increased risk of cancer and
pancreatitis. 

Benefit in patients with CIDP has been reported with aza-
thioprine.41,101 A controlled study of azathioprine 2 mg/kg
for 9 months added to steroids did not show a benefit for aza-
thioprine.51 This study, however, was small and lacked power

to detect all but a large treatment effect.79 Often, larger doses
such as 3 mg/kg are used.

Fludarabine

Fludarabine is an anti-metabolite, which inhibits DNA poly-
merase, DNA primase, ligase, and ribonucleotide reductase
and is incorporated into DNA and ribonucleic acid.63 It may
inhibit apoptosis. It is given intravenously at 20-30 mg/m2

for 5 days. Fludarabine has been successfully used to treat
anti-MAG neuropathy.134,155

Mycophenolate Mofetil 

Mycophenolate mofetil is a reversible inhibitor of inosine
monophosphate dehydrogenase an enzyme in the guanine
nucleotide synthesis pathway.63 Lymphocytes are particularly
reliant on this pathway, whereas other white cells can use
other pathways. Mycophenolic acid inhibits lymphocyte pro-
liferation and formation of adhesion molecules and migra-
tion.29,65,110,140

Mycophenolate is more effective than azathioprine in its use
for cardiac transplantation.93 The usual dose is 1000 mg
twice a day (bid), though the dose can be increased to 1500
mg bid--the dose (or higher) used for cardiac transplant tol-
erance. Toxicity is gastronintestinal, including nausea and
diarrhea, and hematologic. There is an increased susceptibil-
ity to infections.63 There is an increased incidence in lym-
phoma, and central nervous system (CNS) lymphoma has
been seen.149

Efficacy 

In a group of 12 refractory CIDP patients 30% improved by
either 1 Rankin grade or were able to reduce their use of
IVIg. Some of these patients also were able to reduce their use
of prednisone.65 In a group of eight refractory patients with
IgM monoclonal associated neuropathy one patient
improved with mycophenolate. He had a 62% reduction in
his total IgM.

INTERFERONS

Beta interferons have multiple affects on the immune system.
They inhibit T cell proliferation. They increase anti-inflam-
matory Th-2 cyokines, such as IL-2 and IL-4 and decrease
pro-inflammatory Th-1 cytokines, such as IL-2, TNF-α and
interferon-γ. Suppressor T-cell function is enhanced and
there is downregulation of major histocompatibility complex
class II molecules, chemokines, and their receptors.139 Several
preparations are available and the medication is given subcu-
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taneously. Side effects include flu-like symptoms and hepatic
toxicity. There has been a concern about depression. 

Patients with CIDP have improved with alpha interfer-
on67,129 and beta interferon33,88,141,151 in several small studies,
although a small, randomized controlled study did not
demonstrate benefit.71 A large multicenter ra7Benefit with
beta interferon has also been reported for MMN.99,143

ETANERCEPT 

Etanercept is a recombinant human TNF-receptor fused to
the Fc fragment of human IgG1, which binds to TNF-α, a
pro-inflammatory cytokine.31 The typical dose is 25 mg,
given subcutaneously, twice a week. 

Side effects can include infection, both site reactions, and a
susceptibility to infection. Serious infections may occur, and
the medication should be discontinued during infec-
tions.63,118 Mortality may be increased in patients with con-
gestive heart failure.34 Central nervous system demyelination
has been reported to follow the use of etanercept.83 Patients
should be screened for tuberculosis, prior to use and should
be avoided in patients with CNS demyelination and conges-
tive heart failure.83 An open label study of 10 patients with
CIDP noted improvement in 30% and possible improve-
ment or stabilization in another 30%.31

RITUXIMAB

Rituximab, a human mouse chimeric monclonal antibody
(IgG1 kappa isotype), binds to the lymphocyte molecule
CD-20. The exclusive presence of this antigen on B cells
from the pre-B cell developmental phase until differentiation
into the plasma cell accounts for the drug’s specificity. It
induces both complement-mediated cytotoxicity and anti-
body-dependent cell-mediated cytotoxicity.99 Rituximab
treatment was initially approved for the treatment of non-
Hodgkin’s B-cell lymphoma. Recently, its use has been
expanded to nonmalignant disorders.

The usual dose is 375 mg/m2 given in four weekly intra-
venous infusions. Rituximab is usually well-tolerated. Side
effects include mucocutaneous reactions or more commonly
“cytokine release syndrome.” Fever, chills, hypotension, and
dyspnea during the first infusion were not observed.70

Rituximab has been beneficial for patients with anti-MAG
neuropathy89,91,92,123,127 and MMN associated with GM1
antibodies.91,123 Benefit is noted from 2-6 months. In three
trials of rituximab there was an average of a 31%, 58%, and
55% reduction in total IgM levels.91,123,127 Rituximab

depletes mature B-lymphocytes for 6-9 months.17 It does not
affect stem or plasma cells, which do not express the CD 20
antigen. The therapeutic benefit for lymphoma patients aver-
ages 1 year.17 In one study of rituximab for polyneuropathy,
50% of patients reported loss of benefit at 1 year, with dete-
rioration having started as soon as 3 months.14 Retreatment
of lymphoma and polyneuropathy patients in both popula-
tions has been found safe and effective in small studies.17

COMPARATIVE STUDIES AND GENERAL CONSIDERATIONS

There is class I evidence (from randomized double-blind
placebo-controlled trials) that IVIg and plasmapheresis are
beneficial in the treatment of CIDP. The spectra of early and
late side-effects of IVIg, plasmapheresis, and corticosteroids
need to be taken into account when choosing treatment
modalities for patients. For patients with chronic progressive
CIDP requiring treatment, IVIg is the usual first line treat-
ment and is started to determine the level of benefit. Further
treatment with IVIg or another modality depends on the
level of efficacy of IVIg in this initial trial of IVIg. For many
patients, IVIg provides adequate monotherapy. 

Using a treatment response as defined by a 1-grade improve-
ment on the modified Rankin scale, not all patients respond
to IVIg, corticosteroids, and plasmapheresis. Some patients
who did not respond to one of these three initial treatments,
would respond to a trial of a second or third of these three
treatments. Response to at least one of these three main ther-
apies was seen in 66% of patients.64

Several small studies have noted no statistical difference in
the short-term efficacy of corticosteroids, IVIg, or plasma-
pheresis.50,78 In a study comparing prednisone to IVIg,
despite no difference in short-term efficacy over 6 weeks,
quality-of-life improved in patients receiving IVIg, but not in
those receiving prednisone.102 Similar studies are not avail-
able for periods of greater than 6 weeks; however CIDP is a
chronic disease and the well-known, long-term side effects of
using IVIg would likely impact outcome if these were con-
ducted. The long-term costs related to treatment of side-
effects of chronic steroid use, such as diabetes, avascular
necrosis of the hip, hypertension, fractures, and cataracts
have been shown to be substantial in other diseases.146

Some investigators have designated regional variants of CIDP
including the Lewis-Sumner syndrome or multifocal
acquired demyelinationg sensory and motor neuropathy,  dis-
tal acquired demyelinating symmetric neuropathy, and senso-
ry CIDP.30,49,82 These regional variants of CIDP respond to
treatment in a similar manner to CIDP in its classic presen-
tation, although the ability to measure improvement is
impacted by the clinical presentation. Sensory findings may
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be more difficult to assess objectively. Scales of gait and pos-
turography may be helpful.10 One small retrospective series
suggested that a larger number of patients with Lewis-
Sumner syndrome may respond to IVIg than prednisone.150

Benefit in patients with anti-Mag neuropathy is seen when
the total IgM is reduced by 25%.68 Some patients with anti-
Mag neuropathy have a relatively benign course and the risks
of treatment may outweigh the benefit.116 However, new
treatments such as rituximab are better tolerated.

Maintenance Treatment

Less than one-third of patients with CIDP remain in remis-
sion without therapy.5,64 Ongoing maintenance treatment is
required in the majority of patients. Treatment should be
continued, until the benefit is maximized.5,15,84

Some patients, including those with severe axonal loss may
require additional treatment before seeing a response.66,106

Axonal loss and motor neuron loss of up to 50% can occur
in CIDP, correlating with the severity and duration of the
disease, which likely results in some functional decline that is
irreversible.111 Therefore early treatment to prevent neuronal
and axonal loss should be a goal. Intravenous
immunoglobuin given as maintenance for up to 51 months
was successful in 64% of patients and plasmapheresis given
for up to 60 months was successful in 70% of patients.32

With all immune peripheral neuropathies, it is likely best to
provide regular maintenance in order to prevent a relapse,
rather than waiting for a decline in strength before repeating
an infusion since functional recovery in CIDP is likely
impaired by secondary loss of axons and motor neurons.112

In MMN, some studies have shown axonal loss after long
term IVIg.145 A recent study suggests that higher mainte-
nance doses approaching the induction dose of 2 g/kg and
tailored to the clinical response, prevents axonal degenera-
tion.156 

References

1. Ahlmen J, Andersen O, Hallgren G, Peilot B. Positive effects of
tacrolimus in a case of CIDP. Transplant Proc 1998;30:4194.

2. Ayliffe W, Haeney M, Roberts SC, Lavin M. Uveitis after antineu-
trophil cytoplasmic antibody contamination of immunoglobulin
replacement therapy. Lancet 1992;339:558-559.

3. Bagdasarian A, Tonetta S, Harel W, Mamidi R, Uemura Y. IVIG
adverse reactions: potential role of cytokines and vasoactive sub-
stances. Vox Sang 1998;74:74-82.

4. Barnett MH, Pollard JD, Davies L, McLeod JG. Cyclosporin A in
resistant chronic inflammatory demyelinating polyradiculoneuropa-
thy. Muscle Nerve 1998;21:454-460.

5. Barohn RJ, Kissel JT, Warmolts JR, Mendell JR. Chronic inflamma-
tory demyelinating polyradiculoneuropathy: clinical characteristics,
course, and recommendations for diagnostic criteria. Arch Neurol
1989;46:878-884.

6. Barucha C, McMillan JC. Eczema after intravenous infusion of
immunoglobulin. Br Med J (Clin Res Ed) 1987;295:1141.

7. Ben-Chetrit E, Putterman C. Transient neutropenia induced by
intravenous immune globulin. N Engl J Med 1992;326:270-271.

8. Bertorini TE, Nance AM, Horner LH, Greene W, Gelfand MS, Jaster
JH. Complications of intravenous gammaglobulin in neuromuscular
and other diseases. Muscle Nerve 1996;19:388-391.

9. Bjoro K, Froland SS, Yun Z, Samdal HH, Haaland T. Hepatitis C
infection in patients with primary hypogammaglobulinemia after
treatment with contaminated immune globulin. N Engl J Med
1994;331:1607-1611.

10. Black K, Koraibaa K, Souayah N, Dawson K, Saio PC. Assessment of
IVIg efficacy in chronic inflammatory demyelinating polyneuropathy
using posturography: a pilot study. Muscle Nerve 2003;28:S90. 

11. Blasczyk R, Westhoff U, Grosse-Wilde H. Soluble CD4, CD8, and
HLA molecules in commercial immunoglobulin preparations.
Lancet 1993;341:789-790.

12. Bleeker WK, Teeling JL, Verhoeven AJ, Rigter GM, Agterberg J, Tool
AT, Koenderman AH, Kuijpers TW, Hack CE. Vasoactive side effects
of intravenous immunoglobulin preparations in a rat model and their
treatment with recombinant platelet-activating factor acetylhydrolase.
Blood 2000;95:1856-1861.

13. Blume G, Pestronk A, Goodnough LT. Anti-MAG antibody-associ-
ated polyneuropathies: improvement following immunotherapy with
monthly plasma exchange and IV cyclophosphamide. Neurology
1995;45:1577-1580.

14. Bower LR, Brey RL, Roger SJ, Stroncek DF, Jackson CE. Intravenous
immunoglobulin-induced neutropenia. Ann Neurol 1994;36:291.

15. Brannagan TH 3rd. Intravenous gammaglobulin (IVIg) for treat-
ment of CIDP and related immune-mediated neuropathies.
Neurology 2002;59:S33-S40.

16. Brannagan TH 3rd, Alaedini A, Gladstone DE. High-dose
cyclophosphamide without stem cell rescue for multifocal motor neu-
ropathy. Muscle Nerve 2004;30:541. 

17. Brannagan TH, Nagle KJ, Lange DJ, Rowland LP. Complications of
intravenous immune globulin treatment in neurologic disease.
Neurology 1996;47:674-677.

18. Brannagan TH 3rd, Pradhan A, Heiman-Patterson T, Winkelman
AC, Styler MJ, Topolsky DL, Crilley PA, Schwartzman RJ, Brodsky
I, Gladstone DE. High-dose cyclophosphamide without stem-cell
rescue for refractory CIDP. Neurology 2002;58:1856-1858.

19. Brodsky RA, Petri M, Smith BD, Seifter EJ, Spivak JL, Styler M,
Dang CV, Brodsky I, Jones RJ. Immunoablative high-dose
cyclophosphamide without stem-cell rescue for refractory, severe
autoimmune disease. Ann Intern Med 1998;129:1031-1035.

20. Brodsky RA, Sensenbrenner LL, Smith BD, Dorr D, Seaman PJ, Lee
SM, Karp JE, Brodsky I, Jones RJ. Durable treatment-free remission
after high-dose cyclophosphamide therapy for previously untreated
severe aplastic anemia. Ann Intern Med 2001;135:477-483.

21. Brox AG, Cournoyer D, Sternbach M, Spurll G. Hemolytic anemia
following intravenous gamma globulin administration. Am J Med
1987;82:633-635.

22. Burks AW, Sampson HA, Buckley RH. Anaphylactic reactions after
gamma globulin administration in patients with hypogammaglobu-
linemia. Detection of IgE antibodies to IgA. N Engl J Med
1986;314:560-564.

23. Caress JB, Cartwright MS, Donofrio PD, Peacock JE Jr. Stroke asso-
ciated with the administration of intravenous immunoglobulin: an
analysis of the clinical data from 19 cases. Neurology 2003;60:A370. 

12 Evaluating and Treating the Injured Worker AANEM Course



24. Carpo M, Cappellari A, Mora G, Pedotti R, Barbieri S, Scarlato G,
Nobile-Orazio E. Deterioration of multifocal motor neuropathy after
plasma exchange. Neurology 1998;50:1480-1482.

25. Center for Disease Control and Prevention. Safety of therapeutic
immune globulin preparations with respect to transmission of human
T-lymphotropic virus type III/lymphadenopathy-associated virus
infection. MMWR Morb Mortal Wkly Rep 1986;35:231-233.

26. Center for Disease Control and Prevention. Renal insufficiency and
failure associated with immune globulin intravenous therapy--United
States, 1985-1998. MMWR Morb Mortal Wkly Rep 1999;48:518-
521.

27. Chan-Lam D, Fitzsimons EJ, Douglas WS. Alopecia after
immunoglobulin infusion. Lancet 1987;1:1436.

28. Chatot-Henry C, Smadja D, Mehdaoui H, Fournerie P, Drault JN,
Brebion A, Sobesky G. Acute renal insufficiency and cerebral infarc-
tion during high-dose intravenous immunoglobulin therapy. Rev
Med Interne 1998;19:914-916.

29. Chaudhry V, Cornblath DR, Griffin JW, O’Brien R, Drachman DB.
Mycophenolate mofetil: a safe and promising immunosuppressant in
neuromuscular diseases. Neurology 2001;56:94-96.

30. Chin RL, Latov N, Sander HW, Hays AP, Croul SE, Magda P,
Brannagan TH 3rd. Sensory CIDP presenting as cryptogenic senso-
ry polyneuropathy. J Peripher Nerv Syst 2004;9:122-137.

31. Chin RL, Sherman WH, Sander HW, Hays AP, Latov N. Etanercept
(Enbrel ) therapy for chronic inflammatory demyelinating polyneu-
ropathy. J Neurol Sci 2003;210:19-21.

32. Choudhary PP, Hughes RA. Long-term treatment of chronic inflam-
matory demyelinating polyradiculoneuropathy with plasma exchange
or intravenous immunoglobulin. QJM 1995;88:493-502.

33. Choudhary PP, Thompson N, Hughes RA. Improvement following
interferon beta in chronic inflammatory demyelinating polyradicu-
loneuropathy. J Neurol 1995;242:252-253.

34. Coletta AP, Clark AL, Banarjee P, Cleland JG. Clinical trials update:
RENEWAL (RENAISSANCE and RECOVER) and ATTACH.
Eur J Heart Fail 2002;4:559-561.

35. Comi G, Roveri L, Swan A, Willison H, Bojar M, Illa I, Karageorgiou
C, Nobile-Orazio E, van den Bergh P, Swan T, Hughes R, Aubry J,
Baumann N, Hadden R, Lunn M, Knapp M, Leger JM, Bouche P,
Mazanec R, Meucci N, van der Meche F, Toyka K. A randomised
controlled trial of intravenous immunoglobulin in IgM paraprotein
associated demyelinating neuropathy. J Neurol 2002;249:1370-
1377.

36. Constantinescu CS, Chang AP, McCluskey LF. Recurrent migraine
and intravenous immune globulin therapy. N Engl J Med
1993;329:583-584.

37. Dalakas MC. High-dose intravenous immunoglobulin and serum
viscosity: risk of precipitating thromboembolic events. Neurology
1994;44:223-226.

38. Dalakas MC. Intravenous immune globulin therapy for neurologic
diseases. Ann Intern Med 1997;126:721-730.

39. Dalakas MC. Intravenous immunoglobulin in the treatment of
autoimmune neuromuscular diseases: present status and practical
therapeutic guidelines. Muscle Nerve 1999;22:1479-1497.

40. Dalakas MC. The use of intravenous immunoglobulin in the treat-
ment of autoimmune neuromuscular diseases: evidence-based indica-
tions and safety profile. Pharmacol Ther 2004;102:177-193.

41. Dalakas MC, Engel WK. Chronic relapsing (dysimmune) polyneu-
ropathy:  pathogenesis and treatment. Ann Neurol 1981;9:S134-
S145.

42. Dalakas MC, Quarles RH, Farrer RG, Dambrosia J, Soueidan S,
Stein DP, Cupler E, Sekul EA, Otero C. A controlled study of intra-
venous immunoglobulin in demyelinating neuropathy with IgM
gammopathy. Ann Neurol 1996;40:792-795.

43. Dantal J, Hourmant M, Cantarovich D, Giral M, Blancho G, Dreno
B, Soulillou JP. Effect of long-term immunosuppression in kidney-
graft recipients on cancer incidence: randomised comparison of two
cyclosporin regimens. Lancet 1998;351:623-628.

44. de Albuquerque Campos R, Sato MN, da Silva Duarte AJ. IgG anti-
IgA subclasses in common variable immunodeficiency and associa-
tion with severe adverse reactions to intravenous immunoglobulin
therapy. J Clin Immunol 2000;20:77-82.

45. Donaghy M, Mills KR, Boniface SJ, Simmons J, Wright I, Gregson
N, Jacobs J. Pure motor demyelinating neuropathy: deterioration
after steroid treatment and improvement with intravenous
immunoglobulin. J Neurol Neurosurg Psychiatry 1994;57:778-783.

46. Donatini B. Transient renal dysfunction in diabetic patients after
IVIg therapy. J Intern Med 1992;232:376.

47. Drachman DB, Jones RJ, Brodsky RA. Treatment of refractory myas-
thenia: “rebooting” with high-dose cyclophosphamide. Ann Neurol
2003;53:29-34.

48. Dyck PJ, Daube J, O’Brien P, Pineda A, Low PA, Windebank AJ,
Swanson C. Plasma exchange in chronic inflammatory demyelinating
polyradiculoneuropathy. N Engl J Med 1986;314:461-465.

49. Dyck PJ, Dyck PJ. Atypical varieties of chronic inflammatory
demyelinating neuropathies. Lancet 2000;355:1293-1294.

50. Dyck PJ, Litchy WJ, Kratz KM, Suarez GA, Low PA, Pineda AA,
Windebank AJ, Karnes JL, O'Brien PC. A plasma exchange versus
immune globulin infusion trial in chronic inflammatory demyelinat-
ing polyradiculoneuropathy. Ann Neurol 1994;36:838-845.

51. Dyck PJ, O’Brien P, Swanson C, Low P, Daube J. Combined azathio-
prine and prednisone in chronic inflammatory demyelinating
polyneuropathy. Neurology 1985;35:1173-1176.

52. Dyck PJ, O’Brien PC, Oviatt KF, Dinapoli RP, Daube JR, Bartleson
JD, Mokri B, Swift T, Low PA, Windebank AJ. Prednisone improves
chronic inflammatory demyelinating polyradiculoneuropathy more
than no treatment. Ann Neurol 1982;11:136-141.

53. Echaniz-Laguna A, Battaglia F, Ellero B, Mohr M, Jaeck D. Chronic
inflammatory demyelinating polyradiculoneuropathy in patients
with liver transplantation. Muscle Nerve 2004;30:501-504.

54. Elkayam O, Paran D, Milo R, Davidovitz Y, Almoznino-Sarafian D,
Zeltser D, Yaron M, Caspi D. Acute myocardial infarction associated
with high dose intravenous immunoglobulin infusion for autoim-
mune disorders. A study of four cases. Ann Rheum Dis 2000;59:77-
80.

55. Ellie E, Combe C, Ferrer X. High-dose intravenous immune globu-
lin and acute renal failure. N Engl J Med 1992;327:1032-1033.

56. Farber CM, Crusiaux A, Schandene L, van Vooren JP, Goldman M,
Dupont E, Tasiaux N. Tumor necrosis factor and intravenous gam-
maglobulins in common variable immunodeficiency. Clin Immunol
Immunopathol 1994;72:233-236.

57. Federico P, Zochodne DW, Hahn AF, Brown WF, Feasby TE.
Multifocal motor neuropathy improved by IVIg: randomized, dou-
ble-blind, placebo-controlled study. Neurology 2000;55:1256-1262.

AANEM Course Diagnosis and Emerging Treatments in Inflammatory and Demyelinating Neuropathies 13



58. Feldman EL, Bromberg MB, Albers JW, Pestronk A.
Immunosuppressive treatment in multifocal motor neuropathy. Ann
Neurol 1991;30:397-401.

59. Garside H, Stevens A, Farrow S, Normand C, Houle B, Berry A,
Maschera B, Ray D. Glucocorticoid ligands specify different interac-
tions with NF-kappa B by allosteric effects on the glucocorticoid
receptor DNA binding domain. J Biol Chem 2004;279:50050-
50059.

60. Gladstone DE, Brannagan TH 3rd, Schwartzman RJ, Prestrud AA,
Brodsky I. High dose cyclophosphamide for severe refractory myas-
thenia gravis. J Neurol Neurosurg Psychiatry 2004;75:789-791.

61. Gladstone DE, Prestrud AA, Brannagan TH 3rd. High-dose
cyclophosphamide results in long-term disease remission with restora-
tion of a normal quality of life in patients with severe refractory
chronic inflammatory demyelinating polyneuropathy. J Peripher
Nerv Syst 2005;10:11-16.

62. Good JL, Chehrenama M, Mayer RF, Koski CL. Pulse cyclophos-
phamide therapy in chronic inflammatory demyelinating polyneu-
ropathy. Neurology 1998;51:1735-1738.

63. Goodman L, Lazo JS, Gilman A, Parker K, Brunton LL. Goodman
and Gilman’s the pharmacological basis of therapeutics, 11th edition.
Columbus, OH: McGraw-Hill; 2005.

64. Gorson KC, Allam G, Ropper AH. Chronic inflammatory demyeli-
nating polyneuropathy: Clinical features and response to treatment in
67 consecutive patients with and without a monoclonal gammopa-
thy. Neurology 1997;48:321-328.

65. Gorson KC, Amato AA, Ropper AH. Efficacy of mycophenolate
mofetil in patients with chronic immune demyelinating polyneu-
ropathy. Neurology 2004;63:715-717.

66. Gorson KC, Ropper AH. Chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP): a review of clinical syndromes and
treatment approaches in clinical practice. J Clin Neuromusc Dis
2003;4:174-189.

67. Gorson KC, Ropper AH, Clark BD, Dew RB, Simovic D, Allam G.
Treatment of chronic inflammatory demyelinating polyneuropathy
with interferon-alpha 2a. Neurology 1998;50:84-87.

68. Gorson KC, Ropper AH, Weinberg DH, Weinstein R. Treatment
experience in patients with anti-myelin-associated glycoprotein neu-
ropathy. Muscle Nerve 2001;24:778-786.

69. Grillo JA, Gorson KC, Ropper AH, Lewis J, Weinstein R. Rapid
infusion of intravenous immune globulin in patients with neuromus-
cular disorders. Neurology 2001;57:1699-1701.

70. Grillo-Lopez AJ, Hedrick E, Rashford M, Benyunes M. Rituximab:
ongoing and future clinical development. Semin Oncol
2002;29:S105-S112.

71. Hadden RD, Sharrack B, Bensa S, Soudain SE, Hughes RA.
Randomized trial of interferon beta-1a in chronic inflammatory
demyelinating polyradiculoneuropathy. Neurology 1999;53:57-61.

72. Hahn AF, Bolton CF, Pillay N, Chalk C, Benstead T, Bril V, Shumak
K, Vandervoort MK, Feasby TE. Plasma-exchange therapy in chron-
ic inflammatory demyelinating polyneuropathy. A double-blind,
sham-controlled, cross-over study. Brain 1996;119:1055-1066.

73. Hahn AF, Bolton CF, Zochodne D, Feasby TE. Intravenous
immunoglobulin treatment in chronic inflammatory demyelinating
polyneuropathy. A double-blind, placebo-controlled, cross-over
study. Brain 1996;119:1067-1077.

74. Haplea SS, Farrar JT, Gibson GA, Laskin M, Pizzi LT, Asbury AK.
Thromboembolic events associated with intravenous immunoglobu-
lin therapy. Neurology 1997;48:1090.

75. Harkness K, Howell SJ, Davies-Jones GA. Encephalopathy associat-
ed with intravenous immunoglobulin treatment for Guillain-Barré
syndrome. J Neurol Neurosurg Psychiatry 1996;60:586.

76. Hayakawa F, Imada K, Towatari M, Saito H. Life-threatening human
parvovirus B19 infection transmitted by intravenous immune globu-
lin. Br J Haematol 2002;118:1187-1189.

77. Howse M, Bindoff L, Carmichael A. Facial vasculitic rash associated
with intravenous immunoglobulin. BMJ 1998;317:1291.

78. Hughes R, Bensa S, Willison H, Van den Bergh P, Comi G, Illa I,
Nobile-Orazio E, van Doorn P, Dalakas M, Bojar M, Swan A.
Randomized controlled trial of intravenous immunoglobulin versus
oral prednisolone in chronic inflammatory demyelinating
polyradiculoneuropathy. Ann Neurol 2001;50:195-201.

79. Hughes RA, Swan AV, van Doorn PA. Cytotoxic drugs and interfer-
ons for chronic inflammatory demyelinating polyradiculoneuropa-
thy. Cochrane Database Syst Rev 2003;CD003280.

80. Jin F, Balthasar JP. Mechanisms of intravenous immunoglobulin
action in immune thrombocytopenic purpura. Hum Immunol
2005;66:403-410.

81. Jones RJ, Barber JP, Vala MS, Collector MI, Kaufmann SH,
Ludeman SM, Colvin OM, Hilton J. Assessment of aldehyde dehy-
drogenase in viable cells. Blood 1995;85:2742-2746.

82. Katz JS, Saperstein DS, Gronseth G, Amato AA, Barohn RJ. Distal
acquired demyelinating symmetric neuropathy. Neurology
2000;54:615-620.

83. Khanna D, McMahon M, Furst DE. Safety of tumour necrosis fac-
tor-alpha antagonists. Drug Saf 2004;27:307-324.

84. Kissel JT. The treatment of chronic inflammatory demyelinating
polyradiculoneuropathy. Semin Neurol 2003;23:169-180.

85. Kobayashi RH. Immunoglobulin therapy. In: Petz LD, Swisher ER,
editors. Clinical practice of transfusion medicine. New York:
Churchill Livingstone; 1995. p 985-1010.

86. Koffman B, Dalakas MC. Effect of high-dose intravenous
immunoglobulin (IVIg) on hematological and serum chemistry pro-
files in the treatment of patients with neuromuscular diseases.
Neurology 1995;45:A235.

87. Kubori T, Mezaki T, Kaji R, Kimura J, Hamaguchi K, Hirayama K,
Kanazawa I, Miyatake T, Mannen T, Kowa H, Yanagisawa N, Goto
I, Osame M, Kanda M, Tashiro K, Baba M, Kuroiwa Y, Nagatomo
H, Mitsuma T, Shigeta Y, Saida T, Nakajima K, Kawamura J, Murai
Y, Kiuchi T. [The clinical usefulness of high-dose intravenous
immunoglobulin therapy for chronic inflammatory demyelinating
polyneuropathy and multifocal motor neuropathy]. No To Shinkei
1999;51:127-135.

88. Kuntzer T, Radziwill AJ, Lettry-Trouillat R, Naegeli C, Ochsner F,
Erne B, Steck AJ, Bogousslavsky J. Interferon-beta1a in chronic
inflammatory demyelinating polyneuropathy. Neurology
1999;53:1364-1365.

89. Latov N, Sherman WH, Vlahides G. Therapy of neuropathy associ-
ated with anti-MAG IgM monoclonal gammopathy with Rituxan.
Neurology 1999;52:A551.

90. Lederman HM, Roifman CM, Lavi S, Gelfand EW. Corticosteroids
for prevention of adverse reactions to intravenous immune serum
globulin infusions in hypogammaglobulinemic patients. Am J Med
1986;81:443-446.

91. Levine TD, Pestronk A. IgM antibody-related polyneuropathies: B-
cell depletion chemotherapy using Rituximab. Neurology
1999;52:1701-1704.

92. Lewis RA, Eilender DS, Li J. Rituximab is effective therapy for some
patients with IgM kappa related polyneuropathy: a report of results
in 8 patients. Neurology 2003;60:A491. 

93. Lipsky JJ. Mycophenolate mofetil. Lancet 1996;348:1357-1359.
94. Lisak RP. Arthritis associated with circulating immune complexes fol-

lowing administration of intravenous immunoglobulin therapy in a
patient with chronic inflammatory demyelinating polyneuropathy. J
Neurol Sci 1996;135:85-88.

14 Diagnosis and Emerging Treatments in Inflammatory and Demyelinating Neuropathies AANEM Course



95. Mahattanakul W, Crawford TO, Griffin JW, Goldstein JM,
Cornblath DR. Treatment of chronic inflammatory demyelinating
polyneuropathy with cyclosporin-A. J Neurol Neurosurg Psychiatry
1996;60:185-187.

96. Majer RV, Green PJ. Neutropenia caused by intravenous
immunoglobulin. Br Med J (Clin Res Ed) 1988;296:1262.

97. Malik U, Oleksowicz L, Latov N, Cardo LJ. Intravenous gamma-
globulin inhibits binding of anti-GM1 to its target antigen. Ann
Neurol 1996;39:136-139.

98. Maloney DG, Smith B, Rose A. Rituximab: mechanism of action
and resistance. Semin Oncol 2002;29:S2-S9.

99. Martina IS, van Doorn PA, Schmitz PI, Meulstee J, van der Meche
FG. Chronic motor neuropathies: response to interferon-beta1a after
failure of conventional therapies. J Neurol Neurosurg Psychiatry
1999;66:197-201.

100. Mathy I, Gille M, Van Raemdonck F, Delbecq J, Depre A.
Neurological complications of intravenous immunoglobulin (IVIg)
therapy: an illustrative case of acute encephalopathy following IVIg
therapy and a review of the literature. Acta Neurol Belg 1998;98:347-
351.

101. McCombe PA, Pollard JD, Mcleod JG. Chronic inflammatory
demyelinating polyradiculoneuropathy: a clinical and electrophysio-
logical study of 92 cases. Brain 1987;110:1617-1630.

102. McCrone P, Chisholm D, Knapp M, Hughes R, Comi G, Dalakas
MC, Illa I, Kilindireas C, Nobile-Orazio E, Swan A, Van den Bergh
P, Willison HJ. Cost-utility analysis of intravenous immunoglobulin
and prednisolone for chronic inflammatory demyelinating
polyradiculoneuropathy. Eur J Neurol 2003;10:687-694.

103. Mehndiratta MM, Hughes RA. Corticosteroids for chronic inflam-
matory demyelinating polyradiculoneuropathy. Cochrane Database
Syst Rev 2002;CD002062.

104. Mehndiratta MM, Hughes RA, Agarwal P. Plasma exchange for
chronic inflammatory demyelinating polyradiculoneuropathy.
Cochrane Database Syst Rev 2004;CD003906.

105. Mendell JR, Barohn RJ, Freimer ML, Kissel JT, King W, Nagaraja
HN, Rice R, Campbell WW, Donofrio PD, Jackson CE, Lewis RA,
Shy M, Simpson DM, Parry GJ, Rivner MH, Thornton CA,
Bromberg MB, Tandan R, Harati Y, Giuliani M. Randomized con-
trolled trial of IVIg in untreated chronic inflammatory demyelinating
polyradiculoneuropathy. Neurology 2001;56:445-449.

106. Midroni G, Dyck PJ. Chronic inflammatory demyelinating
polyradiculoneuropathy: unusual clinical features and therapeutic
responses. Neurology 1996;46:1206-1212.

107. Misbah SA, Chapel HM. Adverse effects of intravenous
immunoglobulin. Drug Saf 1993;9:254-262.

108. Mitra G, Wong MF, Mozen MM, McDougal JS, Levy JA.
Elimination of infectious retroviruses during preparation of
immunoglobulins. Transfusion 1986;26:394-397.

109. Molina JM, Coffineau A, Rain JD, Letonturier D, Modai J. Aseptic
meningitis following administration of intravenous immune globu-
lin. Clin Infect Dis 1992;15:564-565.

110. Mowzoon N, Sussman A, Bradley WG. Mycophenolate (CellCept)
treatment of myasthenia gravis, chronic inflammatory polyneuropa-
thy and inclusion body myositis. J Neurol Sci 2001;185:119-122.

111. Nagamatsu M, Terao S, Misu K, Li M, Hattori N, Ichimura M, Sakai
M, Yamamoto H, Watanabe H, Riku S, Ikeda E, Hata J, Oda M,
Satake M, Nakamura N, Matsuya S, Hashizume Y, Sobue G. Axonal
and perikaryal involvement in chronic inflammatory demyelinating
polyneuropathy. J Neurol Neurosurg Psychiatry 1999;66:727-733.

112. National Institutes of Health Consensus Conference. Intravenous
immune globulin: prevention and treatment of disease. JAMA
1990;264:3189-3193.

114. Nemni R, Santuccio G, Calabrese E, Galardi G, Canal N. Efficacy of
cyclosporine treatment in multifocal motor neuropathy. J Neurol
2003;250:1118-1120.

115. Newburger JW, Takahashi M, Beiser AS, Burns JC, Bastian J, Chung
KJ, Colan SD, Duffy CE, Fulton DR, Glode MP. A single intra-
venous infusion of gamma globulin as compared with four infusions
in the treatment of acute Kawasaki syndrome. N Engl J Med
1991;324:1633-1639.

116. Nicholls MD, Cummins JC, Davies VJ, Greenwood JK. Haemolysis
induced by intravenously-administered immunoglobulin. Med J Aust
1989;150:404-406.

117. Nobile-Orazio E, Meucci N, Baldini L, Di Troia A, Scarlato G. Long-
term prognosis of neuropathy associated with anti-MAG IgM M-
proteins and its relationship to immune therapies. Brain
2000;123:710-717.

118. Nydegger UE. Safety and side effects of i.v. immunoglobulin therapy.
Clin Exp Rheumatol 1996;14:S53-S57.

119. O’Dell JR. Drug therapy: therapeutic strategies for rheumatoid
arthritis. N Engl J Med 2004;350:2591-2602.

120. Odum J, D’Costa D, Freeth M, Taylor D, Smith N, MacWhannell
A. Cryoglobulinaemic vasculitis caused by intravenous immunoglob-
ulin treatment. Nephrol Dial Transplant 2001;16:403-406.

121. Oh KT, Boldt HC, Danis RP. Iatrogenic central retinal vein occlusion
and hyperviscosity associated with high-dose intravenous
immunoglobulin administration. Am J Ophthalmol 1997;124:416-
418.

122. Paolini R, Fabris F, Cella G. Acute myocardial infarction during treat-
ment with intravenous immunoglobulin for idiopathic thrombocy-
topenic purpura (ITP). Am J Hematol 2000;65:177-178.

123. Pestronk A, Cornblath DR, Ilyas AA, Baba H, Quarles RH, Griffin
JW, Alderson K, Adams RN. A treatable multifocal motor neuropa-
thy with antibodies to GM1 ganglioside. Ann Neurol 1988;24:73-
78.

124. Pestronk A, Florence J, Miller T, Choksi R, Al-Lozi MT, Levine TD.
Treatment of IgM antibody associated polyneuropathies using ritux-
imab. J Neurol Neurosurg Psychiatry 2003;74:485-489.

125. Pestronk A, Lopate G, Kornberg AJ, Elliott JL, Blume G, Yee WC,
Goodnough LT. Distal lower motor neuron syndrome with high-titer
serum Igm Anti-Gm1 antibodies:  improvement following
immunotherapy with monthly plasma-exchange and intravenous
cyclophosphamide. Neurology 1994;44:2027-2031.

126. Radis CD, Kahl LE, Baker GL, Wasko MC, Cash JM, Gallatin A,
Stolzer BL, Agarwal AK, Medsger TA Jr, Kwoh CK. Effects of
cyclophosphamide on the development of malignancy and on long-
term survival of patients with rheumatoid arthritis. A 20-year follow-
up study. Arthritis Rheum 1995;38:1120-1127.

127. Reinhart WH, Berchtold PE. Effect of high-dose intravenous
immunoglobulin therapy on blood rheology. Lancet 1992;339:662-
664.

128. Renaud S, Gregor M, Fuhr P, Lorenz D, Deuschl G, Gratwohl A,
Steck AJ. Rituximab in the treatment of polyneuropathy associated
with anti-MAG antibodies. Muscle Nerve 2003;27:611-615.

129. Rizk A, Gorson KC, Kenney L, Weinstein R. Transfusion-related
acute lung injury after the infusion of IVIG. Transfusion
2001;41:264-268.

130. Sabatelli M, Mignogna T, Lippi G, Milone M, Di Lazzaro V, Tonali
P, Bertini E. Interferon-alpha may benefit steroid unresponsive chron-
ic inflammatory demyelinating polyneuropathy. J Neurol Neurosurg
Psychiatry 1995;58:638-639.

131. Schiavotto C, Ruggeri M, Rodeghiero F. Adverse reactions after high-
dose intravenous immunoglobulin: incidence in 83 patients treated
for idiopathic thrombocytopenic purpura (ITP) and review of the lit-
erature. Haematologica 1993;78:S35-S40.

AANEM Course Diagnosis and Emerging Treatments in Inflammatory and Demyelinating Neuropathies 15



132. Schiff RI. Transmission of viral infections through intravenous
immune globulin. N Engl J Med 1994;331:1649-1650.

133. Schussler O, Lantoine F, Devynck MA, Glotz D, David-Dufilho M.
Human immunoglobulins inhibit thrombin-induced Ca2+ move-
ments and nitric oxide production in endothelial cells. J Biol Chem
1996;271:26473-26476.

134. Sekul EA, Cupler EJ, Dalakas MC. Aseptic meningitis associated
with high-dose intravenous immunoglobulin therapy: frequency and
risk factors. Ann Intern Med 1994;121:259-262.

135. Sherman WH, Latov N, Lange D, Hays R, Younger D. Fludarabine
for Igm antibody-mediated neuropathies. Ann Neurol 1994;36:326-
327.

136. Stangel M, Toyka KV, Gold R. Mechanisms of high-dose intravenous
immunoglobulins in demyelinating diseases. Arch Neurol
1999;56:661-663.

137. Sztajzel R, Floch-Rohr J, Eggimann P. High-dose intravenous
immunoglobulin treatment and cerebral vasospasm: a possible mech-
anism of ischemic encephalopathy? Eur Neurol 1999;41:153-158.

138. Tan E, Hajinazarian M, Bay W, Neff J, Mendell JR. Acute renal fail-
ure resulting from intravenous immunoglobulin therapy. Arch
Neurol 1993;50:137-139.

139. Thomas CF, Limper AH. Pneumocystis pneumonia. N Engl J Med
2004;350:2487-2498.

140. Toyka KV, Gold R. The pathogenesis of CIDP: rationale for treat-
ment with immunomodulatory agents. Neurology 2003;60:S2-S7.

141. Umapathi T, Hughes R. Mycophenolate in treatment-resistant
inflammatory neuropathies. Eur J Neurol 2002;9:683-685.

142. Vallat JM, Hahn AF, Leger JM, Cros DP, Magy L, Tabaraud F,
Bouche P, Preux PM. Interferon beta-1a as an investigational treat-
ment for CIDP. Neurology 2003;60:S23-S28.

143. van den Berg LH, Franssen H, Wokke JH. The long-term effect of
intravenous immunoglobulin treatment in multifocal motor neu-
ropathy. Brain 1998;121:421-428.

144. Van den Berg-Vos RM, van den Berg LH, Franssen H, van Doorn
PA, Merkies IS, Wokke JH. Treatment of multifocal motor neuropa-
thy with interferon-beta1A. Neurology 2000;54:1518-1521.

145. Van den Berg LH, Kerkhoff H, Oey PL, Franssen H, Mollee I,
Vermeulen M, Jennekens FG, Wokke JH. Treatment of multifocal
motor neuropathy with high-dose intravenous immunoglobulins: a
double-blind, placebo-controlled study. J Neurol Neurosurg
Psychiatry 1995;59:248-252.

146. van Doorn PA, Vermeulen M, Brand A, Mulder PG, Busch HF.
Intravenous immunoglobulin treatment in patients with chronic
inflammatory demyelinating polyneuropathy: clinical and laboratory
characteristics associated with improvement. Arch Neurol
1991;48:217-220.

147. Veenstra DL, Best JH, Hornberger J, Sullivan SD, Hricik DE.
Incidence and long-term cost of steroid-related side effects after renal
transplantation. Am J Kidney Dis 1999;33:829-839.

148. Vera-Ramirez M, Charlet M, Parry GJ. Recurrent aseptic meningitis
complicating intravenous immunoglobulin therapy for chronic
inflammatory demyelinating polyradiculoneuropathy. Neurology
1992;42:1636-1637.

149. Vermeulen M, Van Oers MH. Successful autologous stem cell trans-
plantation in a patient with chronic inflammatory demyelinating
polyneuropathy. J Neurol Neurosurg Psychiatry 2002;72:127-128.

150. Vernino S, Salomao DR, Habermann TM, O’Neill BP. CNS lym-
phoma complicating treatment of myasthenia gravis with mycophe-
nolate mofetil. Neurology 2005;64 A49.

151. Viala K, Renie L, Maisonobe T, Behin A, Neil J, Leger JM, Bouche
P. Follow-up study and response to treatment in 23 patients with
Lewis-Sumner syndrome. Brain 2004;127:2010-2017.

152. Villa AM, Garcea O, Di Egidio M, Saizar R, Sica RE. Interferon beta-
1a in chronic inflammatory demyelinating polyneuropathy: case
report. Arq Neuropsiquiatr 2004;62:892-894.

153. Voltz R, Rosen FV, Yousry T, Beck J, Hohlfeld R. Reversible
encephalopathy with cerebral vasospasm in a Guillain-Barre syn-
drome patient treated with intravenous immunoglobulin. Neurology
1996;46:250-251.

154. Vucic S, Black KR, Chong PS, Cros D. Multifocal motor neuropa-
thy: decrease in conduction blocks and reinnervation with long-term
IVIg. Neurology 2004;63:1264-1269.

155. Warrier I, Bussel JB, Valdez L, Barbosa J, Beardsley DS. Safety and
efficacy of low-dose intravenous immune globulin (IVIG) treatment
for infants and children with immune thrombocytopenic purpura. J
Pediatr Hematol Oncol 1997;19:197-201.

156. Wilson HC, Lunn MP, Schey S, Hughes RA. Successful treatment of
IgM paraproteinaemic neuropathy with fludarabine. J Neurol
Neurosurg Psychiatry 1999;66:575-580.

157. Wilson JR, Conwit RA, Eidelman BH, Starzl T, Abu-Elmagd K.
Sensorimotor neuropathy resembling CIDP in patients receiving
FK506. Muscle Nerve 1994;17:528-532.

158. Wolberg AS, Kon RH, Monroe DM, Hoffman M. Coagulation fac-
tor XI is a contaminant in intravenous immunoglobulin preparations.
Am J Hematol 2000;65:30-34.

159. Woodruff RK, Grigg AP, Firkin FC, Smith IL. Fatal thrombotic
events during treatment of autoimmune thrombocytopenia with
intravenous immunoglobulin in elderly patients. Lancet 1986;2:217-
218.

160. Yu Z, Lennon VA. Mechanism of intravenous immune globulin ther-
apy in antibody-mediated autoimmune diseases. N Engl J Med
1999;340:227-228.

161. Zettl UK, Gold R, Toyka KV, Hartung HP. Intravenous glucocorti-
costeroid treatment augments apoptosis of inflammatory T-Cells in
experimental autoimmune neuritis (EAN) of the Lewis rat. J
Neuropathol Exp Neurol 1995;54:540-547.

162. Zhang G, Lopez PH, Li CY, Mehta NR, Griffin JW, Schnaar RL,
Sheikh KA. Anti-ganglioside antibody-mediated neuronal cytotoxic-
ity and its protection by intravenous immunoglobulin: implications
for immune neuropathies. Brain 2004;127:1085-1100.

163. Zonana-Nacach A, Barr SG, Magder LS, Petri M. Damage in sys-
temic lupus erythematosus and its association with corticosteroids.
Arthritis Rheum 2000;43:1801-1808.

16 Diagnosis and Emerging Treatments in Inflammatory and Demyelinating Neuropathies AANEM Course



INTRODUCTION

Autoimmune peripheral neuropathies (APNs) are potentially
treatable or amenable to immunomodulating and immuno-
suppressive therapies, hence the need for early recognition
and accurate diagnosis.8 Understanding the mechanisms of
APNs provides the opportunity to explore how best to sup-
press the sensitized T cells, antimyelin antibody activity or
the molecules associated with T cell transmigration and
design target-specific immunotherapies. The most common
APNs are listed in Table 1.

This manuscript reviews the rationale for immunotherapies
based on T cell or humoral-mediated immunity and
describes the most current therapeutic approach.

IMMUNOPATHOLOGY

Autoimmune peripheral neuropathies occur when immuno-
logic tolerance to peripheral nerve components (myelin,
Schwann cell, axon, and motor or ganglionic neurons) is lost.
In some of these neuropathies there is direct evidence for
autoimmune reactivity mediated by specific antibodies or
autoreactive T lymphocytes against the peripheral nerve. In
others, the underlying immune-mediated mechanism is sec-
ondary or indirect, and an autoimmune cause is suspected
when the neuropathy coexists with another systemic autoim-
mune disease or viral infection. 

Normally, a network of immune cells and soluble factors
meticulously regulates the immune system and maintains a
balanced immuno-activity within the local tissue compart-
ment with the ultimate goal to protect its integrity. A key req-
uisite is the maintenance of self-tolerance, i.e., the prevention
of immune responses to host/self-antigens. In autoimmune
diseases self-tolerance breaks down, autoreactive T and B cells
that are part of the normal immune repertoire are unleashed
and can engender organ-specific damage.8,33 How autoreac-
tivity escapes the regulatory mechanisms is critical, yet still
largely unresolved. One theory of special relevance to
autoimmune neuropathies is “molecular mimicry.” This term
refers to a process in which the host generates an immune
response to an inciting factor, most usually an infectious
organism, that shares epitopic determinants with the host’s
affected tissue. In Guillain-Barré syndrome (GBS), at least in
some of its forms, shared epitopes between the bacterial
species campylobacter jejuni and haemophilus influencae, or
cytomegalovirus (CMV) and nerve fibers have been identi-
fied as targets for aberrant cross-reactive immune respons-
es.8,18,27,33,48,58

Another element of cellular mimicry is based on the associa-
tion of certain neuropathies, such as chronic inflammatory
demyelinating polyneuropathy (CIDP) or paraneoplastic
sensory neuropathies, with tumors. Although CIDP is rarely
associated with carcinomas, there is a special connection with
melanoma.3,56 This is of great interest because both
melanoma and Schwann cells derive from neural crest tissues
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and share common antigens. A number of carbohydrate epi-
topes expressed on human melanoma or melanomatous cell
lines, including gangliosides GM3, GM2, GD3, GD2, have
been implicated in human neuropathies.3,41,53,56 Some
patients with melanoma, after therapy by vaccination with
melanoma lysates, develop CIDP.3,56 The serum from one of
this author’s CIDP patients immunoreacted with and con-
tained high titer antibodies against GM2, while her
melanomatous tumor was rich in GM2-positive cells.56 In
paraneoplastic sensory neuropathies with anti-Hu antibodies,
the Hu protein is also present in the small-cell lung cancer,
suggesting an autoimmune reaction against antigens shared
by both the tumor cells and the dorsal root ganglionic neu-
rons.8,15

The molecular mimicry hypothesis cannot, however, explain
the entire clinical spectrum and laboratory findings of
autoimmune neuropathies. It appears that these neuropathies
emerge from a synergistic interaction of cell-mediated and
humoral immune responses to still incompletely character-
ized peripheral nerve antigens.

CELLULAR FACTORS IN GUILLAIN-BARRÉ SYNDROME AND
CHRONIC INFLAMMATORY DEMYELINATING
POLYNEUROPATHY

The nerves of GBS patients possess two prominent histolog-
ic features: (1) perivascular and endoneurial inflammatory

infiltrates consisting of lymphocytes and macrophages and
(2) segmental demyelination in areas associated with the lym-
phoid infiltrates.1,2,50 Although among the infiltrates CD4+

cells appear to predominate over CD8+ cells and
macrophages,1 if one takes into account that 70% of tissue
macrophages express CD4,29 macrophages are a dominant cell
population. Macrophages break through the basement mem-
brane of healthy Schwann cells and make direct contact with
the outermost myelin lamellae, leading finally to lysis of the
superficial myelin sheath.46 Macrophages may exert their
myelinolytic activity via lymphokines, especially interleukin
(IL)-1. Interferon-g released by the activated T cells, or com-
plement activation, may also serve as chemotactic factors
increasing the capillary permeability and enhancing recruit-
ment of additional macrophages.25 When the demyelination
is extensive, it is associated with axonal degeneration.21 The
degree and effectiveness of remyelination and axonal regener-
ation dictate the degree of clinical recovery.

A number of studies indicate that activated T cells play a role
in GBS.1 Further, levels of IL-2 and soluble IL-2 receptors are
increased in the serum during the acute phase of GBS and
decline during recovery, suggesting ongoing T cell prolifera-
tion.25

Although CIDP is defined as an inflammatory polyneuropa-
thy, there are only minimal signs of inflammation. The pre-
dominant endoneurial mononuclear cell in CIDP is the
macrophage and not the lymphocyte.47,16 Electronmicroscopic
observations have clearly shown that in CIDP the demyeli-
nating process is associated with the presence of
macrophages, which sequentially penetrate the basement
membrane of the Schwann cell, displace the cytoplasm, and
finally disrupt the myelin by focal lysis of the superficial
myelin lamellae.47 A macrophage Fc receptor and comple-
ment CR1-receptor-mediated phagocytosis may, therefore,
be an important mechanism of myelin destruction. 

HUMORAL FACTORS IN GUILLAIN-BARRÉ SYNDROME,
CHRONIC INFLAMMATORY DEMYELINATING
POLYNEUROPATHY, PARAPROTEINEMIAS, AND MULTIFOCAL
MOTOR NEUROPATHY 

There is much stronger evidence that circulating serum fac-
tors are responsible for the cause of GBS and other chronic
demyelinating neuropathies. On clinical grounds, this is sup-
ported by the beneficial effect of plasmapheresis for GBS and
CIDP, presumably by removing putative antibodies. On lab-
oratory grounds, this is supported by the variety of autoanti-
bodies or their effects detected in the patients’ serum based
on the following observations: (a) serum from the acute
phase of GBS can demyelinate rodent dorsal root ganglionic
extracts in a complement-dependent manner; (b) GBS serum
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Table 1 Common autoimmune neuropathies 

1. Guillain-Barré syndrome and clinical variants (Miller-Fisher
syndrome, pharyngeal-cervical branchial plexopathy, lumbar
polyradiculopathy and plexopathy, pure sensory ataxic
neuronopathy, acute axonal motor neuropathy)

2. Chronic inflammatory demyelinating polyneuropathy (CIDP) and its
newly recognized variants

3. Polyneuropathy associated with paraproteinemias

a. IgG and IgA monoclonal gammopathy

b. Polyneuropathy, organomegaly, endocrinopathy, myeloma, and
skin changes (POEMS) syndrome

c. Polyneuropathy with IgM monoclonal gammopathies
(demyelinating-anti- myelin-associated glycoprotein,
sensorimotor, ataxic, and pure motor with GM1 antibodies)

d. Cryoglobulinemic polyneuropathy

4. Multifocal motor neuropathy with conduction block, often
associated with GM1 antibodies

5. Paraneoplastic neuropathies associated with anti-Hu antibodies

6. Vasculitic neuropathies



injected into rat sciatic nerves causes demyelination and con-
duction block;52 (c) IgG, IgM, complement and membra-
nolytic attack complex are deposited in the nerves of both
GBS25 and CIDP11 implying complement-fixing antibody
activity;1,11 (d) IgG or IgM anti-acidic glycolipid antibodies
are seen in up to 68% of GBS and up to 50% of CIDP
patients;30 and (e) anti-ganglioside antibodies are implicated
in GBS, CIDP, paraproteinemia, and multifocal motor neu-
ropathy (MMN). Gangliosides are widely distributed within
the nervous system and various, such as GM1, are present at
the nodes of Ranvier. GM1 antibodies are detected in up to
50% of patients with MMN43 but their role in the pathogen-
esis of the disease remains still unclear. One ganglioside that
correlates with a specific clinical syndrome is the GQ1b.
Anti-GQ1b IgG antibodies appear to be specifically associat-
ed with the Miller-Fisher variant of GBS because they are
present in almost 90% to 100% of these patients.5 Such anti-
bodies have been also found in patients with IgM parapro-
teinemic polyneuropathies31,32 but in ophthalmologic GBS
these antibodies are of the IgG class and do not recognize
other polysialogangliosides.

Evidence for a role of antibodies in the pathogenesis of CIDP
remains weak. In addition, regarding the glycolipids previ-
ously mentioned, up to 20% of CIDP patients have also anti-
P0 antibodies.57 In IgM paraproteinemic neuropathies, anti-
ganglioside or glycolipid antibodies are observed in 75% of
patients with the most common being the myelin-associated
glycoprotein (MAG), a 100-kDa glycoprotein of the central
and peripheral nerve myelin.35,36 The anti-MAG IgM para-
proteins coreact with an acidic glycolipid in the ganglioside
fraction of the human peripheral nerve, the sulfoglucuronyl
glycosphingolipid (SGPG).32 Sera from a number of patients
with predominantly sensory demyelinating neuropathy react
with various gangliosides, such as those containing a disialo-
syl moiety, or with GalNac-GM1b and GalNAc-GD1a,
GM1, GD1b or sulfatides.13

Inflammatory Mediators

Upregulation of cytokines, chemokines, adhesion molecules,
and metalloproteinases both at the protein and messenger
ribonucleic acid level has been repeatedly noted for GBS and
CIDP neuropathies. These molecules allow for the transmi-
gration of T cells to the nerve, activate resident macrophages,
and facilitate the continuation of the immune response.26

These molecules are targets for immunotherapy using the
new available agents, as discussed later.

Concomitant axonal loss 

It is now increasingly recognized that these neuropathies
although demyelinating, are invariably associated with a con-
comitant axonal loss attributed to the primary demyelinating
process or to the initial immune attack against both myelin
and axonal determinants.7,21,27 The observation is important
because the long term prognosis clearly depends on the mag-
nitude of axonal loss rather than on demyelination.
Analogous observations have been made and emphasized in
multiple sclerosis to explain the permanent deficits in that
disease. Whether the release of neurotoxic cytokines, such as
tumor necrosis factor alpha and toxic mediators such as nitric
oxide metalloproteinases enhance the axonal destruction
remain unclear. The realization that axonal loss is a prognos-
tic factor dictates the necessity for early initiation of therapy.

TREATMENT

Autoimmune peripheral neuropathies comprise potentially
treatable disorders amenable to various immunosuppressive,
immunomodulating, or chemotherapeutic agents. The selec-
tion of an effective protocol is based on the results of experi-
mental therapeutic trials, clinical experience, and risk-benefit
ratio of available therapies. The author’s approach to the
treatment of each one of these disorders follows.

GUILLAIN-BARRÉ SYNDROME

Supportive care

The dramatic reduction in mortality of GBS is mainly due to
availability of intensive care units (ICUs), improvement of
respiratory support, antibiotic therapy, and control of auto-
nomic cardiac dysregulation. A GBS patient is best moni-
tored in an ICU, even if respiratory compromise is not evi-
dent at the time of admission. When forced vital capacity
drops or bulbar weakness is severe, intubation is in order. A
team approach provides the best results.

Plasmapheresis

In several double-blind studies,38 plasmapheresis has been
shown to be effective, improving the degree and rate of recov-
ery if performed early in the course of the illness. A continu-
ous-flow machine is preferable and a central venous catheter
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may be required for some patients. Based on two controlled
studies, plasma exchanges should begin within the first week
from onset to be effective. A series of five or six exchanges,
with one exchange every other day, is sufficient. Early relaps-
es can occur in up to 20% of patients, who may require a sec-
ond series of plasma exchanges to abort the relapse.
Plasmapheresis is effective even in milder cases. Based on
controlled studies two exchanges are sufficient for mild GBS,
and four exchanges optimal for moderate cases or mild cases
that continue to progress.19

High-dose Intravenous Immunoglobulin

On the basis of two controlled studies using intravenous
immunoglobulin (IVIg) versus plasmapheresis,44,54 IVIg,
given at 2 g/kg in 2-5 days, has been shown to be equally
effective to plasmapheresis. A trial of plasma exchange fol-
lowed by IVIg added mild but not significant benefit.44 The
decision as to which treatment to use first—plasmapheresis
or IVIg—is governed by circumstances, availability of the
treatment modality, experience, age of patients, and consid-
eration of other associated risk factors.9 Early relapses can
also occur with IVIg, as often as with plasmapheresis.
Because IVIg is easier to use and more readily available, it has
become the treatment of choice worldwide.

Steroids are contraindicated in GBS. In a multicenter trial, it
was convincingly shown that oral steroids are ineffective and
may even increase the incidence of future relapses. The com-
bination of IVIg with IV methylprednisolone did not add
significant benefit compared to IVIg alone.55

CHRONIC INFLAMMATORY DEMYELINATING
POLYNEUROPATHY

Prednisone

Chronic inflammatory demeylinating polyneuropathy is a
classically steroid-responsive polyneuropathy. The efficacy of
steroids was proven in a controlled study.17 A high-dose reg-
imen of 80-100 mg prednisone daily is initiated and then
tapered to every other day.10 The starting dose can be a little
lower and the tapering faster in patients with coexisting car-
diac disease or severe osteoporosis, or the elderly. The goal of
therapy is to increase strength, and not to improve nerve con-
duction studies. As a steroid-sparing agent, azathioprine,
cyclosporin, or mycophenolate can be used. This author’s
preference now is mycophenolate because it is safer to use for
a long-term period. For more effective immunosuppression
however, cyclosporine 150 mg twice a day or cyclophos-
phamide IV every month is preferred. Rituximab IV, 375
mg/m2 once a week for 4 weeks, is becoming a promising

agent. All these drugs however, have not been tested in con-
trolled studies.

Intravenous Immunoglobulin 

In controlled studies23 IVIg 2 g/kg divided in 2-5 days has
been effective in the majority of patients with CIDP. The
more chronic the disease and the more severe the axonal
degeneration that has taken place, the fewer the chances that
the recovery will be complete or significant.  Intravenous
immunoglobulin can be used effectively as a first line thera-
py to avoid steroid-related side effects and, in spite of its cost,
it is now preferable by most practitioners worldwide.
Maintenance infusions with 1 or 2 g/kg every 4-8 weeks is
often required.

Plasmapheresis 

Plasmapheresis has been effective in controlled studies.24

After a series of six plasma exchanges, maintenance therapy,
with one exchange at least every 8 weeks, may be required if
this therapy is beneficial. Intravenous immunoglobulin has
now replaced plasmapheresis although in this author’s experi-
ence, some patients may benefit more from steroids, others
more from IVIg, and still others more from plasmapheresis.

Combination Therapies

In open-label studies with small numbers of patients or in
case reports, other forms of treatment have been tested for
difficult cases. Beneficial effects in previously treatment-
resistant CIDP patients can be seen with the combination of
plasmapheresis followed by IVIg, or IVIg with one of the fol-
lowing: mycophenolate mofetil, cyclosporin A, steroids, etan-
ercept, cyclophosphamide, or stem cell transplantation.34,45

Adding b-interferon offers no significant benefit.45

All evidence stated above concerning the efficacy of plasma
exchange, IVIg and corticosteroids comes from short-term
studies. Plasma exchange and IVIg are expensive therapies
and need to be continued to maintain benefit for the long
term. There is clearly a need for controlled studies to assess
the long-term efficacy and safety of IVIg, steroids, or plasma
exchange in CIDP and perform comparative pharmacoeco-
nomic studies.

Polyneuropathy with Paraproteinemias

Patients with benign IgG or IgA demyelinating polyneu-
ropathies respond similarly to CIDP patients. The patients
with malignant paraproteinemias should be treated with
chemotherapy as needed for the underlying malignant dis-
ease. Sometimes the neuropathy may respond to chemother-

20 Emerging Treatment of Inflammatory and Demyelinating Neuropathies AANEM Course



apy.12,39 When the neuropathy is axonal, treatments are, in
general, disappointing.

Patients with benign monoclonal gammopathy of undeter-
mined significance IgM anti-MAG demyelinating neuropa-
thy may not require therapy if the disability is mild, i.e., min-
imal gait ataxia. Therapy is however attempted when dis-
abling symptoms develop.  There are patients who have
responded to prednisone with chlorambucil,12,39 plasma-
pheresis,22 or IVIg,6,14 but the degree and rate of improve-
ment are minimal and quite variable. A controlled study with
IVIg showed minimal but not significant benefit in only 3 of
11 patients.14 Adding interferon shows no significant bene-
fit.37 Recent open-label studies described improvement with
rituximab, a chimeric humanized monoclonal antibody
against CD20 antigen which reduces B lymphocyte counts.37

However, data based on randomized, controlled studies with
a sufficient number of patients are not available to allow con-
clusive treatment recommendations with any of these thera-
peutic approaches. A controlled study with rituximab has
been completed at the National Institute of Health and the
data analyzed. (Dalakas MC: Principal Investigator).

Multifocal Motor Neuropathy

Multifocal motor neuropathy is a distinct disease that should
be recognized because it is treatable. It affects males more
than females, and it is more common in people younger than
50 years of age. Multifocal motor neuropathy had two dis-
tinct laboratory criteria, namely, multifocal conduction block
in motor nerves, as determined by electrophysiology, and
high GM1 antibody titers determined by enzyme-linked
immunosorbent assay test that can be seen in up to 50% of
patients.43

Multifocal motor neuropathy responds to IVIg, which is the
treatment of choice.4,42 The efficacy of IVIg has been demon-
strated in controlled trials. On maintenance therapy, these
patients continue to respond up to 10 years after initiation of
therapy. Steroids are ineffective in MMN and may worsen
the disease. Plasmapheresis is also ineffective.
Cyclophosphamide is effective but toxic for long-term use.
Aggressive treatment with cyclophosphamide followed by
plasmapheresis and then IVIg has also been shown to be of
benefit in difficult cases. Rituximab is emerging as an effec-
tive agent in difficult cases, based on anecdotal reports in a
small series of patients.51

Paraneoplastic Neuropathy

Some of these patients have, anecdotally, responded to plas-
ma exchange or IVIg, but overall, this neuropathy is not
responding well to available therapies.

Vasculitic Neuropathies

Patients with isolated peripheral nerve vasculitis are treated
less aggressively than patients with systemic vasculitis. A
combined treatment of prednisone at 1.5 mg/kg/day, and
cyclophosphamide is the treatment of choice. Although treat-
ment may vary among patients, the administration of
cyclophosphamide may not be necessary for more than 12
months as is the case in systemic vasculitis. Often 6 to 12
months of treatment may suffice. Plasmapheresis and IVIg
has been tried with variable and rather disappointing results.

NEW AGENTS AND ONGOING TRIALS

The prospect for semi-specific immunotherapies is height-
ened by the identification of the following agents currently
available or in ongoing trials, directed against the following
targets:28

1. Blocking the signal transduction in T lymphocytes.
Three such drugs are now available: (a) humanized
monoclonal antibody against IL2-receptor-antago-
nist which shows promise in patients with multiple
sclerosis; (b) a humanized monoclonal antibody
called CAMPATH directed against the CD52 mole-
cule associated with T cell activation, causing T cell
depletion; and (c) anti-T-lymphocyte globulin;

2. Agents against co-stimulatory and adhesion mole-
cules. These include: (a) monoclonal antibodies
against LFA-I, and LFA-3, which block the interac-
tion of LFA with ICAM; and (b) anti-integrins and
their receptors, such as the monoclonal antibody
against 4 integrins, which interferes with transmigra-
tion of activated T cells.

SUMMARY

Progress made in the understanding of the immunopatho-
genesis of autoimmune neuropathies has helped physicians to
apply or design more effective therapies. In spite of successes,
better therapies and long-term data are still needed. The
prospects of target-oriented immunotherapies have now
increased.
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INTRODUCTION

Mitochondria are described as the powerplants of the cell
because these organelles are responsible for generating most
of the cellular energy. Dysfunctions of mitochondria typical-
ly cause encephalomyopathies because brain and muscle are
often severely affected due to their high-energy require-
ments.8,9 Nevertheless, peripheral neuropathies are being rec-
ognized with increasing frequency in multisystem mitochon-
drial diseases and can be the presenting or predominant clin-
ical feature of mitochondrial disorders such as neuropathy
ataxia retinitis pigmentosa (NARP), or mitochondrial neuro-
gastrointestinal neuropathy (MNGIE).14,15 In addition, pure
peripheral neuropathy can be caused by mitochondrial dys-
function as exemplified by Charcot-Marie-Tooth (CMT)
type 2A which is caused by defects in mitofusin 2, a mito-
chondrial protein required for fusion of mitochondria.44

Although mitochondria perform multiple metabolic func-
tions, by convention, the term “mitochondrial diseases” refers
to disorders caused by defects in the respiratory chain
enzymes and oxidative-phosphorylation. Energy is derived
from the breakdown of carbohydrates and fats that liberate
reducing equivalents (electrons) which are transported
through four respiratory chain enzymes (complexes I-IV)
embedded in the mitochondrial inner membrane and gener-

ate a proton gradient which is used by complex V to produce
adenosine triphosphate (ATP). 

Mitochondria are unique mammalian organelles because
they possess their own genetic material, mitochondrial
deoxyribose nucleic acid (mtDNA) a small (16.5 kilobases)
circular molecule. Each mtDNA encodes 22 transfer ribonu-
cleic acid (tRNA), 13 polypeptides, and two ribosomal RNAs
(rRNA). The mtDNA-encoded polypeptides are functionally
important, because they are subunits of the respiratory or
electron transport chain. The mitochondrial genome has sev-
eral distinctive features. First, mtDNA is densely packed with
genetic information that is required for respiratory chain
functions and oxidative phosphorylation. Second, each mito-
chondrion contains 2-10 copies of mtDNA and, in turn, vir-
tually all cells contain numerous mitochondria, therefore,
hundreds to thousands of copies of mtDNA are present in
each cell. Third, mtDNA is almost always transmitted mater-
nally. These unusual characteristics of mtDNA lead to the
peculiar clinical features of mutations in the mitochondrial
genome.

Because mtDNA contains no introns and few noncoding seg-
ments, alterations of this genome are often deleterious.
Mutations in mtDNA are typically transmitted maternally to
both male and female progeny; however, not all individuals
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with a mtDNA mutation are equally affected. This is because
(1) variable proportions of mutant and normal mtDNA typ-
ically co-exist within cells (heteroplasmy), (2) mutation bur-
den usually varies from one organ to another (tissue distribu-
tion), and (3) tissues with high-energy requirements are more
susceptible to mtDNA mutations (threshold effect). 

Although much attention has been focused on mtDNA
mutations in human disease, in fact, the vast majority of the
mitochondrial proteins are encoded in the nuclear DNA
(nDNA). Therefore, it is not surprising that numerous auto-
somal mitochondrial diseases exist and over the last decade,
nDNA mutations have been identified in many mitochondr-
ial encephalomyopathies.8,9

PERIPHERAL NEUROPATHIES IN WELL-DEFINED
MITOCHONDRIAL DISEASES

Most mitochondrial patients with peripheral neuropathies
have mild and chronically progressive distal sensorimotor
dysfunction with stocking-glove sensory loss, distal limb
weakness, and less commonly absent tendon reflexes. The
neuropathy is typically axonal, but can be demyelinat-
ing.4,11,31

Diseases Due to Mitochondrial Deoxyribose Nucleic Acid
Mutations

Neuropathy Ataxia Retinitis Pigmentosa/Maternally
Inherited Leigh Syndrome

Neuropathy, ataxia, and retinitis pigmentosa are the defining
clinical characteristic of NARP,15 a maternally inherited dis-
order. In addition, patients often have developmental delay,
dementia, seizures, and ataxia. Patients with NARP may have
both proximal and distal neurogenic weakness, loss of vibra-
tory sensation, and absent tendon reflexes.34

Neurophysiological studies are compatible with a sensorimo-
tor axonal polyneuropathy, but muscle biopsies do not show
ragged-red fibers (RRF). Most NARP patients have a hetero-
plasmic missense mutation, T8993G, causing a leucine to
arginine substitution in subunit 6 of mitochondrial ATP syn-
thase.15 The mutation affects the proton channel of the F0
segment of complex V and impairs ATP synthesis.39 Three
other mutations in ATPase subunit 6 cause NARP: T8993C,
T9176G, and T9176C.35

Patients with 70-90% mutant heteroplasmy typically develop
NARP. In contrast, individuals with greater than 90% muta-
tion usually present with maternally inherited Leigh syn-
drome (MILS).33,38 Leigh syndrome is a subacute necrotizing
encephalomyelopathy and is clinically characterized by devel-
opmental regression, generalized hypotonia, feeding prob-

lems, progressive vision loss due to optic neuropathy or pig-
mentary retinopathy, progressive external ophthalmoplegia,
hearing loss, nystagmus, ataxia, and seizures are typical man-
ifestations. The clinical diagnosis of MILS is usually made by
brain magnetic resonance imaging (MRI) scans, which reveal
increased signals in the basal ganglia and brainstem on T2-
weighted or fluid attenuated inversion recovery images. 

Mitochondrial Encephalomyopathy Lactic Acidosis and
Stroke-like Episodes 

Mitochondrial encephalomyopathy lactic acidosis (MELAS)
is a multisystem disorder characterized by stroke-like
episodes, encephalopathy (evident as seizures or dementia),
mitochondrial myopathy, and lactic acidosis.13,26 Other com-
mon clinical features include migraine headaches, short
stature, hearing loss, diabetes mellitus, and peripheral neu-
ropathy. The prevalence of neuropathy in MELAS has been
estimated to be 22%.18 Mitochondrial encephalomyopathy
lactic acidosis patients generally have sensory more than
motor distal peripheral neuropathies with diminished or
absent tendon reflexes and decreased vibration sensation.
Electrophysiological studies are consistent with axonal or
mixed axonal and demyelinating neuropathy, but pure
demyelinating neuropathy has also been observed.18 About
80% of MELAS patients have a heteroplasmic A3243G
mtDNA mutation in the tRNALeu(UUR) gene, but at least
14 additional mtDNA mutations have been associated with
this phenotype. 

Myoclonus Epilepsy Ragged-red Fibers

Myoclonus epilepsy ragged-red fibers (MERRF) is another
multisystem mitochondrial disease and is clinically defined
by myoclonus, generalized epilepsy, ataxia, and RRF on mus-
cle biopsy. Besides the defining criteria, other common clin-
ical manifestations include impaired hearing, dementia,
axonal peripheral neuropathy, short stature, exercise intoler-
ance, and lactic acidosis. In a review of 62 reported MERRF
patients, 63% had peripheral neuropathy.3 Although typical-
ly a mild sensorimotor peripheral neuropathy, the neuropa-
thy may be symptomatic and occasionally severe.21 Nerve
conduction studies show decreased amplitudes of compound
motor action potentials (CMAPs), sensory nerve action
potentials (SNAPs), or both indicating axonal dysfunction.
Sural nerve biopsies have revealed reductions of large myeli-
nated fibers.7

Multiple Symmetric Lipomatosis 

Multiple symmetric lipomatosis (MSL) or Madelung disease
is characterized by multiple nonencapsulated lipomas around
the neck and shoulder-girdle region.22 Most patients also
have a predominantly axonal sensorimotor peripheral neu-
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Table 1 Peripheral neuropathies in mitochondrial disorders

Syndrome Key Features Neuropathy Features Diagnostic Laboratory Test

Primary mtDNA defects

NARP Neuropathy, ataxia, retinitis pigmentosa Axonal Blood DNA test
Sensory > Motor

Maternally  inherited Leigh Brainstem dysfunction, regression, Axonal Blood DNA test
syndrome (MILS) lactic acidosis Sensory = motor

MELAS Stroke-like events, migraine,  vomiting Axonal > Demyelinating Blood DNA test
Sensory > Motor

KSS Pigmentary retinopathy, PEO, Rare Axonal Muscle biopsy for RRF and 
cardiac conduction block, ataxia Sensory > Motor muscle DNA test for 

mitochondrial DNA deletion

MERRF Myoclonus, epilepsy, ataxia, lipomas, Axonal Blood DNA test
deafness, short stature Sensory > Motor

MSL Lipomas, ataxia, neuropathy, deafness Axonal > Demyelinating Blood DNA test (MERRF 
Sensory > Motor mutation), if negative, 

muscle biopsy for RRF and 
multiple mtDNA deletions

Parkinsonism, deafness, Dopa responsive parkinsonism, Axonal Blood DNA test
neuropathy sensorineural deafness Sensory > Demyelinating

LHON Subacute optic neuropathy Axonal Blood DNA test
Sensory > Demyelinating

Nuclear DNA defects

MNGIE GI dysmotility, cachexia, PEO, Demyelinating > Axonal Blood test for thymidine 
leukoencephalopathy, neuropathy Sensory > Motor phosphorylase activity and 

plasma levels of thymidine
and deoxyuridine

SANDO Sensory ataxia, dysarthria, PEO Axonal Muscle biopsy for RRF, 
Sensory ganglionopathy multiple mtDNA deletions. If 

positive, DNA test for 
polymerase gamma 
mutations

NNH Presents in infancy with Demyelinating
Reye-like syndrome Sensory Liver biopsy

DNA = deoxyribose nucleic acid; KSS = Kearns-Sayre syndrome; MELAS =  mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes; MERRF = myoclonus
epilepsy with ragged-red fibers; MNGIE =  mitochondrial neurogastrointestinal encephalomyelopathy; MSL = multiple symmetric lipomas; mtDNA = mitochondrial DNA; NARP =
neuropathy, ataxia, and retinitis pigmentosa; NNH = Navajo neurohepatopathy; PEO =  progressive external ophthalmoplegia; RRF = ragged-red fiber; SANDO =  sensory ataxic
neuropathy, dysarthria, and ophthalmoparesis.



ropathy and about 50% have central nervous system dysfunc-
tion. In addition, cerebellar ataxia, hearing loss, optic atro-
phy, pyramidal signs, and myopathy are associated features.
The neuropathy is typically mild with decreased vibratory
and proprioception sensations and decreased or absent ten-
don reflexes. Nerve conduction studies typically show dimin-
ished amplitudes with mildly reduced conduction velocities
indicating axonal neuropathy. Needle electromyography
(EMG) may show myogenic units in proximal muscles and
neurogenic abnormalities in distal muscles.29 Muscle biopsies
usually reveal COX-negative RRF and either the MERRF
A8344G mtDNA mutation or multiple deletions of
mtDNA.5,19 When associated with multiple mtDNA dele-
tions, the disorder is presumably due to a primary nDNA
defect. 

Leber Hereditary Optic Neuropathy

Leber hereditary optic neuropathy (LHON) typically mani-
fests in young adults as subacute unilateral loss of central
vision followed weeks or months later by vision loss in the
other eye.6 Cardiac pre-excitation is a common associated
feature and, in one series, peripheral neuropathy was
observed in 11%.23 Biopsies of sural nerve has revealed signs
of axonal degeneration and demyelination.24 Over 90% of
LHON patients harbor one of three mutations in mtDNA-
encoded subunits of complex I: G11778A in ND4, G3460A
in ND1, and T14484C in ND6. 

Sporadic Chronic External Ophthalmoplegia and
Kearns-Sayre Syndrome 

Sporadic chronic external ophthalmoplegia (PEO) is a mus-
cle-specific disorder manifesting with ptosis and extra-ocular
muscle weakness; however, facial, oropharyngeal, and proxi-
mal limb muscles may also be weak. Kearns-Sayre syndrome
(KSS) is a multisystem disease with onset before age 20,
PEO, and pigmentary retinopathy, in addition to one of the
following triad: cardiac conduction block, cerebellar ataxia,
and elevated cerebrospinal fluid protein (above 100mg/dl).30

Both disorders are typically caused by single large-scale dele-
tions of mtDNA. Peripheral neuropathy is uncommon in
these disorders and may be subclinical, although axonal
degeneration has been observed in a sural nerve biopsy.42

Parkinsonism, Deafness, and Neuropathy

A patient reported with levodopa responsive parkinsonism,
deafness, and axonal and predominantly sensory neuropathy

who had an mtDNA point mutation, T1095C, in the 12S
rRNA gene. Maternal relatives had deafness or parkinsonism.
Nerve conduction studies in the proband revealed low or
absent sensory amplitudes with normal motor nerve conduc-
tion velocities while needle EMG showed abnormalities con-
sistent with chronic denervation.  

Diseases Due to Nuclear Deoxyribose Nucleic Acid Defects

Mitochondrial Neurogastrointestinal
Encephalomyopathy

Mitochondrial neurogastrointestinal encephalomyopathy is
an autosomal recessive disease characterized by PEO, severe
gastrointestinal dysmotility leading to cachexia, peripheral
neuropathy, and leukoencephalopathy. The disorder is caused
by loss-of-function mutations in the gene encoding thymi-
dine phosphorylase and has been associated with multiple
deletions, depletion, and point mutations of mtDNA. 

Mild to severe sensorimotor peripheral neuropathy has been
identified in all MNGIE patients and is the presenting clini-
cal feature in 11%.12 Nerve conduction studies are typically
consistent with demyelinating neuropathy although about
one-third also show mixed axonal and demyelinating fea-
tures.12 The peripheral neuropathy of MNGIE can mimic
acquired demyelinating neuropathies. Bedlock and col-
leagues discribed five patients who presented with predomi-
nant neuropathies were initially misdiagnosed with chronic
inflammatory demyelinating polyneuropathy (CIDP).2 In
addition, MNGIE has been misdiagnosed as CMT.32 Nerve
biopsies have revealed loss of myelinated fibers, segmental
demyelination and remyelination, and occasional onion bulb
formation. Electron microscopy has revealed morphological
abnormal mitochondria in Schwann cells.32

SENSORY ATAXIC NEUROPATHY, DYSARTHRIA, AND
OPHTHALMOPARESIS 

As the acronym implies, sensory ataxic neuropathy,
dysarthria, and ophthalmoparesis (SANDO) are the clinical
hallmarks of this disease.10 In addition, ptosis, migraine
headaches, depression, and RRF on muscle biopsy are addi-
tional associated features.40 Multiple deletions of mtDNA are
detectable in muscle. Autosomal recessive mutations in the
mtDNA polymerase catalytic subunit POLG, have been
identified in SANDO patients.40 In addition, German sib-
lings with SANDO and unaffected parents harbored a single
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heterozygous mutation in the C10Orf2 gene encoding twin-
kle, a mitochondrial helicase, suggesting autosomal domi-
nant transmission from germline mosaicism.17

Navaho Neurohepatopathy 

Navaho neurohepatopathy (NHH) is an autosomal recessive
disorder with an incidence of about 1 in 1600 live births
among Navaho Indians in the Southwest of the United
States.16 The diagnosis requires the presence of four of the
following seven criteria: (1) sensory neuropathy; (2) motor
neuropathy; (3) corneal anesthesia, ulcers, or scarring; (4)
liver disease; (5) documented metabolic or immunological
abnormalities; (6) central nervous system demyelination; and
(7) family history of NHH.37 The average age-at-onset is 13
months and most do not live beyond the first decade.
Children present with either Reye-like syndrome or severe
sensorimotor peripheral neuropathies manifesting as hypoto-
nia, weakness, hyporeflexia, and delayed motor development.
Routine laboratory studies reveal elevated liver function tests
and lactic acid. Serum CK may be elevated up to 10-fold
above the upper limit of normal.41 Sural nerve biopsies show
paucity of large and small caliber myelinated fibers with
degeneration and regeneration of unmyelinated axons.1
Liver biopsies have demonstrated ultrastructurally abnormal
mitochondria with ringed cristae, swelling and loss of cristae,
and pleomorphic mitochondria.16 In addition, liver samples
have revealed depletion of mtDNA and defects of respiratory
chain enzymes leading to the hypothesis that NHH is caused
by a nDNA-encoded protein involved in mtDNA mainte-
nance.41

Charcot-Marie-Tooth and Mitochondria

Of the 24 genetically distinct forms of CMT disease,36 mito-
chondrial abnormalities may contribute to the pathogenesis
of some CMT subtypes. The most clear example is CMT 2A-
2 an autosomal dominant axonal peripheral neuropathy
caused by mutations in MFN2, the gene encoding mitofusin
2.44 Embedded in the mitochondrial outer membranes,
mitofusins 1 and 2 are GTPase proteins that control fusion
of these dynamic organelles which normally undergo contin-
ual cycles of fusion and fission.20 In contrast, CMT 2A-1 is
caused by mutations in KIF1Bb, a member of the kinesin
family of cellular motor proteins.43 Kinesins are tiny molecu-
lar motors that transport organelles and materials along
microtubular tracks in cells. KIF1Bb mutations affect antero-
grade axonal transport and appear to disrupt movement of
mitochondria in peripheral nerves.43 In contrast, both retro-
grade and anterograde axonal transport appear to be impaired
by mutations in the neurofilament light chain gene that cause
CMT 2E.28 Finally, patients with CMT 4A, a severe infan-
tile-onset peripheral neuropathy, have mutations in the gene
encoding ganglioside-induced differentiation-associated pro-

tein 1 (GDAP1) which has been localized to mitochondria.27

It is thought that GDAP1 is required for maintenance of the
mitochondrial network.27

Therapies of Mitochondrial Peripheral Neuropathies

Since specific treatments for mitochondrial peripheral neu-
ropathies have not yet been developed, currently available
therapies are symptomatic. Noxious factors that may con-
tribute to the peripheral neuropathy should be identified and
treated. For example, diabetes mellitus is common in mito-
chondrial disorders and may cause or exacerbate peripheral
neuropathies. Drugs that are toxic to peripheral nerves
should be avoided in patients with mitochondrial neu-
ropathies as exemplified by a double-blind placebo-con-
trolled study of a lactate lowering agent, dichloroacetate, in
patients with MELAS (submitted for publication). Another
medication that should be used with caution in mitochondr-
ial patients is linezolid, an oxazolidinone antibiotic that may
cause optic and peripheral neuropathy, myelosuppression,
and lactic acidosis due to postulated inhibition of mitochon-
drial protein synthesis.25

Pain and dysesthesias caused by sensory neuropathies may be
treated by standard pharmacological agents and proper care
to prevent pressure sores. Distal leg weakness should be treat-
ed with orthoses if proximal muscle weakness is not promi-
nent. 

Because defects of respiratory chain enzymes may lead to
increased production of toxic reactive oxygen species,
patients with mitochondrial diseases often take antioxidants
although clear benefit in double-blind placebo-controlled tri-
als is lacking. 

SUMMARY

Ultimately, therapies for the underlying causes of mitochon-
drial diseases will be developed. Potentially useful therapeutic
strategies include: heteroplasmic shifting (lowering the muta-
tion burden in patients with heteroplasmic mtDNA muta-
tions), gene therapy, and removal of noxious agents (elimina-
tion of excess thymidine in MNGIE). 

REFERENCES

1. Appenzeller O, Kornfeld M, Snyder R. Acromutilating, paralyzing
neuropathy with corneal ulceration in Navajo children. Arch Neurol
1976;33:733-738.

2. Bedlack RS, Vu T, Hammans S, Sparr SA, Myers B, Morgenlander J,
Hirano M. MNGIE neuropathy: five cases mimicking chronic
inflammatory demyelinating polyneuropathy. Muscle Nerve
2004;29:364-368.

AANEM Course Diagnosis and Emerging Treatments in Inflammatory and Demyelinating Neuropathies 29



3. Bohlega S, Tanji K, Santorelli F, Hirano M, al-Jishi A, DiMauro S.
Multiple mitochondrial DNA deletions associated with autosomal
recessive ophthalmoplegia and severe cardiomyopathy. Neurology
1996;46:1329-1334.

4. Bouillot S, Martin-Negrier ML, Vital A, Ferrer X, Lagueny A,
Vincent D, Coquet M, Orgogozo JM, Bloch B, Vita C. Peripheral
neuropathy associated with mitochondrial disorders: 8 cases and
review of the literature. J Peripher Nerv Syst 2002;7:213-220.

5. Calabresi PA, Silvestri G, DiMauro S, Griggs RC. Ekbom’s syn-
drome: lipomas, ataxia, and neuropathy with MERRF. Muscle Nerve
1994;17:943-945.

6. Carelli V. Leber’s hereditary optic neuropathy. In: Schapira AH,
DiMauro S, editors. Mitochondrial disorders in neurology 2, volume
26. Boston: Butterworth-Heinemann; 2002. p 115-142.

7. Chu CC, Huang CC, Fang W, Chu NS, Pang CY, Wei YH.
Peripheral neuropathy in mitochondrial encephalomyopathies. Eur
Neurol 1997;37:110-115.

8. DiMauro S, Hirano M. Mitochondrial encephalomyopathies: an
update. Neuromuscul Disord 2005;15:276-286.

9. DiMauro S, Schon EA. Mitochondrial respiratory-chain diseases. N
Engl J Med 2003;348:2656-2668.

10. Fadic R, Russell JA, Vedanarayanan VV, Lehar M, Kuncl RW, Johns
DR. Sensory ataxic neuropathy as the presenting feature of a novel
mitochondrial disease. Neurology 1997;49:239-245.

11. Hirano M, Nishigaki Y, Marti R. Mitochondrial neurogastrointesti-
nal encephalomyopathy (MNGIE): a disease of two genomes.
Neurologist 2004;10:8-17.

12. Hirano M, Pavlakis S. Mitochondrial myopathy, encephalopathy, lac-
tic acidosis, and strokelike episodes (MELAS): current concepts. J
Child Neurol 1994;9:4-13.

13. Hirano M, Silvestri G, Blake D, Lombes A, Minetti C, Bonilla E,
Hays AP, Lovelace RE, Butler I, Bertorini TE, Threlkeld AB,
Mitsumoto H, Salberg LM, Rowland LP, DiMauro S. Mitochondrial
neurogastrointestinal encephalomyopathy (MNGIE): Clinical, bio-
chemical and genetic features of an autosomal recessive mitochondr-
ial disorder. Neurology 1994;44:721-727.

14. Hirano M, Garcia-de-Yebenes J, Jones AC, Nishino I, DiMauro S,
Carlo JR, Bender AN, Hahn AF, Salberg LM, Weeks DE, Nygaard
TG. Mitochondrial neurogastrointestinal encephalomyopathy
(MNGIE) syndrome maps to chromosome 22q13.32-qter. Am J
Hum Genet 1998;63:526-533.

15. Holt IJ, Harding AE, Petty RK, Morgan-Hughes JA. A new mito-
chondrial disease associated with mitochondrial DNA heteroplasmy.
Am J Hum Genet 1990;46:428-433.

16. Holve S, Hu D, Shub M, Tyson RW, Sokol RJ. Liver disease in
Navajo neuropathy. J Pediatr 1999;135:482-493.

17. Hudson G, Deschauer M, Busse K, Zierz S, Chinnery PF. Sensory
ataxic neuropathy due to a novel C10Orf2 mutation with probable
germline mosaicism. Neurology 2005;64:371-373.

18. Karppa M, Syrjala P, Tolonen U, Majamaa K. Peripheral neuropathy
in patients with the 3243A>G mutation in mitochondrial DNA. J
Neurol 2003;250:216-221.

19. Kaufmann P, Engelstad BS, Wei Y, Jhung S, Sano MC, Shungu DC,
Millar WS, Gooch CL, Mao X, Pascual JM, Hirano M, Tein I,
Stacpoole PW, DiMauro S, De Vivo DC. Dichloroacetate as a treat-
ment for MELAS: Toxicity overshawdows potential benefits.
Submitted 2005.

20. Klopstock T, Naumann M, Schalke B, Bischof F, Seibel P, Kottlors M,
Eckert P, Reiners K, Toyka KV, Reichmann H. Multiple symmetric
lipomatosis: abnormalities in complex IV and multiple deletions in
mitochondrial DNA. Neurology 1994;44:862-866.

21. Koshiba T, Detmer SA, Kaiser JT, Chen H, McCaffery JM, Chan
DC. Structural basis of mitochondrial tethering by mitofusin com-
plexes. Science 2004;305:858-862.

22. Mizusawa H, Ohkoshi N, Watanabe M, Kanazawa I. Peripheral neu-
ropathy of mitochondrial myopathies. Rev Neurol 1991;147:501-
507.

23. Naumann M, Kiefer R, Toyka KV, Sommer C, Seibel P, Reichmann
H. Mitochondrial dysfunction with myoclonus epilepsy and ragged-
red fibers point mutation in nerve, muscle, and adipose tissue of a
patient with multiple symmetric lipomatosis. Muscle Nerve
1997;20:833-839.

24. Nikoskelainen EK, Marttila RJ, Huoponen K, Juvonen V,
Lamminen T, Sonninen P, Savontaus ML. Leber’s “plus”: neurologi-
cal abnormalities in patients with Leber's hereditary optic neuropa-
thy. J Neurol Neurosurg Psychiatry 1995;59:160-164.

25. Pages M, Pages AM. Leber’s disease with spastic paraplegia and
peripheral neuropathy. Case report with nerve biopsy study. Eur
Neurol 1983;22:181-185.

26. Palenzuela L, Hahn NM, Nelson RP Jr, Arno JN, Schobert C, Bethel
R, Ostrowski LA, Sharma MR, Datta PP, Agrawal RK, Schwartz JE,
Hirano M. Does linezolid cause lactic acidosis by inhibiting mito-
chondrial protein synthesis? Clin Infect Dis 2005;40:e113-e116.

27. Pavlakis SG, Phillips PC, DiMauro S, De Vivo DC, Rowland LP.
Mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-
like episodes: a distinctive clinical syndrome. Ann Neurol
1984;16:481-488.

28. Pedrola L, Espert A, Wu X, Claramunt R, Shy ME, Palau F. GDAP1,
the protein causing Charcot-Marie-Tooth disease type 4A, is
expressed in neurons and is associated with mitochondria. Hum Mol
Genet 2005;14:1087-1094.

29. Perez-Olle R, Lopez-Toledano MA, Goryunov D, Cabrera-Poch N,
Stefanis L, Brown K, Liem RK. Mutations in the neurofilament light
gene linked to Charcot-Marie-Tooth disease cause defects in trans-
port. J Neurochem 2005;93:861-874.

30. Pollock M, Nicholson GI, Nukada H, Cameron S, Frankish P.
Neuropathy in multiple symmetric lipomatosis. Brain
1988;111:1157-1171.

31. Rowland LP, Hays AP, DiMauro S, De Vivo DC, Behrens M. Diverse
clinical disorders associated with morphological abnormalities of
mitochondria. In: Cerri C, Scarlato G, editors. Mitochondrial pathol-
ogy in muscle diseases. Padua: Piccin Editore; 1983. p 141-158.

32. Rusanen H, Majamaa K, Tolonen U, Remes AM, Myllyla R,
Hassinen IE. Demyelinating polyneuropathy in a patient with the
tRNA(Leu)(UUR) mutation at base pair 3243 of the mitochondrial
DNA. Neurology 1995;45:1188-1192.

33. Said G, Lacroix C, Plante-Bordeneuve V, Messing B, Slama A, Crenn
P, Nivelon-Chevallier A, Bedenne L, Soichot P, Manceau E, Rigaud
D, Guiochon-Mantel A, Matuchansky C. Clinicopathological
aspects of the neuropathy of neurogastrointestinal encephalomyopa-
thy (MNGIE) in four patients including two with a Charcot-Marie-
Tooth presentation. J Neurol 2005;252:655-662.

34. Santorelli FM, Shanske S, Sciacco M, Ciafaloni E, Bonilla E, De Vivo
DC, DiMauro S. A new etiology for Leigh's syndrome: mitochondr-
ial DNA mutation in the ATPase 6 gene. Ann Neurol 1992;32:467-
468.

35. Santorelli FM, Tanji K, Shanske S, DiMauro S. Heterogeneous clin-
ical presentation of the mtDNA NARP/T8993G mutation.
Neurology 1997;49:270-273.

36. Schon EA, Santra S, Pallotti F, Girvin ME. Pathogenesis of primary
defects in mitochondrial ATP synthesis. Semin Cell Dev Biol
2001;12:441-448.

30 Diagnosis and Treatment of Axonal and Demyelinating Mitochondrial Neuropathies AANEM Course



37. Shy ME. Charcot-Marie-Tooth disease: an update. Curr Opin
Neurol 2004;17:579-585.

38. Singleton R, Helgerson SD, Snyder RD, O'Conner PJ, Nelson S,
Johnsen SD, Allanson JE. Neuropathy in Navajo children: clinical
and epidemiologic features. Neurology 1990;40:363-367.

39. Tatuch Y, Christodoulou J, Feigenbaum A, Clarke JT, Wherret J,
Smith C, Rudd N, Petrova-Benedict R, Robinson BH.
Heteroplasmic mtDNA mutation (T->G) at 8993 can cause Leigh
disease when the percentage of abnormal mtDNA is high. Am J Hum
Genet 1992;50:852-858.

40. Tatuch Y, Robinson BH. The mitochondrial DNA mutation at 8993
associated with NARP slows the rate of ATP synthesis in isolated lym-
phoblast mitochondria. Biochem Biophys Res Commun
1993;192:124-128.

41. Van Goethem G, Luoma P, Rantamaki M, Al Memar A, Kaakkola S,
Hackman P, Krahe R, Lofgren A, Martin JJ, De Jonghe P,
Suomalainen A, Udd B, Van Broeckhoven C. POLG mutations in
neurodegenerative disorders with ataxia but no muscle involvement.
Neurology 2004;63:1251-1257.

42. Vu TH, Tanji K, Holve SA, Bonilla E, Sokol RJ, Snyder RD, Fiore S,
Deutsch GH, Dimauro S, De Vivo D. Navajo neurohepatopathy: a
mitochondrial DNA depletion syndrome? Hepatology 2001;34:116-
120.

43. Zanssen S, Molnar M, Buse G, Schroder JM. Mitochondrial
cytochrome b gene deletion in Kearns-Sayre syndrome associated
with a subclinical type of peripheral neuropathy. Clin Neuropathol
1998;17:291-296.

44. Zhao C, Takita J, Tanaka Y, Setou M, Nakagawa T, Takeda S, Yang
HW, Terada S, Nakata T, Takei Y, Saito M, Tsuji S, Hayashi Y,
Hirokawa N. Charcot-Marie-Tooth disease type 2A caused by muta-
tion in a microtubule motor KIF1Bbeta. Cell 2001;105:587-597.

45. Zuchner S, Mersiyanova IV, Muglia M, Bissar-Tadmouri N, Rochelle
J, Dadali EL, Zappia M, Nelis E, Patitucci A, Senderek J, Parman Y,
Evgrafov O, Jonghe PD, Takahashi Y, Tsuji S, Pericak-Vance MA,
Quattrone A, Battaloglu E, Polyakov AV, Timmerman V, Schroder
JM, Vance JM. Mutations in the mitochondrial GTPase mitofusin 2
cause Charcot-Marie-Tooth neuropathy type 2A. Nat Genet
2004;36:449-451.

AANEM Course Diagnosis and Emerging Treatments in Inflammatory and Demyelinating Neuropathies 31



�����
421 First Avenue SW, Suite 300 East

Rochester, MN  55902
(507) 288-0100 / Fax: (507) 288-1225

aanem@aanem.org
www.aanem.org

�����




