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Article abstracCMultifoca1 motor neuropathy (MMN) and some lower motor neuron syndromes are immune-mediated 
and treatable. These motor syndromes produce weakness that is typically distal and asymmetric, involves the arms early 
in the course of disease, and progresses slowly. Electrophysiologic abnormalities often include evidence of demyelination, 
especially focal conduction block, selectively on motor axons. High titers of serum IgM binding to GM, ganglioside, alone 
or in a membrane environment, occur in 80-90% of patients with MMN. Treatments for MMN that commonly produce 
increased strength include JY human immune globulin (HIG) and cyclophosphamide. After an initial treatment with 
2 g/kg of HIG, up to 80% of patients with MMN show short-term improvement. Long-term HIG treatment is useful in 60% 
of MMN patients and has few side effects but is costly. Intravenous cyclophosphamide treatment is effective in 70% of 
MMN patients but has significant toxicity, and is reserved for patients who have severe disease and do not respond 
adequately to HIG. 
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Clinical features of multifocal motor neuro- 
pathy. Immune-mediated motor neuropathies are 
usually characterized by asymmetric, slowly progres- 
sive weakness that most commonly begins in the 

The age of onset is generally between 20 and 
75 years. Men are affected somewhat more com- 
monly than women. Motor findings include asym- 
metric, distal greater than proximal weakness and 
various degrees of atrophy. Patients with prominent 
conduction block may present with weakness in mus- 
cles with relatively normal bulk. Rarely, patients 
have exhibited cranial nerve signs, including exter- 
nal ophthalmoplegia and unilateral tongue weakness 
and atrophy. Some patients report paresthesias, but 
sensory signs are usually absent or clinically insig- 
nificant. In regions with normal strength, tendon re- 
flexes are ofken preserved. In areas of weakness, 
reflexes may initially be normal but can become re- 
duced with progression of the disease. Fasciculations 
are not uncommon and may add to diagnostic confu- 
sion between MMN and variants of amyotrophic lat- 
eral scl6rosis (ALS) with only lower motor neuron 
signs. However, hyperreflexia and spasticity typical 
of ALS never occur in MMN. 

Electrodiagnostic testing of motor neuropa- 
thies. Motor neuropathies can be initially subdi- 
vided on the basis of electrophysiologic data. 
Patients with MMN have, by definition, focal block of 
nerve conduction along the course of motor, but not 
sensory, axons. Conduction block has been variably 
defined as a 15-50% reduction in the compound mus- 
cle action potential at  proximal compared to distal 
sites of ~t imulat ion.~-~ Conduction block may go un- 
detected unless multiple segments in several nerves 
are tested. The finding of conduction block is most 

reliable when the change is focal and is in a distal 
nerve segment other than regions of entrapment. 
Temporal dispersion and phase cancellation over 
long nerve segments should be ruled out. In MMN, 
motor conduction velocities and distal latencies are 
often unremarkable in regions without conduction 
block. Sensory studies are normal. 

Patients with distal lower motor neuron (D-LMN) 
syndromes have, by definition, motor axon loss but 
no conduction block. However, they are clinically 
similar to MMN patients, with asymmetric, slowly 
progressive weakness that most commonly begins in 
the arms. In many patients with D-LMN syndromes, 
electrophysiologic studies provide no definitive help 
in distinguishing immune-mediated motor neuropa- 
thy from untreatable motor neuron disease. How- 
ever, temporal dispersion of compound muscle action 
potentials, F-wave abnormalities, and other changes 
suggestive of demyelination occur in some patients 
with D-LMN syndromes. Evidence of mild segmental 
demyelination on nerve biopsy, although not diag- 
nostic, may also provide a clue that a D-LMN syn- 
drome is immune-mediated. 

Anti-GM, antibodies and motor neuropathies. 
By using new Co-GM, methodology for measure- 
ment, high-titer serum IgM anti-GM, antibodies are 
frequently found in MMN (80-90% of cases) and in 
some patients with D-LMN syndromes.* High titers 
of IgM anti-GM, antibodies (>1:1,800) are rare in 
most other disorders (<1%) such as ALS and periph- 
eral neuropathies. Anti-GM, antibodies may be 
found in acute motor neuropathies without evidence 
of demyelination (35-40%). Very high titers of anti- 
GM, antibodies (>40,000) are often associated with 
IgM monoclonal antibodies in the serum. The high- 
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est sensitivity for MMN (85-90%) is obtained when 
serum is also tested for IgM binding to NP-9 (GM, 
ganglioside in a membrane-like preparation of mye- 
lin lipids that also includes galactocerebroside and 
 holes sterol).^^^ Specificity of testing is evaluated by 
comparing IgM binding to GM, with binding to GD,, 
ganglioside and histone H,. With standard commer- 
cial ELISA methods, the sensitivity of anti-GM, an- 
tibody testing in MMN is 30-50%.10-12 

The occurrence of IgM binding to Co-GM, or NP-9 
in both MMN and D-LMN syndromes, without con- 
duction block, suggests that these are pathogenically 
related disorders that are distinguishable from other 
immune neuropathies and ALS. From a practical 
standpoint, when specific serum antibody binding to 
GM, ganglioside (Co-GM,) and NP-9 is detected, ad- 
ditional electrodiagnostic studies searching for con- 
duction block should be performed and the patient 
should be considered for immunosuppressive ther- 
apy, if indicated by the degree of disability. 

High titers (>1:1000) of selective serum IgG bind- 
ing to  GM, ganglioside have strong specificity for 
chronic D-LMN syndromes and acute axonal motor 
ne~r0pathies.l~ High titers of IgM binding to asialo- 
GM, may also occur in MMN. 

Overall, the finding of high-titer serum antibodies 
to Co-GM, or NP-9 in patients with motor disorders 
provides strong independent support for the specific 
diagnosis of immune-mediated MMN and D-LMN 
syndromes. It largely excludes other neurologic dis- 
orders, such as polyneuropathies and ALS, and it 
also indicates that immune-modulating treatment 
may be beneficial. A major issue regarding clinical 
testing for anti-GM, antibodies is differences in the 
methodology used for measurement. Technical vali- 
dation of methodology by identifying sera with high 
antibody titers is not sufficient. Laboratories must 
also document the sensitivity and specificity of anti- 
GM, antibody testing methods by clinical correlation 
studies using sera from patients with motor syn- 
dromes. In our laboratory, the sensitivity of antibody 
(IgM vs. Co-GM, and NP-9) testing for MMN is now 
85-90%. In general, high titers of serum IgM anti- 
GM, antibodies should be detected in at least 50- 
80% of patients with MMN and in less than 1% of 
patients with typical ALS. 

A common misleading practice is citation in test 
reports of statistics from the literature without clini- 
cal validation of the specific methods used in a labo- 
ratory. Laboratories that cannot provide correlation 
data, relating patient syndromes to results regarding 
sensitivity and specificity of their specific methodol- 
ogy, are not qualified to perform measurements of 
serum anti-GM, antibodies as a clinical test. 

Treatment of motor neuropathies. Treatment 
with human immunoglobulin (HIG) or cyclophos- 
phamide can produce useful functional improvement 
in patients with MMN. Improvement in strength 
after treatment with HIG has been demonstrated 
in many contr011ed~~-'~ and uncontrolled clinical 

~ t u d i e s . l ~ - ~ ~  The dose of the initial treatment with 
HIG is usually a total of 2 gikg given in divided doses 
over 2-5 days. Improvement usually commences 
within a few hours to 7 days after treatment. Maxi- 
mal strength is reached by an average of 2 weeks 
after treatment. Some degree of improvement in 
strength after the initial administration of HIG is 
common, occurring in up to 80% of treated patients. 
Useful functional benefit is noted in 50-60% of pa- 
tients. Patients with prominent muscle wasting 
(amyotrophy) show a lesser degree and a shorter du- 
ration of improvement in strength after HIG treat- 
ment.22 The length of benefit varies among patients 
but is reproducible in individual patients. Approxi- 
mately 10% of patients may experience improvement 
in strength for a year or more after a single treat- 
ment with 2 g k g  of HIG. More typically, optimal 
benefit persists for 3-6 weeks. Additional treatment 
is then necessary to  obtain continued functional im- 
provement. The dose and frequency of subsequent 
HIG treatments are based on individual patient re- 
sponse. The periods of maximal improvement after 
initial HIG treatments are monitored. Subsequent 
treatments are given just before a relapse is ex- 
pected. The minimal effective dose of HIG can be 
determined by sequentially reducing the subsequent 
HIG doses by 10% until a level is found that pro- 
duces somewhat less benefit (length of time, or de- 
gree, of improved strength). The minimal dose that 
produces an optimal improvement is then used for 
long-term therapy. In general, two long-term HIG 
treatment regimens are used, 2 gikg every 3-6 
weeks or 400 mgikg given weekly. Lack of improved 
strength after one, or at most two, treatments (total 
2-3 gikg each) is considered a treatment failure. No 
further HIG should be used. 

Although the side effects of HIG are usually be- 
nign, its great expense mandates objective documen- 
tation of any benefit, including quantitative muscle 
testing and functional assessment, to justify contin- 
ued use. Over the long term, HIG treatment may 
produce progressively less improvement in strength 
or shorter periods of maximal strength. Concurrent 
cyclophosphamide treatment has been used to pre- 
vent this decremental benefit or to reduce the neces- 
sary dose of HIG.23 Some studies have documented 
progression of the MMN neuropathy during HIG 
treatment, with development of new regions of con- 
duction block or progressive axonal 10ss.24~26 HIG 
treatment usually does not reduce titers of serum 
IgM anti-GM, antibodies, even in patients with 
prominent functional benefit.22,24 Further studies are 
required to document whether HIG treats the under- 
lying pathogenic process in MMN or produces symp- 
tomatic benefit while allowing the underlying 
neuropathy to progress. 

Corticosteroid (prednisone or solumedrol) treat- 
ment is rarely helpful in MMN and may exacerbate 
~ e a k n e s s . ~ ~ - ~ *  

Cyclophosphamide is the only immunosuppressive 
medication that has been reported to induce long- 
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term benefit in many patients (50-80%) with 
MMN.19,23,29-31 Unfortunately, its toxicity, especially 
the increased risk for neoplasia with high cumula- 
tive lifetime doses (>75 g), requires a careful analy- 
sis of the risk:benefit ratio in each patient. 
Therapeutic regimens should use doses of cyclophos- 
phamide that are high enough to reduce anti-GM, 
antibody titers by 60% or more. We originally used 
an initial dose of 3 g/M2 over 8 days, followed by 
chronic oral medication (100-150 mg/day for 6-12 
months). More recent experience suggests that  
six monthly treatments with IV cyclophosphamide 
(1 g/M2), each preceded by two plasma exchanges, 
are equally effective, have fewer adverse effects, and 
use a 50-70% lower cumulative dose of drug. This 
regimen produces a sustained reduction in titers of 
serum anti-GM, antibodies in approximately 60- 
80% of patients. Most patients in whom antibody 
titers are reduced show functional benefit. Remission 
usually persists for 1-3 years, after which antibody 
titers often rise and weakness recurs. Retreatment 
may then be necessary. 

Deciding whether to treat patients with D-LMN 
syndromes, without electrodiagnostic evidence of de- 
myelination, may be difficult. High titers of serum 
IgM anti-GM, antibodies are a useful indicator that 
a D-LMN syndrome may be immune-mediated and 
treatable.31 Evidence of demyelination on surd nerve 
biopsy may also be helpful in this regard. Measurable 
improvement in strength after treatment with HIG can 
provide support for M h e r  immunotherapy with addi- 
tional periodic RIG infusions or cyclophosphamide. 
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