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Multifocal motor neuropathy with
and without conduction block

A single entity?
E. Delmont, MD; J.P. Azulay, PhD, MD; R. Giorgi, PhD, MD; S. Attarian, MD; A. Verschueren, MD;

D. Uzenot, MD; and J. Pouget, MD

Abstract—Objective: To assess if multifocal motor neuropathy (MMN) with and MMN without conduction block (CB) are
similar or distinct diseases. Methods: The authors reviewed the clinical features and responses to IV immunoglobulin
(IVIg) treatment of patients with MMN with and without CB at diagnosis, after 4 years of follow-up and at the last
examination. They included all patients showing clinical features of MMN who had been followed for at least 4 years: All
had asymmetric purely motor weakness with a peripheral nerve distribution, without any sensory, bulbar, or respiratory
signs and without any upper motor neuron involvement. Results: Twenty patients had CB and 13 had no CB. Median
follow-up time was 7 years. There were no differences between the two groups in term of age, sex, time from onset to
diagnosis, anti-GM1 antibody titers, or CSF data. Nerve distribution, number of affected limb regions, predominant
weakness in distal upper extremities, asymmetric weakness, cramps, fasciculations, and Medical Research Council
sum-scores in upper and lower limbs were comparable at diagnosis, 4 years of follow-up, and last examination. Few
significant differences were observed. Involvement of median nerve was less frequent at 4 years of follow-up (14/20 vs
4/13; p � 0.027) and at the last examination (17/20 vs 5/13; p � 0.009) in patients without CB. Proximal weakness was
less frequent in patients with MMN without CB at the last examination (7/20 vs 0/13; p � 0.027). Fewer nerves were
involved in patients without CB at the last examination (4.5 vs 2; p � 0.04). Efficacy of IVIg was similar in MNN patients
without CB (8/13) and with CB (14/20; p � 0.05). Conclusion: After a median follow-up time of 7 years, patients with and
without conduction block showed similar clinical features and a similar response to IV immunoglobulin treatment.
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Multifocal motor neuropathy (MMN) with conduction
block (CB) is an immune-mediated form of neuropa-
thy.1 The clinical features consist of asymmetric mul-
tifocal weakness with a peripheral nerve
distribution, which is often prominent in the distal
upper limbs.2 Human IV immunoglobulin (IVIg) is
established therapy for this neuropathy.3-6 Pakiam
and Parry7 first described an MMN without CB,
which was improved by IVIg therapy. Their five pa-
tients had similar clinical features to MMN with CB,
but without CB being observed in the nerve conduc-
tion study. About 30 cases of MMN without CB have
been reported so far with similar clinical features
and a good response to IVIg.7-11 In this study, we
sought to compare the clinical features, prognosis,

and response to IVIg during long-term follow-up,
with a view to determining whether MMN with and
MMN without CB are similar or distinct diseases.

Methods. Patients were assessed at the neuromuscular depart-
ment at La Timone University Hospital in Marseille, France. We
retrospectively analyzed all the patients showing clinical features
of MMN: chronic asymmetric purely motor weakness with a pe-
ripheral nerve distribution mainly affecting the upper limbs. Clin-
ical exclusion criteria were sensory, bulbar, or respiratory signs
and upper motor neuron involvement (spasticity, hyperreflexia,
extensor plantar response). The follow-up period during the dis-
ease was at least of 4 years to rule out the diagnosis of ALS.
Electrophysiologic examination did not reveal CB but could detect
some demyelination features not fulfilling the criteria for chronic
inflammatory demyelinating polyneuropathy.12,13 These patients
were classified as having MMN without CB. In a second group, we
included all the patients followed at the department who fulfilled
American Association of Electrodiagnostic Medicine14 (AAEM) and
European15 diagnostic criteria for MMN with CB.

We retrospectively compared the clinical features of MMN with
CB and MMN without CB at diagnosis, after 4 years of follow-up
and at the last examination. The patients’ age at the onset of the
symptoms, their gender, the time lapsing between the occurrence
of the first symptom and diagnosis, the duration of follow-up, the
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presence of cramps and fasciculations, subjective sensory involve-
ment, loss of deep tendon reflex, and muscle atrophy were noted.
The number of nerves involved, the distribution of nerve weak-
ness, the number of affected limb regions (upper arm, lower arm,
upper leg, lower leg), and the results of Medical Research Coun-
cil16 (MRC) muscle tests were noted at diagnosis, after 4 years of
follow-up and at the last examination. MRC scores were assessed
in eight muscles or muscle groups in each arm (shoulder abduc-
tors, elbow flexor and extensor, wrist flexor and extensor, fingers
flexor and extensor, dorsal interosseus muscles) and in six mus-
cles or muscle groups in each leg (hip flexor and extensor, knee
flexor and extensor, ankle dorsiflexor and ankle plantar flexor).
The maximum MRC sum-score was 80 in the upper limbs and 60
in the lower limbs.

Anti-GM1 antibody titers were measured in all patients by a
modified version of the standard ELISA protocol.3 IgM or IgG
subtypes were determined.

All patients were given one full course of IVIg (0.4 g/kg, for 5
days) (Laboratoire Français du Fractionnement et des Biotechnol-
ogies) followed by maintenance therapy. The dosage and fre-
quency of the IVIg infusions were determined with a view to
maintaining the patients’ clinical improvement. Patients were
usually given 3 days of IVIg every 6 to 8 weeks depending on the
duration of their improvement after the first infusion. Response to
IVIg was assessed after the first course of IVIg. Good response
was defined as an improvement in muscle weakness of at least 1
point in MRC sum-scores. IVIg treatment was taken to be ineffi-
cient when the infusions failed to improve by 1 point the MRC
sum-scores. Patients were defined as dependent on IVIg when the
treatment could not be stopped without clinical deterioration oc-
curring. The long-term outcome was determined upon MRC sum-
scores after 4 years of follow-up and at the last examination.

The electrophysiologic study was repeated several times dur-
ing the follow-up period. Concentric needle electromyography
(EMG) recordings were performed on distal and proximal muscles
of each limb on all patients and in the tongue muscle in the case of
patients with no CB. Median, ulnar, tibial, and peroneal com-
pound muscle action potentials (CMAPs) and median, ulnar, and
sural antidromic sensory nerve action potentials were studied.
Motor nerve conduction study was recorded using surface elec-
trodes: The median nerve was stimulated at the wrist, elbow,
axilla, and Erb point, where the recordings were performed over
the abductor pollicis brevis; the ulnar nerve was stimulated at the
wrist, distal elbow, proximal elbow, axilla, and Erb point, where
the recordings were performed over the abductor digiti minimi;
the peroneal nerve was stimulated at the ankle, fibular head, and
popliteal fossea, where the recordings were performed over the
extensor digitorum brevis; the tibial nerve was stimulated at the
ankle and the popliteal fossea, where the recordings were per-
formed over the abductor hallucis. Measurements included distal
latency, negative peak duration, baseline to peak amplitude, con-
duction velocity, and F-wave latency. To make sure that maxi-
mum stimulation was applied to the motor nerve at Erb point,
monopolar stimulation was used when necessary.

CB was defined as a decrease in the CMAP area of more than
50% across a standard segment and an increase in the CMAP
duration of less than 30%. These criteria, which are those defined
by the European Workshop on MMN,15 usually also fulfilled the
CB criteria of AAEM.14 For distal latency, conduction velocity, and
F-wave latency, we used the demyelination criteria proposed by
the American Academy of Neurology Task Force.12

The mean distal CMAP amplitudes and the mean sensory
nerve action potential amplitude of the median and ulnar nerves
recorded at the first and at the last electrophysiologic studies were
calculated.

Continuous variables were expressed as medians. The Mann–
Whitney U test was used to compare continuous variables and the
Fisher exact test to compare categorical variables. Probability lev-
els below 0.05 were taken to be significant.

Results. Among the 54 patients with a diagnosis of sus-
pected MMN attending our department, 33 had been fol-
lowed for more than 4 years. Twenty patients had MMN
with CB and 13 had MMN without CB.

Clinical and electrophysiologic data for MMN without
CB are given in tables 1 and 2. Median follow-up time was

7 years (range 4 to 22 years). At the last examination, the
muscle weakness was still asymmetric (9/13, 69%) and
predominantly located in the distal upper limbs (12/13,
92%). Muscle weakness, muscle atrophy, and fasciculation
always showed a peripheral nerve distribution. None of
these patients had bulbar, respiratory, or upper motor
neuron involvement. Any sensory complaints were purely
subjective. No cranial nerve palsy was observed.

The second child of Patient 7 had neonatal MMN due to
transplacental transfer of anti-GM1 antibodies.17

In Case 2, a sural nerve biopsy was performed to ex-
clude vasculitis, and mild signs of axonal degeneration
were observed.

Electrophysiologic studies provided no evidence of CB in
any of the patients of this group throughout the follow-up
period. Six patients had features indicative of proximal
conduction slowing consisting of delayed F-wave latencies
(more than 150% of normal value). Conduction velocities
and distal latencies were normal in all these subjects.
Based on the nerve conduction velocity data, the other
seven patients had a purely axonal motor neuropathy
without any demyelination features. Needle EMG showed
signs of denervation in some wasted muscles but no bulbar
or diffuse denervation.

Six patients underwent transcranial magnetic stimula-
tion by conventional techniques, which yielded normal val-
ues. The cervical MRI was normal in all the patients with
MMN without CB.

Epidemiologic data on MMN with and without CB are
given in table 3. Comparison between clinical features of
MMN with and without CB are given in tables E-1 and E-2
on the Neurology Web site (www.neurology.org). There was
no difference in age, sex, time from onset to diagnosis, or
duration of follow-up between the two groups. Nerve distri-
bution, number of affected limb regions, distal predomi-
nance of the distal weakness in the upper extremities,
asymmetric weakness, cramps, and fasciculations were
comparable at diagnosis, after 4 years of follow-up, and at
the last examination. Involvement of the median nerve
was less frequent after 4 years of follow-up and at the last
examination in patients without CB: 4 of 13 after 4 years
vs 14 of 20 of the patients with CB (p � 0.027) and 5 of 13
at the last examination vs 17 of 20 of the patients with CB (p
� 0.009). In the upper limbs, proximal weakness was less
frequent in the patients with MMN without CB at the last
examination: 0 of 13 vs 7 of 20 of the patients with MMN
with CB (p � 0.027). The number of nerves involved was
equal at diagnosis and after 4 years of follow-up but was
smaller in patients without CB at the last examination: 2
(range 1 to 6) vs 4.5 (range 1 to 15) in patients with CB (p �
0.04). MRC sum-scores in the upper and lower limbs were
similar at diagnosis (upper limbs 74/80 vs 72/80; lower limbs
60/60 vs 60/60), after 4 years (upper limbs 73.75 vs 69; lower
limbs 59.75 vs 60), and at the last examination (upper limbs
69.5 vs 68.75; lower limbs 58 vs 60), which suggested the
presence of comparable levels of disability in the two groups.

CSF analysis yielded similar data: The cell count me-
dian was 0/mm3 (range 0 to 15) in the MMN group with
CB and 1.5 mm3 (range 0 to 8) in the MMN group without
CB (p � 0.05); median protein level was 0.33g/L (range 0.2
to 0.7 g/L) in the MMN group with CB and 0.49 g/L (range
0.3 to 0.72) in the MMN group without CB (p � 0.05). GM1
antibody data were comparable (p � 0.05): Seven of 20
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patients with MMN with CB had IgM anti-GM1 antibodies
and 5 of 20 had IgG anti-GM1 antibodies; 3 of 13 patients
with MMN without CB had IgM anti-GM1 antibodies and
2 of 13 had IgG anti-GM1 antibodies. Median titer of IgM

and IgG anti-GM1 antibodies was 60 (range 40 to 240) for
patients with MMN with CB and 80 (range 40 to 320) for
patients with MMN without CB (significant value is more
than 40).

Table 1 Clinical features of 13 cases of MMN without CB at diagnosis, after 4 years of follow-up and at last examination

Involved nerve

Age/sex

Diagnostic
delay/

follow-up At diagnosis At 4 y At last examination

Deep
tendon
reflex F/C

Muscle
atrophy

Case 1
52/M

1 y/12 y R and L ulnar and median Same Same � F/C �

Case 2
45/m

4 y/16 y L and R radial, L peroneal,
R tibial

Same �L median �R peroneal � F �

Case 3
57/M

2 y/4 y L radial, L ulnar �L ulnar � No

Case 4
27/F

3 y/14 y R median, R ulnar Same Same � F/C �

Case 5
54/M

1 yr/5 y L and R ulnar Same � F/C �

Case 6
47/F

10 y/22 y L median, L ulnar Same �R peroneal �R tibial � C �

Case 7
30/F

0,5 y/22 y L and R ulnar, L and
R tibial

�L and R radial Same � �

Case 8
43/M

0,5 y/5 y L peroneal, R femoral Same Same � No

Case 9
46/M

8 y/10 y R radial, R ulnar Same Same � F/C �

Case 10
54/M

2 y/7 y L and R radial, R ulnar �R ulnar Same � F/C �

Case 11
50/M

6 y/7 y L and R axillary,
radial, ulnar

Same Same � F/C �

Case 12
59/M

3 y/4 y R radial �R ulnar � F �

Case 13
40/F

4 y/5 y R median, radial, ulnar Same � F �

MMN � multifocal motor neuropathy; CB � conduction block; C � cramp; F � fasciculation.

Table 2 Electrophysiologic data on MMN without CB at diagnosis and at last examination

Diagnosis Last examination

Demyelination features Reduced CMAP amplitude Demyelination features Reduced CMAP amplitude

Case 1 Delayed F-wave latencies in
L ulnar and L tibial

R and L median Delayed F-wave latencies in
L and R ulnar

L and R median

Case 2 None None None None

Case 3 Delayed F-wave latencies in
R ulnar, R tibial, R and L peroneal

L radial Delayed F-wave latencies in
L ulnar, L peroneal

None

Case 4 None R median None R median

Case 5 Delayed F-wave latencies in
R and L ulnar

L ulnar Delayed F-wave latencies in
L ulnar

L and R ulnar

Case 6 Delayed F-wave latencies in
R tibial

L median, L ulnar None L median, L ulnar, R peroneal

Case 7 None R and L ulnar None L and R median, L and R ulnar

Case 8 Delayed F-wave latencies in
L peroneal and R tibial

None Delayed F-wave latencies in
L peroneal

None

Case 9 Delayed F-wave latencies in
R ulnar

R ulnar Delayed F-wave latencies in
R ulnar

R ulnar

Case 10 None L and R radial None None

Case 11 None None None None

Case 12 None None None R Radial

Case 13 None R median None R median, R ulnar

MMN � multifocal motor neuropathy; CB � conduction block; CMAP � compound muscle action potential.
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The efficiency of the first course of IVIg treatment was
similar (p � 0.05): Fourteen of 20 MNN patients with CB
and 8 of 13 without CB had a good response to IVIg, with
an improvement of at least 1 point in MRC sum-scores.
Among the good responders, the IVIg dependency levels
were comparable (4/8 vs 8/14; p � 0.05). Among IVIg non-
responders, two patients with CB and two patients without
CB received cyclophosphamide therapy and one patient
with CB had azathioprine treatment. Immunosuppressive
drugs were poorly efficient in these cases.

Mean distal CMAP amplitudes and mean sensory nerve
action potential amplitudes in the median and ulnar
nerves were similar in the two groups at the first and at
the last electrophysiologic studies. At last electrophysi-
ologic examination, distal CMAP amplitudes had increased
for 3 of 13 patients with MMN without CB and for 4 of 20
patients with MMN with CB (p � 0.05).

Discussion. In the current study, we retrospec-
tively compared the clinical, biologic, and electro-
physiologic features of 20 patients with MMN with
CB and 13 patients with MMN without CB. Median
follow-up time was 7 years (4 to 22 years). None of
the patients without CB developed ALS. During the
follow-up period, the muscle weakness seemed more
restricted in patients without CB, because proximal
deficits, involvement of median nerve, and number of
affected nerves were greater in patients with CB. In
fact, MRC sum-scores in upper and lower limbs were
similar in patients with and without CB at last ex-
amination, which suggested the presence of compa-
rable levels of disability in the two groups. Nerve
distribution, number of affected limbs, predominance
of weakness in the distal upper extremities, asym-
metric weakness, cramps, fasciculations, GM1 anti-
body titers, and response to IVIg were all similar
between the two groups at diagnosis, after 4 years of
follow-up, and at the last examination. The two
groups can therefore be said to have the same
characteristics.

Based on these results, it can be suggested that
MMN without CB is a motor neuropathy and not a
lower motor neuron disease (LMND). LMNDs are
due to degeneration of the anterior horn neurons in
the spinal cord. In patients with this disease, the
weakness never corresponds to a peripheral nerve
distribution, and it is usually symmetric and associ-
ated with severe muscular atrophy.1 Nerve conduc-
tion velocities are normal, and needle EMG shows
diffuse denervation, even in clinically unaffected

muscles.18 IVIg are not efficient in LMND.3 In pa-
tients with MMN without CB, there are no bulbar or
respiratory signs, and needle EMG shows no diffuse
denervation. In addition, the muscle deficits corre-
spond to a nerve distribution and six of the patients
with MMN without CB had abnormal nerve conduc-
tion study. Spontaneous strength recovery (1/13),
high GM1 antibody titers (5/13), a good response to
IVIg (8/13), and the case of maternal–fetal transmis-
sion mentioned above may be features indicating the
presence of an immune-mediated disorder.

The strong similarities between the patients with
MMN with and without CB favor the concept of a
demyelinating motor neuropathy with undetected
CB rather than a primary axonal neuropathic pro-
cess. The fast clinical improvement observed in some
patients with MMN without CB in response to IVIG
cannot be explained by axonal regeneration but is
more compatible with a reversal of the CB. The pres-
ence of preserved muscle bulk and normal distal
CMAP amplitudes despite of marked muscle weak-
ness has also provided evidence of undetected CB in
some cases. Motor nerves with CB can undergo ax-
onal degeneration leading to decreased distal CMAP
amplitude, which prevents CB detection. In our 20
MMN group with CB, 6 patients did not have CB at
the first electrophysiologic study. CB was detected in
these patients only during follow-up, because IVIg
treatment increased the distal CMAP amplitudes
and thus made it possible to detect the CB. CB may
be located in sites, which cannot be studied using
routine techniques, such as the site above Erb point
in the case of proximal CB. Muscle weakness with a
root distribution, the abnormally high CSF protein
level observed in Case 11 (0.7g/L) and the delayed
F-wave latencies occurring in six patients suggest
the presence of undetected proximal CB. In addition,
distal CB can simply lead to a decrease in the distal
CMAP amplitudes and can therefore be impossible to
detect.

Other techniques can be used to bring proximal
CB to light. Conventional transcranial magnetic
stimulation and triple stimulation technique can de-
tect CB and focal temporal dispersion between root
emergence and Erb point.19 Needle stimulation ap-
plied to cervical roots and percutaneous cervical elec-
trical stimulation20 can also be used for this purpose.
T2-weighted MRI can show increased signal intensi-

Table 3 Comparison between epidemiologic data on multifocal motor neuropathy with and without conduction block

With conduction
block

Without conduction
block p Value

No. of patients 20 13

Age at onset (median), y 41.5 (19–66) 47 (27–59) NS

Male/female 15/5 9/4 NS

Symptom duration (median), y 6.5 (4–20) 7 (4–22) NS

Time from onset to diagnosis (median), y 3.5 (0.5–13) 4 (0.5–10) NS
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ties in the brachial plexus, suggesting the occurrence
of demyelination.21

In MMN with CB, a good response to IVIg is cor-
related with a greater number of definite CBs.22 How-
ever, in our study, IVIg efficiency was the same in both
patients with and without CB. It is also reported that
age at onset, number of affected limbs, mean distal
CMAP amplitude, and elevated GM1 antibodies are
predictive factors of IVIg efficiency.22 These data are
again similar in both of our two groups of patients,
explaining the same efficacy of IVIg treatment.

Only a few cases of MMN without CB have been
reported so far. Nine cases with purely axonal in-
volvement have been described as multifocal ac-
quired motor axonopathy,8 whereas a demyelinating
form of MMN without CB has been reported based in
nerve conduction study and nerve biopsy.7 An associ-
ation between MMN without CB and anti-GD1a an-
tibodies11,23 has been reported. The fact that these
gangliosides are preferentially located in the ventral
root axons and in the presynaptic neuromuscular
junction24 may explain why CB has rarely been ob-
served in routine nerve conduction studies. In MMN
without CB, the efficacy of plasma exchange and IV
cyclophosphamide9 and the efficacy of IVIg10 treat-
ment have been shown in open label studies.

The results of the current retrospective study
show that patients with MMN with and without CB
have similar clinical features and respond equally
well to IVIg infusions. The kinetic of the response to
IVIg, all the similarities with MMN with CB, and
the presence of demyelinating features in some
MMN without CB argue rather for a focally demyeli-
nating process than for a primary axonal loss. We
hypothesize that very proximal or very distal CBs
are not detected by routine electrophysiologic stud-
ies. A recent study19 shows that magnetic stimula-
tion using a triple stimulation technique can reveal
proximal focal CB in patients thought to have MMN
without CB, which is in favor of our hypothesis.

MMN without CB has to be diagnosed because it
is a curable disorder and it differs from ALS and
anterior horn cell diseases. IVIg treatment is not
effective in the case of LMNDs, but it can be pre-
scribed for selected patients presenting with chronic
asymmetric motor weakness with a peripheral nerve
distribution, without any conduction block being de-
tected in the nerve conduction study.
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