within the fascicle of severe demyelination. Electron
microscopy showed large diameter axons with very thin
myelin (Fig. 3A) and some axons that were completely
devoid of myelin, being surrounded only by Schwann cell
processes and redundant basal lamina (Fig. 3B). Some
thinly myelinated axons were surrounded by supernu-
mearry Schwann cells, forming rudimentary onion bulbs.
There was an increase in the endoneurial interstitial space,
concentrated in the subperineurial area, suggesting
endoneurial edema, and the perineurium was thickened.
Inflammatory cells were also absent. A third patient had a
biopsy of a supraclavicular mass that was found to consist
of nerve, and MMN was diagnosed several years later
(41). The paraffin-embedded nerve showed exuberant
onion bulb formation (Fig. 4A). The endoneurial intersti-
tial space was markedly increased, and there was promi-
nent mononuclear cell infiltration concentrated around
endoneurial venules but also extending into the general
endoneurial compartment (Fig. 4B). The infiltrate con-
sisted mainly of lymphocytes with many macrophages.
The pathology in this case differed from those
described by Kaji et al. (10) and Auer et al. (40) in the
more severe onion bulb formation, the presence of promi-
nent mononuclear cell inflammation, and the degree of
interstitial edema but more closely resembled those
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described by Adams et al. (42) and Bradley et al. (43) in
the lack of classic clinical and electrophysiologic features
of MMN. The first report described two patients with
steroid-responsive sensory and motor multifocal neuropa-
thy with nerve hypertrophy, a clinical picture resembling
the neuropathy described by Lewis et al. (3) (“Lewis-
Sumner syndrome”) that closely resembles MMN. Patho-
logically, the nerves showed marked interstitial hypertro-
phy and onion bulb formation with both focal and diffuse
mononuclear inflammatory cell infiltration. The second
report described a patient with a motor neuropathy that
was asymmetric but not strikingly multifocal as is typical
of MMN. Electrophysiologic studies showed multifocal
MCB, but sensory nerve action potential amplitudes were
reduced. Once again, the brachial plexus biopsy showed
marked interstitial hypertrophy, onion bulb formation, and
mononuclear cell inflammation.

The pathologic changes in mixed nerves support the
concept that MMN is an autoimmune disorder. Mononu-
clear cell and macrophage infiltration with demyelination
and onion bulb formation are features common to other
autoimmune neuropathies, and identical abnormalities are
seen in the sensory nerves of patients with CIDP.
Impressed by the failure to reestablish normal conduction
despite remyelination, Kaji et al. (10) postulated the pres-

FIG. 3. Electron microscopy of a biopsy taken from the medial pectoral nerve adjacent to a site of con-
duction block in the medial cord of the brachial plexus. A: A thinly myelinated large-diameter axon sur-
rounded by a small onion bulb. Bar, 1 m. B: A large-diameter axon entirely devoid of myelin. Bar, 1 m.
(From Ref. 10, with permission.)






