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Spectacular progress has been made in the application of
immunohistochemical and immunocytochemical tech-
niques, molecular genetics, ultrastructural and morpho-
metric studies, and teased nerve analysis to nerve biopsies
in the evaluation of patients with peripheral neuropathy
and related disorders. The has resulted in greater accuracy
in the assignment of specimens, for diagnostic purposes,
to more certain proposed mechanisms of injury, and the
more rational selection of immunomodulating and immun-
osuppressive therapies. This chapter reviews aspects of
peripheral nerve microscopic anatomy, morphologic and
immunopathologic alterations in peripheral nervous sys-
tem disorders, and the contribution of nerve biopsy to
neuropathic motor disorders.

GENERAL CONSIDERATIONS

Exclusive of the pathologic alterations of individual
nerve axons, disease processes that affect the peripheral
nerve often lead to specific alterations of the epineurial,
perineurial, and endoneurial compartments described in
more detail below.

Epineurium

The fibrous adipose tissue of the epineurium invests
the whole nerve trunk and space between the individual
fascicles and is the site of entry of the vasa nervorum
(Fig. 1). The vascular anatomy of the nerves of the limbs
has been recognized for over 50 years since the detailed
studies of Sunderland (1,2). The nutrient vessels ramify
within the nerve trunk, anastomosing longitudinally and
penetrating the perineurium, ending in an unbroken net-
work of endoneurial microvessels (Fig. 2A and B). The
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proximal circulation of named nerves of the arm and leg
may be sustained by long stretches of a single arterial
vessel, such as in the axilla-to-elbow and knee-to-elbow
segments (Fig. 3) (1-4), most often located peripherally
in the nerve trunk, but this does not generally translate
into watershed zones unless there is associated vasculitis
or abrupt thrombosis of large named vessels (5).

The epineurium provides mechanical support, cushion-
ing nerve trunks as they pass by bony prominences. Focal
nerve compression is enhanced when there is a reduction
in the epineurial fat cushion due to chronic disease or
malnutrition with accompanying weight loss in associa-
tion with syndromes of severe generalized weakness and
chronic bedridden or immobile states and prolonged stays
in the intensive care unit. The sites most prone to com-
pression are the ulnar nerve at the elbow, the sciatic nerve
in the buttock and thigh, and the peroneal nerve at the
fibular head.

FIG. 1. The distribution of blood vessels in the peripheral
nerve trunk. A cross-section of sural nerve is shown in low
magnification stained with hematoxylin and eosin and coun-
terstained with anti-actin smooth muscle antibody. ep,
epineurium; en, endoneurium; p, perineurium.
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FIG. 2. The vascular supply of the peripheral nerves of the limbs. A: An artists view of the intraneural
supply. B: The injection of india ink shows the actual internal architecture of the vascular supply. Repro-
duced by permission of The American Medical Association.

Perineurium

Individual nerve fascicles are surrounded by alternat-
ing layers of specialized densely packed cells, the peri-
cytes, and longitudinally oriented collagen fibers. The
perineurium is subject to nonspecific morphologic alter-
ations such as thickening of the basal lamina as a conse-
quence of a variety of disorders and normal aging. There
is a primary inflammatory syndrome of the perineurium,
termed perineuritis (6), which classically presents with
sensory loss; however, one reported patient had promi-
nent motor involvement (7).

Endoneurium

The endoneurium is the supporting matrix for myeli-
nated and unmyelinated nerve fibers contained within a
single fascicle. This compartment reacts to a vast number
of nonspecific processes with a limited number of alter-
ations. Collectively, the observed pathologic findings gen-
erally point toward ecither segmental demyelination or
axonopathy as the primary pathologic process. Segmental

demyelination is generally attributable to a primary dis-
turbance of Schwann cell function or immune-mediated
injury of internodal myelin segments; however, in both
instances, the axon is left essentially intact. Standard cryo-
stat- and paraffin-stained sections do not adequately
demonstrate the histologic features of demyelination and
remyelination in a given nerve specimen. However, plastic
embedded, 1-um, semithin sections can show demyeli-
nated axons and thinly myelinated fibers because of the
production of a new myelin sheath. Teased nerve fiber
studies are ideally suited to show the segmental character
of the lesions. Repeated episodes of demyelination and
remyelination lead to onion bulb formations, visible by
electron microscopy as concentrically laminated Schwann
cell processes.

Active axonal degeneration due to nerve ischemia,
compression, trauma, infection, and primary or sec-
ondary degeneration of motor axons is suggested by the
presence of myelin ovoids, myelin debris, and macro-
phage recruitment along the course of degenerated
fibers, best seen in longitudinally stained sections. The
signs of chronic axonopathy are a marked depletion of






