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Chronic
Upper and lower motor neuron
Predominantly upper motor neuron
Predominantly lower motor neuron

Neurologic Disorders

Entity
Amyotrophic lateral sclerosis
Primary lateral sclerosis
Multifocal motor neuropathy with
conduction block
Motor neuropathy with paraproteinemia or cancer
Motor predominant peripheral
neuropathies

Other
Associated with other
neurodegenerative disorders
Secondary motor neuron disorders
(see Table 452-1)
Acute
Poliomyelitis
Herpes zoster
Coxsackie virus
West Nile virus

ALS, the affected neurons demonstrate ubiquitin-positive aggregates,
typically associated with the protein TDP43 (see below). Also seen is
proliferation of astroglia and microglia, the inevitable accompaniment
of all degenerative processes in the central nervous system (CNS).
The death of the peripheral motor neurons in the brainstem and
spinal cord leads to denervation and consequent atrophy of the
corresponding muscle fibers. Histochemical and electrophysiologic
evidence indicates that in the early phases of the illness denervated
muscle can be reinnervated by sprouting of nearby distal motor nerve
terminals, although reinnervation in this disease is considerably less
extensive than in most other disorders affecting motor neurons (e.g.,
poliomyelitis, peripheral neuropathy). As denervation progresses,
muscle atrophy is readily recognized in muscle biopsies and on clinical examination. This is the basis for the term amyotrophy. The loss of
cortical motor neurons results in thinning of the corticospinal tracts
that travel via the internal capsule (Fig. 452-1) and brainstem to the
lateral and anterior white matter columns of the spinal cord. The loss
of fibers in the lateral columns and resulting fibrillary gliosis impart
a particular firmness (lateral sclerosis). A remarkable feature of the
disease is the selectivity of neuronal cell death. By light microscopy,
the entire sensory apparatus, the regulatory mechanisms for the control and coordination of movement, remains intact. Except in cases of
frontotemporal dementia, the components of the brain required for
cognitive processing are also preserved. However, immunostaining
indicates that neurons bearing ubiquitin, a marker for degeneration,
are also detected in nonmotor systems. Moreover, studies of glucose
metabolism in the illness also indicate that there is neuronal dysfunction outside of the motor system. Within the motor system, there is
some selectivity of involvement. Thus, motor neurons required for
ocular motility remain unaffected, as do the parasympathetic neurons
in the sacral spinal cord (the nucleus of Onufrowicz, or Onuf ) that
innervate the sphincters of the bowel and bladder.
CLINICAL MANIFESTATIONS
The manifestations of ALS are somewhat variable depending on
whether corticospinal neurons or lower motor neurons in the brainstem and spinal cord are more prominently involved. With lower
motor neuron dysfunction and early denervation, typically the first
evidence of the disease is insidiously developing asymmetric weakness,
usually first evident distally in one of the limbs. A detailed history often
discloses recent development of cramping with volitional movements,
typically in the early hours of the morning (e.g., while stretching in
bed). Weakness caused by denervation is associated with progressive
wasting and atrophy of muscles and, particularly early in the illness,
spontaneous twitching of motor units, or fasciculations. In the hands, a
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Figure 452-1 Amyotrophic lateral sclerosis. Axial T2-weighted
magnetic resonance imaging (MRI) scan through the lateral ventricles
of the brain reveals abnormal high signal intensity within the corticospinal tracts (arrows). This MRI feature represents an increase in water
content in myelin tracts undergoing Wallerian degeneration secondary to cortical motor neuronal loss. This finding is commonly present
in ALS, but can also be seen in AIDS-related encephalopathy, infarction, or other disease processes that produce corticospinal neuronal
loss in a symmetric fashion.

preponderance of extensor over flexor weakness is common. When the
initial denervation involves bulbar rather than limb muscles, the problem at onset is difficulty with chewing, swallowing, and movements of
the face and tongue. Early involvement of the muscles of respiration
may lead to death before the disease is far advanced elsewhere. With
prominent corticospinal involvement, there is hyperactivity of the
muscle-stretch reflexes (tendon jerks) and, often, spastic resistance
to passive movements of the affected limbs. Patients with significant
reflex hyperactivity complain of muscle stiffness often out of proportion to weakness. Degeneration of the corticobulbar projections
innervating the brainstem results in dysarthria and exaggeration of the
motor expressions of emotion. The latter leads to involuntary excess in
weeping or laughing (pseudobulbar affect).
Virtually any muscle group may be the first to show signs of disease, but, as time passes, more and more muscles become involved
until ultimately the disorder takes on a symmetric distribution in all
regions. It is characteristic of ALS that, regardless of whether the initial
disease involves upper or lower motor neurons, both will eventually
be implicated. Even in the late stages of the illness, sensory, bowel and
bladder, and cognitive functions are preserved. Even when there is
severe brainstem disease, ocular motility is spared until the very late
stages of the illness. As noted, in some cases (particularly those that
are familial), ALS develops concurrently with frontotemporal dementia, characterized by early behavioral abnormalities with prominent
behavioral features indicative of frontal lobe dysfunction.
A committee of the World Federation of Neurology has established
diagnostic guidelines for ALS. Essential for the diagnosis is simultaneous upper and lower motor neuron involvement with progressive
weakness and the exclusion of all alternative diagnoses. The disorder
is ranked as “definite” ALS when three or four of the following are
involved: bulbar, cervical, thoracic, and lumbosacral motor neurons.
When two sites are involved, the diagnosis is “probable,” and when
only one site is implicated, the diagnosis is “possible.” An exception is
made for those who have progressive upper and lower motor neuron
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