MAGNETOENCEPHALOGRAPHY AND MAGNETIC SOURCE IMAGING
Recording the magnetic field of the electrical activity of the brain
(magnetoencephalography [MEG]) provides a means of examining
cerebral activity that is less subject to distortion by other biologic
tissues than the EEG. MEG is used in only a few specialized centers
because of the complexity and expense of the necessary equipment.
It permits the source of activity to be localized and coregistered with
the MRI in a technique that is known as magnetic source imaging. In
patients with focal epilepsy, MEG is useful in localizing epileptogenic
foci for surgery and for guiding the placement of intracranial electrodes for electrophysiologic monitoring. MEG has also been used for
mapping brain tumors, identifying the central fissure preoperatively,
and localizing functionally eloquent cortical areas such as those concerned with language.

EVOKED POTENTIALS
SENSORY EVOKED POTENTIALS
The noninvasive recording of spinal or cerebral potentials elicited by
stimulation of specific afferent pathways allows the functional integrity
of these pathways to be monitored but does not indicate the pathologic
basis of lesions involving them. Such evoked potentials (EPs) are small
compared to the background EEG activity, and the responses to a
number of stimuli are therefore recorded and averaged with a computer to permit their recognition and definition. The background EEG
activity, which has no fixed temporal relationship to the stimulus, is
averaged out by this procedure.
Visual evoked potentials (VEPs) are elicited by monocular stimulation with a reversing checkerboard pattern and are recorded from the
occipital region in the midline and on either side of the scalp. The component of major clinical importance is the so-called P100 response, a
positive peak having a latency of approximately 100 ms. Its presence,
latency, and symmetry over the two sides of the scalp are noted.
Amplitude changes are less helpful for the recognition of pathology.
VEPs are most useful in detecting dysfunction of the visual pathways
anterior to the optic chiasm. In acute severe optic neuritis, the P100 is
frequently lost or grossly attenuated; as clinical recovery occurs, it is
restored but with an increased latency that generally remains abnormal indefinitely. The VEP findings are therefore helpful in indicating
previous or subclinical optic neuritis. They may also be abnormal with
ocular abnormalities and with other causes of optic nerve disease, such
as ischemia or compression by a tumor. Flash-elicited VEPs may be
normal in patients with cortical blindness.
Routine VEPs record a mass response over a relatively large cortical
area and thus may be insensitive to localized waveform abnormalities.
A newer technique, multifocal VEP, measures responses from 120
individual sectors within each affected eye and is more sensitive than
routine VEP.
Brainstem auditory evoked potentials (BAEPs) are elicited by monaural stimulation with repetitive clicks and are recorded between the
vertex of the scalp and the mastoid process or earlobe. A series of
potentials, designated by roman numerals, occurs in the first 10 ms
after the stimulus and represents in part the sequential activation of
different structures in the pathway between the auditory nerve (wave
I) and the inferior colliculus (wave V) in the midbrain. The presence, latency, and interpeak latency of the first five positive potentials
recorded at the vertex are evaluated. The findings are helpful in screening for acoustic neuromas, detecting brainstem pathology, and evaluating comatose patients. The BAEPs are often normal in coma due to
metabolic/toxic disorders or bihemispheric disease but are typically
abnormal in the presence of brainstem pathology.

Somatosensory evoked potentials (SSEPs) are recorded over the scalp
and spine in response to electrical stimulation of a peripheral (mixed
or cutaneous) nerve. The configuration, polarity, and latency of the
responses depend on the nerve that is stimulated and on the recording
arrangements. SSEPs are used to evaluate proximal (otherwise inaccessible) portions of the peripheral nervous system and the integrity
of the central somatosensory pathways, especially in patients who are
comatose or suspected to be brain dead.
Clinical Utility of EPs EP studies may detect and localize lesions in
afferent pathways in the central nervous system (CNS). They have
been used particularly to investigate patients with suspected multiple
sclerosis (MS), the diagnosis of which requires the recognition of
multifocal white-matter lesions. In patients with clinical evidence of
a single lesion, the electrophysiologic recognition of abnormalities
in other sites helps to support the diagnosis but does not establish it
unequivocally. Multimodality EP abnormalities are not specific for
MS; they may occur in AIDS, Lyme disease, systemic lupus erythematosus, neurosyphilis, spinocerebellar degenerations, familial spastic
paraplegia, and deficiency of vitamin E or B12, among other disorders.
The diagnostic utility of the EP findings therefore depends on the
circumstances in which they are found. Abnormalities may aid in
the localization of lesions to broad areas of the CNS, but attempts at
precise localization may be misleading because the generators of many
components are unknown.
The EP findings are sometimes of prognostic relevance. Bilateral
loss of cortically generated SSEP components implies that cognition
may not be regained in posttraumatic or postanoxic coma, and EP
studies may also be useful in evaluating patients with suspected brain
death. In patients who are comatose for uncertain reasons, preserved
BAEPs suggest either a metabolic-toxic etiology or bihemispheric
disease. In patients with spinal cord injuries, SSEPs have been used to
indicate the completeness of the lesion. The presence or early return
of a cortically generated response to stimulation of a nerve below the
injured segment of the cord indicates an incomplete lesion and thus
a better prognosis for functional recovery than otherwise. In surgery,
intraoperative EP monitoring of neural structures placed at risk by
the procedure may permit the early recognition of dysfunction and
thereby permit a neurologic complication to be averted or minimized.
Visual and auditory acuity may be determined using EP techniques
in patients whose age or mental state precludes traditional ophthalmologic or audiologic examinations.
COGNITIVE EVOKED POTENTIALS
Certain EP components depend on the mental attention of the subject
and the setting in which the stimulus occurs, rather than simply on the
physical characteristics of the stimulus. Such “event-related” potentials
(ERPs) or “endogenous” potentials are related in some manner to the
cognitive aspects of distinguishing an infrequently occurring target stimulus from other stimuli occurring more frequently. For clinical purposes,
attention has been directed particularly at the so-called P3 component
of the ERP, which is also designated the P300 component because of its
positive polarity and latency of approximately 300–400 ms after onset of
an auditory target stimulus. The P3 component is prolonged in latency
in many patients with dementia, whereas it is generally normal in
patients with depression or other disorders simulating dementia. ERPs
are, therefore, sometimes helpful in making this distinction when there
is clinical uncertainty, although a response of normal latency does not
exclude dementia.
MOTOR EVOKED POTENTIALS
The electrical potentials recorded from muscle or the spinal cord following stimulation of the motor cortex or central motor pathways
are referred to as motor evoked potentials. For clinical purposes, such
responses are recorded most often as the compound muscle action
potentials elicited by transcutaneous magnetic stimulation of the
motor cortex. A strong but brief magnetic field is produced by passing
a current through a coil, and this induces stimulating currents in the
subjacent neural tissue. The procedure is painless and apparently safe.
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clinical events that otherwise would be missed. The EEG is often
recorded continuously in critically ill patients to detect early changes
in neurologic status. Continuous EEG recording in this context has
been used to detect acute events such as from nonconvulsive seizures
or developing cerebral ischemia, to monitor cerebral function in
patients with metabolic disorders such as liver failure, and to manage
the level of anesthesia in pharmacologically induced coma.

