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Rapid communication within the body
occurs via the nervous system. Patients
with neurological disorders present the
anesthetist with varying situations in
which functional communication
between tissues is lost or impaired. Many
drugs and procedures inherent in the
anesthetic process temporarily impair
this communication system to an even
greater degree. Therefore, the purpose
of this article is to review briefly the
anatomy and physiology of the nervous
system, to identify specific areas of the
system which may be readily assessed, and
to define specific symptomatology
observed in certain pathological processes.

Objectives:
1. List and discuss at least four important
points in the assessment of cerebral function.
2. Develop and write a protocol for as-
sessment of the cranial nerves which can be
easily incorporated into the preanesthetic visit.
3. Define the primary causes of coma.
4. Discuss briefly the five types of epilepsy.
5. Define and discuss the most common
problems dealt with by the anesthetist in the
care of the individual with spinal cord injury.

The body functions because various systems work
together to meet the daily stimuli given by our
external and internal environment. Coordination
of these control patterns is supplied by the nervous
system and the endocrine system. This discussion
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concerns the nervous system and how evaluation
and assessment of its performance may influence
the success and outcome of anesthesia during sur-
gery.

The nervous system may be divided into the
central nervous system (CNS) and the peripheral
nervous system. The basic functional unit of these
systems is the neuron and its processes.

The central nervous system
The brain and spinal cord make up the

central nervous system (CNS), and they are com-
posed of neurons and supportive tissue called
neuroglia. They are surrounded by skeletal struc-
tures which limit expansion. Normally, a certain
percentage should consist of brain and spinal tissue
(neurons), cerebral spinal fluid and blood. There
is very little room for an increase in any of these
volumes before symptoms are presented.

It is the function of the CNS to receive stimuli
brought to it, then interpret, translate and conduct
the message to the area which is capable of initiat-
ing a response.

During general anesthesia we try, temporarily,
to interrupt this highly specialized area of interpre-
tation in the lemniscothalamic center. Since we
also try to induce "sleep", we affect the reticular
activating system as well.

The peripheral nervous system
Those neurons which send impulses to the

CNS as well as those which deliver the impulses
for effect make up the peripheral nervous system.
Cranial nerves conduct impulses to and from the
brain. Those conducting impulses to and from the
spinal cord are spinal nerves. Those nerves bring-
ing impulses to the CNS and giving us sensation
(the five senses) are called afferent sensory; if they
come from viscera and are usually without sen-
sation they are called afferent visceral.

Those nerves conducting an impulse to
skeletal or striated muscle are said to be efferent
motor (somatic) and cause depolarization at the
myoneural junction. Those nerves bringing im-
pulses to smooth muscle, the heart and glands are
efferent visceral. These efferent visceral nerves (re-
membering they may be either cranial or spinal
nerves) are again divided into sympathetic (for fight
and flight) and parasympathetic (for conserving
and restoring body energy). This is the autonomic
nervous system and it controls our physiology.

Transmission of impulses
Transmission of impulses is possible because

of the release of neurotransmitters such as acetyl-

choline. Acetylcholine is made inactive by acetyl-
cholinesterase, thus giving us the steps of depolari-
zation and repolarization respectively. All fibers
using acetylcholine are said to be cholinergic.

Because there are important differences be-
tween somatic and autonomic nerves, it is helpful
to discuss a few. Both classifications belong to the
peripheral nervous system; the somatic nerves go
to skeletal muscle only, but the autonomic nerves
go to every corner of the body except skeletal
muscle.

Somatic nerves have their cell bodies (nuclei)
in the CNS giving them one synaptic junction.
The autonomic nerves have a nucleus in the CNS
for one synaptic junction but their fibers lead
to autonomic ganglia which lie outside the CNS
for a second synaptic junction before going to the
viscera which they innervate. These two neurons
are called preganglionic and postganglionic nerves
respectively. Those belonging to the para-sympa-
thetic system are all cholinergic. The preganglionic
sympathetic nerves are also cholinergic. The post-
ganglionic are adrenergic (with a few exceptions)
because their neurotransmitter is either epine-
phrine or norepinephrine.

If the viscera contain receptor sites which re-
spond to norepinephrine, they are said to contain
alpha receptors, the arterioles being a good exam-
ple. The effect is usually excitatory. If receptor
sites respond to epinephrine they are said to have
beta receptors. These are usually inhibitory to
viscera as seen in bronchi. There is one very im-
portant exception, that is to say, in the heart. Beta
stimulation to the heart causes increased auto-
maticity, conduction, contraction, and heart rate.

Assessment of cerebral function
A verbal history containing pertinent medical,

social, and family background should be elicited
from the patient if possible. Observation at this
time of the patient's behavior, attitude, personal
appearance, ability to concentrate and to relate in-
formation can provide valuable information on the
cerebral function.

The frontal lobes are responsible for concep-
tualization, abstraction, and judgment formation.
Lesions in these lobes are often accompanied by
poor judgment and poor personal grooming.

The parietal lobes serve as integrative centers
for perception and interpretation of sensory stim-
uli. Patients with disorders in these areas often are
unable to understand receptive communication.

Memories are stored in the temporal lobes,
with our most recent memories being located in
the hippocampus of the limbic system. Disorders

February/1982



of this portion of the limbic system often abolish
recent memory and leave older memories intact.

In order to assess concentration, recall, and
attention span, there are several simple tests which
may be used. The most common method of assess-
ing concentration ability is to ask the individual
to repeat a series of numbers forward and back-
ward. A normal individual can remember and
repeat a sequence of seven numbers forward and
five backwards. Asking the patient to subtract serial
7's from 100 gives some information regarding the
intellect and ability to calculate.

Remote memory can generally be tested by
taking the patient's medical history, but recent
memory and the ability to retain new impressions
can be assessed by giving the patient a name and
address to remember and asking the individual to
recall this information in a few minutes. The abil-
ity to think in an abstract manner can be assessed
by allowing the patient to interpret literally a com-
mon proverb or fable.

The left cerebral hemisphere is dominant for
speech in right-handed people. Aphasia is the loss
of the ability to comprehend or express speech con-
cepts and may be defined as three specific types:
sensory, motor, and conduction.

Sensory aphasia results from lesions in Wer-
nicke's area of the brain and is often referred to as
receptive aphasia. This patient is unable to under-
stand the spoken word and may fail to obey com-
mands or requests. He may also use inappropriate
words in his responses since these words have lost
any meaning or significance for him.

Motor or expressive aphasia is the inability to
express thoughts in verbal form even though the
mechanisms of phonation and articulation are in-
tact. These individuals may be accurate in speech,
but are at a loss for simple words.

Conduction aphasia results from lesions of the
arcuate fasciculus. This fasciculus is the pathway
which connects the sensory areas of interpretation
and understanding (Wernicke's area) with the
motor areas (Broca's area) which control articula-
tion. Individuals with conduction aphasia may pro-
duce a copious flow of incorrect words or parts of
words, but they have difficulty in reading aloud or
naming simple objects.

Aphonia is paralysis of the muscles of articula-
tion. Even though unable to speak, these patients
understand written and spoken words and express
themselves well in written form.

Patients with anarthria express sounds, but
are unable to mold these sounds into words.
Dysarthria is slurred or indistinct speech due to
dysfunction of the motor pathways which control
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articulation. Dysarthria may be due to upper
motor neuron lesions (such as those in the extra-
pyramidal system) or lower motor lesions (such as
those at the myoneural junction).

Asking the patient to put on his robe or to
open a package of matches and strike one are sim-
ple tests of praxis, or the ability to perform pur-
poseful skilled movements. Agnosia is a clinical
term for defects in visual and tactile recognition
of objects in the environment or parts of the pa-
tient's own body. An individual's awareness of his
body and its relationship to external space are es-
sential to the establishment of body image. Loss of
body image may result in an inability to name
specific body parts or to distinguish the right hand
from the left.

The cranial nerves
Each of the twelve cranial nerves contain from

one to four specific types of fibers. (Table I.) As-
sessment of cranial nerve function is generally
based on eliciting an observable or interpretable
response from efferent motor or visceral fibers. The
most notable dysfunctions of each nerve are found
in Table II.

The olfactory nerve (Cranial I) may be as-
sessed by asking the patient to close his eyes and
occlude one nostril. Once this has been done, he is
asked to identify certain common odors, such as
cloves, coffee, or peppermint. A decrease or loss of
the ability to smell may be secondary to allergic
rhinitis, respiratory infections, or heavy cigarette
smoking. Occasionally, a decreased sense of smell
may result from meningitis, subarachnoid hemor-
rhage, or head injury. In rare instances, the loss of
smell serves as an early indication of meningiomas
of the sphenoidal ridge, gliomas of the frontal
lobe, and parasellar lesions. Olfactory hallucina-
tions may result from temporal lobe lesions.

Visual acuity (Optic II) can be assessed by the
use of the Snellen Chart (distance vision), the
Jaeger's Reading Card (near vision) and the Ishi-
hara Chart (color blindness).

Visual field evaluation gives information re-
garding the optic nerve and the pathways to the
occipital cortex. In order to check visual fields, the
patient and the examiner sit face to face. The pa-
tient gazes at the bridge of the examiner's nose and
closes one eye. The examiner then moves a finger
or pencil into the field of vision from all four
quadrants. This method certainly only detects
gross defects.

Visualized with an ophthalmoscope, the optic
disc is normally faintly pink with the temporal half
somewhat paler in color. Papilledema or swelling
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Table I
Cranial nerve structure and function

Aff.
sen.

Eff.
motor

Aff.
vis.

Eff.
vis. Nuclei Function

Olfactory * Nasal mucosa Smell

Optic * Retina-rods and Sight-Visual cortex in occipital lobe
cones

Oculomotor * Cerebral aquaduct Extrinsic muscles for movement of eye

* Mid-brain Int. Musc.-constriction of the pupil

* Unknown Proprioceptive

Trochlear * Cerebral aquaduct Ext. muscle-movement of the eye

* Unknown Proprioceptive

Trigeminal * Pons Chewing (tetany-lockjaw)

* Gassarian ganglion Sensory for face: pain, touch, etc. (tick)

* Unknown Proprioceptive-chewing and pressure

Abducens * Pons Extrinsic muscle-movement of eye

* Unknown Proprioceptive

Facial * Pons Facial expression

* Medulla Salivary and lacrimal glands

* Geniculate ganglion Taste

Acoustic * Int. ear Cochlear-hearing

* Int. ear Vestibular-proprioceptive-equilibrium

Glossopharyngeal * Medulla Swallowing

* Medulla Parotid gland

* Petrosal ganglion Taste buds and pharynx

Carotid sinus and Pressoceptive and chemoceptive
body

Vagus * Medulla Striated muscle of larynx and pharynx

Medulla-remember Thoracic and abdominal viscera
dorsal nuc.

* Jugular & nodose Sensory from ear all the way through
ganglion (dorsal) the viscera

Aortic sinus & Proprioceptive and chemoreceptive
body

Accessory * Medulla (cranial) Striated muscle of larynx & pharynx

* C-1 thru C-5 (spinal) Sternocleidomastoid &trapezius

Hypoglossal * 4th ventricle Muscles of the tongue

Name
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of the optic nerve head produces a disc with
blurred margins. Blood vessels may appear to be
heaped up in the center of the disc. There may
even be hemorrhages or exudates in the surround-
ing retina.

The disc in optic atrophy appears clearly de-
fined, flat and dead white in color. Primary optic
atrophy may result from retrobulbar neuritis in
association with multiple sclerosis, diabetes, and
anemia. Other causes include hereditary optic
atrophy and central nervous system syphilis. Pres-
sure on optic nerves may be due to pituitary
tumors, craniopharyngiomas, orbital tumors, glio-
mas of the optic nerve, meningiomas, or Paget's
disease.

The oculomotor (III), trochlear (IV), and ab-
ducens (VI) nerves are examined together because
they work together to control eye movement. The
oculomotor nerve raises the upper eyelid and in-
nervates the muscles of pupillary constriction. The
patient is asked to follow a moving finger with his
eyes to ascertain unified function. Weakness of the
eye muscles and ptosis of the lid are prominent
symptoms of myasthenia gravis. Horner's syndrome
is manifest by ptosis of the lid, constriction of the
pupil, and the absence of sweating on the same
side of the face. Homer's syndrome is an important
localizing sign in vascular lesions of the brain stem,
cervical spinal cord lesions, and trauma. This syn-
drome can also be a temporary side effect of cere-
bral angiography.

Complete paralysis of the third cranial nerve
produces ptosis, pupillary dilation, rotation of the
eye outward and slightly downward, and an in-
ability to move the eye upward, inward, or down-
ward. This complete paralysis may be due to
aneurysms of the internal carotid system, tumors
in the region of the sella, or from herniation of
tissues due to expanding lesions of the cerebral
hemispheres.

When observed, nystagmus may be due to
such varied causes as multiple sclerosis, cerebellar
lesions, or cortical tumors. Barbiturates and tran-
quilizers may produce this response as well.

The trigeminal nerve (V) carries both sensory
and motor fibers. The motor fiber is checked by
asking the patient to clench his teeth and move the
jaw from side to side. Sensory fibers are tested by
asking the patient to respond to the touch of cotton
on parts of the face. This same test is used to assess
the corneal reflex. (Touching the cornea with cot-
ton causes the patient to blink.) Loss of facial feel-
ing and corneal reflex are early signs of posterior
fossa tumor. Trigeminal neuralgia or tic dou-
loureux is the most common and painful tri-
geminal nerve dysfunction. Myasthenia gravis and
amyotrophic lateral sclerosis also cause weakness
of the muscles of mastication.

The facial nerve (VII) carries sensory fibers
for taste and motor fibers for facial expression. The
sensory fibers are tested by asking the patient to
identify small amounts of food by taste. Taste buds

Table II
Dysfunction of the cranial nerves

Cranial nerve With malfunction we will notice:

Olfactory

Optic

Oculomotor

Trochlear

Trigeminal

Abducens

Facial

Acoustic

Glossopharyngeal

Vagus

Accessory

Hypoglossal

Loss of sense of smell.

Visual defects.

Eye turned outward; inability to move eyeball up, down, inward; ptosis of lid,
dilatation of pupil, loss of pupillary reaction to light.

Abnormal position of eyeball.

Loss of sensation to scalp; paralysis of muscles of mastication.

Internal strabismus.

Paralysis of muscles of facial expression, Bell's palsy; inability to whistle, wrinkle
forehead; interference with secretions: loss of sense of taste.

Deafness.

Loss of gag reflex, carotid reflex and sense of taste.

If bilateral, death. If unilateral, paralysis of pharynx, larynx, hoarseness.

Head deviates to side of injury.

Difficulty in speaking, chewing and swallowing.
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tested on the anterior two thirds of the tongue are
innervated by the facial nerve while those found
on the posterior one-third of the tongue receive
their innervation from the glossopharyngeal nerve.

Motor fibers are tested by observing the pa-
tient as he talks and by asking him to do various
facial movements. Since the nucleus of the facial
nerve lies in the lateral portion of the pons, tumors
in this area will disrupt facial nerve function. This
nerve is also subject to damage from basal skull
and temporal fractures, as well as from diseases of
the ear, and surgical procedures. Myasthenia gravis
and Guillain-Barre syndrome can also cause weak-
ness. The most prevalent type of paralysis involv-
ing the seventh cranial nerve is Bell's palsy. Sag-
ging of the lower eyelid unilaterally indicates
weakness of the orbicularis oculi muscle which is
innervated by the facial nerve.

The two fibers found within the acoustic
nerve (VIII) enable us to hear and to maintain our
balance when erect.

A simple test of hearing capability is to record
the distance at which an individual can hear a
whisper or a ticking watch when the opposite ear
is occluded. Deafness may be due to middle ear
conduction difficulty or lesions of the auditory
nerve. Hearing is most often assessed by the use of
a 256- or 512-frequency tuning fork to perform the
Rinne and Weber tests. Normally, air conduction
of sound is superior to bone conduction. In acous-
tic nerve deafness this remains true, although in a
diminished fashion; but in deafness due to middle
ear conduction difficulties, bone conduction of
sound is far better.

Dysfunction of the vestibular division (equi-
librium) is manifest in vertigo, nausea, vomiting,
and ataxia. The acoustic nerve is subject to damage
from basal and temporal fractures, as well as from
vascular occlusions and tumors of the brainstem.

It is not possible to evaluate the total function
of the multifaceted glossopharyngeal and vagus
nerves (IX and X). Therefore, functions of the
larynx and pharynx are generally the parameters
most often monitored. The patient's soft palate
should rise evenly when he is gagged, and drinking
water is a simple test for the ability to swallow
and close the glottis. The function of these nerves
can be affected by trauma or tumor, as well as by
surgery (such as thyroidectomy). Amyotrophic lat-
eral sclerosis and myasthenia gravis frequently
cause weakness in the muscles innervated by the
IX and X cranial nerves.

The spinal accessory nerve (XI) sends motor
fibers to the muscles that flex the neck and allow
rotation. The strength of contraction of the sterno-

cleidomastoid muscles is assessed by asking the pa-
tient to tilt his head toward one shoulder and to
resist the examiner's attempt to move his head in
the opposite direction. The trapezius muscle allows
us to shrug our shoulders and its strength can be
checked by asking the patient to shrug and try to
hold this position while the examiner pushes down
on his shoulders. The most common cause of XI
cranial nerve dysfunction is lesions in the jugular
foramen or in the neck. Other causes of dysfunc-
tion include extrapyramidal lesions, brain stem
tumors, basal skull fractures, meningitis, or cervical
adenitis.

The hypoglossal nerve (XII) innervates the
musculature of the tongue. Impairment of speech
and swallowing may result from dysfunction of this
nerve. Injuries to the neck may cause a unilateral
weakness of the tongue with atrophy. Tumors at
the base of the posterior fossa near the foramen
magnum can cause ipsilateral paralysis of the
tongue.

Coma: The ultimate symptom
Our conscious awareness is centered in two

areas, the cerebral hemispheres and the reticular
activating system. Disruption of impulses through
either of them will result in a state of depressed
responsiveness.

First, let us define some important terms:
1. Somnolence: The patient will awaken with

verbal stimulation.
2. Lethargy: The patient does not respond to

verbal stimuli.
3. Stupor: Unresponsiveness; the patient is

only arousable by vigorous and repeated painful
stimuli.

4. Semi-comatose: Spontaneous movement is
present, but the patient will not respond verbally.

5. Coma: Unarousable unresponsiveness. In
light coma, primitive reflex responses to strong
pain are present, but these disappear as the patient
progresses to a deep coma.

There are two main groups of intracranial
causes of coma:

1. Cerebral lesions. To cause coma, the lesion
must involve both hemispheres (for example, prob-
able causes could be tumors, subdural hematoma,
epidural hematoma, or intracerebral hemorrhage).
Coma is produced by increased intracranial pres-
sure and the transmission of that pressure to the
brain stem.

2. Brain stem lesions. To cause coma, the
reticular activating system must be involved (here,
probable causes would include contusions of the
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brain stem, hemorrhage, infarct, tumors, or pres-
sure from supratentorial pathology).

There are also metabolic causes of coma.
These can include events such as hypoxemia, di-
abetic ketoacidosis, hypoglycemia, hepatic failure,
uremia, sedative/tranquilizer/narcotic overdose,
severe systemic infection, adrenal failure, electrolyte
imbalance, hypothyroidism, and hyperthyroid cri-
sis. Other causes include eclampsia, vitamin D
deficiency, massive hemorrhage with severe hypo-
tension, hypertensive encephalopathy, myocardial
infarction, alcohol, carbon monoxide, metal poi-
soning, trance states, psychotic supor, and malig-
nancy. (See Table III.)

When a patient presents in coma, a differen-
tial diagnosis must be made in order to determine
whether the pathology present is due to metabolic
or neurologic causes. Above all, circulation and
respiration must be well supported during this
diagnostic phase.

The major points of objective evaluation of
the comatose patient may be found in Table IV.
Cranial nerve evaluation is very difficult when
consciousness is impaired to any degree and often
must be limited to assessment of those nerves
which are essentially concerned with motor func-
tions.

A great deal can be learned from the posture
of the patient. Decorticate posture, in which the
upper limbs are held in flexion and the lower
limbs in extension, is usually indicative of acute
bilateral hemisphere disease. The tendency of the
patient to hold the upper arms in extension with
internal rotation and the lower extremities in ex-
tension with an equinus deformity of the foot is

referred to as decerebrate posture. This usually
indicates bilateral midbrain or pontine lesions.

Observation of respiratory patterns is also
valuable in the diagnostic process. The types of
respiratory patterns of importance are:

Eupnea: Normal; frequency of 12-16/min;
perfectly rhythmic without pauses.

Bradypnea: Slow, but regular respiration.
Tachypnea: Increased rate of breathing.
Hyperpnea: Both an increase in rate and

depth of respiration.
Cheyne-Stokes: Periodic breathing in which

hyperpnea alternates with apnea. The hyperpneic
phase usually lasts longer than the apneic phase.
This type of respiration may be seen in normal
sleeping children or normal sleeping adults, or may
pathologically indicate either neurogenic or meta-
bolic abnormalities. The neurogenic abnormalities
may include bilateral lesions deep in the cerebral
hemispheres and basal ganglia, such as bilateral
cerebral infarction or hypertensive encephalopathy.
Temporary metabolic impairment of brain pro-
cesses may be due to such causative factors as
uremia and barbiturate or sedative overdose.

Table IV
Objective evaluation of acute neurological
dysfunction

Age, appearance, behavior
Presence of trauma or blood loss
Posture
Activity, tonus, abnormal movements
Presence, frequency, and distribution of seizures

Facial expression and communication

Table III
Common causes of stupor and coma

Supratentorial lesions
(cause upper brain stem
dysfunction)

Cerebral hemorrhage
Massive cerebral infarct
Extradural hematoma
Subdural hematoma
Cerebral tumor
Cerebral abscess

Infratentorial lesions
(compressing the reticular
formation)

Pontine hemorrhage
Cerebellar hemorrhage
Brain stem infarct
Posterior fossa tumor
Cerebellar abscess

Metabolic and miscellaneous
processes

Anoxia
Hypoglycemia
Deficiency disorders
Renal and hepatic failure
Electrolyte disorders
Poisons, intoxication
Meningitis
Encephalitis
Head injury, contusion
Post-epileptic states
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Cluster breathing: A regular rate of 30-40 with
deep inspirations and an inspiratory hold. This is
indicative of ponto-medullary dysfunction and is
judged to be a grave sign.

Central neurogenic hyperventilation: A sus-
tained, regular, rapid, and fairly deep hyperpnea
at a rate of 50-60/min. This is usually seen with
low mid-brain damage and is often secondary to
transtentorial herniation associated with cerebral
hemorrhage.

Apneusis: Prolonged inspiratory cramp; a
pause at full inspiration. This often alternates with
expiratory pauses as well. Apneustic breathing is
usually indicative of damage to the respiratory
center at the pontine level. The most common
cause is pontine infarction due to basilar artery
occlusion. On rare occasions this pattern is seen
with cerebral anoxia, severe hypoglycemia, or se-
vere meningitis.

Ataxia: A completely irregular pattern in
which both deep and shallow breaths occur rap-
idly. Irregular pauses appear haphazardly and
rhythm cannot be predicted. The overall rate tends
to be slow and may decelerate to apnea. This type
of respiratory pattern is usually indicative of dam-
age to the reticular formation of the dorsal medial
part of the medulla. Biot described this pattern in
association with meningitis, therefore it is often
called Biot's respiration.

Pupillary size is controlled by sphincter mus-
cles and a layer of dilator fibers lying on the an-
terior surface of the iris. The presence or absence
of the pupillary light reflex is the single most im-
portant physical sign used to distinguish structural
from metabolic coma with the following excep-
tions: (1) Narcotics, which constrict the pupils so
the light reflex may not be seen; (2) Doriden®
(glutethimide), which fixes the pupils at mid-dila-

tion; and (3) severe barbiturate intoxication, which
fixes the pupils at dilation.

The pupillary light reflex is maintained until
the terminal stages of metabolic coma, while de-
structive lesions of the mid-brain abolish this reflex
early on.

The length of time the eyelids remain open
after arousal of the patient may indicate the depth
of stupor. As long as the eyelids close, the lower
pons is felt to be functioning. Elicitation of the
doll's eyelid sign (the eyelids open when the neck
is flexed) is most commonly seen in subarachnoid
hemorrhage with moderate to light coma. (See
Table V.)

In 1974, Teasdale and Jennett described the
Glasgow Coma Scale as a tool for more accurate
and consistent measurement of neurological status.
They felt that international implementation of the
scale as a baseline would allow more accurate com-
parison of effective surgical and medical treatment
of acute neurological problems. (Figure I.) The
scale is applied and calculated at established inter-
vals during the acute phase of neurological dam-
age.

Epilepsy
Epilepsy is the second most common neuro-

logical problem found in adults. Price defines it
as: "Excessive, uncontrolled, synchronous, parox-
ysmal, local discharges of a group of cerebral neu-
rons, usually in the cortex."

There are at least fifty conditions that cause
seizures. These conditions include such things as
cerebral vascular disease, hypoxia, cerebral atro-
phy, meningitis, diabetic acidosis, acute alcoholism,
and trauma. If the cause of seizures is unknown,
the process is referred to as idiopathic epilepsy.

Lesions in the midbrain, thalamus, and cere-
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Table V
Significance of pupillary signs

Papilledema indicates increased intracranial pressure

Bilaterally widely dilated-most commonly due to anoxia

Unilaterally fixed and dilated-may be due to third cranial nerve lesion, increased intracranial pressure,
brain tumor, abscess, subdural hematoma, or cerebral hemorrhage

Medium sized, nonreactive to light-due to midbrain lesions

Small, fixed-may be due to pontine tegmentum lesion

Unequal in size and response-may be present in stupor due to trauma, alcohol, diabetes, uremia, or
carbon monixide poisoning

Pinpoint and nonreactive-may be due to pontine or basilar artery hemorrhage, opiate or
belladonna toxicity.



bral cortex are likely to be epileptogenic; whereas
lesions in the cerebellum and brainstem do not
generally elicit seizure activity.

Let us define the types of seizures most often
seen:

1. Petit mal: These short lapses of conscious-
ness, rarely last over a few seconds. These occur
almost exclusively in children and generally dis-
appear at puberty or are replaced by generalized
seizures.

2. Grand mal: The most frequent and classic
form. These seizures are characterized by an aura
followed by a loss of consciousness and tonic-clonic
spasms. In the tonic phase, the muscles contract
and the body position is distorted. In the clonic
phase, opposing muscle groups contract and relax,
giving a jerking motion. The contractions grad-
ually decrease in number, but not in strength.
Generally upon arousal, the patient appears con-
fused and dull, and has no memory of the seizure.

3. Jacksonian: These motor seizures, char-
acterized by a focal onset, are thought to be due
to a lesion in the contralateral motor cortex. After
the focal onset, there is a spreading of seizure ac-
tivity progressively over one side of the body.

4. Psychomotor: This condition is often called
temporal lobe epilepsy and is characterized by

transient mental disturbances and automatic move-
ments that generally last over a minute. The pa-
tient is usually conscious, but will not recall what
has happened. In the postictal stage, amnesia may
be present.

5. Status epilepticus: This is a state in which
a succession (two or more) of generalized seizures
with no recovery of consciousness occurs. Exhaus-
tion and acidosis may be fatal if the condition is
not relieved by the use of intravenous anticon-
vulsant medications such as diazepam or barbitu-
rates. Cardiopulmonary support is also essential.

Spinal cord injury

Most spinal cord injuries are the result of
trauma endured in sports or accidents of various
kinds. The most common mechanism of cord in-
jury is flexion-extension and rotation.

When complete or partial transection (inter-
ruption of conduction) of the cord occurs several
things are evident:

1. Voluntary activity in the body parts inner-
vated by the spinal segment is decreased or per-
manently lost.

2. All sensation, which is dependent on the
integrity of ascending spinal pathways is lost.

3. Spinal shock may ensue.
Spinal shock or immediate spinal areflexia is

a temporary condition of decreased excitability of
neurons above the level of transection. The prob-
lem may extend over a series of months.

The initial effects of an acute transverse lesion
include urinary retention with overflow and fecal
retention. As spinal shock decreases, reflex empty-
ing of the bladder and rectum return gradually.
This emptying process occurs solely in response to
increases in pressure and is totally independent of
the conscious will of the patient. Emptying now
occurs due to increased abdominal pressure, strain-
ing, and stimulation of the lower limbs. As this
reflex activity returns, profuse sweating is noted
to occur when areas below the level of the lesion
are stimulated.

The paraplegic syndrome can be subdivided
into the following phases:

1. Acute: Less than three weeks.
2. Intermediate: Three days to three months.
3. Chronic: Greater than three months.
Remember that patients in the intermediate

group may have elevated potassium levels and an
abnormal response to succinylcholine. It is also
well to be aware that patients with transections
above T 7 (the splanchnic outflow) have a tendency
toward extensive vascular instability.
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Figure 1
Glasgow Coma Scale

Eyes open
Spontaneous
To sound
To pain
Never

Best verbal response
Oriented
Confused conversation
Inappropriate words
Incomprehensible sounds
None

Best motor response
Obeys commands
Localizes pain
Flexion - withdraw

abnormal
Extension
None

6
5
4
3
2
1

Total 3 -15

Source: Teasdale G., Jennett B. Assessment of coma and im-
paired consciousness: A practical scale. Lancet, 2:81-84,
1974. (Reprinted with permission.)



According to Katz and Kadis, six major prob-
lems may be encountered:

1. Autonomic hyperreflexia: This occurs when
the lesion is above TT. Hypovolemia may make
this more of a problem. Heart block may be re-
flexly induced due to baroreceptor response to
vasoconstriction above the injury. Often autonomic
reactions are initiated following bladder or bowel
distention. A mass reflex can be controlled by
deepening anesthesia and removal of the stimulus.

2. Temperature regulation: The patient may
be poikilothermic below the level of the injury;
therefore, temperature must be monitored and con-
trolled.

3. Respiratory dysfunction due to respiratory
muscle impairment: A decreased vital capacity and
expiratory reserve volume predispose this patient
to postoperative pulmonary problems such as pneu-
monia.

4. Renal dysfunction: This is a progressive
problem, with the result that 60% of these patients
have impaired renal function after ten years.

ADDITIONAL READING
(1) Aronson, AE, Bastron, JA, et. al. 1971. Clinical Examina-
tions in Neurology. W. B. Saunders Co., Philadelphia. 3rd ed.
pp. 1-241.
(2) Collins, VJ. 1976. Principles of Anesthesiology. Philadel-
phia: Lea & Febiger, 2nd ed.
(3) DeJong, RN. 1979. The Neurologic Examination. Hagers-
town, Maryland: Harper & Row Publishers, 4th ed.
(4) Goodman, LS and Gilman, A. 1980. The Pharmaco-
logical Basis of Therapeutics. New York: The Macmillan Com-
pany, 6th ed.
(5) Guyton, AC. 1981. Textbook of Medical Physiology. Phila-
delphia: W. B. Saunders, 6th ed.
(6) Guyton, AC. 1972. Structure and Function of the Nervous
System. Philadelphia: W. B. Saunders.
(7) Katz, J, Bemuhof, J, and Kadis, L. 1981. Anesthesia and

5. Decubitus ulcer formation is due to poor
cutaneous circulation. Careful moving and posi-
tioning are essential.

6. Elevated serum potassium: This is most
often found in the intermediate stage. These pa-
tients respond to depolarizing muscle relaxants
with further increases in potassium and possible
cardiac arrhythmias.

Summary
The nervous system is primarily concerned

with the control of the internal environment and
our response to external stimuli. Alterations in the
normal functions of this system lead to widespread
systemic pathology. Because patients with neuro-
logical disorders are frequently candidates for sur-
gery, it is imperative that this most complex sys-
tem be fully assessed and understood in order to
plan and provide optimal anesthesia care for these
high risk individuals.
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Test Yourself

1. Discuss the important points in the assessment of cerebral function.

2. Define and discuss the importance of Homer's syndrome.

3. Which cranial nerves have nuclei for efferent visceral responses?

4. Discuss the importance of abnormal posture in a comatose patient.

5. What factors must the anesthetist consider in planning anesthesia care
for the patient with spinal cord dysfunction?

(Answers appear on page 100)
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Test Yourself Answers

(Questions appeared on page 99)

1. It is essential that simple tests be done which will
allow for the assessment of the patient's behavior,
attitude, memory, ability to concentrate, and capa-
bility to relate information.

2. Homer's syndrome is manifest by ptosis of the lid,
constriction of the pupil, and absence of sweating on
the same side of the face. This may be a localizing
sign in vascular lesions of the brain stem, cervical
spinal cord lesions, and trauma. It may also occur
transiently following cerebral angiography.

3. Efferent visceral fibers are found in the III (oculo-
motor), VII (facial), IX (glossopharyngeal) and X
(vagus) nerves.
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4. Primarily two postures are of interest. Decorticate
posture is generally indicative of acute bilaterial hem-
isphere disease. Decerebrate posture indicates bi-
laterial midbrain or pontine lesions.

5. Modification of the anesthesia care plan will center
around the following problems: autonomic hyper-
reflexia if the lesion is above T7, inadequate ability
of the patient to regulate body temperature, de-
creased respiratory function due to lessened muscle
function, renal dysfunction, poor cutaneous circula-
tion, and the possibility of elevated serum potassium
levels.
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