Module 24 Central and Peripheral Nervous System

Notes Compiled By: Hope E. Peters 

Any Questions? Contact me at 421-0061 or peters.182@osu.edu

These are meant to be a guideline to the specific objectives and are not a substitute for learning the material as a whole.  

APPROACH TO NEUROLOGICAL PROBLEMS (mod 4-5)

I.  Clinical Relevance

A.  Five things are needed to appraise a person suspected of having neurological involvement.

1.  A blueprint for deciding if a neurological difficulty is present, where it is located, and what implication these have in regards to mechanism and cause of involvement.

2.  A precise and directed neurological history.

3.  An ability to elicit and evaluate neurological signs, gained through experience.

4.  Astuteness in applying fundamentals of abnormal nervous system structure and function.

5.  An ability to employ laboratory diagnostic techniques to confirm your judgment or guide your investigation.

II.  Objectives

A.  Acquire a methodical pathway to guide you in the analysis of neurological problems, addressing this sequence of questions.

1.  Is neurological disease suggested by the symptoms you have extracted?
a.  Analysis begins with the neurological history which is highly diagnostic.  Symptoms of neurological disease are often either specific for or suggest the presence of neurologic involvement.

2.  On the basis of your history and physical findings, can you determine whether the process involves the CNS or PNS or muscle ?  Do your findings indicate a focal “bull’s-eye” or bilateral symmetry of involvement? (fig mod 5)

a.  The second step in problem solving is to convert abnormal symptoms obtained by history and physical examination into an anatomic localization in the nervous system.

b.  Localization suggests the mechanism of involvement and focuses the direction of investigation.

1.  Focal features follow mechanical injury, invasion by tumor or infection, impaired blood supply or hemorrhage.

a.  CNS focal involvement suggests involvement of the cerebrum, brainstem, cerebellum, spinal cord or spinal fluid pathways.

b.  PNS focal involvement might include cranial nerves, spinal nerve roots, plexi, whole nerves, the neuromuscular junction, muscle or autonomic nerves.

2.  Bilateral symmetrical features are associated with deficiency, toxic, or metabolic states, immunological reaction, genetic conditions, or changes in specific populations of cells.

a.  CNS features are diffuse or bilaterally matched involvement of CNS structures, pathways, or specific cell populations.

b.  PNS features are widespread and bilaterally matched involvement of one or more components of nerve or muscle, motor or sensory neurons, axons, myelin sheaths, neuromuscular junctions, muscle fibers.

3.  What is the mechanism of involvement or pathophysiology i.e. How should whether involvement, focal or bilateral and symmetrical, steer your investigative directions?

a.  As discussed in II2b above, localization often suggests the mechanism of involvement and focuses the direction of investigation.

4.  What is its cause or etiology?

B.  Familiarize yourself with (but do not memorize) the listed common alerting symptoms of neurological disease (it will be a reference list in your clinical years) (table mod 4)

ALERTING SYMPTOMS OF NEUROLOGIC DISEASE
+ DENOTES POSITIVE SYMPTOMS

BOLDTYPE DENOTES HIGHLY SPECIFIC SYMPTOMS

headache
hearing loss, dizziness

impaired memory
vertigo, ringing in the ears +

altered language or speech
difficulty swallowing

impaired sleep
numbness

confusion, impaired attention or awareness
tingling, burning, itching, pain +

impaired consciousness
weakness, fatigue, incoordination

hallucination of smell or taste +
muscle cramps, muscle twitching +

loss of smell or taste
tremor or other involuntary movements +

decreased vision
inability to inhibit urination +

light sensitivity +
inability to initiate urination 

scintillations in vision +
loss of feeling of bladder fullness or desire to void

double vision, cleared by closing one eye
loss of bowel control

droopy eye lid
impotence, impaired sweating

1.  Distinguish the characteristics that make symptoms “positive” or “negative”.

a.  negative symptoms 

1.  arise when normal activity is impaired, inhibited, or lost

2.  e.g. loss of function in small diameter sensory nerve fibers produces “numbness”

b.  positive symptoms

1.  injury releases a region from inhibition e.g. urinary urgency

2.  injury forces uninjured related structures to reorganize and function in abnormal ways

3.  excitability is increased in injured nerve cells or fibers, e.g. “pins and needles”

2.  Discern what makes some symptoms more specific than others.

a.  The highly specific symptoms are in boldtype in the above table taken from page 4 of the module.  These symptoms tend to be less diffuse than some of the others listed and point to specific etiology.  

b.  For example,  the symptom of a droopy eyelid suggests involvement of cranial nerve III, oculomotor nerve.

PRINCIPLES OF NERVE INJURY (mod 8-14)

I.  Clinical Relevance

A.  A basic conceptual theme that will recur throughout this module is that nerves may respond to:

1.  Partial injury having their excitability increased, even to the point of spontaneous discharge.

a.  Examples are phenomena like epileptic seizures, tingling when your hand falls asleep, muscle cramps and migraine headache.

2.  Complete injury by loss of function

a.  Examples of loss of function are weakness, numbness, and loss of vision.

3.  These basic principles are more easily examined in nerves before they enter the central nervous system and we shall begin by examining normal nerve structure and function, and how these are altered by disease.

II.  Objectives

A.  Review of anatomic relationships of the following components of nerve fibers (fig mod 8 top)

1.  Cell body (neuron): contains the nucleus; along with its axon denotes a nerve fiber.

2.  Axon: may be up to 1m long and conducts impulses to muscles, glands, or other neurons

3.  Myelin: sheath around the axon in myelinated nerve fibers; aids in propagation of action potentials

a.  myelinated nerve fiber: the axon is surrounded by consecutive tubular myelin sheaths from a point near the neuron to 1 to 2 um short of its termination

b.  are categorized by their functional role into sensory nerve fibers and motor nerve fibers


4. 
 Nodes of Ranvier: short myelin free areas of axon densely packed with sodium channels

B.  Review the physiological relationship of:

1.  neurons and the manufacture of essential substances needed for maintenance of nerve fiber and muscle health

a.  Individual sensory and motor nerve cell bodies house the metabolic machinery for the manufacture of substances needed for maintaining the health of their axons, nerve terminals and muscle fibers.

2.  axons and the propagation of action potentials in particular, the relationship of sodium channels at nodes to the initiation of an action potential (fig mod 8 bottom)

a.  In peripheral sensory nerve fibers, impulses generated at sensory receptors are conducted along axons to sensory neurons and their extensions into the CNS.

b.  In peripheral motor nerve fibers, impulses generated at motor neurons are conducted along axons to nerve terminals.

c.  Lengths of axons covered by myelin jackets are separated by short myelin free nodes of Ranvier which are packed with sodium channels whose opening initiates an electrical action potential.  

d.  Only the nodes need to be depolarized for an impulse to be propagated, myelin investment increases the speed of conduction as much as 20-25 times that of an unmyelinated fiber.

3.  axons and axoplasmic transport
a.  Axons support a bi-directional transport system for the delivery of these materials from the cell body to axon terminals and other points and for the return of substances to the cell body. 

C.  Tabulate the symptoms and physical findings that alert one to the presence of complete injury (causing decreased excitability) or partial injury (causing heightened excitability).  Do this for large and small diameter sensory nerve fibers and motor nerve fibers. (figs mod 9).
1.  Normal nerve: a single impulse traveling down a myelinated nerve fiber generates a new single traveling impulse at each successive node.

2.  Partial injury: if the traveling impulse encounters a zone which is hyperexcitable because of local partial injury, a rapid repetitive train of impulses may be generated.  This volley of impulses is then reproduced at successive nodes.

a.  A zone of partial injury may also allow spontaneous generation of impulses which then propagate down the nerve fiber.

3.  Complete injury: this halts the propagation of the impulse and results in loss of function.  Complete destruction of axon and myelin components of nerve are used as examples.


Large diameter

thickly myelinated

sensory fibers
Small diameter

thinly myelinated

sensory fibers
motor nerve fibers

SYMPTOMS




Decreased function

(complete injury)
sensory ataxia
numbness
weakness

Heightened excitability

(partial injury)
tingling, buzzing
pain, warmth, cold, burning  
cramps, fasciculation

PHYSICAL FINDINGS




Decreased function

(complete injury)
(vibration

( position sense

( tendon reflexes
( temperature

( pain perception
weakness, atrophy

( tendon reflexes

Heightened excitability

(partial injury)

dysesthesias
cramps, fasciculation

D.  Identify the role of sodium channels along axons in:

1.  slowed nerve action potential propagation as a result of partial destruction of myelin jackets (fig mod 12 bottom)

a.  A reduction in the diameter of myelin coverings of a motor nerve axon (partial destruction) reduces the velocity at which impulses travel along the nerve fiber.

b.  This is because the required current strength takes longer to build at the next node and depolarization is slowed.

c.  This does not produce symptoms or physical findings.

2.  Blockade of nerve action potential propagation as a result of denuding of an axon of myelin.

a.  Denuding a nerve fiber of myelin blocks propagation of impulses between motor neuron and muscle fibers, resulting in weakness.

b.  This occurs because the denuded axon segment lacks the density of sodium channels needed for impulses to propagate along the segment.

E.  Enumerate the anatomic components that make up the motor unit. (fig mod 11 bottom)

1.  Motor unit: composed of an alpha motor neuron, its axon, and the hundreds to thousand of muscle fibers that it innervates.

F.  Identify the involved anatomic structures and the pathologic process (i.e. nerve destruction of hyperexcitability ) that gives rise to muscle cramps, fasciculation, fibrillation.

1.  Muscle cramp: increased excitability in partially damaged individual motor nerve axons may lead to a spontaneous rapid repetitive discharge, driving the supplied muscle fibers into sustained contraction. (fig mod 14)

2.  Fasciculation: single painless twitch produced by the contraction of the muscle fibers within a motor unit in response to a single discharge in a hyperexcitable segment of an axon terminal. (fig mod 13)

3.  Fibrillation: upon denervation, the muscle membrane potential oscillates rhythmically above and below threshold generating rhythmic spontaneous impulses that sweep down the muscle fiber.  This recurring spontaneous contraction cannot be observed through the skin like fasciculations, but can be detected by a recorder. (fig mod 12 top)

APPROACH TO NEUROLOGICAL LOCALIZATION IN THE CNS (mod 21-35G)

I.  Clinical Application

A.  The unique compartmentalization of  function in the CNS allows one to recognize not only if the nervous system is injured but where it is injured in a way not matched by other organs.

1.  First, deciding if the nervous system is involved rests upon obtaining abnormal symptoms by history and physical exam.

2.  The next step is to fit these together to pin-point where the nervous system is involved.

3.  This section explores practical concepts on how to recognize the significance of abnormal symptoms and findings and how to convert them into an anatomic localization in the CNS.

II.  Objectives

A.  Spinal cord (mod21-24)
1.  Define the term level as it applies the spinal cord involvement. (fig mod 21)

a.  The key feature that flags involvement of the spinal cord is a level on the trunk or extremities caudal to which sensation and motor function are affected by interruption of ascending sensory pathways and descending motor pathways.

b.  The lesion may involve one or many segments.  The level of involvement is defined by the segment of cord above which sensory and motor functions are preserved.

2.  Identify the symptoms and physical findings of heightened excitability of nerve fibers or decreased function of nerve fibers that allow you to determine both the presence and the level at which the ascending dorsal column and anterolateral system sensory pathways in the spinal cord are involved. (table mod 22: fig mod 22 bottom)
* a lightning like shock traveling down the spinal column on neck flexion, it localizes to the dorsal columns of the cervical cord.


On the same side as the lesion


Dorsal columns
decreased function
heightened excitability

symptoms
ataxia
tingling, buzzing

physical findings
( vibration and ( position sense
Lhermitte’s sign*


On the side opposite the lesion


Anterolateral system
decreased function
heightened excitability

symptoms
numbness
pain, warmth, cold, itching

physical findings
(  temperature, ( pain perception


Aside: Recall these two pathways from neuroanatomy ?

( Dorsal column-medial lemniscus pathway


      -    Group II fibers carrying touch, pressure and vibratory sense enter the dorsal root and ascend ipsilaterally to nucleus gracilis and nucleus cuneatus of the medulla.



-
The secondary neuron crosses over the midline and ascends to the contralateral thalamus.



-
Therefore, symptoms and signs occur on the same side as the lesion.

( Anterolateral system

-
Group III, IV fibers carrying pain and temperature enter the spinal cord and terminate in 

         
  
 the dorsal horn  (A( fibers carry fast pain  and C fibers carry slow pain).

-
The secondary neurons cross the midline and ascend in the anterolateral quadrant of the 


  spinal cord to the contralateral thalamus.

· Therefore, signs and symptoms occur on the side opposite the lesion.

3.  Contrast the effects of unilateral and a bilateral lesion.

a.  Unilateral lesion: a lesion interrupting ascending dorsal column and anterolateral system pathways on the right side of the thoracic spinal cord may produce the following sensory changes. (fig mod 22 bottom)

1.  Reduced vibration and position sense on the right side of the body caudal to the lesion.

2.  Reduced pain and temperature perception on the left side of the body caudal to the lesion.

b.  Bilateral lesion: when the entire cross section of the spinal cord is involved, a loss of all sensory modalities is found caudal to the level of the lesion.  

1.  Example 1. Bilateral lesion at S2 level of cord (fig mod 23 bottom)

2.  Example 2. Bilateral lesion at C7 level of cord (figs mod 24)
4.  Identify the symptoms and physical finding that allow you to determine both the presence and the level of unilateral or bilateral interruption of descending corticospinal/reticulospinal motor pathways in the spinal cord. (table mod 23)

a.  Thus, a left side unilateral lesion at T7 involving the corticospinal/reticulospinal tracts produces loss of superficial abdominal reflexes, weakness and spasticity, exaggerated tendon reflexes in the knee and ankle and a Babinski sign on the left side of the body below T7. (fig mod 23 top)

ON THE SAME SIDE AS THE LESION AND CAUDAL TO ITS LEVEL:

Corticospinal and reticulospinal tracts
Decreased function

symptoms
weakness

physical findings
weakness, spasticity, exaggerated tendon reflexes

loss of superficial reflexes, Babinski sign

B.  Brain stem. (mod25-26)

1.  Examine the concept of how the intersection of involvement of local segmental brainstem pathways and ascending or descending pathways serves to bull’s-eye neurologic involvement to the brain stem.

a.  Involvement of the brain stem is pinpointed by clinical features:

1.  bull’s eye local involvement of cranial nerves in combination with sensory or motor pathways passing longitudinally through the brainstem (fig mod 25 left)

a.  Patient presents with weakness of the left face, arm, leg, exaggerated tendon reflexes in upper and lower extremities and a left Babinski sign.

b.  This points to involvement of descending motor pathways rostral to the facial nerve nucleus, but does not distinguish whether the level of injury is at the cerebral cortex, internal capsule, or upper brain stem.

c.  Further exam finds weakness of the levator palpebrae muscle (ptosis), a dilated pupil without light reflex, and weakness of the medial superior and inferior rectus muscles and inferior oblique muscle.

d.  This indicated segmental involvement of the right occulomotor nerve III and pinpoints the level at which descending motor pathways are involved at the midbrain where they pass in proximity to the occulomotor nerve. (fig mod 25 right)

Aside: Summary of innervation of extraocular muscles by cranial nerves.

*Cranial nerve III also mediates parasympathetic pupillary constriction reflex


occulomotor III*
trochlear IV
abducens VI

levator palpebrae
ipsilateral



superior rectus
ipsilateral



inferior rectus
ipsilateral



medial rectus
ipsilateral



lateral rectus


ipsilateral

superior oblique

contralateral


inferior oblique
ipsilateral



2.  Signal involvement of brain stem reflex pathways

a.  Brainstem houses important pathways that connect cranial nerve nuclei for control of reflex activities.

3.  Double vision, vertigo, and impaired swallowing are helpful identifying symptoms.

2.  In the syndrome of internuclear ophthalmoplegia, identify the actions of participating extraocular muscles and behavior of the pupils upon lateral gaze and convergence and identify how involvement of an intrinsic brain stem reflex pathway leads to these localizing findings.

a.  Conjugate gaze to one side requires simultaneous contraction of one lateral rectus muscle (abduction) and the opposite medial rectus muscle (adduction).

b.  In response to nerve impulses descending from higher centers, nerve cells in the ipsilateral abducens nucleus discharge, leading to contraction of the lateral rectus muscle.

c.  Impulses are also carried along reflex connections via the medial longitudinal fasciculus to excite matched discharge in nerve cells of the contralateral occulomotor nucleus that supply the medial rectus muscle, causing its contraction.

d.  A lesion in the medial longitudinal fasciculus impairs the reflex adduction component of lateral gaze, but adduction of both eyes on convergence is unaffected.

1.  This is controlled by other pathways

2.  This proves that the occulomotor nerve and medial rectus muscle are intact.

e.  This is called internuclear ophthalmoplegia, and it localized the lesion to the brainstem and is common in MS when demyelination involves the medial longitudinal fasciculus. (figs mod 26)

C.  Cerebellum (mod 27-28)

1.  Identify the effect of lesions of the cerebellum on the speed of initiation, amplitude and accuracy of voluntary movements.

a.  speed of initiation: delayed

b.  amplitude: increased

c.  accuracy: decreased

2.  Identify the regions of the body affected by involvement of the vermis of the cerebellum and the cerebellar hemispheres.

a.  Vermis: involvement of these midline structures impairs body equilibrium. (fig mod 27 top)

1.  Gait is broad based, swaying and staggering

2.  Standing with the feet together is accompanied by swaying or jerky movements accentuated by the patient trying to close their eyes.

b.  Cerebellar hemispheres: involvement of these or dentate nucleus structures impairs the smooth coordination of limb movements on the same side of the body. (fig mod 27 bottom)

1.  Successive actions such as patting with the hand or foot, become large, slow and lacking in rhythm.  Alternating pronation and supination of the hand is slow, awkward and heavy.

2.  Finger to nose testing yields movements that exceed their planned trajectory, followed by corrective movements in the opposite direction with similar errors.

3.  This oscillating movement of increasing amplitude is known as intention tremor.

4.  Breaking of movements is hampered.

3.  Develop tests with which to examine cerebellar vermis and hemisphere function and specify how they are altered by cerebellar disease.

a.  Test of vermis function: have the patient stand with their feet together and close their eyes.  Disease will accentuate any swaying and show disrupted equilibrium.

b.  Test of cerebellar hemisphere function: finger to nose testing will demonstrate intention tremor (see question C2b) and hypermetria, or overshoot of movement. (fig mod 28 bottom).
D.  Cerebrum (mod29-35D)

1.  Characterize the sensory deficits produced by lesions involving primary sensory cortex. (fig mod 29 bottom)

a.  Sensory disturbances from involvement of sensory (parietal) cortex are less sharply defined than those which follow injury to lower levels of the nervous system.

b.  Lesion of the primary sensory cortex cause greater difficulty with determination than perception of primary sensory modalities.
c.  On the side of the body opposite the lesion, there is greater difficulty with
1.  discrimination of closely spaced compass points on the fingers

2.  identification of the size, weight, or nature of objects traced in the palm
3.  than with perception of  pain, touch, and temperature.
2.  Define, provide an easy means of detection, and state the lateralizing value of the listed difficulties produced by lesions involving more posterior portions of the parietal cortex.
a.  Note that the posterior parietal cortex on dominant side of brain  is involved with attention to spatial aspects of body image and objects in space.  Lesions here leave sensation of primary modalities intact, but produce distinctive difficulties of  which the patient is unaware, and which require special techniques for their discovery as listed below. (fig mod 31)

1.  finger agnosia:  inability of a subject to name each of his fingers, despite looking at them, of failing this, to show the finger named by the examiner

2.  Dyscalculia: inability to do written sums or align figures correctly in rows under one another.

3.  Right-left confusion: inability to point to or move individual body parts on their right or left side on command.

4.  impaired ability to execute plans of action: self-explanatory; i.e. ask the patient to “stick out your tongue” or “pretend to turn a door handle”

b.  Non-dominant posterior parietal lesions may produce (fig mod 32 left)

1.  denial of coexistent paralysis of the left side of the body

2.  neglect of the left side of the body

3.  Impaired ability to construct 2-dimensional objects with simple parts, such as a star with match sticks.

4.  Other subtle defects (more commonly seen with right sided lesions) may include visual or tactile inattention. (fig mod 32 right)

a.  Test for visual inattention : a finger wiggled anywhere in the field of vision of either individual eye is perceived normal.

b.  When fingers are wiggled simultaneously in the outer field of both eyes, the patient fails to perceive the finger opposite the injured side of cortex.

c.  The injured hemisphere no longer shares an equal capability for attending to incoming visual stimuli. 

3.  Characterize the effect of an acute unilateral lesion of primary motor cortex, chronic unilateral lesion of primary motor cortex, a lesion in the genu and posterior limb of the internal capsule on muscle strength, muscle tone and tendon reflexes.  (figs mod 33)


Muscle strength
Tendon reflexes
Muscle tone

Acute unilateral lesion of primary motor cortex
weakness in the opposite side face and limbs
depressed
flaccid paralysis

Chronic unilateral lesion of primary motor cortex
weakness in the opposite side face and limbs
increased, exaggerated,  
spasticity

Lesion in the genu and posterior limb of the internal capsule
contralateral paralysis
 
contralateral paralysis

4.  Characterize the localizing value of a homonymous hemianopsia. (fig mod 34)

a.  Homonymous hemianopsia: impaired vision in the contralateral visual fields is the most commonly encountered visual field defect.

b.  A right homonymous hemianopsia localizes to involvement of the left optic tract or optic radiations between lateral geniculate body and visual cortex.

5.  Define aphasia.

a.  Aphasia: impaired use of symbolic language.

1.  Expressive (motor) aphasia: defect in language ideation and formulation.

2.  receptive (sensory) aphasia: defect in language comprehension

3.  Global aphasia: patients are unable to speak, read, unable to comprehend spoken or written matter and unable to repeat.

6.  Develop approach for the rapid and reliable clinical recognition of the major syndromes of aphasia by constructing a table contrasting the features of expressive, receptive and global aphasia. (mod 35-35A)


Expressive aphasia
Receptive aphasia
Global aphasia

anatomic location of the lesion
posterior portion of the third frontal convolution of the language-dominant hemisphere
posterior portion of the superior temporal convolution of the language-dominant hemisphere
posterior portion of the third frontal convolution, the posterior portion of the superior temporal convolution and the connecting arcuate fasciculus

fluency of speech




verbal output (normal @ 100 words/min)
sparse, <50
normal or increased
0

effort to produce words (normal is effortless)
labored
effortless
cant speak

length of phrases (normal = 5-8 words between pauses)
short, often a single word
normal
cant speak

melody and inflection (normal= no hesitations)
hesitations
normal
cant speak

language content
normal
lack of words of specific meaning; new words made up, syllables added to words, words added to phrases
cant speak

preservation of grammar
simplified; decreased use of prepositions, articles, modifiers and plurals
normal
cant speak

comprehension of spoken, written, and symbolic instructions




verbal commands (“close your eyes”)
relatively intact
impaired
cant comprehend

similar commands printed on 3x5 card
+/- impaired
impaired
cant comprehend

ability to repeat phrases (“no ifs, and or buts”)
impaired
impaired
cant repeat

7.  Distinguish the following defects of speech from aphasia. (Cecils 4th edition)

a.  Dysarthria: disturbance in the articulation of speech. (796)

b.  Mutism: inability to speak or make sounds which can accompany acute left pre-Broca area lesions, bilateral frontal lobe damage. (797)

8.  Distinguish the role of increased intracranial pressure per se and the presence of an expanding or obstructing intracranial mass in the development of signs of dangerous neurologic deficits.

a.  An increase in intracranial pressure alone may produce no features other than headache and papilledema until the pressure rises high enough to impair cerebral blood circulation.

b.  Expanding or obstructing intracranial masses, either by compressing the brain from the outside or by encroaching upon/compressing other structures of the brain from within, may raise intracranial pressure and also produce a dangerous shift in intracranial contents.

1.  Cingulate herniation: the cingulate gyrus is forced under the falx cerebri by an expanding cerebral hemisphere

2.  Central trantentorial herniation: downward displacement of both hemispheres, usually associated with expanding masses located over brain or in the frontal, parietal, and occipital lobes, pushes the diencephalon and midbrain caudally to the point of obstructing the tentorial incisura or foramen magnum.

3.  Uncal herniation: this is usually initiated by masses in the temporal lobe or temporal fossa.

9.  Identify the sequence of events in the syndrome of uncal herniation. (figs mod 35B,C,D)

a.  Tentorium cerebelli separates the supratentorial and infratentorial compartments.

b.  Its anterior portion contains a large oval opening through which the brain stem passes to reach the cerebrum

c.  Other structures to note are the uncus of the temporal lobe, occulomotor nerve and descending motor pathways.

d.  The uncus lies in the supratentorial space at the edge of the oval opening, perched lateral to and above the occulomotor nerve.

e.  The expanding temporal lobe is restrained by the overlying skull convexity and anteriorly by the sphenoid ridge.

f.  The uncus is displaced medially and herniated downward over the edge of the oval opening in the tentorium cerebelli into the infratentorial compartment.

g.  The first consistently encountered structure is the ipsilateral occulomotor nerve whose compression impairs function of pupillomotor fibers, producing a moderately enlarged pupil with a sluggish light reaction. (fig mod 35C,D)

h.  The subject’s consciousness varies at this point from fully awake to being depressed.  As compression increases, the pupil dilates fully and its light response is lost.

i.  Further intrusion of the uncus flattens the midbrain compressing ascending activity pathways concerned with consciousness and the patient lapses into coma.

j.  Finally, compression of the opposite cerebral peduncle against the edge of the tentorium may produce paralysis on the same side of the body as the original expanding lesion, or direct compression of the ipsilateral cerebral peduncle may produce paralysis on the opposite side.

k.  This pressure must be released if your patient is to recover. 

10.  Identify the characteristic features of abnormal mental status, tremor and involuntary movements that in combination signify the presence of diffuse metabolic derangements of the cerebral hemispheres.

a.  abnormal mental status: altered awareness, orientation and memory

b.  tremor: coarse, irregular 8-10/second tremor during muscle use

c.  involuntary movements: asterixis and multifocal myoclonus

11.  Define asterixis and multifocal myoclonus and specify the level of consciousness and severity of metabolic brain disease with which they are associated. (figs mod 35D bottom)
a.  Asterixis: accompanies a wide variety of brain disorders and is seen in patients with less severe metabolic brain disease who are awake but lethargic.

1.  Elicited by having patients hold their arms outstretched and their wrists and fingers extended. 

2.  After a brief time, finger tremulousness appears, followed by a sudden downward jerk of the fingers and hand.

3.  This “flap” which occurs in response to a brief cessation of contraction in forearm extensor muscles, is followed by a slower return to the initial position.

b.  Multifocal myoclonus: refers to sudden non-rhythmic migrating twitches of parts of muscles or groups of muscles, especially of the face and proximal limbs. 

1.  It indicates more severe metabolic brain disease

2.  It is seen in patients in stupor and coma.

12. Define hydrocephalus. (Cerebrospinal fluid pathways mod 35E-35G)

a.  Hydrocephalus (fig mod 35F): increased volume of the ventricles.

13.  Identify the mechanisms that produce and the common causes of communicating and non-communicating hydrocephalus. (fig mod 35F)

a.  Communicating hydrocephalus: enlargement of the entire ventricular system (fig mod 35F left)

1.  Imbalance between the production and reabsorption of CSF which may result from oversecretion of CSF e.g. by a choroid plexus papilloma 

2.  Or by impaired absorption of CSF e.g. from protein casts following meningitis or a subarachnoid hemorrhage that impair the function of the arachnoid villae.

b.  Non-communicating hydrocephalus: refers to an enlargement of those portions of the ventricular system upstream to an obstruction in CSF pathways within the brain (fig mod 35F right).

1.   Stenosis or tumor in the narrow aqueduct of Sylvius


2.   Obstruction of the foramina of Luschka or Magendie by congenital smallness.

SEIZURES  (mod 37-44)

I.
Clinical Relevance

A. 
As a doctor, you will see patients considered by others to have had an epileptic seizure.  In order 
to proceed you will need to decide:

1.
Did a seizure indeed occur?

2.
If so, what type of seizure was it?

3.
If not, what did occur?

B.
Obtaining an accurate and detailed history of what transpired is crucial.  But due to the nature of 
seizures, i.e. they do not usually occur in the presence of physicians, the patient is unaware of 
what happened, your ability to extract the information you need from a witness or the patient will 
depend upon the knowledge of what to ask.

C.
Seizures vary in clinical features and underlying pathophysiologic causes.  Your subsequent 
management and investigation will be covered by the type of seizure that occurred and the reason 
it occurred.

II. 
Objectives.

A.
Recognize how abnormal electrical activity of neurons in the cerebral cortex can generate 
seizure and determine its features, and identify how that activity is reflected in the 
electroencephalogram (EEG). 

1.
Epileptic seizures are initiated by the paroxysmal synchronous discharge of a large 
population of neurons in a region of cerebral cortex. (fig mod 38 top)

2.
A release of susceptible neurons from inhibitory restraint allow then to generate bursts of 
action potentials at very high frequencies.

3.
Communication via excitatory connections to neighboring cells generates a self-sustaining 
simultaneous discharge in thousands of neurons in a circumscribed zone of cortex.

4.
The subsequent behavior of the electrical storm determines the clinical features of the 
seizure.  It may either (fig mod 39 right):

a.
Remain confined to the focus

b.
Spread to recruit seizure activity from neighboring regions of cortex, or

c.
Spread by commissural pathways to induce seizure activity in remote regions of cortex.

5.
Epileptiform activity recorded on the EEG from electrodes attached to the scalp includes 
spike and slow wave activity. (fig mod 38 bottom)

6.
The spike is produced by a transient simultaneous activation of the surface dendrites of a 
large population of cortical neurons.

7.
The aftercoming slow wave is produced by synchronous inhibition of the neurons at deeper 
layers of cortex.

B.
Compare generalized and partial seizures to the point of origin of abnormal electrical activity, subsequent behavior of the electrical activity, and implications as to cause of the abnormal electrical activity. (figs mod 39)


Generalized seizure (fig mod 39 left)
Partial seizure (fig mod 39 right)

point of origin of the abnormal electrical activity
reduced threshold for the entire cerebral cortex which is so excitable that ordinary volleys of impulses reaching it can ignite a paroxysmal discharge at any of many independent loci in either cerebral hemisphere
originate from a single focus in the cortex 

subsequent behavior of the electrical activity
diffuse connections from there carry paroxysmal trains of impulses that trigger seizure activity from the rest of  both hemispheres with such speed that consciousness is impaired at the outset and no focal features are evident
1) remain restricted to point of origin

2) spread to recruit neighboring population of cortical neurons into a paroxysmal discharge, producing a “march” of clinical symptoms or signs

3) become generalized, producing diffuse effects after initial focal features

implications as to cause of the abnormal electrical activity
appear in response to metabolic derangements that increase cortical excitability (e.g. hypoglycemia, hypoxia, drug withdrawal) or by hereditary predisposition.
reflect  localized structural changes that have lowered the threshold for seizure activation in that region.

C.
Contrast the following principle seizure types:

1.
Generalized

a.
Absence seizure (fig mod 40)

1. Appears in childhood between 5 and 15 years of age and typically subsides in adulthood.

2. A seizure interrupts normal activity without notice in advance

3. Generalized suppression of cortical activity punctuated by brief sequences of cortical excitation.  During the seizure, EEG scalp electrodes record 3/second cycles of generalized high voltage spike-slow wave discharge.

4. Cortical suppression results in blank stare, impaired memory and performance, and in some, semi-purposeful movement of the mouth and hands called automatisms.

5. The brief excitatory spike may drive eye blinking or contraction of the corners of the mouth.  Within a few seconds, the seizure and paroxysmal EEG discharge terminate abruptly, and the patient resumes activity without confusion.


b.
Tonic-clonic seizures (figs mod 41)

1. The most dramatic and violent of seizures, consist of an initial tonic phase followed by a clonic phase and its manifestations are mirrored in the EEG recording.

2. During the tonic phase, electrodes placed over multiple areas of the brain record a rhythmic discharge of high amplitude spikes as synchronous firing is triggered in neurons throughout the cortex.

3. The initial clinical response is loss of consciousness.

4. A steady train of impulses is channeled to motor nuclei in the brain stem and spinal cord, driving their discharge and in turn producing a simultaneous sustained contraction of striated muscles throughout the body.

5. The arms are drawn into adduction at the shoulders and flexion at the elbows and wrists; the head, trunk, and legs are extended.  Respiratory muscles are in gridlock.

6. After 10-30 seconds, the EEG pattern evolves into recurring cycles of multiple-spikes and slow waves, and the seizure enters the clonic phase which lasts and additional 45 seconds.

7. The multiple-spike components reflect periods of generalized cortical discharge, during which there is brief symmetrical contraction of all skeletal muscles alternating with periods of slow wave activity reflecting cortical suppression and the 
subject is limp.

8. During the clonic phase, then, alternating cycles of generalized muscle contraction and relaxation recur at regular intervals.

9. After the seizure activity stops, the subject remains initially in a post-seizure coma, displaying stetorous breathing and saliva issuing from the mouth.  2-5 minutes pass before awareness, orientation and voluntary movements gradually emerge. 

2.
Partial

a.
Elementary partial seizure (figs mod 42)

1. Important hallmarks are the occurrence of relatively discrete focal seizure activity and no impairment of consciousness.

2. The subject remembers the content of the seizure, which most commonly consists of motor activity, sensory symptoms, or autonomic symptoms in decreasing order.

3. The abnormal cortical discharge may remain restricted to a small region of cortex and cause for e.g. clonic jerking confined to the opposite hand.

4. Similar seizures originating in sensory cortex might cause “numbness”, often of an unpleasant nature.

5. The seizure activity might produce initial clonic activity or sensory symptoms in the opposite hand but then spread to involve adjacent regions of the brain producing a clinical “march” of activity to the arm and ultimately the face and trunk of that side of the body.

6. These seizures are more common in adults, and frequently reflect a structural lesion of the brain such as a tumor or a cerebrovascular accident.


b.
Complex-partial seizures (fig mod 43)


1.
Are the most common type of seizures in adults.


2.
Usually originate in the temporal lobe or adjacent inferior surfaces of the frontal lobe.


3.
They consist of complex changes in thought and action, which are determined by the function to which the region of brain in which focal seizure activity originates is devoted, and whether seizure activity spreads to adjacent or remote reaches of cortex.


4.
The content may take one of three forms.  It may:  (see chart mod 43 for more detail if it is to your liking)


a.
Consists only of psychic symptoms



-
Illusions: misperceptions



-
Hallucinations: perceptions without stimulus



-
Changes in emotion: dread, foreboding


b.
Begin with psychic symptoms, then progress to include changes in action, 


accompanied by lack of memory and altered consciousness




-
Absence: a stare during which facial expression is less blank than during 



absence seizures



-
Automatisms: begin with a brief arrest of activity, followed by 




semipurposeful, repetitive actions such as clucking, chewing, pursing of 



the lips, fiddling with clothes, or shuffling of the feet.



-
Complex behavior



-
Tonic-clonic seizure activity, or


c.
Present with changes in action, accompanied by lack of memory and altered 


consciousness from the onset.


D. 
Distinguish between the following events that may be confused with seizures using the 


following categories listed:


·
Clinical setting in which they occur


·
Ancillary symptoms


·
Time course


·
Altered consciousness


·
Pseudoseizures


1.
Breath-holding

a.
Occurs in response to traumatic or emotional insults


b.
Young children may begin to cry, then hold their breath until anoxia makes them 


unconscious


c.
Brief muscle twitching may occur


2.
Syncope

a.
Fainting typically occurs in young people in response to blood drawing, the sight of 


blood, or painful injury


b.
Pallor and profuse sweating are prominent


c.
A brief tonic seizure may occur


d.
Rapid recovery upon reclining; no post-ictal confusion


3.
Cardiac rhythm disturbances

a.
In older persons


b.
Cardiac irregularities may impair cerebral confusion to a point where dizziness or 


confusion result


c.
Consciousness is usually lost only when the person is upright


4.
Hypoglycemia

a.
May result in the gradual appearance of weakness, perspiration, and dizziness 



several hours after the previous meal


b.
Infrequently causes confusion or loss of consciousness (contrary to popular notion)


c.
Episodes last longer than most seizures


5.
Pseudoseizures

a.
May be difficult to differentiate from complex partial seizures, especially since a 


patient may have both


b.
Precipitated by emotional events, theatrical quality before an audience


c.
Variation in format of successive episodes and recollection by the subject of what 


happened during automatic behavior in the event

MOVEMENT DISORDERS (mod 47-54)
I.
Clinical Relevance

A. 
Movement disorders, especially Parkinson’s Disease, are fairly common problems and in the past 
couple of decades much has been learned about the pathophysiology and pathochemistry of 
individual sub-populations of neurons in the basal ganglia, which when altered, produce these 
unwanted movements.

B.
Their correct diagnosis and the selection of the best therapeutic agent rest mainly upon recognition of their distinguishing clinical features through accurate observation, as other features of the neurological examination are typically normal. 

C.
Thus, this section will focus on alterations in neurons in the basal ganglia responsible for 
producing movement disorders and the clinical characteristics of the movements produced.  

II.
Objectives

A.
Trace the sequences of neurons that make up the pathways listed and specify the anatomic 
structures in which the neurons are located; and identify the neurotransmitters they 
employ.

Aside: the term movement disorders encompasses a spectrum of abnormalities of movement in which basal ganglia function is disturbed.  Basal ganglia consists of the caudate, putamen, external and internal segments of the globus pallidus, subthalamic nucleus, and the substantia nigra. (figs mod 47)
1.
Substantia nigra (compact zone) to caudate/putamen. (fig mod 48)

a. Densely packed neurons (DA) in the compact zone of the substantia nigra, which employ dopamine as their transmitter, project fibers to caudate and putamen.

b. They synapse along with excitatory afferents from cerebral cortex on neurons of several different types.

c. Some of these caudate/putamen neurons (GABA-ENK) employ gamma-aminobutyric acid as their transmitter but contain high concentrations of enkephalin as well.

1.
The effect of dopamine upon their neurons appears to be inhibitory.


2.
Their efferents project an inhibitory influence onto GABAergic neurons in the 


external globus pallidus


3.
These GABA neurons project to neurons in the subthalamic nucleus (GLU),  


which in turn use glutamine as a transmitter to project an excitatory influence 


on neurons in internal globus pallidus.

d.
Other caudate/putamen neurons (GABA-SP) contain high concentrations of substance P 
in addition to GABA.


1.
 Dopamine has an excitatory effect upon them.  

2.
They project upon neurons in the internal globus pallidus

3.
Neurons from internal globus pallidus project to ventrolateral thalamus and 
from there, pathways lead back to cerebral cortex.

2.
The anatomic loop from cerebral cortex to basal ganglia to thalamus to cortex (cortico-
striato-pallido-thalamocortical loop)

a.
This refers to the loop above.  Understand that this loop is a chain of neurons, some with 
excitatory and others with inhibitory influences, that shape a final modulating influence 
upon planned movements.

B.
Identify the neurochemical properties of D2 dopamine receptors located on caudate and 
putamen projection neurons.  (fig mod 49)

1. Have a high affinity for neuroleptic agents such as phenothiazines and butyrophenones.

2. Dopamine terminals also contain a dopamine autoreceptor that controls the release of dopamine so agonists at this receptor decrease dopamine release.

C.
Distinguish between hyperkinetic movements and hypokinetic movements on the basis of 
whether voluntary movement is impoverished or involuntary movement is activated and the 
clinical effect on these movement of administration of D2 receptor antagonists and dopamine 
agonists.


Hyperkinetic movements
Hypokinetic movements

voluntary movement impoverished

Ö restriction of movement

involuntary movement is activated
Ö  excess of uncontrollable abnormal movements


clinical effect on these movements on administration of:



D2  receptor antagonists
suppression  
exacerbation 

Dopamine agonists
exacerbation  
amelioration

D.
Describe the clinical characteristics of the following and list 1-2 major clinical entities with 
which each is associated:
1.
Chorea:

a. Most common type of hyperkinetic movement consisting of abrupt unpredictable brief rapid irregular involuntary jerking movements of the head, face, neck, trunk, and extremities that do not form coordinated acts.

b. Appear at rest as grimaces and posturing, but are also often superimposed on voluntary movements.  One movement may follow another ( e.g. twitch mouth, jerk arm, shuffle feet)

c. Important conditions in which chorea is seen include Syndenham’s chorea, Huntington’s disease, and tardive dyskinesia)

1.
Tardive dyskinesia: a late occurring side effect of neuroleptic drugs consisting of 
repetitive stereotyped involuntary movements of the tongue, lips, facial musculature 
and mouth, and occasionally choreiform movements of the limbs and trunk.

2.
The movements appear after chronic exposure to neuroleptic agents (>2 years) and 
perhaps develop because dopamine receptors I the striatum become hypersensitive 
after being blocked by neuroleptic drugs for a long period of time.

2.
Athetosis
a. Refers to more or less continuous slow worm-like purposeless movements that are most prominently seen in the fingers and toes.

b. Appears typically at age 1-1 ½ years as a sequel to asphyxia or kernicterus neonate.

3.
Ballism (fig mod 51 left)

a. Exhausting succession of large amplitude violent flinging movements usually of one extremity.

b. A volley is readily triggered by outside stimuli such as noise or contact.

c. Appears upon destruction of the subthalamic nucleus or its outflow pathways, usually by hemorrhage or infarction.  The unwanted movement typically subsides within a few weeks of its appearance.

4.
Tics
a.
Stereotyped repetitive rapid movements that are the product of the simultaneous action of 
several muscles

b.
Tourette’s syndrome is a representative form of tic disorder

1.
A chronic disorder that appears between 5-10 years of age and presents a variety of 
tics

2.
Begins with eye blinking, followed in time by a collection of tics such as shoulder 
shrugging, are beating, and vocal tics such as repeated throat clearing sniffing, that 
often occurs in flurries.

5.
Bradykinesis
a.
Refers to delayed initiation and execution of movements

b.
Seen in Parkinson’s.

6.
Hypokinesis
a.
Refers to decreased amplitude of movements

b.
Seen in Parkinson’s.

7.
Rigidity
a.
Refers to increased muscle tone felt on passive movement at a joint.

b.
Passive stretch induces a steady contraction of both agonist and antagonist muscles that 
continues throughout the entire range of motion.

c.
Seen in Parkinson’s

8.
Torticollis (fig mod 54)

a.
The most common form of dystonia.

b.
Dystonia: a myriad of types of abnormal movements of the face, jaw, pharynx, tongue, 
larynx, neck, limbs or trunk which may present either as rapid continuous repetitive 

twisting movements, or slow sustained contractions.

c.
With torticollis, usually there is intermittent simultaneous contraction of muscles holding 
the head erect and muscles turning the head typically tilts the head to one side while 
rotating the chin to the other side

E.
In Huntington’s disease and ballism, identify the key subpopulation of basal ganglia neurons 
or pathways altered in each and trace the way in which destruction of these modifies the 
physiologic pathways so as to produce unwanted movements.
1.
 Huntington’s disease (fig mod 50)

a. Is a degenerative disorder inherited in an autosomal dominant pattern.

b. Relentlessly progressing symptoms of chorea, dementia and emotional disturbances appear in mid-adulthood.

c. Early in the disease, when chorea is prominent, enkephalinergic neurons in the caudate/putamen degenerated.

d. Loss of GABA-ENK neurons in the cortico-striato-pallido-thalamocortical  loop in Huntington’s disease increases or decreases activity in subsequent cells in the chain as indicated by changes in arrow direction in the diagram (must see fig mod 50).

e. Basically, the degeneration of the GABAergic neurons of the striatum results in a net decrease in GABAergic output from the striatum and increased excitatory feedback the cortex.

f. Dopamine antagonists, which block inhibition of remaining striatal neurons by dopaminergic striatal fibers, reduce the involuntary movements.

2.
Ballism (must see fig mod 51)

a.
Appears upon destruction of the subthalamic nucleus or its outflow pathways, usually by 
hemorrhage or infarction.

b.
The loss of neurons reveals increased excitatory feedback output to the cortex as does 
Huntington’s disease.

F.
In Parkinson’ disease:   (fig mod 54 middle for comparison to normal circuitry)
1.
Identify the major pathophysiologic change in the nervous system underlying the illness.

a. The salient neurological change is degeneration of dopamine producing neurons in the substantia nigra of the midbrain and other pigmented subcortical neurons.

b. In response, the intricate neuronal circuitry through which these structures, basal ganglia and cerebral cortex cooperate to facilitate movement is altered.

c. Normally dopamine facilitates the excitatory effects of the “loop” on movement, but in Parkinson’s, the loss of dopamine leads to a decrease in this facilitation.

d. The pathophysiology: a loss of pigmented nuclei in the substantia nigra depletes the amount of dopamine reaching the striatum.

e. To compensate, surviving neurons increase dopamine production, and the D2 receptors on which released dopamine acts become supersensitive.

f. Dopamine levels become reduced to 20% of normal before parkinsonian features develop.  Other pigmented neuronal systems also display degeneration (locus ceruleus and substantia inomminata)

2.
Identify the typical manner in which the motor functions listed below are altered: (fig 

mod 52)
a. Posture: head bowed; trunk, elbows, and knees flexed; hands held in front of the body

b. Voluntary movement: delayed initiation and execution of movements (bradykinesis) and decreased amplitude of movements (hypokinesis).  Blinking and facial expressions are decreased, arm swing reduced, steps short and mincing, and turning en bloc.

c. Passive movement: increased resistance to passive stretch is present in both agonist and antagonist muscles and constant over the entire range of motion at a joint (rigidity).

d. Involuntary movement: 5-8Hz tremor is present, usually in the distal parts of the extremities at rest, disappearing during active movement.

3.
Trace how the reduction of dopamine delivery to the caudate/putamen might alter the 
physiologic actions of the projection pathways of these structures so as to alter motor 
function.

a. The major pathologic change is a loss of 50-80% of dopaminergic neurons in the substantia nigra.  (fig mod 53)

b. Thus, the total amount of dopamine synthesized and transported by axoplasmic flow along efferent fibers to storage points in their nerve terminals in caudate/putamen is reduced.

c. The normal effect of dopaminergic input on caudate/putamen neurons is to facilitate the excitatory effect of the cortico-striato-thalamocortical loop on movement.

d. The net effect of reduced dopaminergic inhibition of GABA-ENK neurons and reduced dopaminergic excitation of GABA-SP neurons in Parkinson’s Disease is a reduction in this facilitation and results in difficulty in executing desired movements.

DEMENTIA (mod 57-62)

I.
Clinical Application

A.
The prevalence of dementia is rapidly burgeoning.   It is necessary to distinguish between cortical 
patterns of dementia (represented by the irreversible changes in dementia of the Alzheimer type) 
and subcortical patterns of dementia caused by potentially treatable underlying medical 
condition.  

B.
As is presented in this section, this can be done on clinical grounds.

II.
Objectives

A.
Define dementia. 

1. Dementia: refers to an acquired persisting deterioration of intellectual function in an alert person and is seen with a variety of illnesses which by multifocal or diffuse interference with the function of both cerebral hemispheres produce deficits in at least 3 of these 5 spheres of intellectual information. (fig mod 57)

B.
Contrast the cortical and subcortical patterns of dementia as to the clinical defects in the 
five spheres of intellectual function listed. (table mod 57)


Cortical pattern (DAT)
Subcortical pattern

Personality and emotion
Indifference; coarse and immature behavior; depression  uncommon
Apathy, mental inertia; depression common

Memory
Memory loss more severe for recent than remote events; learning defective
Forgetfulness; retrieval defective

Language
Aphasia frequent; speech normal
Language normal; speech abnormal (dysarthria, hypophonia)

Perception of space and design
Poor constructions
  Poor constructions

Cognition
Impaired judgment, abstraction, planning, and calculation which fails to improve with cues.
Impaired judgment, abstraction, planning and calculation which improves with cues.

C.
Contrast dementia of the Alzheimer type, multi-infarct dementia, and dementia in 
Parkinson’s disease as to  the following four characteristics.

1.
Dementia of the Alzheimer  type (DAT):

a.
Relative frequency

-
The most common form of dementia (50% of cases) and is the prototype cortical form of dementia

-
The fourth leading cause of death after heart disease, cancer, and stroke in developed countries

-
Appears sporadic and usually affects the elderly but early onset Alzheimer disease has been genetically linked to abnormal loci on chromosomes 14, 19 and 21

b.
Topography and nature of pathologic changes in brain (fig mod 58,59)


-
Large neurons become damaged and unable to maintain their vast arborization of 


presynaptic terminal.

-
Damage appears first in the medial temporal neurons, and over time spreads 

selectively along long cortico-cortical connections.

-
Neurons become lost in specific brain regions and loss of synaptic connections is at 
the root of the impairment in Alzheimer disease; it produces a powerful and 
widespread disruption of neuron-to-neuron communication;

-
Regions of cortex involved in cognition become disconnected

-
Senile plaques form in vast numbers in the amygdala, hippocampus, and neocortex.  

(
These are spheres that consist a central core of fibrils make up of a distinctive 
amyloid beta protein (which presumably accumulates as a result of its 
overproduction), surrounded by a rim in which there is a profound loss of 
synapses.

-
The mass of senile plaques may occupy as much as 10% of the volume of the cerebral cortex in patients with Alzheimer disease.

-
Neurofibrillary tangles are left behind in dying large pyramidal neurons of the neocortex, hippocampus and amygdala.


(
These are contorted thickened tangles of highly insoluble paired helical 


filaments, of which the major component is an abnormal form of the micro-


tubule associated protein, tau.

-
Brain atrophy becomes evident and is greatest in the frontal, temporal and parietal association areas; the primary projection areas are spared. (fig mod 59)

-
The histological changes in dementia of the Alzheimer type develop in a bilateral multifocal distribution (fig mod 59).  The severity and topography of these changes in these association regions of the cortex are reflected in the severity and pattern of changes in intellect.

-
The anterior cingulate gyrus, primary motor and somatosensory cortex, and primary visual areas are spared.

c.
The relative presence of cortical and subcortical features of dementia
-
this is the prototype cortical form of dementia

d.
Motor abnormalities

-
The illness begins with behavioral and cognitive changes without physical abilities being altered until further progression when the patient becomes incapacitated.
.

2.
Multi-infarct dementia

a.
Relative frequency
-
second most common form of dementia, comprising 15% of cases

b.
Topography and nature of pathologic changes in brain

-
Successive thromboses of large and medium size arteries supplying the brain or multifocal emboli of cardiac or arterial origin to cerebral vessels can result in severe mental impairment when more than 50-100 grams of cortical and subcortical structures are devitalized.

 c.
The relative presence of cortical and subcortical features of dementia
-
Features of both subcortical and cortical patterns of dementia are found.

d.
Motor abnormalities

-
Symptoms have an abrupt appearance and stepwise progression, and are determined by the location, extent, and chronicity of the lesions.

-
The effect of additional infarcts exceeds the sum of individual infarcts.

-
Pseudobulbar affect, impaired memory, loss of speech melody and phrases tend to be shorter and less grammatically complex, poor constructional abilities, and a gait disturbance are common.

-
Brain CT or MRI scans demonstrate multiple infarcts of varying age, size, and location.

3.
Dementia in Parkinson’s disease (fig mod 60)

a.
Relative frequency

-
Estimated 40% of patients with Parkinson’s have at least moderate decline in intellectual function which correlates with the severity of the movement disorder.

b.
Topography and nature of pathologic changes in brain

-
Problems are attributed to dysfunction of basal ganglia and subcortical-frontal lobe connections

c.
The relative presence of cortical and subcortical features of dementia

-
Typifies subcortical dementia

d.
Motor abnormalities

-
Paucity of dysfunction of language and other higher cortical functions, and motor abnormalities are common (contrast to DAT)

-
The motor abnormalities with regard to posture and movement have already been discussed  

D.
In dementia of the Alzheimer’s type
1.
Characterize the temporal sequence in which higher cognitive functions are lost.

a.
Begins with behavioral and cognitive changes without physical abilities being altered.  

b.
Patients have the insidious appearance of difficulty recalling material of an impersonal 
nature and remembering names, solving problems, and finishing tasks with the usual 
speed.

c.
As the disease progresses, energy and enthusiasm lessen, behavior becomes coarse and 
immature, insight and judgment diminish, and attention and concentration waver.  The 
storage of new information becomes further impaired; tasks become an increasing 
struggle.

d.
Visual deficits appear; patients tend to wander and get lost.

e.
Patients are able to read aloud and repeat what is said to them, their comprehension of 
what is said or written becomes impaired

f.
Later, speech becomes bereft of abstract quality, and patients become unable to perform 
previously learned acts despite the physical means to do so  (apraxia). 

g.
All of these symptoms worsen until the patient becomes incapacitated

2.
Correlate the topography of neuropathologic changes in cerebral cortex with changes in 
intellect (fig mod 59)

a. Atrophy of the right parietal association cortex is associated with memory loss, a tendency to wander and become lost and appears early in the disease.

b. Involvement of the language areas of the brain is manifest by increasing aphasia.  The first changes are impaired word finding and circumlocution.  Comprehension of spoken language is also progressively impaired.

c. Changes in the frontal association cortex contribute to the loss of motivation and enthusiasm and indifference.

d. Changes in medial temporal lobes cause placidity and memory loss.  Impaired ability to learn new material is first noted intellectual deficit.

E.
In dementia in Parkinson’s disease, identify the characteristic features of mental slowness, 
forgetfulness, and disturbance of mood.

1. prolonged mental processing time and difficulty with tasks that demand the formation and retention of organized plans; 

2. abnormalities of effort-demanding memory; speech which is reduced in voice volume, dysarthric and lacking in melody yet linguistically intact;

3. Difficulty in maintaining mental set; impairment of visual-spatial task.

4. Patients lose their train of thought in mid-sentence; responses may be delayed until seemingly beyond the point of being pertinent.

5. In the early stage of illness, these intellectual disturbances may be improved by DOPA replacement.

6. Depression appears in up to 40% of patients.

F.
Examine for future reference a list of neurological, psychiatric and medical conditions with 
which dementia may be associated, with particular emphasis on conditions that may be 
treatable (mod 61)

G.
Examine for future reference a form for the clinical evaluation of patients suspected of 
having 
dementia. (mod 62)

BENIGN RECURRING HEADACHES (mod 65-70)

I. 
Clinical Relevance

A. 
Recurring or persisting headaches rank among the most frequent problems for which patients 
seek medical advice.  Although the visit may be prompted by the patient’s concern of a brain 
tumor or the like, most patients turn out, after suitable investigation, to have a benign reason for 
the headache.

B.
The three most common forms of benign recurring headache are migraine, chronic tension, and 
cluster headaches.  The history provided by the patient is key because each headache type has 
distinctive historical features which allow ready identification; with each, the inter-headache 
neurological examination is normal.

C.
Effective treatment is dependent upon proper identification; better rationales for treatment are 
being matched to new evolving concepts of pathogenesis.

D.
Thus, this section has two goals:
1) development of an orderly sequence of inquiry that permits 
clinical recognition of the headache type; and 2)exposure to newly evolving but as yet incomplete 
ideas of pathogenesis.

II.
Objectives

A. 
Create a table typifying and comparing these three major types of benign recurring 
headache: migraine, chronic tension and cluster.


Migraine

 (fig mod 65-8)
chronic tension 

(fig mod 69)
cluster

(fig mod 70)

frequency of occurrence
begins 20-30 y/o

monthly intervals

3:2 female to male ratio
daily, does not prevent sleep but is present upon waking

 3:2 female to male ratio
appears btwn. 20-40y/o

appear in groups lasting weeks to months; may recur >once daily;

5:1 male to female ratio 

duration
w/o aura: 12-36 hours

w/ aura: 3-6 hours
is present all day  and may persist for years or months  
abrupt onset and termination; lasts 30 minutes to 4 hours

location
unilateral typically in temple
begins posteriorly and spreads to encompass both temples and the forehead
unilateral pain behind one orbit or in the temple

character
pulsating; slow to rise to peak intensity; moderately to markedly severe
persistent non pulsating superficial band like headache; “diffuse steady squeezing” moderate to mildly severe
non-pulsating pain; rise in peak intensity in 1 to 10 minutes; very severe

premonitory symptoms

no aura; nausea and vomiting are uncommon


accompanying features
visual aura, nausea and vomiting
most common headache; persistently low platelet serotonin in patients (defective 5-HT control???)
conjunctival injection, nasal congestion; severe pain behind one orbit or in the temple

influencing factors




triggers (provoking)
menses

foods; strong odors

bright lights
pressure from combing or brushing the hair or putting on a hat evokes soreness
alcohol

ameliorating 

alcohol







family history
is common
is infrequent
is infrequent

B.
Outline the current theories implicating altered activity in nerve structures in migraine and 
cluster headache patients, and the postulated role of this altered activity in programming 
the sequence of events in each form of headache.

1.
Migraine headache

a. In migraine prone individuals, deep brain structures (locus ceruleus, raphe nuclei, periaqueductal gray (PAG) and sensory components of the trigeminal nerve) appear to remain in a persistently hyperexcitable state.  (fig mod 67)

-
The dorsal raphe nucleus, a cluster of serotonergic cells, employs serotonin as a 
transmitter and projects to a large part of the cerebrum and brain arterioles.  Its 
stimulation increases ipsilateral cerebral blood flow.

-
Several lines of evidence suggest that the common mode of action of antimigraine 
drugs is suppression of the firing rate of serotonergic neurons in the brainstem.

b.
Even in non-migraine prone individuals, stimulation of the PAG can produce migraine 
features including unilateral headache, photophobia, bitemporal flashes of light, wavy or 
zigzag lines, stars and scotomas throughout the visual fields.

c.
Discharge in both the trigeminal nerve and locus ceruleus causes dilatation of the 
extracranial arteries.

d.
Connections of the trigeminal nerve with cranial vessels are intimately involved in the 
production of migraine.

e.
Unmyelinated or thinly myelinated fibers in the first division of the trigeminal (V1) 
distribute to branches of the external carotid artery and blood vessels at the base of the 
brain. (fig mod 68 top)

-
The figure demonstrates V1 distribution to ipsilateral blood vessels at the base of the 
brain and ipsilateral superficial temporal and middle meningeal arteries.

f.
These afferent fibers serve functions other than transmission of sensory impulses.

-
Antidromic activation is associated with a release of substance P, calcitonin gene-
related peptide (CGRP) and neurokinin A (NKA) from the network of terminals of 
these sensory axons that form around fenestrated post-capillary venules at the vase 
of the brain within dura mater and extracranial vessels.

-
This mediated local vasodilatation and plasma leakage (neurogenic inflammation) 
which in turn is transduced into pain through activation of stretch receptors or 
sensitized local sensory nerve endings.

g.
In addition, activation of the trigeminal ganglion increases cerebral blood flow through 
reflex connections with the seventh cranial nerve, which contains the main 
parasympathetic outflow for extracerebral and cerebral vessels. (fig mod 68 bottom)

2.
Cluster headache (fig mod 69A right)
a.
Excessive cholinergic nerve discharge is prominent in this entity.  Discharge of 
parasympathetic branches of the greater petrosal nerve:

-
Increases blood flow through the orbit, which causes the eye to redden, raises 
intraocular pressure, and increases heat loss from the eye

-
Stimulates the lacrimal gland

-
Dilates blood vessels in the nasal mucosa which causes nasal congestion

b.
The mechanism by which the high intensity headache is produced in unresolved; 
vasodilatation does not appear necessary to its production

c.
The periodicity of cluster headaches invokes the need for a central biologic pacemaker 
and attention has focused on the suprachiasmatic nuclei, two small cell groups in the 
anterior hypothalamus that are linked to pain-modulation systems through projections to 
and form the PAG matter of the midbrain.

ISCHEMIC CEREBROVASCULAR DISEASE (mod 74-79)

I.
Objectives

A.
In analyzing neurologic deficit presumed due to cerebral ischemia:
1.
How do you determine whether the impaired cerebral blood supply is of a global or 
focal nature?
a.
Global nature:

-
Interruption of cerebral blood flow (i.e. cardiac arrest) produces signs and symptoms of diffusely impaired brain function. (fig mod 74 left)

b.
Focal nature: 

-
Interruption of blood supply to a territory of brain supplied by an 
individual blood vessel, producing focal symptoms and signs of impaired brain function that can be fit together to identify the blood vessel at fault. (fig mod 74 right)

2.
How do you ascertain that focal deficit is ischemic in origin, as opposed to having 
another focal origin, e.g. tumor?

a.
I am not sure but I think a CT would be useful here.

B.
Define ischemic encephalopathy, and relate the duration of globally impaired cerebral 
blood flow to the resulting 1)immediate and persisting neurologic deficit and 2)distribution 
and severity of nerve cell loss.

1. Ischemic encephalopathy: in a global interruption of cerebral blood flow, persisting cardiac arrest leads to coma in 4-15 seconds, tonic posturing after 15-20 seconds, and pupillary dilatation and Babinski signs after several minutes. 

2. With brief periods of global ischemia, cell death may be limited to neurons of the hippocampus and cerebellum resulting in memory difficulties and cerebellum, resulting in memory difficulties and incoordination.

3. Prolonged ischemia causes more widespread death of neuron.  Patients destined to recover waken from coma within a short time; more seriously involved patients may survive in a vegetative state or die.

C.
In  patients with circulatory arrest, relate the role of systemic hypertension to the reduction 
of border-zone infarction.

1.
Circulatory arrest preceded or followed by appreciable periods of hypotension often produces 
a concentration of damage in boundary zones between the major cerebral arteries. 

2.
This is termed border-zone (watershed) infarction (fig mod 74 bottom left)

3.
Therefore, systemic hypertension might counteract this turn of events.

D.
For focally impaired brain blood flow, compare the duration and the degree of 
clearing/persistence of neurologic deficit that distinguish the following:

1.
Transient ischemic attack (TIA):

a. 
If circulation to the ischemic area is quickly restored before irreversible changes occur, 
the neurologic deficit resolves completely  (within 10-15 minutes, but sometimes up to 
24 hours).

2.
Reversible ischemic neurologic deficit (RIND):

a.
Result of impaired local perfusion of brain tissue that produces an initial neurologic 
deficit that requires longer than 24 hours but less than 7 days to resolve, leaving little or 
no detectable deficit.
3.
Ischemic stroke:

a.
If impaired local perfusion of brain tissue persists, irreversible changes called infarction 
develop in the distribution of the involved vessel.

b.
Persisting neurological deficit, termed a stroke, is the outcome.

E.
Characterize the nature and evolution over time of histopathologic changes in a large 
infarct in the brain.

1.
A large recent infarct presents as a softened region, involving both white and gray matter, in 
which:

a.
Neurons show acute ischemic changes before disintegrating along with their axons and 
myelin coverings

b.
Glial cells are destroyed and

c.
Small blood vessels become necrotic.

2.
The infarcted region expands rapidly, initially due to accumulation of interstitial fluid, and 
may increase in size for 4-5 days.

3.
Within days, leukocytes infiltrate the edges of the infarct, and for several months thereafter, 
macrophages invade the infarct and carry off the products of infarction.

4.
The end result, months to years after the initial event, is a fluid filled cavity surrounded by 
glial scar.

5.
Sizable infarcts may follow: 

a.
Thrombosis of a large artery

b.
Emboli carried to the brain

F.
Identify the major sites in arteries in the neck and the base of the brain at which 
atherosclerotic lesions are prone to develop.  Explain how clinical deficit can result from 
1)stenosis secondary to atherosclerosis, 2) occlusion of a stenotic artery by thrombus 3) 
formation of loose fibrin-platelet clot on stenotic blood vessel wall.

1. Atherosclerosis is the major cause of disease of the arteries in the neck that lead to the brain and their unions at the base or the brain. 

2. These lesions develop most frequently at bifurcations and curves as shaded in the figure (fig mod 75 top right) and disease at these sites may produce clinical deficit by the following mechanisms (see figs mod 75 bottom).

a. 
Stenosis of the artery to a degree where perfusion distal to that point is inadequate to 
prevent ischemia (fig A mod 75 bottom)

b.
Occlusion of the artery by thrombus at a point of stenosis.  The thrombus may propagate 
into a major cerebral artery  (fig B mod 75 bottom)

c.
Formation of loose fibrin-platelet thrombus that is swept to an intracranial artery. (fig C 
mod 75 bottom)

G.
For emboli to the brain:

1.
Identify their major sources and usual sites in the brain in which they lodge.

a.
While thrombosis may be initiated at stenotic regions of arteries in the neck and the vase 
of the brain, is uncommon for thrombosis to be initiated in the major cerebral vessels 
beyond the circle of Willis.

b.
Embolism is the more common cause of involvement of the major cerebral arteries 
beyond the circle of Willis.

c.
Most emboli lodge in the middle cerebral artery or one of its branches, because of the 
direct line described from the left ventricle of the heart via the brachiocephalic or left 
common carotid, then internal carotid to middle cerebral arteries, and because the 
amount of blood carried by the carotid arteries is far greater than that by the vertebral 
arteries.

2.
Relate the time course of reopening of occluded blood vessels of establishment of 
collateral blood flow in the brain to the extent of infarction.

a.
An embolus in a branch to an infarcted area can often be demonstrated by angiography 
within the first 24 hours of a stroke.

b.
At 48 hours, however, originally occluded branches may again be widely patent, and 
friable material may have moved to occlude more distal branches.

c.
Ordinarily, such reopening of vessels or of collateral flow into the ischemic area occurs 
too late to prevent very large infarcts.

H.
In infarction of the brain

1.
Identify the findings seen with infarction in the distribution of the:
a.
Middle cerebral artery:  (fig mod 76 middle)

1.
On the opposite side of the body 

-
Paralysis of the face and arm > leg

-
Sensory loss on the face and arm> leg

2.
Homonymous hemianopsia

3.
Aphasia (dominant hemisphere)

4.
Unilateral neglect (nondominant parietal lobe)

b.
Anterior cerebral artery (fig mod 76 top)

1.
On the opposite side of the body

-
Paralysis of the leg

-
Sensory loss on the leg

c.
Posterior cerebral artery (fig mod 76 bottom)

1.
Homonymous hemianopsia

2.
Memory deficit (bilateral lesions)
d.
Posterior inferior cerebellar artery (fig mod 77 top)

1.
Vertigo, nystagmus, nausea and vomiting

2.
On the same side of the body

-
Ataxia

-
Decreased sensation (pin, touch) on the face

-
Horner’s syndrome

3.
Dysphagia

4.
On the opposite side of the body

-
Decreased sensation (pin, touch) on the arm, leg

2.
For larger infarcts, define the likelihood, time course, and most likely causes of death 
within the first three weeks and subsequent death.

a.
About 20% of patients with a large infarct die within 3 weeks

b.
Death in the first 96 hours is most commonly due to transtentorial herniation as a result 
of cerebral edema

c.
Death between 7-21 days after infarction is typically related to inactivity leading to 
pneumonia, sepsis, or pulmonary embolus.

d.
60-70% of survivors will have some degree of subsequent recovery of lost function.

e.
Myocardial infarction within the ensuing 5 years is the major cause of death among 
survivors who have had a stroke or a TIA.
3.
For lacunes, identify how they are produced, their usual sites and size, the typical 
syndromes that result and prognosis for survival and recovery.

a.
A small infarct may follow occlusion of a small penetrating artery to the brain and 
results in a small cavity called a lacune.  

b.
Lacunes are seen mainly in the basal ganglia, internal capsule, central white matter and 
pons.

c.
Symptoms may appear suddenly or evolve in a leisurely fashion over up to 36 hours.  
Because of the small circumscribed regions of brain involved, the clinical deficits are 
limited in extent. (fig mod 77 bottom right)

d.
Lesions in the pons may cause only the combination of a clumsy hand and dysarthria.

e.
A lacune in the thalamus may produce a pure disturbance in sensation on the opposite 
side of the body.

f.
Lacunes constitute 10-20% of all cerebrovascular lesions.  Hypertension and diabetes 
mellitus are the main risk factors.

g.
Patients have few medical complications as the result of a lacune and an absence of 
deaths.  The short-term prognosis is excellent with 50-60% of patients having recovered 
almost entirely within a year.

I.
For transient ischemic attacks:

1.
List the most common presenting symptoms in the following distributions: carotid 
artery, 
vertebral-basilar artery, ophthalmic artery.

a.
Carotid artery distribution

1. Same as those listed for infarction in the distribution of the anterior, middle and posterior cerebral arteries. (see H above)

2. An additional dramatic symptom is the rapid loss of vision in one eye, often resolving in 10-15 seconds, due to micro-emboli passing via the internal carotid and ophthalmic arteries to and through the retinal circulation of that eye.

b.
Vertebral-basilar artery

1. Vertigo, visual field disturbances, diplopia, dysarthria and drop attacks.

2. Because of their short duration, the chance of observing a clinical TIA is infrequent, increasing one’s reliance upon an adequate history.

c.
Ophthalmic artery

1.
Rapid loss of vision in one eye, often resolving in 10-15 seconds, due to micro-
emboli passing via the internal carotid and ophthalmic arteries to and through the 
retinal circulation of that eye.

2.
List the most common sources of emboli that produce TIA’s

a.
Most transient ischemic attacks are the result of emboli carried to the brain from the 
heart or a thrombus that has formed on a stenotic region in an artery in the neck

b.
Only a small number of transient ischemic attacks result from a fall in blood pressure.

c.
Emboli may come from several sources: (mod 76)

-
Rheumatic heart disease

-
Bacterial endocarditis

-
Myocardial infarction with mural thrombosis

-
Cardiomyopathy

-
Congenital heart disease

-
Marantic endocarditis

-
Cardiac surgery

-
Atherosclerotic material and/or thrombus in the common or internal carotid artery, or vertebral artery.
3.
Examine the relationship of TIA’s to the development of subsequent stroke.

a.
TIAs are worrisome because they tend to recur and often give warning of an impending 
stroke.

b.
Roughly 10% of all strokes are preceded by TIAs. 

c.
40% of subjects with TIAs will develop a future brain infarction, of which ½ will occur 
within 3 months, and 2/3rds within 6 months.

d.
TIAs in a carotid distribution are worse harbingers of stroke than those in a 
vertebrobasilar distribution.
4.
Explain how changes in arterial pressure produce the subclavian steal syndrome. (must 
see fig mod 78 right)
a.
Intermittent shifts in arterial pressure may also produce brain ischemia.

b.
In this condition, arterial blood flowing toward the brain is diverted to an extremity, 
producing vascular insufficiency in the region of brain from which the blood flow is 
siphoned.

c.
Atheromatous lesions may develop in the right innominate or either subclavian artery 
between its origin and the takeoff of the vertebral artery.

d.
Reduced pressure in the distal segment of the involved subclavian artery produces a 
collateral loop in which blood flows up the opposite vertebral artery, then reverses to 
flow down the ipsilateral vertebral artery to supply the deprived upper limb.

e.
Intermittent symptoms of brain stem ischemia, which can be debilitating may result.  
These include dizziness, lightheadedness, and vertigo.
J.
List the leading risk factors for the development of stroke.

1. Age

2. Hypertension is the most potent treatable risk factor for infarction and intracerebral hemorrhage, with the risk of stroke related to the height of the blood pressure.

3. Cardiac impairment ranks third, behind age and hypertension.

4. TIAs are a strong predictor of future stroke.

MULTIPLE SCLEROSIS ( mod 82-87)

I.
Clinical Application

A.
After arthritis and trauma, MS is the chief cause of major disability in adults of working age.  As 
a result of an impressive body or work on multiple sclerosis in the past couple of decades, much 
has been learned about its pathogenesis, physiological features and management

B.
It can be diagnosed earlier, patients live 10-15 years longer and less stigma is attached to the 
illness.

II.
Objectives

A.
Contrast myelin surrounding axons in the CNS versus the peripheral nervous system as to 1) 
the parent cell from whose plasma membrane myelin is derived 2) the ratio of parent cells 
to nerve fibers it invests with myelin and 3) antigenic makeup.

1.
Central myelin

a.
Derived from the plasma membrane of the oligodendrocyte

b.
Myelinates neurons of brain and spinal cord

c.
A single oligodendrocyte myelinates 40-100 neurons.

d.
Antigenically distinct from peripheral myelin.

2.
Peripheral myelin

a.
Derived from plasma membrane of the Schwann cell.

b.
Many Schwann cells myelinate a single axon, specifically an internode.

c.
Myelinates cranial and spinal nerves, with the exception of olfactory and optic nerves.

d. 
Antigenically distinct from central myelin.

B.
Describe the pathologic lesions in MS in terms of 1) elements of brain tissue involved 2) 
typical locations of involvement in brain and spinal cord and 3) presence and composition of 
inflammatory cells in acute lesions.

1. Destruction of myelin occurs around the blood vessels, particularly the venules.  When normal white matter is lost in an arborizing fashion around the vessels, 

2. And when these are seen in vessels cut obliquely or longitudinally the areas of demyelination appear as finger-like projections, called “Dawson’s fingers”.

3. This pattern is characteristic of the pathology of MS, in contrast to viral infections that result in demyelination, where demyelination is around the oligodendroglia (e.g. progressive multifocal leukencephalopathy.

4. A circumscribed area of demyelination is called a plaque.  In and acute lesions, a plaque consists of a demyelinated zone with inflammatory cells.

5. Approx. 80% of these cells are macrophages, the rest are T lymphocytes and plasma cells.  Plasma immunoglobulins are produced locally.  This results in abnormally increased levels of immunoglobulins in the CSF, an abnormality which is observed in over 90% of the patients with this disease.

C.
In MS, describe the clinical implications of 1)reduced conduction velocity 2) blockade of 
impulse conduction3) cross talk between nerve fibers and 4) ectopic generation of impulses 
in pathologically myelinated nerves n the CNS in terms of producing clinical symptoms and 
signs and appearing during exacerbation or recovery.

1.
Cessation of all nerve conduction along the demyelinated region.

a.
An acute exacerbation results and can be the result of inflammation and edema.

b.
This results in complete loss of all neurological function the effected part of the brain.

c.
It can be silent if the effects are subtle as is often seen with demyelination in the frontal 
white matter.

d.
Subtle personality dysfunction can sometime only be detected by family or close friends.  

e.
Sometimes, the effect can be dramatic and result in loss of vision, anesthesia or 
paralysis.

2.
Anomalous conduction between neighboring axons.

a.
Results in neurological dysfunction often observed in the sensory system resulting in 
distorted vision, unpleasant sensory symptoms, etc.  

b.
This often results in bizarre symptomatology unexplainable by classical neuroanatomy or 
physiology.

c.
As a result, the patient’s symptoms are sometimes considered to be non-organic and 
some patients undergo psychiatric evaluation.

3.
Slowing of nerve conduction through segments of demyelination.

a.
Occurs during recovery.

b.
Recovery from an acute attack is seldom due to demyelination, but usually due to 
restoration of ion channels on the axolemma in areas of demyelination.

c.
Although slow, conduction may nevertheless be adequate to maintain normal 
neurological function except during stress, particularly acid-base imbalance or increase 
in body temperature.

d.
The slowing of nerve conduction can be shown in the patient by the use of techniques 
such as visual evoked response, bilateral auditory evoked response or somatosensory 
evoked response.

e.
These tests are useful to demonstrate occurrence of demyelination in the optic tract, brain 
stem or the central sensory pathways, sometimes not clinically suspected.


4.
Spontaneous generation of impulses in demyelinated nerves.

a.
Results in the occurrence of shock like sensations that travel from the region of the spinal 
cord to upper and lower extremities.  

b.
This phenomenon is termed as Lhermittes phenomenon.  Although common in MS, it is 
not pathognomonic of this disorder.  

c.
Patients complain of this sensation occurring spontaneously or upon flexion of the neck.  
The sensation often diminishes and disappears with repetitive neck flexion.

d.
Any pathology that effect posterior columns in the neck can induce this symptom

D.
In MS, identify the typical age of onset, sex predilection, common symptoms and signs and 
clinical course.

1.
Age of onset: third to fifth decades.

2.
Sex: slight preponderance of females (female: male ratio 3:2)

3.
Multiple attacks, each followed by intervals of remission characterize this disease.

4.
Virtually any part of the nervous system can be effected.  Some common areas of 
involvement are:

a.
Vision: 

-
Loss of vision in one or both eyes can occur as a result of demyelination in the optic nerve or chiasm.

-
Typically, this results in loss of central vision in one eye (central scotoma), a condition termed as retrobulbar neuritis.

-
Occasionally, an afferent pupillary disturbance can be seen (Marcus-Gunn pupil).  Optic fundus is often normal and sometimes residual optic pallor can be seen.

b.
Diplopia:



-
Due to demyelination in the medial longitudinal fasciculus (MLF).  Results in the inability to adduct the eye on the side of demyelination during horizontal lateral gaze.





-
Convergence is retained, indicating intact medial rectus function.  This clinical picture is termed as rectus function.  





-
This is internuclear ophthalmoplegia, and is a common and useful finding in the diagnosis of this disorder.





-
Approx. 80% of patients with MS have some type of eye involvement, visual loss or diplopia.

c.
Motor disturbances

-      Mono, hemi, para or quadriparesis can occur in this disorder.  Next to eye involvement, this is the most common symptom, and in 60% of the patients is the presenting problem.

d.
Sensory disturbances

-      Any modality can be effected.  The most common involvement is in the region of the posterior columns.  Pain occurs rarely, but can be seen in the form of tic douloureux, or painful dysesthesias.

e. 
Vestibular disturbances

f.
Cerebellar dysfunction

g.
Bladder dysfunction and bowel disturbances

h.
Personality disturbances

i.
Seizures occur in about 15% of patients
E.
List the clinical criteria the physician must satisfy in making the diagnosis of MS.

1.
There are no laboratory diagnostic tests that can confirm the diagnosis of MS.  It is still a 
clinical diagnosis.

2.
Onset between 10 and 50 years.

3.
Multiple attacks separated at least one month apart.

4.
Multiple areas of the brain effected.

5.
Lesions attributable primarily to the white matter.

6.
Exclusion of other known disorders.
F.
Identify other conditions from which MS must be distinguished.

1.
Vasculitis of the CNS (e.g. lupus)

2.
Sarcoidosis

3.
Infections (syphilis, mycotic infection, viral infection)

4.
Tumor (gliomas in the brain stem or multifocal CNS lymphomas can mimic MS)

5.
Inherited spino-cerebellar ataxias.

6.
Nutritional disorders (vitamin B12 malabsorption)

G.
Laboratory aids in diagnosis.

1.
Identify those elements in cerebral spinal fluid that remain normal and those that are 
altered 
in this illness.

a.
Pressure, cell count protein and all cultures are normal in MS.

b.
Occasionally 20-30 cells can be present, especially during an acute exacerbation.

c.
Cell count over 75/cmm should alert one to an alternate diagnosis.

d.
Similarly, protein over 100mg/dL should alert one to the possibility of a tumor.

e.
CSF IgG is often elevated in patients with MS, while the albumin level remains normal.  
This results in abnormal IgG/Alb ration.

f.
The most useful abnormality in the CSF of MS patients, however, is the occurrence of 
“oligoclonal bands”, an abnormality due to the intrathecal IgG synthesis by a few clones 
of plasma cells.

g.
It occurs in over 90% of clinically definite MS patients, but is by no means exclusively 
seen in that disorder.
2.
Identify the value of evoked responses in the diagnosis of this condition.

a.
Useful, as mentioned before, to detect previously unsuspected demyelination.

3.
Compare the sensitivity of computerized axial tomography and magnetic resonance 
imaging in the detection of plaques in the CNS.

a.
Computer axial tomography is not as useful as MRI scan

b.
MRI is exceptionally sensitive in detection of plaques.

H.
Discuss the possible consequences of the following in the pathogenesis of multiple sclerosis: 
1)genetic susceptibility 2)environmental factors 3)viral infection.

1. A genetic predisposition for MS has been shown in that certain HLA haplotypes appear to be over represented in this disease (HLA A3, HLA B7, Dw2, DRw3).

2. The disease is, however, not inherited.  It appears that the susceptibility has to be coupled to an agent in the environment.

3. The disease occurs predominantly in the temperate climate.  Migration studies indicate that the stage has been set to acquire or not acquire the disease by 15 years.

4. The present concepts incorporate a viral infection early in life, followed by an autoimmune mediated CNS destruction.  The exact pathogenesis remains to be defined.

PERIPHERAL NEUROPATHY (mod 91-103)

I.
Objectives

A.
Define peripheral neuropathy.

1.
Denotes disease affecting the structure and function of peripheral nerve.

B.
Contrast the types of processes associated with the production of focal and generalized 
peripheral neuropathy.

1.
Focal neuropathy: caused by focally acting processes, such as pressure upon the nerve, 
invasion by tumor or an infectious process, and inflammation of the local blood vessels 
supplying the nerve.  Designated by their anatomic area of involvement

a.
Nerve root-radiculopathy
b.
Nerve plexus-plexopathy
c.
Single peripheral nerve-mononeuropathy
2.
Generalized neuropathies: feature bilateral symmetrical neuropathic features associated with 
diffusely acting processes, such as deficiency or toxic states, immune reactions, and genetic 
conditions.  Designated by the principal nerve structure involved:

a.
Neurons-neuronopathy

b.
Axons-axonal polyneuropathy
c.
Myelin sheaths-demyelinating polyneuropathy

C.
Contrast the territorial distribution of changes in sensation, muscle strength, and tendon 
reflexes in axonal polyneuropathy and acute-inflammatory-polyradiculoneuropathy.

1.
Axonal polyneuropathy:

a. This has a characteristic distribution (fig mod 92,93)

b. While the features of polyneuropathy associated with different underlying medical problems may vary in their speed of development and progression, and in the relative proportions of involved large and small diameter sensory nerve fibers and motor nerve fibers, there is this common distinctive theme

-
Changes appear in sensation, muscle strength and tendon reflexes appear in the 
distal parts of the extremities 

-
The changes are more severe and extend higher in the lower than upper limbs.

2.
Acute-inflammatory polyradiculoneuropathy (fig mod95 right, 96 bottom comparison)

a.
Symmetrical weakness evolves in muscles of the face, trunk, and proximal and distal 
upper and lower extremities and tendon reflexes are lost throughout

b.
Sensory loss is variable and mainly confined to position sense and vibratory sense loss in 
the distal lower extremities. (see fig mod 96 bottom for distribution comparison).

D.
Explain how an impairment in axoplasmic transport might account for distribution of and 
progression of findings in axonal polyneuropathy.

1. Current theories relate the changes that occur to impaired axoplasmic transport. (fig mod 92 bottom)

2. Any of several components of the system for axonal transport, each closely dependent on many metabolic processes for normal operation, may be compromised by different disease factors.

3. The common effect is a reduced concentration or speed of delivery of essential materials.

4. At a critical point along the outlying part of an axon, delivery is halted and segments distal to that point are deprived of needed materials and disintegrate.

5. As a result, impulses in affected sensory and motor fibers fail to reach their destination.

6. As the disease progresses, degeneration spreads up the axon.  Degeneration appears first in some of the longest sensory and/or motor nerve fibers, those reaching the feet.

7. Thus, changes in sensation, strength and tendon reflexes first appear in the distal region illustrated (fig mod 93 left).

8. As the process advances, degeneration spreads centripetally along the initially affected axons toward the cell body, but this does not contribute to further loss of function.

9. Other neighboring axons of similar length degenerate, increasing the distal sensory and motor loss, and axons of shorter length degenerate from their distal segments, producing sensory loss and weakness further up the lower extremity. (figs mod 93 left).

10. When the distance from lumbosacral spinal cord to the advancing zone of axon degeneration in the lower extremities approximates the distance between cervical spinal cord and the fingers, degeneration begins in distal upper extremity axons, producing sensory and motor loss in the hands. (fig mod 93 right)

E.
In acute inflammatory polyradiculoneuropathy, 

1.
Outline the steps by which macrophages destroy myelin coverings of peripheral nerve 
fibers

a.
Nerve injury results from an intense immune mediated attack against myelin.  This often 
follows a viral infection  (50-70% of cases), immunization surgery, or coexists with 
malignancy.

b.
Macrophages, in the presence of lymphocytes, migrate through blood vessel walls.  

c.
Processes of macrophages break through the basement membrane that surrounds 
Schwann cells, penetrate and strip away the outer lamellae of myelin (as drawn fig mod 
94 top) 
phagocytize myelin, and eventually denude segments of axons.
2.
Relate the mechanism by which demyelination of myelin coverings causes loss of nerve 
function and signs and symptoms in the distribution that is characteristic for this 
syndrome. (see figs mod 95, 96 top)
a.
Demyelinated segments develop along nerve fibers that supply muscles in the face, neck 
trunk, and proximal and distal extremities.

b.
Upon encountering a region denuded of myelin, the impulses are blocked from traveling 
further, thus subtracting the contribution of that motor unit from the strength of 
contraction.

c.
In addition to symmetrical weakness in proximal and distal limb muscles, bifacial 
weakness and potentially life-threatening involvement of respiratory muscles are 
conspicuous and diagnostically helpful features.

d.
In the days and weeks that follow, additional segments of demyelinated nerve appear 
along previously unaffected motor nerve fibers, further increasing the degree of 
weakness.

e.
Although motor features dominate this illness, sensory involvement is present.  
Demyelination develops in large diameter sensory afferents fibers from muscle spindles.

f.
In combination with demyelination in motor efferent fibers to skeletal muscle, this 
causes tendon reflexes to be depressed (typically lost) out of proportion to that expected 
on this bases of weakness alone.

g.
Position sense and vibratory sense are often impaired in the toes.

h.
After several days into the illness, leakage of serum through a damaged blood-CSF 
barrier raises the protein content in the CSF fluid.  This finding has diagnostic utility.

i.
Involvement of autonomic nerve in this syndrome often alters heart rhythm, blood 
pressure regulation, and regulation of peripheral vascular tone.

F.
In motor neuron disease, identify the regions of the neuraxis in which motor neurons are 
lost. (fig mod 97)
1.
The cerebral cortex where destruction is greatest among Betz cells and large pyramidal 
neurons of the motor cortex. (produces UMN features)

2.
The lower brain stem where it is greatest in the nucleus of the hypoglossal nerve (produces 
LMN features)

3.
The spinal cord where motor neurons are destroyed at multiple levels of the cord. (produces 
LMN features)
G.
In motor neuron disease, identify the resulting features of upper motor neuron origin UMN 
and lower motor neuron LMN origin.   ( fig mod 97)
1.
Upper motor neuron features:

a.
Loss of cerebral motor neurons that provide a descending influence on motor neurons of 
the lower brain stem produces an exaggerated gag reflex, explosive inappropriate 
laughing and crying, slow and stiff tongue movements

b.
Loss of cerebral motor neurons that provide a descending influence to motor neurons in 
the spinal cord produces limb spasticity, exaggerated tendon reflexes, and a Babinski 
sign.

2.
Lower motor neuron features:

a.
Loss of motor neurons in the lower brain stem results in weakness, wasting, and 
fasciculations in tongue muscles, and impaired innervation of throat muscles

b.
Loss of motor neurons in the spinal cord results in weakness, wasting, and fasciculations 
in muscles of the limbs, thorax and abdomen.

H.
In carpal tunnel syndrome, identify the mechanisms whereby pressure on the median nerve 
produces 1)a reversible ischemic deficit and 2) a persisting deficit through deformation of 
myelin jackets and the transient and persisting clinical features that result.  (see fig mod 
99,100,101) 
1.
Reversible ischemic deficit (see fig mod 100 top)

a.
Pressure in the carpal tunnel rises during wrist flexion and extension, especially in the 
presence of local swelling and inflammation of the synovial sheaths.

b.
This collapses the thin walled veins that drain the median nerve, in turn stagnating its 
blood supply.

c.
In susceptible individuals, this causes sensory nerve fibers to become excitable to the 
point of discharging spontaneously and produces tingling or burning.

d.
Return of the wrist to a neutral position allows these symptoms to abate.

2.
Persisting deficit through deformation of myelin jackets (see fog mod 100 bottom)

a.
Repeated transient rises in pressure in the canal deform myelin jackets along individual 
nerve fibers.  In the figure, this is schematized.

b.
Pressure in the carpal tunnel has denuded one axon of its jacket, blocking transmission 
of the impulse traveling along it, and thinned the myelin jacket of the neighboring 
nerve, causing focal slowing in the speed of impulse conduction along it.

c.
Impulse blockade produces clinical deficit (i.e. numbness and weakness); impulse 
slowing allows for lab identification of the point of injury, but does not produce clinical 
symptoms or signs.

I.
Identify the anatomic relationships at the elbow that predispose the ulnar nerve to focal 
injury, and identify the early symptoms of its presence. (figs mod 102)
1. The ulnar nerve approaches the elbow and assumes a superficial course and enters a tunnel at the elbow formed by a groove on the dorsum of the medial epicondyle of the humerus and a spanning ulnar collateral ligament between medial epicondyle and olecranon.

2. Here the ulnar nerve is susceptible to mechanical compression or stretch from fractures, osteophytes or local scarring, synovial inflammation, or tumor, and acute or chronic external pressure. (fig mod 102 bottom left)

3. In around 4% if individuals, the ligament is congenitally weak, allowing the ulnar nerve to slide out of the groove and over the medial epicondyle during maximal flexion of the elbow where it is exposed position renders it vulnerable to trauma.

4. Flexion at the elbow narrows the tunnel and pulls the medial head of the triceps muscle into the sulcus, allowing repeated asymptomatic injury to the nerve in a sizable fraction of individuals, and symptomatic injury (cubital tunnel syndrome).

5. Typical early symptoms of ulnar involvement at the elbow are intermittent numbness and tingling in the ulnar distribution to the hand, particularly after repetitive elbow flexion and extension, and often at night..

6. Weakness, for example of grasp or pinching, may be overlooked for months or years.

7. Sensory loss for touch more than pin perception is found as illustrated (fig mod 102 top right), classically splitting the ring finger.

8. Motor exam reveals reduced strength of pinch between the thumb and adjacent digits due to weakness of ulnar innervated adductor pollicis, flexor pollicis brevis and first dorsal interroseus muscles. (fig mod 102 bottom right)

9. Abduction of the little finger is weak.  Flexion of the ring and little finger due to impaired nerve supply to the ulnar innervated half of the flexor digitorum profundus muscle may be found.

J.
Using the principles of localization of focal injury of peripheral nerves, map out on the 
figures (figs mod 90) the loss of sensation of touch and pin and identify the weak muscles 
encountered with injury to 1) median nerve at the wrist 2) ulnar nerve at the elbow and 3) 
C8-T1 root.

1.
Median nerve at wrist injury (see figs mod 99) 

a. 
Losses of touch and pin sensation:  

1.
Classic distribution on palmar side of hand most of thumb, digits 2 and 3, and half 
of digit 4 and most of central palm (must see noted fig or Netter plate 445).  
2.
Sensory loss takes the initial form of reduced sensibility of pin, texture and two-
point discrimination in the volar tips of the index and middle fingers

b.
Muscle weakness:

1.
Median nerve provides motor innervation to thenar muscle, so muscle weakness will 
exhibit decreased dexterity, pinch strength

2.
Ulnar nerve at elbow injury

a. 
Loss of touch and pin sensation: (see figs mod 102)

1.
Classic loss over both sides of hand over digit 5 and splitting the ring finger

2.
Sensory loss for touch more than pin perception occurs in this area

b.
Muscle weakness

1. ulnar nerve innervated adductor pollicis, flexor pollicis brevis, first dorsal interosseous  show reduced strength of pinch between the thumb and these muscles

2. Abduction of the little finger is weak.  Flexion of the ring and little finger due to impaired nerve supply to the ulnar innervated half of the flexor digitorum profundus muscle may be found.

3.
C8-T1 nerve root injury (see Netter plate 150 for dermatome summary)

1.
Sensory loss: principle areas affected are the medial sides of upper limbs, part of the 
hand and over the ring and little fingers.

2.
Muscle weakness:  

DISEASES OF MUSCLE (mod 106-122) Be sure to read this submodule because the objectives do not cover all of the text presented.   

I. 
Objectives

A.
Identify the components of muscle that may be involved by disease and provide an example 
of 
each.

1.
Weakness in muscle fibers-myopathy

2.
Defective transmission neuromuscular junction- myasthenia gravis

3.
Inexcitability of muscle membrane-low [potassium] < 2.8meq/L

4.
Destruction of segments of the muscle fiber-muscular dystrophy and polymyositis

5.
Muscle fibers may undergo atrophy with disuse or malignancy, they may be inherently small, 
or the energetics of muscle fibers may be defective as in muscle phosphorylase deficiency

B.
Compare and contrast polymyositis and dermatomyositis as to the 1)distribution of weak 
muscles 2) presence of an associated connective tissue disorder 3) presence of a rash 4) 
types of microscopic abnormalities found on muscle biopsy 5) immunopathogenic 
mechanisms that produce these biopsy changes.

1.
Polymyositis and dermatomyositis are inflammatory myopathies of presumed immune-mediated origin in which disease is caused by progressive destruction and atrophy of muscle fibers scattered through motor units.

2.
On the basis of different features they may be classified into

a.
Polymyositis (1/2 of cases)

b.
Dermatomyositis (1/3 of cases)

-
Adult or child

c.
Polymyositis and dermatomyositis associated with a connective tissue disorder (1/5 
of cases)

3.
Proximal limb muscles, neck flexor muscles and muscles concerned with swallowing 
tend to be more affected.  Muscles are involved similarly bilaterally. (fig mod 107 left)

4.
The clinical picture is progressive weakness and loss of bulk in proximal limb girdle and 
neck flexor muscles, and often muscles of swallowing. (fig mod 107 right)

5.
Three types of histologic abnormalities are found by muscle biopsy in inflammatory 
myopathies:

a.
Necrosis of segments of muscle fibers with invasion by phagocytes

-
This change is most prominent in polymyositis, as a result of T-cell mediated 
damage to muscle fibers

b.
Inflammatory cells around blood vessels and along connective tissue planes.

-
This is also more prominent in polymyositis than dermatomyositis

c.
Atrophic muscle fibers concentrated at the edge of fascicles (perifascicular 


atrophy)

-
This is most conspicuous in childhood dermatomyositis.  B-cell 
mediated/complement dependent destruction of capillaries in muscle leads to 
progressive ischemic damage to muscle fibers, especially at the periphery of 
fascicles

6.
Dermatomyositis also features an erythematous rash over the eyelids, cheeks, elbows and 
knees, knuckles and nailbeds, and chest.

7.
Adult dermatomyositis occupies a middle position between polymyositis and childhood 
dermatomyositis, with muscle biopsies showing an intermediate amount of all 3 of the 
above abnormalities. (see fig mod 108 bottom)


polymyositis
adult dermatomyositis
childhood dermatomyositis

fiber necrosis and phagocytosis
+++
+
+

perivascular infiltrate
+++
++
+

perifascicular atrophy
0
++
+++

C.
In myasthenia gravis:
1.
Identify the three known mechanisms by which antibodies alter acetylcholine receptors 
so as to impair neuromuscular transmission.

a.
Modulating antibodies cross-link acetylcholine receptors and accelerate their normal rate 
of turnover. (fig mod 113 left)

b.
Circulating antibodies cause a complement-mediated destruction of segments of muscle 
membrane.  Disintegrating fragments, including areas rich in acetylcholine receptors, 
are shed into the synaptic space. (fig mod 113 right)

c.
Blocking antibodies react with the binding site for acetylcholine on acetylcholine 
receptors and hinder access of acetylcholine to them. (fig mod 113 bottom)

2.
Define the effect on muscle strength of: sustained effort, rest and administration of 
edrophonium chloride.

a.
Sustained effort: weakness may appear in initially strong muscles, and already weak 
muscles become weaker.

b.
Rest: strength improves with rest

c.
Administration of edrophonium chloride: indirect acting cholinomimetic (remember 
pharmacology?) that inhibits acetylcholine esterase and increases Ach in the 
neuromuscular junction and increases muscle strength.

-
Tensilon test: in subjects with myasthenia gravis, IV administration of edrophonium 
chloride (tensilon) improves strength in weak muscles within 30-60 seconds and 
lasts 5-10 minutes.
3.
List the most commonly affected skeletal muscles. (figs mod 111)

a.
Lid levator and extraocular muscles

b.
Muscles of neck extension, proximal limbs, face, chewing and swallowing, respiration 

c.
Respiratory muscles
4.
Plot the typical course of the illness over the first several years.

a.
Ocular symptoms appear first in 40% of patients, and at some time in the illness in 90%.


-
Typical features-asymmetric weakness of lid levator muscles (ptosis, obscuring 


vision) and weakness of individual extraocular muscles (producing diplopia) are 


illustrated. (fig mod 111 top)

b.
In 15% of patients, the illness remains confined to extraocular and lid levator muscles 
(ocular myasthenia).  Within the first year, 50% of untreated patients will develop 
more widespread weakness in varying combinations of the following muscles: 

-
Neck extension, proximal limb, face, chewing, swallowing, respiration (see fig mod 
111 bottom left)

c.
Another 30% will do so during the next two years.

5.
Identify life-threatening components of the illness.

a.
An increase in myasthenic involvement of respiratory muscles or airway obstruction can 
be life threatening


6.
Identify the relationship of thymic hyperplasia to myasthenia gravis.

a.
After puberty, the thymus undergoes involution and gradually becomes replaced by fat 
and connective tissue. (fig mod 116)

b.
In 70% of myasthenic patients, the thymus sports a more youthful appearance with 
numerous lobules having a distinct cortex and medulla.

c.
The medulla contains an increased number of germinal centers, packed with 
immunoglobulin secreting B-cells (thymic hyperplasia)

7.
Identify the relationship of thymoma to myasthenia gravis.

a.
10% of patients have a thymoma, a tumor, which although histologically benign, may 
breach its capsule and invade other local structures such as the pericardium, great 
vessels or phrenic nerves, or seed in the pleural cavities.
8.
Examine potential roles of the thymus in producing the illness.

a.
Potential roles for the thymus in promoting myasthenia include:

-
Production of Ach receptor antibodies

-
Exportation of Ach receptor specific helper T-cells to other antibody producing sites

-
An antigen source

9.
Identify the diagnostic use of repetitive stimulation of a muscle by its nerve and 
acetylcholine receptor antibody titers.

Repetitive nerve stimulation (fig mod 115 middle)

a.
Failure of NM transmission is conveniently studied by stimulating a motor nerve and 
recording a compound muscle action potential (CMAP) from a muscle it supplies.

b.
The size of the CMAP reflects the number of individual muscle fibers within the whole 
muscle activated by each nerve impulse.

c.
In normal patients, repetitive stimulation at low frequencies evokes consecutive CMAPs 
of the same size.

d.
In muscles affected by myasthenia gravis, transmission fails at individual neuromuscular 
junctions on repetitive stimulation.

e.
As a result, the size of the first several CMAPs decreases progressively.


Antibody tests (fig mod 115 bottom)

a.
Myasthenic patients may have detectable levels of acetylcholine receptor antibodies in 
their serum.

b.
The likelihood varies with differences in distribution, severity, and chronicity of clinical 
manifestations of the illness. 

SUBMODULE B

NEUROPATHOLOGY 
This learning resources for this submodule are Robbins, Pathologic Basis of Disease, 5th ed. pp. 1295-1356 and the supplemental reading in the module itself (7 separate handouts).  I will reference Robbins for this submodule as follows (R 1334 fig, table etc.)  where this means Robbins page 1334 table whatever…as necessary.  Otherwise, the objectives will be answered from the module itself and will still be referenced as done previously throughout the rest of the module.  Glass slides and protocols for slide review should also be done with the study questions.  Yes, this means you.  You may want to read Robbins for all the detail you may desire, but it is somewhat lengthy.  The supplemental summaries are more of the basic material and emphasize pathogenesis.  It does not cover everything in the objectives. 

I.
Objectives

A.
General

1.
Review normal central nervous system cells. (mod 129-130 or R 1296-1298)

a.
Neuron: nerve cell or ganglion

b.
Glia: supportive cells (Greek “glue”); primary role in repair, fluid balance and energy 

metabolism

1.
Astrocyte (astroglia): star shaped; 

-
Protoplasmic: multiple branching cytoplasmic processes (R 1297 


fig 29-1A,B)

-
Fibrous: principal cells responsible for repair and scar formation in the 
brain

-
Reactive: some are directed toward neurons and act as metabolic buffers or 
detoxifiers, suppliers of nutrients and electrical insulators.

2.
Oligodendrocyte (oligodendroglia): line up beside myelinated fibers 

-
Interfascicular-relationship to central myelin; radially arranged processes

-
Satellite-relationship to neurons

-
Main function is production and maintenance of CNS myelin

3.
Ependymal cell (ependyma)

-
Line ventricular system and extend into the central canal of the spinal cord.

4.
Choroid plexus (epithelial cell)

-
Produces CSF

5.
Microglial cell (Hortega cell): origin is controversial

-
Serves as a fixed macrophage system

6.
Reactive mononuclear cells (macrophages) from blood stream

-
Rod cell (elongated reactive cell)

-
Gitter cell, compound granular corpuscle (phagocyte cells)

7.
Blood vessels, additional connective tissue (mesodermal)

8.
Meninges

-
Dura mater (pachymeninges)

-
Arachnoid (leptomeninges)

-
Pia mater

2.
Describe acute (ischemic) cell injury of neurons (red neurons).  Discuss the significance 
of 
this change.  Define gliosis and review the principle function of oligodendrocytes. 
(mod 130-132)
a.
Acute hypoxic injury, if severe enough, causes neurons to shrink, their nuclei become 
dark and the cytoplasm become dark, instead of the usual vesicular form, and the 
cytoplasm stains 
red with hematoxylin and eosin (which we learned all about in 
histology, remember?)  

b.
The change is irreversible (cell death) but may not be demonstrated until several hours 
after the injury.

c.
General effects on the brain of hypoxia and ischemia

1.
Hypoxic (anoxic encephalopathy) 

a.
Grossly visible as cerebral edema, acutely

b.
Microscopic brain damage resulting from:

-
Decreased perfusion by blood, as is cardiac arrest or systemic hypotension 

-
Or, decreased oxygenation from respiratory causes (pulmonary or muscular 
origin)

-
Diminished O2-carrying capacity of blood; atmospheric factors such as high 
altitude

2.
Neurons can not survive more than a few minutes of anoxia before ischemic 
(hypoxic) cell changes occur.

3.
Although damaged at the time of injury, only after a few hours do the neurons show 
changes visible with the light microscope.

4.
These changes indicate irreversible injury (cell death) but neurons in different parts 
of the brain have differing susceptibility to such hypoxic injury, that is selective 
vulnerability.
5.
Especially vulnerable neurons include:

a.
Certain segments of the hippocampi

b.
Cerebellar Purkinje cells and granular cell neurons

c.
Basal ganglia, especially globus pallidus

d.
Neurons in certain layers of the cerebral cortex, especially the middle layers.

6.
Cortical neurons in the border zones (watershed areas) between major cerebral 
arteries 
are most susceptible to any decrease in perfusion pressure because they are 
farthest from the major arterial supply.

7.
Many other factors may modify the severity of hypoxic damage.

a.
Duration and severity of hypotension or hypoxia

b.
Presence of pre-existing disease such as cerebral arteriosclerosis, long standing 
hypertension (worsen hypoxic damage)

c.
Presence of mitigating factors such as hypothermia (lessens damage)

d.
Abruptness of onset (gradually diminished flow or slowly evolving anemia are 
better tolerated)

d.
Other neuronal reactions

1.
Axonal reaction: sometime after damage to its axon, a neuron swells and its Nissl 
bodies disappear (central chromatolysis).  Actually this is a dispersal of the rough 
endoplasmic 
reticulum.

2.
Trans-synaptic degeneration: groups of neurons may degenerate following death of 
neurons that synapse upon them

3.
Various kinds of neuronal inclusions result from different diseases.  They will be 
discussed with those diseases.

e.
Scar formation in the CNS= gliosis

1.
Astrocytes typically respond to injury that has caused cell death to at least some 
neurons by increasing in number and forming fibers, fibrillary gliosis.

2.
The resulting glial scar is analogous to those collagenous scars in the other parts of 
the 
body

3.
Gliosis may be the only evidence of prior CNS damage

f.
Oligodendrocytes

1.
Their death results in loss of myelin

2.
Primary function is to produce and maintain CNS myelin

g.
Ependymal cells

1.
Ependymal damage that results in ependymal cell loss is not regenerated from 
ependyma.

2.
The defect is filled by astrocytic scar.  The result is roughened ependymal surfaced 
termed granular ependymitis.

3
such scars might obstruct a narrow area (e.g. cerebral aqueduct)

h.
Microglia

1.
Although some native microglia apparently reside in the CNS, with most injuries 
virtually all responding cells are macrophages derived from CNS blood vessels.

B.
Increased Intracranial Pressure: (mod 133-140 R 1298-1399)

1.
Define the following herniations  (R 1299 fig 29-2)

a.
Subfalcine:  (fig mod N-1 134)

1.
The cingulate gyrus of one side is pushed medially under the falx cerebri

2.
Cause- mass lesion of one cerebral hemisphere, usually high in the central white 
matter.

b.
Uncal (transtentorial) (fig mod N-2 135)

1.
Herniation of various CNS structures through the tentorial opening.

2.
The brain stem is pushed down; secondary hemorrhages may result from vascular 
compromise.

3.
The medial temporal lobe(s) herniate, (hippocampal herniation) with possible 
hemorrhagic necrosis; the occulomotor nerves may be compressed; the posterior 
cerebral arteries may be pinched.

4.
In symmetric herniation, the contralateral cerebral peduncle may be crushed 
(Kernohan’s notch).   Paradoxical hemiplegia may result.

5.
Cause- any supratentorial herniation-any supratentorial mass lesion, symmetric 
(mid-line mass or cerebral edema) or asymmetric (mass of one cerebral 
hemisphere).

c.
Cerebellar tonsillar (fig mod N-1 134)

1.
Downward movements of the contents of the posterior fossa, as occurs with mass 
lesions in the cerebellar hemispheres, results in tonsillar herniation (coning)

2.
One or both cerebellar tonsils are displaced into the foramen magnum, with
compression of the medulla and its vital respiratory centers causing death.

2.
Name the fatal brainstem complication of herniation

a.
Persistent downward displacement of brain stem structures leads to tearing of the 
penetrating arteries off the basilar artery which supply the brainstem (veins are torn as 
well).

b.
This is irreversible hemorrhagic destruction of the midbrain and pons often in the 
midline = duret hemorrhages (R 1299 Fig 29-3)
3.
Define cerebral edema, blood brain barrier. Discuss the three mechanisms of cerebral 
edema.  Name the structure(s) most responsible for blood brain barrier function

a.
Cerebral edema: (mod 138 R 1299-1300)

1.
Edema in the brain is of great clinical significance because there is little room to 
expand due to the rigid skull and no effective lymphatic drainage in humans

2.
Gross evidence of edema is seen in terms of increased brain weight, flattened 
cerebral gyri, compressed cerebral ventricles-all secondary evidence

3.
Accumulation of fluid outside the vascular compartment can occur secondary to

 

a.
Increased vascular permeability (vasogenic edema)

-
Primary damage to endothelial cell allowing fluid leakage

-
Seen around metastatic tumors, abscesses, vascular lesions (hemorrhages 
and infarcts), trauma, lead encephalopathy (intracellular water)

-
Water and plasma leak through damaged capillary endothelial cells---
extracellular water.  White matter is predominantly affected.

b.
As a result of altered cell regulation of fluid (cytotoxic edema)

-
Metabolic derangement in cells causes increase of intracellular sodium and 
water and may involve all cell types: neurons, glia, endothelial cell.

c.
Or via transudation of fluid from the ventricular system across the ependymal 
lining (interstitial edema)

b.
Blood brain barrier: (mod 136,138 and fig mod N-3 136)

1.
Closely regulates the movement of fluids and all other substances into and out of 
the brain; it is a concept, not an actual structure though

2.
Tight junctions between brain continuous capillary endothelial cells constitutes the 
barrier; lack pinocytic vesicles in CNS endothelial cells preventing transport

3.
Capillary basement membranes and pericapillary astrocytic processes also have 
important barrier functions.

4.
It is also a major factor influencing drug and toxin access to the CNS

4.
Define hydrocephalus. ( mod 138 R 1300))

a.
Enlargement of the ventricles with an associated increase in the volume of CSF.

b.
It can be external ( in the subarachnoid space) but usually the term implies internal 
hydrocephalus (increased CSF in the ventricles).
5.
Compare and contrast communicating and non-communicating hydrocephalus (mod 
139 and fig mod N-4 140)

a.
Non-communicating (obstructive hydrocephalus): lack of communication between the 
ventricles and the lumbar subarachnoid space.

1.
Obstruction is in the ventricles or in the basilar foramina-the media foramen of 
Magendie, and the two lateral foramina of Luschka.

2.
Many different lesions may cause obstructive hydrocephalus-congenital 
malformations as aqueductal stenosis, tumors, intrauterine infections.

b.
Communicating hydrocephalus: CSF communicates between the ventricles and lumbar 
subarachnoid space.  Either of two problems may exist:

1.
There is obstruction to CSF flow in the subarachnoid space basilar cisterns, cerebral 
subarachnoid space)

2.
There is failure if reabsorption by the arachnoid villi.  Major causes of 
communicating hydrocephalus are meningitis followed by organization of the 
exudate in the subarachnoid space, or organization of subarachnoid hemorrhage 
following traumatic or spontaneous bleeding.

6.
Define hydrocephalus ex vacuo.  What is normal pressure hydrocephalus?  List three clinical 
findings.  (mod 139)

a.
Hydrocephalus ex vacuo occurs when the ventricles are enlarged because of brain atrophy 
b. Normal pressure hydrocephalus

1.
While most hydrocephalus has increased pressure of CSF with increased volume, 
there is a type called normal pressure hydrocephalus 

2.
This is poorly understood and may be associated with dementia in adults.  

3.
Shunting may cause improvement.
C.
Malformations and Developmental Diseases (R 1301-1303)
1.
What are neural tube defects? How is antenatal diagnosis possible?  (R 1301)
a.
Neural tube defect: failure to close a portion of the neural tube, or reopening of a region 
of the tube after successful closure may lead to on of several abnormalities involving 
both neural tissue and overlying bone and/or soft tissues.

b.
Antenatal diagnosis has been facilitated by new imaging methods and the screening of 
maternal blood samples for a-fetoprotein, which is elevated in cases of NTD.

2.
What is holoprosencephaly?  What chromosomal trisomy may be associated? (R 1302 )

a.
Holoprosencephaly is a spectrum of malformations characterized by incomplete 
separation of the cerebral hemispheres across the midline ( R fig 29-5 1302)

b.
The more extreme forms often occur with midline facial abnormalities, including 
cyclopia; less serious variants, such as arhinencephaly show absence of the olfactory 
nerves and related structures.

c.
Holoprosencephaly is associated with trisomy 13 and to a much lesser extent, with 
trisomy 18.

3.
Describe the Arnold-Chiari malformation.  What is associated? ( R 1302)

a.
Arnold-Chiari malformation consists of a small posterior fossa, a malformed midline 
cerebellum with extension of vermis through the foramen magnum (R fig 29-7 1303)

b.
And, almost invariably, hydrocephalus and a lumbar myelomeningocele (S shaped 
deformity) malformation of the tectum, aqueductal stenosis, cerebral heterotopias and 
hydromyelia.

4.
Define hydromyelia, syringomyelia? (R 1303)

a.
These are related disorders characterized by a segmental or continuous expansion of the 
ependymal-lined central canal of the cord (hydromyelia)

b.
Or, by the formation of a cleft-like cavity in the inner portion of the cord (syringomyelia, 
syrinx).

c.
These lesions are associated with destruction of the adjacent gray and white matter and 
are surrounded by a dense network of reactive gliosis.

d.
The cervical spinal cord is most often affected, and the slit-like cavity may extend into 
the brain stem.

D.
Perinatal Brain Injury
1.
Define cerebral palsy. (R 1303)

a.
Refers to any nonprogressive neurologic motor deficit with onset during the perinatal 
period, regardless of etiology

2.
What is the usual location of CNS hemorrhage in premature newborns? (R 1303)

a.
In premature infants, there is an increased risk of intraparenchymal hemorrhage within 
the germinal matrix, near the junction between the thalamus and the caudate nucleus.

b.
Hemorrhages may remain localized or extend into the ventricular system and thence to 
the subarachnoid space, sometimes leading to hydrocephalus.

3.
Describe some ischemic lesions seen in newborns. (R 1303)

a.
In the premature newborn, ischemic infarcts may occur in the periventricular white 
matter (periventricular leukomalacia, PVL see R fig 29-8 1303)

b.
These are chalky-white plaques consisting of discrete regions of white matter necrosis 
and mineralization.

c.
Cyst formation may follow in cases where there has been extensive damage;  when both 
gray an white matter are involved, large destructive lesions develop through the 
hemispheres, multicystic encephalopathy.

d.
In perinatal ischemic lesions of the cerebral cortex, the depths of sulci bear the brunt of 
injury and result in thinned-out, gliotic gyri (ulegyria)

e.
The basal ganglia and thalamus may also suffer ischemic injury, with patchy neuronal 
loss and reactive gliosis.

f.
Later, with the advent of myelination at about six months of age, aberrant and irregular 
myelin formation gives rise to a marble-like appearance of the deep nuclei, status 
marmoratus.

g.
Clinically, because the lesions are in the caudate putamen, and thalamus, 
choreoathetosis and related movement disorders are important sequelae.

E.
Trauma

1.
Define concussion, contusion, laceration, traumatic parenchymal hemorrhage, diffuse 
axonal injury. (R1304-8)

a.
Concussion: clinical syndrome brought about by closed head injury characterized by 
sudden onset and transient neurologic dysfunction, including loss of consciousness, 
respiratory arrest, and loss of reflexes. (R 1304)

1.
Neurologic recovery is complete, but amnesia for the event persists.

2.
The pathogenesis for the sudden disruption of nervous activity is unknown

3.
There is increasing evidence that biochemical abnormalities do occur, such as 
depletion of mitochondria ATP, as well as possibly ultrastructural changes. 

b.
Contusion: condition in which direct parenchymal injury of the brain has occurred, 
through transmission of kinetic energy to the brain and bruising analogous to what is 
seen in soft tissues 

1.
Most often occur on the surface of the brain at sites where the brain makes contact 
with rough bony surfaces, such as the tips of the temporal lobes, the inferior frontal 
surfaces, and the occipital poles.

2.
A blow to the surface of the brain, transmitted through the skull, leads to rapid 
tissue displacement, disruption of vascular channels and subsequent hemorrhage, 
tissue injury and edema (R 1304 fig 29-9,10 1305)

c.
Laceration: another condition in which direct parenchymal injury of the brain has 
occurred, via penetration of an object through and tearing of tissue

d.
Traumatic parenchymal hemorrhage: (R 1307)

1.
Subarachnoid and intraparenchymal hemorrhages can occur from a variety of 
nontraumatic conditions; however, most cases are associated with parenchymal 
trauma.

2.
Contusion of superficial cerebral tissue or, less frequently, cerebellar cortex is 
associated with disruption of small vessels with both the brain parenchyma and the 
overlying leptomeninges

3.
Direct vascular injury, such as laceration of a normal vessel of rupture of a pre-
existing aneurysm or malformation, can lead to the accumulation of blood in the 
subarachnoid space in the absence of parenchymal injury (R 1308)

e.
Diffuse axonal injury: (R 1305)

1.
Another pattern of parenchymal brain injury involves the white matter, often deep 
within the brain.

2.
Findings include axonal retraction balls indicative of diffuse axonal injury or focal 
hemorrhagic lesions

3.
Found most commonly in the corpus callosum and the dorsal lateral brain stem and 
less often in the pontine tegmentum.

4.
Angular acceleration alone, in the absence of impact, can cause diffuse axonal 
injury as well as hemorrhage.

5.
As many as 50% of patients who develop coma shortly after trauma, even without 
cerebral contusion, are believed to have white matter damage and diffuse axonal 
injury.


2.
Compare and contrast epidural and subdural hematoma in terms of usual localization, 
blood vessel involved and usual rate of clinical progression.  (mod 159-60 ; R 1306-7)

a.
Epidural hematoma: (R fig 29-11 1306)

1.
Blood is extravasated between the inner skull table and the dura.  The dura is 
stripped free by the accumulating extradural blood. 

2.
A fracture usually co-exists, and most extradural hematomas result from a tear in 
the dural artery, especially the middle meningeal artery (in fractures of the temporal 
bone)

3.
Arterial bleeding is rapid (under high pressure, fast clinical evolution occurs usually 
within hours)

4.
A patient is usually unconscious immediately following such a severe head injury, 
soon regains consciousness, but coma again supervenes.

5.
The lucid interval is often short 

b.
Subdural hematoma: (R fig 29-12 1307)

1.
Blood collects between the dura and arachnoid.

2.
The usual cause is trauma with a tear in a cortical vein, often in a bridging vein 
between the cortex and superior sagittal sinus

3.
Usually venous hemorrhage and the clinical evolution is therefore slower with an 
onset of symptoms hours to days after injury

4.
Located usually over the cerebral convexities, but basilar hematomas also occur

5.
Chronic subdural hematoma

a.
Obscure causation; the onset is insidious, the relation to trauma often difficult to 
elicit.

b.
Occurs most often in elderly patients or alcoholics

c.
The blood or blood tinged fluid is enclosed in a fibrous membrane (inner an 
outer)

d.
The convexity is the usual site, and a torn bridging vein is usually the apparent 
cause

e.
The pathogenesis is controversial.  The delicate blood vessels in the granulation 
tissue of an organizing hematoma may readily re-bleed with minor trauma, 
while another theory has invoked the hypertonic fluid as causing influx of 
water.

F.
Vascular Diseases  (see fig N-5 mod 148 before proceeding. cerebral blood supply)
1.
Define ischemia, hypoxia, infarction.  (Actually the effects of ischemia and hypoxia on 
the brain are similar and largely inseparable) (R 1308-14)

a.
Ischemia: impaired oxygen carrying capacity, or inhibition or oxygen use by tissue 
following interruption of the normal circulatory flow.

b.
Hypoxia:  deprivation of oxygen by any number of mechanisms

c.
Infarction: focal ischemic necrosis that follows reduction or cessation of blood flow to a 
localized area (of the brain) 

2.
Define ischemic encephalopathy.  Discuss border zone or watershed infarcts in terms of 
causes and areas affected. (R 1309)

a.
Ischemic encephalopathy: The CNS cells most vulnerable to ischemia are neurons, but 
if the ischemia is sufficiently severe or prolonged the glial cells also die, producing 
complete necrosis of the tissue

1.
Occurs after episodes of profound systemic hypotension.

b.
Watershed or border zone infarcts are wedge shaped areas of coagulation necrosis that 
occurs in those regions of the brain and spinal cord that lie at the most distal fields of 
arterial irrigation. (i.e. between major arterial supplies)

1.
In the cerebral hemispheres, the border zone between the anterior and the middle cerebral artery distributions seems to be at greatest risk. 

2.
These regions are farthest from the cerebral blood supply which is diminished in systemic hypotension

3.
Another condition that favors the formation of watershed infarcts is that in which an internal carotid supply is being perfused through a collateral vessel resulting in decreased perfusion pressure in the anterior and middle cerebral circulations

4.
A border zone infarct may then result in the field between the anterior and middle circulations (mod 152)

3.
Discuss specific vascular causes of cerebral infarction.  List two causes of hemorrhagic infarcts.  (R 1309-10)

a.
Occlusive vascular disease of severity sufficient to lead to cerebral infarction can occur from either in situ thrombosis or embolization from a distant source.

b.
In general, thrombosis is more frequent in the extracerebral carotid system, and embolism in the intracranial vessels.

1.
The basilar artery, however, is more often occluded by thrombosis than by embolism. 

2.
Spinal cord infarction may be seen in the setting of widespread hypoperfusion or as a consequence of interruption of the feeding tributaries derived from the aorta.

3.
Occlusion of the anterior spinal artery is rarer but may occur as a result of thrombosis or embolism.

c.
The majority of thrombotic occlusions are due to atherosclerosis.

1.
The most common sites of involvement are the carotid bifurcation, the origin of the middle cerebral artery and at either end of the basilar artery.

2.
Arterial stenosis may lead to fragmentation and distal embolization.

d.
Occlusive vascular disease is frequently associated with other diseases.

1.
Hypertension, diabetes, arteriosclerotic heart disease and hypercholesterolemia and gout

e.
Arteritis of small and large vessels associated with syphilis and tuberculosis, formerly accounted for a large proportion of cerebral infarcts but is now of lesser clinical importance.

1.
Polyarteritis, temporal arteritis, and lupus erythematosus may result in multiple small infarcts distributed diffusely throughout the brain.

2.
Other conditions that may cause thrombosis and infarction include polycythemia, dissecting aneurysm and trauma.

f.
Embolism to the brain most commonly occurs when a fragment of thrombotic material occludes a vessel.

1.
Cardiac mural thrombi are the major offenders

2.
Myocardial infarct, valvular disease, and atrial fibrillation are important predisposing factors.

3.
The area involved most frequently with emboli is the territory of distribution of the middle cerebral artery; the incidence is about equal in the two hemispheres.

4.
Emboli tend to lodge where blood vessels branch or in areas of pre-existing luminal stenosis.

g.
Two causes of hemorrhage infarct: (mod 152 and R fig 29-13 1310)

1.
Characterized grossly by multiple sometimes confluent, petechial hemorrhages, is typically associated with embolic events

2.
Results also from venous thrombi if they are extensive enough to produce infarction. (mod 152)

3.
A predominantly ischemic infarct, often has hemorrhagic foci, especially in the cerebral cortex, which has better collateral arterial supply than does white matter.

4.
Pathophysiology involves a blood flow or reflow into infarcted brain tissue, e.g. through collateral flow, venous stasis with patent arterial supply, or an embolus that migrates or lyses resulting in re-establishment of blood flow to a necrotic vessel.


5.
In contrast, non-hemorrhage infarcts are typically associated with thrombosis.

4.
Name the most common cause of intracerebral hemorrhages.  List four other causes. (R 1311)

a.
The most important predisposing factor for intracerebral hemorrhage is arterial hypertension.

b.
Other associated conditions include intracerebral arteriovenous malformations, tumor, hemorrhagic diathesis, and amyloid angiopathy

5.
Discuss the major sites of hypertensive hemorrhages. (R 1311 and fig 29-15 1312)

a.
Hypertensive hemorrhages may originate in the:

1.
Putamen (50-60%) 

2.
Thalamus, pontine tegmentum, cerebellar hemispheres (10% each)

3.
Any other region of the brain in rarer instances. (also mod 154)

6.
Name the *most common cause of spontaneous (non-traumatic) and significant subarachnoid hemorrhage. (R 1312 and mod 153)

a.
*Rupture of a berry aneurysm

b.
Extension of a traumatic hematoma

c.
*Rupture of a hypertensive intracerebral hemorrhage into the ventricular system

d.
Vascular malformation

e.
Hematologic disturbances, and tumor

f.     (Aside: ruptured berry aneurysm is the fourth most common cerebrovascular disorder after atherosclerotic thrombosis, embolism, and hypertensive intraparenchymal hemorrhage)

7.
List three major sites of ruptured saccular (berry) aneurysms. (mod 155)

a.
90% of berry aneurysms are situated in the anterior carotid circulation and are equally divided among three major regions. (see R 1312 fig 29-16)

1.
30% arise around the termination of the internal carotid artery either at the juncture with the posterior communicating artery or at the origin of the middle and anterior cerebral arteries.

2.
Another 30% arise from the anterior communicating artery or on the adjacent anterior cerebral artery

3.
Roughly 30% originate on the middle cerebral artery at its first branching point in the Sylvian fissure.

4.
10% of berry aneurysms arise in the posterior circulation most frequently at the junction of the basilar artery with the arterial circle.

8.
Name the vascular malformation most likely to cause brain damage or hemorrhage. (mod 157 and R 1313-14))

a.
Arteriovenous malformations AVM are most prone to rupture and are the most spontaneously ruptured vascular malformations.

9.
Define lacunae (lacunar infarcts).  What is a predisposing factor? (mod 152 and R 1314)

a.
The deep penetrating arterioles that supply the basal ganglia and hemispheric white matter, as well as the brain stem are involved by arteriolar sclerosis which is structurally similar to that of non CNS vessels.

1.
Lacunar infarcts are an important clinical and pathological outcome of these arterial lesions (R 1314 fig 29-18)

b.
Lacunar infarct: consists of small infarcts (often with microscopic evidence of associated hemorrhage that occurs in the lenticular nucleus, thalamus, internal capsule, deep white matter, caudate nucleus, and pons, in descending order of frequency.

c.
They can be clinically silent or cause significant impairment.  

d.
They are most often multiple and occur most invariably in hypertensive patients an in 
diabetics.

10.
Discuss hemorrhage from vascular malformations in terms of age group affected, areas of brain, and type of hemorrhage.  ( mod 157 and R 1313-14)

a.
Occur in young patients mostly 10-30 years of age; males are affected 2X as frequently as females

b.
Most occur in the region of the cerebral hemispheres in the distribution of the middle cerebral artery  (particularly its posterior branches)

c.
The lesion may occur anywhere along the neuraxis including the midbrain, cerebellum, or spinal cord.

d.
Presents as a seizure disorder, and intracerebral hemorrhage and or a subarachnoid hemorrhage.  ß
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e.
In contrast to hypertensive hemorrhages that are usually within the brain tissue, and ruptured saccular aneurysms that usually result in subarachnoid hemorrhage, rupture of vascular malformations usually results in hemorrhage into both the CNS tissues and the subarachnoid space. (mod 157)

G.
Infections (R1314-1326)

1.
Define leptomeningitis (meningitis) in terms of meninges and space involved. (R 1315)

a.
Meningitis refers to an inflammatory process of the leptomeninges and CSF within the subarachnoid space

2.
Name the most common causes of pyogenic meningitis in newborns, infants and children, adolescents and young adults and the elderly. (R 1315)

a.
Newborns: E. coli and group B streptococci

b.
Infants and children: Haemophilus influenzae

c.
Adolescent and young adults: Neisseria meningitidis

d.
In the elderly: Streptococcus pneumoniae and Listeria monocytogenes

3.
Describe the CSF in typical pyogenic meningitis. (R 1315)

a.
A spinal tap yields cloudy or frankly purulent CSF, under increased pressure, with as many as 90,000 neutrophils/mm3, a raised protein level, and a markedly reduced glucose content (see R 1315 fig 29-19, exudate is evident within the leptomeninges over the surface of the brain).

b.
Bacteria may be seen on a smear or may be cultured, sometimes a few hours before the neutrophils appear.

4.
What is aseptic meningitis?  What are changes is CSF cells? protein? sugar? (R 1316)

a.
Aseptic or viral meningitis designates a symptom complex comprising meningeal irritation and alterations of consciousness but with a less fulminant course and CSF findings different from those observed with bacterial meningitis.

b.
There is a lymphocytic pleocytosis (increased number of WBC in CSF), the protein elevation is only moderate, and the sugar content is nearly always normal.

c.
Viral aseptic meningitides are usually self-limiting and are treated symptomatically.

5.
List three major routes by which organisms reach the brain to cause brain abscess. (R 1316)

a.
Direct implantation of organisms

b.
Local extension from adjacent foci (especially mastoiditis)

c.
Hematogenous spread usually from a primary site in the heart, lungs, or distal bones

6.
Describe the CSF in unruptured brain abscess. (R1316)

a.
The CSF is under increased pressure; the white cell count and protein levels are raised, but the sugar content is normal.

7.
List the two serious complications of tuberculous meningitis. (R 1317)

a.
Usually manifests as generalized complaints of a headache, malaise, mental confusion, and vomiting.

b.
There is only moderate CSF pleocytosis made up of mononuclear cells or a mix with polymorphonuclear cells; the protein level is elevated and the glucose content is moderately reduced or normal.

c.
The most serious complications of chronic meningitis are arachnid fibrosis which may produce hydrocephalus,

d.
Obliterative endarteritis with arterial occlusion and infarction of underlying brain; because the process involves the spinal cord subarachnoid space, spinal roots may also be affected.

8.
What are the three types of neurosyphilis? What stage is neurosyphilis? (R 1317-18)

a.
Neurosyphilis is a tertiary stage of syphilis and has three major forms of expression:

1.
Meningeal-meningovascular neurosyphilis: chronic meningitis

2.
Paretic neurosyphilis: outcome of invasion of the brain by treponema, resulting in widespread individual cell death and consequently brain atrophy

3.
Tabes dorsalis: result of damage by the spirochete to the sensory nerves in the dorsal roots resulting in impaired joint position sense and ataxia etc.

9.
Describe the cellular infiltrates in typical viral encephalitis. (R 1318)

a.
Viral encephalitis is a parenchymal infection of the brain almost invariably associated with meningeal inflammation, having a very wide spectrum of clinical and pathologic expression.

b.
The most characteristic histologic features of viral encephalitides are perivascular and parenchymal mononuclear cell infiltrates 

1. Lymphocytes, plasma cells and macrophages

c.
Glial nodules, and neuronophagia

d.
Aside: more direct indication of viral involvement are inclusion bodies seen in only a minority of viral infections (whereas the glial nodules and infiltrates listed are also seen in conditions in which viruses are not thought to be involved).

10.
Define Negri bodies. (R 1320)

a.
Pathognomonic microscopic finding which are cytoplasmic, round to oval or bullet shaped, eosinophilic inclusions that can be found in pyramidal neurons of the hippocampus and Purkinje cells of the cerebellum, sites usually devoid of inflammation.

11.
List three general categories of CNS disease in patients with AIDS.  What are some effects of HIV-1 on the nervous system? (R 1321)

a.
As many as 60% of patients with AIDS develop neurologic dysfunction during the course of their illness, and in some, it dominates the clinical picture until death.

b.
Three general categories of CNS disease in  patients with AIDS are:

1.
Direct or indirect effects of HIV-1

2.
Opportunistic infection

3.
Primary CNS lymphoma

c.
Effects of HIV-1 on the nervous system 

1.
HIV-1 aseptic meningitis

2.
HIV-1 meningoencephalitis (R fig 29-22 1322)

3.
Vacuolar myelopathy

4.
Cranial and peripheral neuropathies

12
What is PML? Which patients are likely to be infected? (R 1322)

a.
PML=Progressive Multifocal Leukoencephalopathy

b.
Viral infection of oligodendrocytes by a papovavirus (JC virus) that, because it infects and kills the oligodendrocytes that produce myelin, causes demyelination as its principle pathologic effect.

c.
The disease appears late in the course of immunosuppression caused by a variety of disease, and therefore affects AIDS and non-AIDS immunocompromised patients

d.
However, the extent and severity of lesions may be greater, with and increased tendency toward necrosis and a higher density of papova-virus infected cells, in AIDS patients.

13.
Briefly discuss the pathogenesis of PML (cells affected and result). (R 1322-3)

a.
This is a viral infection of oligodendrocytes by a papovavirus  that causes demyelination as its principal pathologic effect.  I will present the major morphological changes:

b.
The lesions consist of patches or irregular, ill-defined destruction of the white matter ranging in size from mm to extensive involvement of an entire lobe of the brain. (R fig 29-23 1323)

c.
The cerebrum, brain stem, cerebellum, and occasionally the spinal cord all can be involved.

d. 
Microscopically speaking, the lesion is a patch of demyelination in the center of which are many lipid-laden macrophages and a few axons.

e.
At the edge of the lesion are greatly enlarged oligodendrocyte nuclei whose chromatin is replaced by glassy amphophilic viral inclusion material.

f.
Within the lesions, there are characteristic bizarre giant astrocytes with irregular, hyperchromatic, sometimes multiple nuclei

g.
Reactive fibrillary astrocytes are scattered among the bizarre forms, and there are many foamy macrophages containing myelin debris, but little inflammatory reaction in the brain or meninges.

14.
List two unconventional agents (diseases) that cause spongiform encephalopathy.  What is the characteristic morphology? Where is the change most often seen in Creutzfeldt-Jakob disease? (R 1323-24)

a.
Creutzfeldt-Jakob and kuru diseases in humans cause spongiform encephalopathy.

b.
Microscopically, they produce a characteristic spongiform change in the gray matter.

1.
This is seen in the cortex and sometimes other regions of gray matter, such as caudate and putamen, and consists of a variable vacuolation in the background neuropil (R fig 29-24A)

2.
In more advanced cases, there is severe neuronal loss and marked reactive astrocytosis.  No inflammatory infiltrate is present 

3.
EM shows the vacuoles to be intracytoplasmic and membrane-bound in neuronal and glial processes.

4.
Kuru plaques are deposits of aggregate abnormal prion protein, are Congo-red positive as well as PAS-positive and appear in the cerebellum (R fig 29-24B)

c.
The clinical picture is usually quite typical in Creutzfeldt-Jakob disease and the change is most often seen in memory and behavior followed by a rapidly progressive dementia, often with pronounced startle myoclonus. 

1.
The rapidly progressive dementia is due to the spongiform change in the cerebral cortex.

15.
List three ways fungi affect the CNS. (R 1325)

a.
Chronic meningitis: seen mostly with AIDS patients

b.
Vasculitis: most frequently seen with Aspergillus and Mucor, both of which have a predilection for invasion of blood cell walls

c.
Parenchymal invasion: usually in the form of granulomas or abscesses, can occur with most of the fungi and often coexists with meningitis

16.
Name the two most common fungi that cause brain parenchymal invasion. (R 1325)

a.
Candida

b.
Cryptococcus

H.
Demyelinatng Diseases (R 1326-29)

1.
Define demyelination. (R 1326)
a.
Conditions characterized by a preferential damage to myelin, with relative preservation of axons.

b.
Can be diseases of either the oligodendrocyte (primary) or the myelin sheath.

2.
Discuss the pathology of multiple sclerosis including areas of nervous system affected, general pattern of disease, and major elements affected histologically. (except where noted taken from mod 144; see also R 1326-7)

a.
Chronic recurrent episodes of multifocal (disseminated sclerosis) demyelination in the CNS. 

b.
The natural course of the disease is variable.

1.
In some patients, it begins as a relapsing and remitting illness in which episodes of neurologic deficits develop over short periods of time and show gradual partial remission.

2.
The frequency of relapses tends to decrease over time, but in a subset of patients there is a steady neurologic deterioration. (R 1328)

c.
The cause is not known, but autoimmune damage to myelin, perhaps initiated by a viral infection is a genetically predisposed host is an attractive hypothesis.

d.
The focus of demyelination is known a plaque because of its gross appearance in cut sections of the CNS. The characteristic lesions are scattered throughout the white matter and are recognized as sharply circumscribed regions of gray discoloration (plaques) which feature: (see R fig 29-26 1327 and fig 29-27 1328)

1.
Demyelination, with relative sparing of the axons

2.
In the active phase, a significant perivascular chronic inflammatory cell infiltrate

3.
Astrocytic scar formation

3.
List some other demyelinating diseases. (mod 144)

a.
Uncommon variants such as neuromyelitis optica exist (optic nerve and spinal cord involvement)

b.
Acute disseminated encephalomyelitis (ADE)

1.
Patchy foci of demyelination are accompanied be perivascular inflammatory infiltrates.  

2.
The disorder may follow viral infections (mumps, measles, chickenpox, rabies, typhoid).

3.
A similar lesion, experimental allergic encephalomyelitis (EAE) can be produced in experimental animals by injecting brain emulsions in Freund’s adjuvant.

4.
An autoimmune reaction involving myelin protein is likely in all these conditions.

c.
Acute idiopathic polyneuritis (Guillain-Barre Syndrome)

1.
Similar to ADE, but involving predominantly the PNS (cranial and spinal nerve roots, ganglia, and peripheral nerves).

2.
Often preceded by viral infection.  Weakness begins in extremities.

3.
Danger is involvement of respiratory muscles, so mechanical ventilation may be necessary.  Usually self-limited with good recovery.

4.
The disease has an apparent counterpart in experimental allergic neuritis (EAN).

I.
Degenerative Diseases (1329-1337)

1.
Name the most common cerebral cortical degenerative disease.  What is the clinical correlate? (R 1329)

a.
Definition: degenerative diseases of gray matter characterized principally by the progressive loss of neurons with associated secondary changes in white matter tracts.

1.
The pattern of neuronal loss is selective, affecting one or more groups of neuron, while leaving others intact.

2.
The disease arises without any clear inciting event in a patient without previous neurologic deficits.

b.
The major cortical degenerative diseases are Alzheimers disease AD (most common) and Pick’s disease, and their principal clinical manifestation is dementia, that is, progressive loss of cognitive function independent of the state of attention.

c.
AD usually becomes clinically apparent as insidious impairment of higher intellectual function, with alterations in mood and behavior.

d.
later, progressive disorientation, memory loss, and aphasia indicate severe cortical dysfunction, and eventually, over 5 to 10 years, the patient becomes profoundly disabled, mute, and immobile.

2.
How may Alzheimer’s disease be diagnosed with certainty? What are the microscopic features? (R 1329-30)

a.
Although pathologic examination of brain tissue remains necessary for the definitive diagnosis of AD, the combination of clinical assessment and modern radiologic methods allow for a diagnostic accuracy of 80-90%.

b.
The microscopic abnormalities of AD are 

1.
Neurofibrillary tangles (R fig 29-29A 1330)

a.
Bundles of filaments in the cytoplasm of the neurons that displace or encircle 
the nucleus.

b.
Commonly found in cortical neurons, especially in the entorhinal cortex, as well 
as in other sites such as pyramidal cells of the hippocampus, the amygdala, the 
basal forebrain, and the raphe nuclei.

2.
Senile (neuritic) plaques  (R fig 29-29A 1330)

a.
Focal, spherical collections of dilated, tortuous, silver staining neuritic processes 
surrounding a central amyloid core, often with a clear halo separating the 
components

b.
Found in the hippocampus and amygdala as well as in the neocortex.

3.
Amyloid angiopathy  (R fig 29-29B 1330)

a.
Invariable accompaniment of AD, although it can be found in the absence of 
other changes of AD

b.
Same chemical composition as the amyloid cores of plaques; may also be found 
at sites outside the nervous system.

c.
The diagnosis of AD is based on a clinicopathologic correlation between the patient’s neurologic status and the frequency of plaques and tangles.

3.
Define Parkinsonism in terms of pathogenesis. (R 1332)

a.
Selective degeneration of monoamine containing cell populations in the brainstem and basal ganglia, particularly dopaminergic neurons of the substantia nigra.

b.
In addition, scattered neurons in basal ganglia, brainstem, spinal cord, and sympathetic ganglia contain eosinophilic inclusion bodies (Lewy bodies).

c.
The mechanism of this degeneration is not understood

4.
Briefly discuss the gross and microscopic pathology of idiopathic Parkinsonism. (R 1332)

a.
Gross findings: pallor of the substantia nigra (R fig 29-31 1333) and locus ceruleus

b.
Microscopic: loss of the pigmented, catecholaminergic neurons in these regions associated with gliosis; Lewy bodies (R fig 29-31C 1333)

1.
Lewy bodies: intracytoplasmic, eosinophilic, round to elongated inclusions that often have a dense core surrounded by a paler rim.

2.
May occur singly or multiply within neurons.

5.
What structure(s) is/are most severely involved in Huntington’s disease? (R 1334)

a.
Uncontrolled movements and progressive dementia characterize HD.

b.
Patients develop chorea, (jerky, hyperkinetic, sometimes dystonic movements affecting all parts of the body)

c.
They may later develop Parkinsonism with bradykinesia and rigidity.

d.
Early signs of higher cortical dysfunction often include forgetfulness and thought and affective disorders.

e.
This functional significance of the loss of striatal neurons is to dysregulate the basal ganglia circuitry that modulates motor output. (R fig 29-32 1335)

f.
The loss of the striatal inhibitory output, from the degeneration of GABA containing neurons, is thought to be the basis of the choreiform movements of the disease.

6.
Define motor neuron disease.  Name the most common variant. (R 1336)

a.
The most common form of this group of disease is amyotrophic lateral sclerosis (ALS), in which patients have loss of both lower motor neurons (muscular atrophy, fasciculation, weakness) and upper motor neurons (hyperreflexia, spasticity, and a Babinski reflex)

b. 
Unknown pathogenesis.

c.
Degeneration of upper and lower motor neurons where the  distribution of pathologic findings parallels that of symptoms. (see R fig 29-33 1336)

J.
Inborn errors of Metabolism. (R 1337-39)

1.
Define leukodystrophy. (R 1337)

a.
Genetic disorder of metabolism that affects oligodendrocytes and myelin 

b.
Disease of the white matter of the brain

2.
List three leukodystrophies. (R 1337-8 read for descriptions if desired)

a.
Krabbe’s disease

b.
Metachromatic leukodystrophy (R fig 29-34 1338)

c.
Pelizaeus-Merzbacher Disease

d.
Canavan’s disease

3.
Briefly discuss mitochondrial encephalomyopathies. (R 1338)

a.
Usually an autosomal recessive disorder, this disease is characterized by an arrest of psychomotor development, feeding problems, seizures, extraocular palsies, and weakness with hypotonia between 1-2 years of age.

b.
Cardinal lab finding is lactic acidemia.

c.
Death usually occurs within 1-2 years of the age at onset.  Various abnormalities have been found all of which lie in the mitochondrial pathway for converting pyruvate to ATP.

d.
Brain reveals bilateral regions of destruction with proliferation of blood vessels, usually symmetric, involving the periventricular gray matte of the midbrain, tegmentum of the pons, and the periventricular regions of the thalamus and hypothalamus.

e.
The situation described is called Leigh’s disease.

f.
Other mitochondrial encephalomyopathies include:

1.
Myoclonic epilepsy and ragged red fibers (MERRF)

a.
Maternally transmitted disease that is associated with a mutation in the mtDNA 
gene for a mitochondrial-specific tRNA.

b.
Results in altered function of several of the oxidative complexes.

2.
Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes 
(MELAS)

a.
Similar type of mutation of a tRNA gene is found

3.
Leber hereditary optic neuropathy

a.
An mtDNA based disease associated with a point mutation in the gene for a 
single enzyme, although nuclear genes influence the expression of the disease.

K.
Toxic and Acquired Metabolic Diseases.

1.
What finding is characteristic of fatal carbon monoxide exposure? (R 1340)

a.
Many of the pathologic findings following acute carbon monoxide exposure are those of hypoxia.

b.
Selective injury of the neurons of layers III and V of the cerebral cortex, Sommer’s sector of the hippocampus, and Purkinje cells is the recognized consequence of carbon monoxide exposure.

c.
Bilateral necrosis of the globus pallidus may also occur and is more common in CO induced hypoxia than in hypoxia from other causes.

2.
Describe a specific degeneration attributed to chronic alcoholism.  What is the fetal alcohol syndrome? (R 1340-41)

a.
Chronic alcoholism is associated with a variety of neurological problems.

b.
The symptoms of cerebellar dysfunction from chronic alcoholism are well defined (R fig 29-35 1341)

1.
Morphologically speaking, atrophy and loss of the granule cells in the anterior vermis, predominantly.

2. 
In more advanced cases, there is loss of Purkinje cells, which may be complete, and a proliferation of the adjacent astrocytes (Bergman gliosis) as a depleted layer between the depleted granular cell layer and the molecular layer of the cerebellum.

c. 
Clinical syndrome that may develop includes truncal ataxia, unsteady gait and nystagmus.

d.
Fetal alcohol syndrome FAS: (R 1341)  

1.
The developing nervous system is vulnerable to ethanol toxicity.

2.
EtOH consumption during pregnancy is teratogenic, especially in large amounts, resulting in FAS

3.
FAS includes:

a.
Growth retardation and microcephaly

b.
Facial abnormalities

c.
Cardiac septal defects

d.
Joint abnormalities

e.
Delayed development w/ mental impairment that may range from mild to severe

L.
Tumors

1. What are the most common adult primary brain tumors? (R1342)

a.
Fibrillary astrocytomas account for about 80% of adult primary brain tumors.

b.
FYI: gliomas, tumors of glial cells, include astrocytomas, oligodendrogliomas and 


ependymomas

2.
Discuss grades and prognosis of astrocytomas.  What are pilocytic astrocytomas? 
Where are they usually located?

a.
Low grade astrocytomas are poorly defined, gray-white, infiltrative tumors that expand 


and distort the underlying brain (R fig 29-36 1342)

1.
They range from a few cm in diameter to enormous lesions that replace a cerebral 

hemisphere and extend into the opposite hemisphere.

2.
Show hypercellularity and some nuclear pleomorphism.

b.
The highest-grade lesions are characterized by a mixture of firm, white areas and softer, 

yellow foci of necrosis as well as cystic change and hemorrhage. (R fig 29-37 1343)

1. It is this appearance that gives rise to the name glioblastoma multiforme.

2. The transition to a higher-grade tumor comes with an increased degree of nuclear anaplasia and the presence of mitoses and vascular proliferation.

3. tufts of proliferated endothelial cells bulge into the vascular lumen, with extreme examples acquiring glomeruloid structures (R fig 29-38 1344)

4. The presence of necrosis is the defining histologic feature of glioblastoma multiforme.

c.
Two grading schemes have now received general acceptance.

1. a four tiered system is based on the features of nuclear pleomorphism, mitosis, endothelial cell proliferation, and necrosis;

2. The alternative three tiered system recognizes low grade astrocytoma, anaplastic astrocytoma, and glioblastoma multiforme.

d.
Example: the histologic appearance of astrocytoma may be heterogeneous.

1. Thus, a small biopsy taken from a high-grade tumor may give a misleading impression of a low-grade lesion, depending on the area sampled.

2. Astrocytomas have a tendency to become more anaplastic with time.

e.
With low-grade astrocytomas, the symptoms may remain static or progress only slowly 

for a number of years.

f.
Eventually, however, patients usually enter a period of more rapid clinical deterioration 

that is generally correlated with the appearance of anaplastic features and more rapid 

growth of the tumor.

g.
The prognosis for patients with glioblastomas is very poor.

h.
With anaplastic astrocytomas, the length of survival is more variable, but the presence of 
a high mitotic rate or vascular cell hyperplasia tends to be associated with a poor 
prognosis.

3.
Where are oligodendrogliomas usually found? In which age groups? (R 1343-4)

a.
These tumors constitute about 5-15% of gliomas and  are found mostly in the cerebral hemispheres, with a predilection for white matter.

b.
They are most common in middle life.

4.
Where do ependymomas usually arise? What symptoms occur related to location? (R 
1345-6)

a.
Ependymomas usually arise next to the ependymal-lined ventricular system, including 

the oft-obliterated central canal of the spinal cord (See R fig 29-40 1345)

b.
In the first two decades of life, they most often occur near the fourth ventricle and 

constitute 5-10% of the primary brain tumors in this age group.

c.
In middle life, the spinal cord is their most common location.

d.
Clinically, posterior fossa ependymomas often manifest with hydrocephalus secondary to 
progressive obstruction of the fourth ventricle rather than invasion of the pons or 

medulla.

e.
Because of their relationship to the ventricular system, CSF dissemination is a common 

finding.  Ependymomas arise in several locations:

f.
Myxopapillary ependymomas

1.
Occur in filum terminale of the spinal cord

2.
Prognosis depends on surgical resection; if the tumor has extended into the 
subarachnoid space and surrounded the roots of cauda equina, recurrence is likely.

g.
Subependymomas

1.
Solid, sometimes calcified, very slow growing nodules attached to the ventricular 

lining and protruding into the ventricle.

2.
Usually, asymptomatic

h.
Choroid plexus papillomas

1.
Occur anywhere along the choroid plexus and are most common in children, where they are most commonly found in the lateral ventricles. ( in adults, found in fourth ventricle)

2.
Present usually with hydrocephalus due to either obstruction of the ventricular system by tumor or to overproduction of CSF.

i.
Colloid cysts of the third ventricle

1.
Usually occur in young adults and can result in non-communicating hydrocephalus sometimes rapidly fatal

2.
Headache, sometimes positional, is the major clinical symptom.

5.
What is the most common poorly differentiated, primitive brain tumor? Where is it 


located? At what age? Prognosis? (R 1346-7)

a.
The most common poorly differentiated primitive brain tumor is medulloblastoma, 
which accounts for 20% of the brain tumors of childhood and occurs in the cerebellum

b.
Occurs predominantly in children and exclusively in the cerebellum.

c.
The tumor is highly malignant and the prognosis for untreated patients is dismal;  
however, it is an exquisitely radiosensitive tumor.

d.
Prognosis is also related to the amount of tumor resected, with better survival rates 
following complete resection.

e.
In addition, radiation of the entire neuraxis decreases the likelihood of recurrence.  With 
total excision and radiation, the 5-year survival rate has been reported to be as high as 
75%. (See R fig 29-41 1347)

6.
What kind of lymphoma cell is involved in most primary brain lymphomas? What kinds 
of patients are most often affected?(R 1348)

a.
The majority of primary brain lymphomas are of B cell origin, although T cell lesions are 
observed on rare occasions.

b.
PBL is a common neoplasm in immunosuppressed patients, and AIDS patients.  There 
is also evidence of an increase in the incidence of PBL among immunocompetent 
patients as well.

c.
For sporadic cases, the age spectrum is relatively wide, and the frequency increases over 
age 60.

7.
Which age group is usually affected by meningiomas?  Define whorl and 
psammoma body.  (R 1349)

a.
meningiomas are usually benign tumors of adults, they are uncommon in the pediatric 
population and they show a moderate 3:2 female predominance.

b.
Whorl: among the histologic patterns found in meningiomas are syncytial, appropriately 
named for the whorled clusters of cells which sit in tight groups without visible cell 
membranes.

c.
Psammoma: dominant pattern of cells called psammoma bodies, apparently form from 
calcification of the syncytial nests of meningothelial cells

8.
List the three most common primary sites for tumors which metastasize to the CNS. 
(R 1349-50)

a.
The five most common primary sites for tumors to the CNS are the lungs, breasts, skin (malignant melanoma), kidney and GI tract.

9.
List two peripheral nerve sheath tumors.  Where do they usually occur?  What is the significance of plexiform neurofibroma? (R 1351)

a.
a large proportion of tumors occurring within the confines of the dura are derived from 
cellular elements of peripheral nerve.

b.
The transition zone between central myelination by oligodendrocytes and peripheral 
myelination by Schwann cells occurs within several mm of the exit of axons from the 
substance of the brain.

c.
Thus, for cranial nerves III through XII as well as for all spinal roots, tumors derived 
from Schwann cells and other perineural elements can arise in locations that cause 
pathologic changes in adjacent brain or spinal cord.

d.
Schwannoma: (R fig 29-43 1352)

· within the cranial vault, the most common location is in the cerebellopontine angle CPA, where they are attached to the vestibular branch of the eighth nerve: vestibular Schwannoma

· The lesion expands the internal auditory meatus, the location of the transition zone for this nerve.

· In rare instances, the Schwannoma are derived from other cranial nerves, sensory nerves are primarily involved such as branches of the trigeminal.

· This association with sensory nerves is also found for spinal tumors, with most arising from dorsal roots.

· When extradural, schwannomas are most commonly found in association with large nerve trunks, where motor and sensory modalities are intermixed.

e.
Neurofibroma 

1.
Two distinct lesions have been termed neurofibromas.  

2.
The most common occurs in the skin (cutaneous neurofibroma) or in the peripheral 


nerve  (solitary neurofibroma)

3.
Relatively low risk of malignant transformation and cosmetic concerns are their 


major morbidity.

f.
Plexiform neurofibroma: 

1.
a major concern in the care of these patients is the difficulty of surgical removal of these lesions when they involve major nerve trunks combined with their potential for malignant transformation.

M.
Neurocutaneous Syndromes (Phakomatoses)
1.
Discuss neurofibromatosis in terms of types, lesions and genetics. ( mod 164-5 and R 
1353-4)

a.
a group of inherited disorders characterized by hamartomas located throughout the body, 
but 
most prominently involving the nervous system and skin.

b.
Neurofibromatosis Type 1( NF1) characterized by:

· PNS nerve sheath tumors: neurofibromas, ganglioneuromas, neurofibromas Schwannomas

· CNS variety of neuroectodermal tumors, especially gliomas of the optic nerve, meningiomas, acoustic nerve schwannomas,  pigmented nodules of the iris

· Skin  manifestations: cutaneous hyperpigmented macules (café-au-lait spots) i.e. Subcutaneous nerve sheath tumors (neurofibromas)

· The gene located at 17q11.2, has been identified and encodes a protein termed neurofibromin, which plays a role in regulating signal transduction.

c.
Neurofibromatosis Type II (NF2) characterized by: (mod 164 and R 1353-4)

· much less common than NF1

· gene located on chromosome 22

· Propensity to develop tumors, most commonly bilateral schwannomas of the eighth nerves or multiple meningiomas.

2.
What is the triad of tuberous sclerosis? (Please note that many patients do not manifest all 
three findings)  What other lesions are characteristic? (mod 165 and R 1354)

a.
A triad of findings characterizes tuberous sclerosis:

· angiofibromas

· seizures

· mental retardation

b.
Hamartomas within the CNS are a prominent feature of the disease, occurring as cortical 


tubers and subependymal hamartomas

c.
There may be renal amgiomyolipomas, retinal glial hamartomas, and pulmonary and 


cardiac rhabdomyomas.

d.
Cysts may be found at various sites, including the liver, kidneys, and pancreas.

e.
Cutaneous lesions besides angiofibromas include leathery thickenings in localized 


patches (shagreen patches), hypopigmented white macules(ash leaf sign) and subungual 


fibromas.

3.
Briefly discuss the findings in von Hippel-Lindau disease. (R 1354)

a.
Inherited in an autosomal dominant pattern and includes the predilection to develop 
characteristic tumors within the cerebellar hemispheres (capillary hemangioblastomas), 
retina, and less commonly, the brain stem and spinal cord.

b.
Patients may also have cysts involving the pancreas, liver, and kidneys and may have a 
strong propensity to develop renal cell carcinoma of the kidney.
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