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UNIT 10

Alterations in Neurological Function

This unit is to help you gain an understanding of the effects of disease, trauma and degeneration of parts of the nervous system on the overall functioning of the body. By relating these alterations to the normal structure and function of the nervous system, and examining some common alterations such as increased intracranial pressure and disruption to the integrity of the spinal cord, you will have a beginning knowledge base about alterations in one of the most complex systems of the human body
.

Overview

Aim

This unit is a challenging one and therefore one for which you might want to allow a little extra time. To make it easier for you to address it in small parts we have separated the unit into three sections each with its own learning outcomes and activities. The three sections are: 

1. Acute Cerebral Disorders

2. Disorders of the Spine and Spinal Cord

3. Neuromuscular and Degenerative Disorders

Objectives

The objectives are presented in each of the three sections.

Resources
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Requirements

All required information to complete this unit is contained in the unit and the text (Porth, 2005). Chapter 49 describes the Organization and Control of Neural Function; Chapter 51 describes Disorders of Motor Function; and Chapter 52 describes Disorders of Brain Function. Specific requirements and supplemental resources are presented as part of each section.

As important as having the right materials in front of you for this unit is having a positive frame of mind. Many of us have not-so-fond memories of “synapses” and “cranial nerves” and “neural pathways” that persisted in getting tangled up in our “memory traces.” The emphasis will be on understanding concepts that are relevant to what patients experience. We will try to keep the jargon to a minimum and flag it for you when it is important.

Review

Before you begin you may want to checkout the neuroanatomy review on the web site:

· Gross anatomy of the brain

· The Neuron: Transmitter of information

· Transmission of information from body to brain

· Brain structures

· Brain injury

Web Links

All web links in this unit can be accessed through the Web CT system.

Section 1: Acute Cerebral Disorders 

Introduction

Read the following quote thoughtfully:

The brain is the body’s most delicate organ…Regardless of the needs of other organs and even though it represents only 1/50 of body weight, the brain uses one-fifth of the resting cardiac output…The adult brain requires 500-600 ml. of oxygen and 75-100 mg. of glucose each minute to support normal function. To supply these never-ending demands, about 1,000 ml of oxygenated, glucose-laden blood circulates through the brain each minute. If this is interrupted for only 6 seconds, neuronal metabolism suffers; within 2 minutes brain activity ceases; and after 5 minutes brain damage begins. 

In infants the brain accounts for 1/6 of body weight and can account for 1/3 of cardiac output. As a consequence it is especially vulnerable to decreases of cardiac output or large increases in cerebral metabolism, as happens with fever or convulsions…Every part of the brain must have a continuous blood supply for normal overall function. By contrast, homogenous organs, e.g. kidney, lung and liver, tolerate infarction of large portions without clinical deficit.
(Hachinski, 1984, p. 19)

Emphasis in this first part will be given to the mechanisms involved in increased intracranial pressure (IICP) since, as you will see, it is a common mechanism involved to some degree in most brain insults. The example which will be used to help you apply this knowledge is head injury.

While IICP explains much of the generalized response to any type of damage to the brain, focal deficits can result from more localized damage such as that which may be associated with head injury or cerebrovascular accidents (stroke). Knowledge of the function of different parts of the brain and of the cerebral circulation can then help you to figure out what deficits a particular patient may have, and perhaps more importantly, what remaining abilities can be enhanced to compensate for those affected.

Objectives

By the end of this section, you should be able to:

4. Describe the etiology, pathological changes and clinical manifestations of increased intracranial pressure

5. Describe the effects and clinical manifestations of craniocerebral trauma

6. Describe the pathophysiological changes and signs and symptoms that occur in cerebral vascular accidents

7. Identify functional implications of selected areas of cerebrovascular disruption

Intracranial Pressure

Normal

Intracranial pressure (ICP) results from the dynamic interaction of the forces associated with the three intracranial components:
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Adaptation to changes in the volume of one or more of the components is limited within the rigid unyielding structure of the skull. Thus the Monro-Kellie hypothesis states: if the volume of any one of the components increases, one or both of the others must decrease proportionately or there will be an increase in intracranial pressure.

This seemingly obvious statement is based on understanding the mechanisms of increased intracranial pressure in adults. Can you think of any exceptions?  

The Monro-Kellie Hypothesis does not apply to the same extent in infants as their skulls are not yet fused and therefore the head can expand as is seen in hydrocephalus. Likewise in adults, neurosurgeons may temporarily remove a bone flap to help the pressure to equalize.

Normal intracranial pressure is 5 to 15 mmHg or 60 to 180 cm H2O. However it may briefly rise much higher without any damage. Activities such as coughing, sneezing, straining at stool (i.e. Valsalva manoeuvre) can push it momentarily up as high as 100 mmHg. Increased intracranial pressure is generally taken to mean a sustained elevation above 15 mmHg (Hickey, 1992).

Compensation

As suggested by the Monro-Kellie Hypothesis, compensation for increased volume of one component occurs through an interplay of changes among the other components. Some of those mechanisms are: 

· displacement of cerebrospinal fluid (CSF)

· increased reabsorption of CSF

· compression of large dural sinuses and cerebral veins

· compliance (i.e., degree of slackness) of the brain tissue

· autoregulation

(Hickey, 1997;) 

Autoregulation is a mechanism by which the resistance of the cerebral vessels fluctuates to maintain a constant level of cerebral blood flow (CBF) within the normal range of fluctuations in ICP or mean arterial pressure (MAP).

Thus to compensate for a slight increase in ICP, cerebral vasoconstriction can occur.

We will pause here to go into a bit more depth on autoregulation as an understanding of it is foundational for grasping the implications of changes in intracranial pressure and cerebral perfusion pressure. 

The driving force in cerebral circulation is the cerebral perfusion pressure (CPP). It gives a good estimate of the adequacy of cerebral circulation. The average range of CPP in adults is 80-100 mmHg (Hickey, 1997). It can be expressed by the following formula: 

CPP = MAP - ICP
where MAP refers to the mean arterial pressure. You may recall that MAP = cardiac output x total peripheral resistance throughout the body. 

The next question becomes how far can we push these compensatory mechanisms before they start to break down?

Autoregulation can cope with increases in ICP but usually breaks down when it exceeds 30 mmHg for extended periods (Hickey, 1997).
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Point of Interest: If the MAP is falling and the ICP is rising a critical point of inadequate CPP is reached earlier. For example a patient in a motor vehicle accident who has sustained a ruptured spleen and a severe head injury will have a dropping MAP because of shock and a rising ICP from cerebral edema. The critical point comes when the difference between the MAP and ICP is less than 40 mmHg.


Autoregulation can break down when there is:

· a severe drop in MAP (e.g., inadequately compensated drop in cardiac output or blood pressure).

· a severe increase in MAP (e.g., severe hypertensive episode).

· a sustained increase in ICP above 30 mmHg (e.g., severe head injury).

Autoregulation also breaks down with:

· severe hypoxia or hypercapnia.

· focal or diffuse damage to brain tissue (e.g., head injury or tumor — initially the loss of autoregulation affects the vessels in the damaged area but subsequently, through the impact on ICP, autoregulation may be affected over a more generalized area.)

Transition to Decompensation 

The exponential relationship in transition from compensation of changes in ICP to decompensation is illustrated in a pressure volume curve (Figure 11.2). 
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Figure 11.2 Pressure-volume curve illustrating effect of progressive increase in volume of cranial contents on ICP.

As illustrated in Figure 11.2, initial increases in volume of intracranial contents give rise to small increases in ICP. However as volume continues to change the impact on ICP becomes increasingly greater. An appreciation of the nature of this pressure volume curve underlines the importance of early detection and treatment of increasing ICP.

Increased Intracranial Pressure 

Now that we have looked at how our bodies normally compensate for changes in the volume of one or more of the intracranial components and the transition to decompensation we are ready to talk more specifically about increased intracranial pressure (IICP) or as the text refers to it, intracranial hypertension. 

Requirements
Read: Porth, pp 1231 1235 

Hydrocephalus, p. 1235
It is not necessary to remember the specific stages of intracranial hypertension so long as you understand the progression.

Pathophysiology of IICP

An increase of any one of the intracranial components—CSF, blood, brain, mass effect—beyond the limits of compensation will lead to IICP. In this part we will look at common etiologies of IICP according to which component is insulted.

1. Cerebrospinal fluid

Noncommunicating (obstructive) Hydrocephalus

· most often seen in babies through congenital narrowing of the aqueduct of Sylvius (which connects the third and fourth ventricles). 

· may occur in adults in situations such as tumor compression blocking CSF flow.

Communicating Hydrocephalus

· excessive production

· not a very common cause but can occur with a choroid plexus papilloma

· interference with reabsorption 

· commonly occurs following conditions in which there has been bleeding into the subarachnoid space (e.g., subarachnoid haemorrhage) or infection (e.g., meningitis) 

· inflammation from blood or infection leads to scarring and impaired reabsorption by the arachnoid villi

Normal Pressure Hydrocephalus

Normal pressure hydrocephalus is a type of communicating hydrocephalus in which ICP does not increase because the ventricles are dilating instead. Seen more often in late middle age and the elderly, its early clinical manifestations are: 

· increased forgetfulness

· slowing of cognitive processes

· impaired speech

It may progress to:

· gait disturbance

· incontinence

· aggressive behaviour.

Now what other condition comes to mind that has similar manifestations and occurs in the older age group?

Yes, it resembles other dementias such as Alzheimer’s disease. The difference is that it is reversible through the same types of shunting procedures that are done for other types of hydrocephalus. Normal-pressure hydrocephalus occurs in association with the same types of conditions that may trigger other forms of communicating hydrocephalus but in the elderly a history of something like a minor head injury may go undetected and indeed idiopathic normal-pressure hydrocephalus is fairly common in that age group (Hickey, 1992). Thus “all patients with dementia should be evaluated meticulously so that those patients that may be benefited by surgical shunting will be recognized” (Frank & Tew, 1982, pp. 325-326). When I go through this section I always think of an 82-year-old patient on the unit who had recently lost his wife. His rather rapid deterioration over the previous six months could have been attributed to unresolved grief and depression along with the aging process. But a caring family and an astute general practitioner sought appropriate neurological evaluation which revealed a normal-pressure hydrocephalus. A shunt was inserted and within two weeks he was managing in his own home quite well. As you will note when you get farther along in this unit, one of the clues was the rapidity of the change. A dementia such as Alzheimer’s has a slower, steadier trajectory. 

2. Blood

Hypoxia

· PaO2 levels below 50 mmHg (in acute situations such as with head injury) produce an acute increase in CBF because of arteriolar vasodilation. 

Hypercapnea

· hypercapnea is an even more potent stimulus for arteriolar vasodilation and consequently for increased CBF.

· minor fluctuations in oxygen and carbon dioxide levels are part of the regulatory mechanisms involved in autoregulation but when the PaO2 drops or the 

· PaCO2 rises above the critical points autoregulation ceases to be effective. 

Decreased Venous Outflow

· mechanical forces that partially occlude the internal jugular outflow, such as poor alignment of the head and neck, or 

· increased thoracic or intraabdominal pressure, such as from the use of Positive End Expiratory Pressure (PEEP) in mechanical ventilation or the Valsalva manoeuvre may increase cerebral blood volume.

3. Brain

Cerebral Edema (four types)

a. vasogenic - occurs in response to tissue damage. An extracellular process which occurs in response to tissue damage and leads to increased permeability of the blood brain barrier 

b. cytotoxic (metabolic) - An intracellular process involving failure of the active transport system secondary to conditions that cause cerebral hypoxia (e.g., cardiac arrest), lactic acid accumulation and acute hyponatremia (e.g., inappropriate antidiuretic hormone (ADH) excretion, water intoxication)

	Breaking News: Here in Calgary at the Seaman Family Magnetic Resonance Research Centre investigators are using diffusion weighted magnetic imaging (DWI) in which the addition of strong gradient pulses sensitizes images to the microscopic motion of water, thus providing an effective means to visualize cytotoxic brain edema


c. ischemic - combination of intracellular and extracellular processes following cerebral infarction

d. interstitial - mechanical process associated with noncommunicating hydrocephalus in area around the ventricles.

So far we have looked at how increased volume of any one of the three intracranial components can lead to IICP if it exceeds the limits of compensation.

4. Mass Effect (space occupying lesions)

· the fourth source of increased volume that can cause IICP is expansion of a lesion that should not be there in the first place, i.e., a hematoma or a tumor. 

· space occupying lesions exert a direct mass effect but may also increase the volume of other components through obstruction of CSF flow or venous drainage; and/or by causing cerebral edema.

Stop here a moment and think of how interrelated these processes can be. The following diagram may help you to “put it together.”
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Figure 11.3 Cycle in untreated IICP with potential etiologies (adapted from Hudak, Gallo & Benz, 1990, p. 539). 

Clinical Manifestations

Two basic principles explain the majority of clinical manifestations seen in the presence of increased intracranial pressure.

8. Mechanical Compression and Shifting

a. Rate of expansion affects severity of signs. Compensation occurs more readily with a slowly developing tumor than with a rapidly expanding hematoma.

b. Pattern of expansion. Generalized IICP (e.g., cerebral edema from hypoxia) is more readily tolerated than a space occupying lesion which exerts uneven pressure on different structures. Ultimately, will be pressure on vital centres (i.e., herniation syndromes).

9. Alteration in Cerebral Blood Flow (CBF)

Recall from the section on autoregulation that CBF is affected by systemic events (cardiac output and peripheral resistance) as well as cerebral events. Thus, for example, systemic arterial hypertension will accelerate vasogenic cerebral edema. As ICP goes up and CPP starts dropping the body will act through the vasopressor response to try to further increase the systemic blood pressure and therefore increase CBF. This increased CBF of course further accelerates the IICP. 

This increase in systemic blood pressure in response to IICP as the body attempts to maintain CPP is manifested by:

· increasing blood pressure (with widening pulse pressure).

· bradycardia.

· slowed respirations.

These three signs are known as Cushing’s Triad. Back in 1902 Cushing reported his observations of these three signs in patients with acute elevation of ICP. For many years nurses and other health professionals have been taught to look for these signs as indicators of IICP. It is now recognized that: 

· these are late signs if they occur at all. 

· they are more often seen with mechanical shifts and do not necessarily correlate with level of IICP.

	Note: Remember that the single most important indicator of IICP is change in level of consciousness.


The most highly specialized cortical cells are the most sensitive to lack of oxygen. Thus subtle changes in cognitive processing will usually manifest first. Drowsiness comes a bit later as the arousal centre (reticular activating system) becomes affected. There are exceptions with localized mechanical shifting and the less common herniation syndromes. However it is important not to wait for other signs when IICP is a possibility. As the pressure volume curve illustrates, early intervention is very important.

Other Manifestations of IICP 

10. Change in pupil size and response to light 

· bilateral with generalized edema 

· unilateral initially with mass effect, becomes bilateral 

· specific pattern depends on area of brain stem affected

· eventually progresses to dilated and fixed

11. Papilledema (i.e., bulging and blurring of the edges of the optic disc)

· late sign or may not be present at all 

· increased pressure from cranial cavity backs up along the dural sheath of the optic nerve causing congested appearance

12. Other visual defects 

· e.g. blurring 

· from extreme pressure on nerve or effect on visual pathways

13. Headache 

· may or may not be present 

· time of day may be significant, i.e. morning headaches are more common with chronic IICP because the person has been in a horizontal position for 7-9 hours

14. Vomiting

· again depends on site of pressure and degree of brain stem involvement

· may be projectile without preceding nausea

15. Deterioration in motor and sensory function may progress to: 

· abnormal flexion (decorticate posturing) 

· abnormal extension (decerebrate posturing) 

· eventual flaccidity

16. Hyperthermia

· late sign from pressure on the hypothalamus

Systemic Effects of IICP

17. Gastrointestinal

· ulceration leading to gastrointestinal bleeding is common in the presence of IICP although the mechanism underlying these stress ulcers (sometimes called Cushing’s ulcer) is not clearly understood.

18. Cardiovascular

· neurologically induced cardiac dysrrhythmias may occur

19. Respiratory

· neurogenic pulmonary edema often occurs, possibly secondary to massive sympathetic discharge causing widespread peripheral vascular resistance which increases capillary pressure in the lungs and permeability.

Evaluation and Treatment

Increased intracranial pressure is a secondary outcome following some primary insult to the brain. Therefore the effects and manifestations are superimposed on an already existing primary problem. 


Principles of medical and nursing management can be related to modifying 
one or more of the intracranial components.

Table 10.1 Principles of IICP Management

	Intracranial Component


	Principle
	Examples

	1. CSF
	· to drain off excess fluid
	· external ventricular drainage in acute situations

· ventricular shunt in chronic situations

	2. Blood
	Prevent cerebral vasodilation by:

(a) promoting good oxygenation

(b) decreasing carbon dioxide buildup

Prevent circulatory overload by:

(a) monitoring IV fluid intake

(b) positioning
	· intubate and ventilate during acute phase

· oxygenate well prior to suctioning

· shorten suctioning intervals

· ensure no hypoventilation

· IV rate and type ordered to meet fluid requirements

· observe for circulatory overload

· position head and neck in alignment, avoiding jugular compression

· nurse patient flat or with head of bed elevated as per orders

	3. Brain
	· reduce cerebral edema
	· administer powerful diuretics (e.g., Mannitol, Lasix)

· administer cordicosteroids pre-operative or palliatively for tumors

	4. Mass effect
	· remove or decompress space occupying lesion
	· surgical removal of hematoma

· surgical removal or decompression of tumor


	Controversy: Locally and internationally there continues to be some controversy on the use of hypothermia to reduce: 
· cerebral metabolic requirements

· Production of cytotoxic excitatory neurotransmitters

· oxygen free radical production

· cerebral edema

	The usual technique, used by about half of the local is surface cooling to 32-34 degrees centrigrade for a median of 72 hours.


Altered States of Consciousness

Requirements

Read Porth, p. 1239 – 1243 for a general appreciation of the mechanisms involved in alterations of consciousness.
The tentorium is a fold of dura which partially separates the cerebral hemispheres above (supratentorial) from the cerebellum and brain stem below (infratentorial). It acts like a rigid shelf with only a relatively small opening called the tentorial notch.

Pathophysiology

Herniation Syndromes

1. Central herniation

If the cerebral hemispheres expand diffusely as in cerebral edema there will eventually be generalized downward pressure through the tentorial notch onto the brain stem leading to decreased consciousness and eventually bilateral pupil dilation and loss of motor function. 

2. Uncal herniation

If the area of expansion above the tentorium is more localized to one side, as with a tumor or hematoma, the downward pressure will be more asymmetrical. A patient with a right-sided epidural hematoma, expansion on the one side causes a portion of the temporal lobe called the uncus to spill over the “shelf” and press downwards. As a result of this uncal herniation, the oculomotor nerve on the same side is compressed and stretched leading to ipsilateral dilation of the pupil (on the same side). Pressure is also exerted on the corticospinal tract but because the motor tracts cross lower down in the medulla you will see contralateral hemiparesis (i.e., motor weakness or paralysis on the other side of the body).  

3. Infratentorial herniation

If the area of expansion is below the tentorium there may be pressure both above and below. Herniation can occur upwards through the tentorial notch and/or downwards through the foramen magnum. Infratentorial herniation occurs less frequently but the principle of an expanding mass in an enclosed space is similar. Pupil changes and other clinical manifestations are less consistent than in other types of herniation.

[image: image3.png]Temporoparietal
epidural hematoma

Tentorium

Uncal herniation
and lateral

hrain stem
compression

Unilateral dilatation of

pupil due to compression
and stretehing of oculomo-
wr nerve

ment of midbrain
causing compression of
corticospinal tract resulting
in contralateral hemiparesis
(or hemiplegia) and plantar
extensor responses
(Babinski)





Figure 10.4 Epidural Hematoma with Herniation of Uncal Part of the Temporal Lobe Through the Tentorium (Anterior View)

Consciousness

Consciousness may be altered by herniation causing downward pressure on the reticular activating system in the brain stem or by bilateral damage to the cerebral hemispheres. Different functions are affected.

Table 10.2 Consciousness

	Component


	Function
	Mediated by

	Arousal (coma)


	“awakeness”
	Reticular activating system

	Content

Cognitive

Affective
	“awareness”
	Cerebral Hemispheres


Learning Activity #1

Fill in the Blanks (Answers are at the end of this unit.) 

20. The first and most important indicator of change in brain function is ____________________.

21. Severe and irreversible damage to the cerebral hemispheres but with relatively intact functioning of the brain stem gives rise to _______________, also known as a _______________ state. Over time sleep-wake cycles __________ (do, do not) return but there __________ (is, is not) content of thought. 

22. Severe and irreversible damage to the vital centres in the brain stem and the cerebral hemispheres such that there is no discernible evidence of function over time and such that the body cannot maintain homeostasis is termed ________________.

23. The state in which an individual has intact functioning of the cerebral hemispheres and brain stem but total paralysis of motor function including the lower cranial nerves is termed _____________ syndrome. These persons usually can communicate only through eye blinks and vertical eye movement (Hickey, 1997). It is therefore important in assessing apparently unresponsive patients to offer commands which can be followed with eye movements. 

The 
Canadian Guidelines for the Diagnosis of Brain Death

The Canadian Guidelines for the Diagnosis of Brain Death (1987) specify:

24. An etiology has been established that is capable of causing brain death and potentially reversible conditions have been excluded [e.g., drug intoxication, metabolic disorders, hypothermia]


25. The patient is in deep coma and shows no response within the cranial nerve distribution to stimulation of any part of the body.


26. Brain stem reflexes are absent. 

27. The patient is apneic when taken off the respirator for an appropriate time.


28. The conditions listed above persist when the patient is reassessed after a suitable interval.

Guidelines for the diagnosis of brain death (1987). The Canadian Journal of Neurological Sciences, 14 (4), pp. 653-654.

	Note: Comments in brackets added for your clarification


	Transition Point: Now that you have a basis of understanding of increased intracranial pressure and alterations in consciousness you are ready to apply it to two of the most common types of Acute Cerebral Disorders:
· Traumatic Brain Injuries 
· Stroke



Traumatic Brain Injuries
Requirements

Read:. Porth, pp.1235 – 1239. Take note of the words and concentrate on differentiating between them, e.g. between concussion and contusion, epidural and subdural hematomas, etc. You should seek to gain a thorough understanding of this section.

Supplemental

If you are interested in reading more about the links between pathophysiological mechanisms and management of traumatic brain injuries read:

Eisenhart, K. (1994). New perspectives in the management of adults with severe head injury. Critical Care Nursing, 17(2), 1-12.

Gennarelli, T. A. (1997). The pathobiology of traumatic brain injury. The Neuroscientist 3(1), 73-81.

Heath, D. L., & Vink, R. (1999). Secondary mechanisms in traumatic brain injury: A nurse's perspective. Journal of Neuroscience Nursing 31(2), 97-105.

McNair, N.D. (1999). Traumatic brain injury. Nursing Clinics of North America 34(3), 637-659. 

	Point of Interest: Sports injuries are a major source of preventable brain injuries. Certain high impact sports such as boxing have been known to cause permanent brain damage secondary to repeated blows to the head. "Second impact syndrome" is the term used for a second concussion occurring shortly after an initial one - a common occurrence in impact sports where a player may return too soon still lacking peak alertness and vulnerable to the potentiating effects of a repeated insult to the brain. Dr. Chris Honey a Vancouver neurosurgeon and former Olympic diver reported that:

"In ice hockey the risk of concussion increases with the level of play. In minor leagues  (age 5-14) approximately 1 in 300 children suffers a concussion each year. In older children (age 15-18) the risk increases to 1 in 75 per year and by university it is 1 in 25 per year. Professional hockey players can expect that 1 in 15 of them will have a concussion each year. In the United States that it is estimated that 1 in 5 high school and collegiate football players suffer a concussion [each year]."

(Honey C. 1998). Concussion. BC Headline 14(1) 7.


Cerebrovascular Accidents (CVA) 

Requirements

Read Port, pp.1245 - 1249. Concentrate on being able to differentiate  among the types of strokes.

Pathophysiology

Thrombotic versus Embolic Stroke 

To further help you to distinguish between these two types of strokes think a bit more about how they originate. Thrombi develop over time and the occlusion therefore develops slowly. Therefore there may have been some alternative collateral circulation established. They occur more commonly in the elderly. Often you will hear a patient or their spouse say that it happened in the morning, just before or after getting up. This rather typical time of occurrence is not surprising if you think how systemic blood pressure may have dropped a bit during sleep allowing an already sluggish channel to clog up. 

In contrast embolic stroke, which is less common, tends to happen in younger patients, occurs suddenly without warnings like TIA’s and may result in greater tissue death because of the lack of collateral circulation. Cardiac events in which turbulence is increased (e.g., valvular heart disease, atrial fibrillation) are often implicated in the release of emboli (Bratina et al., 1997). 

Hemorrhagic Stroke

The third most common cause of stroke is hemorrhage, usually secondary to hypertension or ruptured aneurysm. Use of thrombolytic agents such as tissue plasminogen activator (t-PA) within three hours of stroke onset may significantly reverse brain ischemia but a hemorrhagic cause must be ruled out. Risk of intracranial hemorrhage in persons with acute stroke is much greater than the risk of bleeding in persons who receive thrombolytic agents after myocardial infarction (Adams et al., 1996). Thus it is vitally important for patients to be seen in a tertiary health centre with imaging facilities as soon as possible after onset of symptoms.

Clinical Manifestations

Left versus right hemisphere stroke

Closely associated with stroke is the possibility of aphasia, or more commonly dysphasia (“impairment of comprehension or production of language”.  It is usually implied that the left hemisphere is always dominant for speech. It is true that almost all right-handed people and even most left-handed people are dominant for speech in the left hemisphere (Hickey, 1997). However there are exceptions especially among left-handed people. 

In recent years with the interest in “Right Brain, Left Brain,” we have also come to appreciate more of how the two hemispheres complement one another. For example there are areas in the right hemisphere, comparable in location to the speech areas of the left hemisphere, which are necessary for interpreting non-verbal communication. 

The following (Table 10.3) table is a bit of an over-generalization but it will help you to consider the implications of stroke (or other lesions) in the right hemisphere versus the left hemisphere. 

Table 10.3 Deficits Related to Hemisphere Involved

	Type of deficit


	Left hemisphere
	Right hemisphere

	Hemiplegia
	Right side
	Left side

	Hemiparesis
	Right side
	Left side

	Homonymonous hemianopia*
	Right visual field
	Left visual field

	Communication
	Aphasia, dysphasia
	 Non-verbal

	Skills
	 Verbal, math
	 Spatial, Perceptual

	Behavior
	Slow, Cautious
	Impulsive, Denial

	
	Left-right confusion
	Distractable


*One of the phrases in Table 10.3 which may be new to you is homonymous hemianopia. That basically means loss of one half of the visual field. Figure 11.5 illustrates in more detail the different types of visual changes that may be seen with lesions in different parts of the brain. 
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Figure 10.5 Visual Pathways

Adapted from Holloway N., Nursing the critically ill adult, Third Edition. Copyright © 1988 by Addison-Wesley Publishing Company, Inc.

Evaluation and Treatment


	Breaking News: Did you know that Foothills Medical Centre in Calgary is one of the leading North American Stroke Centres? In April 1996 they became one of the first centres in Canada to test the practicality (i.e., effectiveness in a community setting) of using thrombolytic, tissue type plasminogen activator (t PA) for treating acute ischemic stroke. Even with full cooperation among emergency and neurological services very few patients are able to receive this clot dissolving drug because of the narrow window of time (initially 3 hours after onset of symptoms, now being trialed at 6 hours) during which to rule out hemorrhagic stroke and other contraindications. Now with the availability of an intra operative magnetic resonance imaging (MRI) unit they continue to pioneer more direct approaches to reducing the loss of functioning brain tissue from "brain attack". (Newcommon, 2000).


 Case Study: Stroke


Case: Mrs. R., a 68 year old widow.

Past History

Five years ago Mrs. R. had a femoral-popliteal bypass for arteriosclerosis obliterans of her lower extremities. She smoked about one pack of cigarettes a day for 40 years and averages one glass of wine a day. She is mildly obese with a weight of 66.3 kg and a height of 155 cm giving her a body mass index (BMI) of 27.6. Mrs. R. has been on estrogen replacement therapy for the past 20 years. Her mother had non-insulin-dependent diabetes mellitus (NIDDM) and died of cancer at age 62. Her father died at age 40 through an industrial accident. One sister died of subarachnoid haemorrhage at age 65. A younger sister is hemiparetic as the result of a C.V.A. and one brother is hypertensive. Two other brothers have died of cancer. One younger sister is alive and well.

Current Status

Mrs. R. developed a severe headache 24 hours ago that was not relieved by acetaminophen. Several hours later she noticed numbness of the fingers in her right hand, right side of her tongue and lips. Her speech became slurred. She was brought to emergency by a neighbor and admitted to the neurological intensive care unit. On admission she had a severe headache and was very anxious.

Assessment

Glasgow Coma Scale 15. Pupils equal and reacting to light. Face asymmetric with right facial weakness. Right extremities weaker than the left and hyperreflexic. Positive Babinski’s sign on the right. No evidence of hemianopsia. B.P. 230/110; pulse 90, regular; respirations 16, temperature 37C.  Bruit over left carotid. Negative for papilledema.

Diagnostic Test

Blood studies showed clotting profiles, complete blood count, electrolytes and triglycerides all within normal limits, except for a slightly elevated blood sugar. Computed tomography (CT) scan showed increased density in the left hemisphere indicating an infarction. Digital angiogram indicated a narrowing of the carotid arteries bilaterally with 85% occlusion on the left, 50% on the right. Middle cerebral branches indicated narrowing and occlusion on the left.

This case study was adapted from Sims, S. & Boland, D. (1990). Pathophysiology case studies. St. Louis: Mosby.

Question for case study

29. Go through the case and define all terms that are not familiar to you:

	

	

	

	

	

	


30. Complete the following chart to evaluate your understanding of the significance of the presenting symptoms and assessment findings:

	Assessment
	Significance



	Severe headache
	

	Right sided numbness
	

	Speech slurred
	

	Glasgow Coma Scale 15
	

	Pupils equal & reactive
	

	Right facial weakness
	

	Right extremity weakness
	

	Right hyperreflexia
	

	Positive Babinski’s sign
	

	No hemianopsia
	

	B.P. 230/110
	

	Pulse 90
	

	Respirations 16
	

	Negative for papilledema
	

	Slightly elevated blood sugar
	


List all the risk factors for cerebrovascular disease that you can identify from Mrs. R.’s history.

	

	

	

	

	


31. What kind of cerebrovascular accident did Mrs. R. most likely experience?

a. subarachnoid hemorrhage

b. thrombosis with an ischemic event

c. intracerebral hemorrhage

d. embolic CVA

32. A bruit auscultated over the carotid artery indicates:

a. a defective mitral valve where emboli are formed and then carried to the brain by way of the carotids

b. unilateral complete occlusion of the carotid artery

c. a narrowing of the carotid artery associated with atherosclerosis of the lumen.

d. a normal finding in adults after carotid endarterectomy.

33. Why would Mrs. R. probably be ineligible for thrombolytic therapy?

	

	

	


Supplemental

For a good overview of stroke and nursing management read:

Hock, N.H. (1999). Brain attack: The stroke continuum. Nursing Clinics of North America. 34(3),689-723.

That brings you to the end of the first section, Acute Cerebral Disorders, of this unit.

Section 2: Disorders of the Spine and Spinal Cord

Introduction

Disorders of the spine and spinal cord tend to be much more predictable in their effects, on the basis of normal structure and function, than is brain dysfunction.

Objectives

By the end of this section you should be able to: 

34. Describe the mechanisms involved in herniation of an intervertebral disc. 

35. Compare the pathogenesis and clinical manifestations of upper and lower motor neuron disorders. 

36. Describe the pathophysiological changes and neurological deficits of spinal pathology at various levels. 

37. Predict effects of a spinal cord injury on other body systems during and post spinal shock. 

38. Describe the pathophysiological mechanisms involved in autonomic hyperreflexia.

Pretest

Before starting to work on this section it is recommended that you review the anatomy of the spine and spinal cord with particular attention to the major tracts and the reflex arc. 

The pre-test which follows will help you determine areas for review. The answers and suggested references for more information are provided at the end of this unit.

Section A: Circle the correct answer.

39. The cervical nerve roots exit (above, below) the cervical vertebrae of the same number.

40. The thoracic nerve roots exit (above, below) the thoracic vertebrae of the same number.

41. The spinal cord terminates at (L1-L2, L3-L4, L5-S1) vertebrae in the adult.

42. The vertebral discs are held in place by a (strong, weak) anterior longitudinal ligament and a (stronger, weaker) posterior longitudinal ligament.

43. The spinothalamic pathway is (motor, sensory). Crossing occurs in the (medulla, cord at the level of entry).

44. The corticospinal tracts are (motor, sensory). They are also known as the (dorsal columns, pyramidal tracts). They cross in the (medulla, cord at the level of entry).

Section B: Draw a segment of the spinal column labelling the components of the reflex arc. 


See answers and discussion at the end of this unit.

Review

If the results of the pretest suggest that you would benefit from further review of the spinal column check out the following on the web site
: 

· Gross Anatomy of the Spinal Cord and Vertebra

· Structure of the Spinal Column

· Understanding the Physical Part of Spinal Cord Injury

Degenerative Disc Disease and Herniation

Requirements

Read Porth, pp. 1205 – 1207.
Pathophysiology and Clinical Manifestations of Herniated Intervertebral Disc

With aging the nucleus pulposus becomes softer and dries out. As this gelatinous inner core is gradually replaced with fibrocartilage. The discs flatten contributing to some local instability and a slight reduction in height. Meanwhile the annulus fibrosus, which is the cartilage surrounding each disc, gradually develops fissures from the repeated trauma. The ligaments gradually weaken. 

The sudden trauma of lifting with the back in an unstable position, often superimposed on previous minor traumas from repetitious lifting and back strain, may lead to a bulging or ruptured intervertebral disc. (No one needs to remind you that nursing is one of the main occupations at risk for this problem!) 

Figure 519 p. 1206 in your text clearly illustrates the mechanism by which a ruptured disc can then compress the nerve root. Usually it is the dorsal root that is affected and hence the first manifestations are usually ____________ (sensory, motor?). 

If you said sensory you were correct. The irritation sets off an inflammatory process and as the dorsal nerve root becomes more and more crushed, numbness and pain occur. If the protrusion results in crushing of a ventral (anterior) nerve root, then motor signs in the form of weakness are seen. 

	Note: Unfortunately the authors omitted the labels from the original F. D. Netter illustration which can be found in Kim, H., & Kirkaldy Willis. (1980). Low back pain. Clinical Symposia, 32(6), 18.

Table 11-4 in this module provides the missing labels for Figure 16-15 in the text. You may want to pencil the labels into your text or sketch the pictures from the text onto the table here in your module.




Table 10.4 Clinical Manifestations of Lumbar Disc Herniation by Level of Protrusion 

	Level


	Pain
	Numbness
	Weakness
	Atrophy
	Reflexes

	L3-4 disc herniation, causing manifestations in the L4 nerve distribution
	
	
	Quadriceps
	
	

	L4-5 disc herniation, manifestations in L5 nerve distribution
	
	
	
	Minor
	Changes uncommon

	L5-S1 disc herniation, manifestations in S1 nerve distribution
	
	
	Gastrocnemius
	
	

	Midline L4-5 disc herniation
	May be bila-teral
	May be bilateral


	variable paralysis or paresis of legs and/or bowel and bladder incontinence
	May be extensive
	


As you work through the information on the chart a couple of points may make it easier. Remember in the pretest when you reviewed the exit levels of the nerve roots? You found that the thoracic and lumbar nerve roots exit below the vertebrae of the same number. Thus you might expect that a disc protrusion at L4-5 would cause manifestations in the L4 nerve distribution since that is the nerve root that exits below the L4 vertebrae. However, as you also recall from the pretest, the adult spinal cord terminates at L1-2 in the adult. Below that the nerve roots are part of the cauda equina (or “horse’s tail” since that is what they look like). As they extend downwards, it is not the exiting nerve root that is crushed by the protruding disc but the nerve root on its way down to exit at the next level. 

So why is all this important you may be asking? 

One of the reasons why we are emphasizing this information is to help you to be more precise in assessment of patients presenting with low back pain.

For example, as you study the chart you should note that an L4-5 disc protrusion pressing against the L5 nerve root results in:

· pain radiating over the sacroiliac joint, hip, lateral thigh and leg with numbness down the lateral leg and between the great and second toe. Foot drop may occur as dorsiflexion of the foot is weakened. This is readily tested by having patients walk on their heels.

L5-S1 disc protrusion affecting S1 nerve root results in:

· pain also over the sacroiliac joint, but radiating more posterior laterally down the leg to the heel. Numbness may affect the posterior calf, heel and lateral side of the foot up to the little toe. Weakness is manifest on plantar flexion with the patient having difficulty walking on his toes.

	Point of Interest: The value of bedrest as initial treatment for sciatic type pain is sometimes underestimated. Bedrest alone can be effective for complete resolution of the first episode of sciatic pain in 75% of cases (personal communication, Dr. F. LeBlanc, 1989). As Dr. LeBlanc has pointed out, the pressure on the disc space varies considerably according to body position:
· lying - 7 kg/sqcm
· standing - 10 kg/sqcm

· sitting - 15 kg/sqcm

It is therefore no surprise that sitting should be avoided during an acute episode of low back pain. Besides relieving the pressure on the disc space bedrest limits the motion of the vertebral column, a principle also inherent in other conservative measures such as collars for cervical disc disease.


Review of Spinal Tracts and Motor Syndromes

Foundational to understanding the pathophysiology of spinal cord injury and other disorders of the spinal cord and peripheral nervous system is an appreciation of: 

45. The crossover patterns of the main spinal tracts

46. The ability to differentiate between upper and lower motor neuron syndromes

Spinal Tracts

Almost all nerves transmitting messages between the cerebral cortex and the periphery cross to the opposite side. Thus we see the typical situation of the person who has a stroke involving the right hemisphere becoming a left hemiplegic. What is less commonly realized is that the tracts do not all cross at the same point. 

The spinothalamic tracts (see Figure 10.6 
pain temperature and crude touch) receive inputs through afferent fibres that come into the spinal cord and immediately cross to the other side of the cord before starting their upward ascent to the thalamus.

[image: image5.wmf]
Figure 10.6 Lateral Spinothalamic Tract 

Adapted from Wehrmaker, S., & Wintermute, J. (1978). Case studies in neurological nursing. Boston: Little Brown & Co.

[image: image6.wmf]
Figure 10.7 Dorsal Columns 

Adapted from Wehrmaker, S., & Wintermute, J. (1978). Case studies in neurological nursing. Boston: Little Brown.

In contrast the afferent fibres receiving input regarding fine discrimination, position sense, (proprioception) and most of the sensation of touch ascend on the same side that they entered through the dorsal columns until they reach the medulla at which point they cross over to the opposite side (see Figure 11.6). You will not find these labelled as the dorsal columns in your text but more specifically identified as the fasciculus cuneatus (for above T6) the fasciculus gracilis (for below T6). 

[image: image7.wmf]
Figure 10.8 Voluntary Motor Pathway 

Adapted from Wehrmaker, S., & Wintermute, J. (1978). Case studies in neurological nursing. Boston: Little Brown & Co.

The corticospinal tract, which is the primary descending motor (efferent) pathway, crosses over in the medulla and then goes down the opposite side (see Figure 11.8).

	Note: To remember which crosses where I start with the motor tracts (corticospinal) which cross in the medulla. Then I consider that it makes a lot of sense for the sensory tracts that have to do with position sense (dorsal columns) to cross at the same point on their upward journey. It is the nerves carrying sensations of pain and temperature (to the spinothalamic tracts) that are different in that they cross over near the level at which they enter.




Case Example

Now let us see how well you can apply this information. Consider a patient who has lost motor strength and position sense in her left leg and awareness of pain and temperature in her right leg. Where would you think her lesion might be located?

The above scenario represents an actual patient who was initially admitted to an orthopaedic unit. If you guessed that her problem was something (in her case a tumor) compressing the left side of her spinal cord in the lower thoracic region you have a good grasp of this last section. If you are having trouble figuring it out, sketch out the situation and reread this last part. Again you may be asking why is this relevant? Years from now you may not remember which tract goes where if you are not regularly working with this type of patient population. Hopefully however you will have been sensitized to the underlying importance of thorough assessment of sensory as well as motor changes whenever there is neurological dysfunction at any level of the brain, spinal cord or peripheral nervous system.

Upper and Lower Motor Neuron Syndromes

Before we discuss upper and lower motor neurons, you may want to review the following terms. Try to visualize where each of these structures are located as you formulate each definition.

anterior horn

	

	


posterior horn

	

	


afferent neuron 

	

	


efferent neuron

	

	


interneuron

	

	


upper motor neuron
	

	


lower motor neuron

	

	


neuromuscular junction 

	

	


The second concept that can be really helpful to you in understanding different patterns of motor dysfunction is that of upper and lower motor neuron syndromes.

Now turn to p.1213-1216 which describes the types of conditions that manifest as upper motor syndromes and those that manifest as lower motor syndromes. Note that a few conditions such as amyotrophic lateral sclerosis involve both upper and lower motor neurons.

The usefulness of grasping this distinction between upper and lower motor syndromes comes in realizing that the motor manifestations of most neurological conditions can be classified as one or the other. If you keep in mind that the reflex arc is still intact in upper motor neuron (UMN) syndromes then it should be no surprise that patients with those conditions are generally spastic and hyper reflexic because there is no central control to modify the reflex arc. Thus they show “two effects: (1) the primary functional deficit, which is the motor weakness or paralysis, and (2) the secondary release effects, spasticity and hyperreflexia, which represent uncontrolled lower motor neuron activity” (Wehrmaker & Wintermute, 1978, p. 36). 

Muscles show less atrophy in UMN syndrome than in LMN syndrome because they are still receiving some stimulation through the reflex arc. Fasciculations, which are sometimes seen in LMN syndromes are fine twitches or quiverings seen in a group of muscle fibres. It is thought that denervated fibres become extremely sensitive to trace amounts of acetylcholine at the neuromuscular junction. 

Table 10.5 Comparisons of Manifestations of Upper and Lower Motor Neuron Syndromes

	Upper Motor Neuron Lesions


	Lower Motor Neuron Lesions

	Little or no muscle atrophy

Weakness of varying severity

Spasticity and hypertonus

Increased deep tendon reflexes (hyperreflexia)

Extensor plantar response (Babinski’s sign)

No fasciculations
	Muscle atrophy marked

Weakness marked

Flaccidity and hypotonia

Absent deep tendon reflexes (areflexia)

Absent or normal flexor plantar response

Fasciculations present


Wehrmaker, S., & Wintermute, J. (1978). Case studies in neurological nursing. Boston: Little Brown & Co., p. 35.

Spinal Cord Injury

	Point of Interest: “Nearly 4500 years ago an unknown Egyptian recorded in a surgical papyrus his reluctance to treat a patient with a cervical spine injury: ‘one having a dislocation in a vertebra of his neck while he is unconscious of his two legs and his two arms and his urine dribbles an ailment not to be treated.”

         Cloward R. (1980). Acute cervical spine injuries. Clinical Symposia32(1) 3.




Cloward (1980) goes on to tell us that Hippocrates proposed conservative management not unlike what we do today: extending the neck and caring for the patient in the recumbent position. The first surgical treatment, a laminectomy, was done by Cline in 1814 to remove a fractured vertebrae which was compressing the cord (Cloward, 1980). Crutchfield introduced skull traction (with the tongs named after him) in 1933 (Cloward, 1980). Until the last twenty years few patients with cervical fractures causing quadriplegia survived for any length of time. With improved emergency services and widespread knowledge of cardiopulmonary resuscitation (CPR) an increasing number of patients with very high fractures (C2-4) are now surviving to live for many years albeit with the aid of home mechanical ventilation

Requirements

Read:  Porth, pp.1217 -18.

Note the distinction between the “Spinal Shock Stage” and the “Heightened Reflex Activity Stage.” The spinal shock stage has some features in common with a LMN syndrome in that the reflex arcs below the level of injury are temporarily shut down. This secondary temporary state is superimposed onto the primary injury which is, of course, UMN. As the spinal shock wears off the patient’s manifestations will be typical of UMN syndrome below the level of injury — with one exception. Right at the level of injury the reflex arcs for a couple of segments have also been disrupted. Where this becomes particularly important is when those segments that innervate the bladder (S2-S4) are involved. When the bladder is atonic, as it may be in LMN syndromes or when there has been lower lumbar injury it is not responsive to external or internal stimuli and hence prone to overdistension and retention. 

Be sure to spend some time thinking about  autonomic hyperreflexia (p. 1222) because you may encounter this crisis situation in any setting.

	Note: the implication is made that patients with cord injury above C6 lose all upper extremity function. Technically this statement is true but because they retain some upper shoulder function and head control they can achieve some useful control of upper limbs through extensive rehabilitation and use of supportive devices (Hickey, 1997). 




	Breaking News: Your text states that corticosteroids are given at the time of spinal cord injury to decrease secondary cord injury. That was the practice right up until the summer of 2000 when Dr. John Hurlbert, a Calgary neurosurgeon, questioned the risk benefit evidence based on review of the initial research evidence. He has suggested that the risk of infection and respiratory problems from high dose methylprednisone may outweigh the unproven benefits of reduced inflammatory response during the initial hours after injury.


Learning Activity#2

See how well you can apply this information and integrate it with your knowledge of other body systems. A sample of responses is provided at the end of this unit but you may have thought of potential effects that are not documented there. In fact, if this is an area of interest for you, you may want to follow up by talking with resource people working with spinal cord injured patients.

Consider a patient who has sustained a complete transection of the cord at the C6 level. On the basis of your knowledge of the innervation and functioning of other body systems predict the effects on the following systems. Consider the differences between the period of spinal shock (loss of reflexogenic responses) and after spinal shock has worn off.

Respiratory System

	

	

	

	


Cardiovascular System

	

	

	

	


Gastrointestinal System

	

	

	

	


Genitourinary System

	

	

	

	


Sexual Functioning 

	

	

	

	


Musculoskeletal System and Skin 

	

	

	

	


See the end of this unit for answers.

Supplemental

For a good overview of spinal cord trauma and nursing management read:

Buckley, D.A. & Guanci, M.M. (1999). Spinal cord trauma. Nursing Clinics of North America 34(3), 661-687.

Section 3: Neuromuscular & Degenerative disorders

	Point of Interest: Did you know that Leonardo Da Vinci recorded a description of individuals with what we now know as Parkinsonism. He noted “the movements of paralytics…who move their trembling limbs such as the head or the hands without permission of the soul; which soul with all its power cannot prevent these limbs from trembling.”

(Leonardo, 1989)


Introduction

The chronic neuromuscular and degenerative diseases result in a wide range of functional deficits limiting activities of daily living. For some conditions, such as Parkinson’s syndrome and myasthenia gravis, careful pharmacological management helps to maintain neurotransmitter balance. New therapies directed at the immune system are proving somewhat effective in slowing conditions such as multiple sclerosis and myasthenia gravis. Relatively little is yet known about the etiology of even the more common chronic conditions and therefore we have few resources for prevention. The primary assistance that health care providers can offer to many of these individuals and their families is to help them maximize their remaining function.

In this component you will compare and contrast the pathophysiological mechanisms involved in several common disorders in such a way that you can think through the implications for pharmacological management and activities of daily living.

Objectives

By doing the required readings and completing this component you should be able to:

47. Compare the populations at risk, pathogenesis and clinical manifestations of Parkinson’s disease, multiple sclerosis, and myasthenia gravis.

48. Describe the pharmacological management of Parkinson’s disease on the basis of its pathophysiology.

49. Discuss the major pathophysiological changes associated with Alzheimer’s disease in contrast to normal aging.

Requirements

Read:

· Parkinson’s Syndrome, pp. 1210 - 1212 

· Multiple sclerosis, pp.1214-1216. 

· Myasthenia gravis, pp. 1201 -02.
· Alzheimer’s Disease, pp. 1282-84.
Learning Activity #3

Complete the Neuromuscular Disease Worksheet

50. Comparison of Parkinson’s Syndrome, Multiple Sclerosis and Myasthenia Gravis

On the next page you will find a chart to complete which will help you to distinguish the main features that distinguish these three neuromuscular disorders. Your textbook provides the information you will need. The chart has been completed for myasthenia gravis already to give you an example.

Pathogenesis may be an unfamiliar term to you. It essentially means the process by which the disease develops. It takes in etiology and mechanisms involved in the development of the disease process.

	
	Parkinson’s Syndrome


	Multiple Sclerosis (MS)
	Myasthenia Gravis (MG)

	Populations at risk
	
	
	· persons with other autoimmune disorders like rhumatoid arthritis, lupus

· women more than men

· peaks 20-30 years and later life (men)

	Site of pathology
	
	
	· neuromuscular junction of voluntary (striated) muscles

	Pathogenesis
	
	
	· reduction in acetycholine receptors secondary to an autoimmune process

· may have pathologic changes to the thymus

	Clinical Manifestations
	
	
	Classic

· weakness of voluntary muscles

· fatigability

Types

· ocular – weakness of eye muscles ptosis, diplopia

· generalized - especially proximal muscles

· bulbar - weakness of cranial nerves IX, X, XI, & XII affects swallowing, gag reflex, movement of tongue, head


	
	Parkinson’s Syndrome
	Multiple Sclerosis (MS)


	Myasthenia Gravis (MG)


	Impact on the other body systems
	
	
	· high risk of aspiration

· respiratory insufficiency may be life threatening

· weight loss secondary to chewing and swallowing difficulties

· pregnancy may trigger first appearance of symptoms, infant may have Transitory symptoms

· crisis may be exacerbated by stress, infection, surgery

	Prognosis
	
	
	· Depends on type

· ocular-least progressive, remissions occur, may be rapidly progressive

· bulbar rapidly progressive


51. Neurotransmitter Imbalance in Parkinson’s Syndrome as Basis for Pharmacologic Treatment

Parkinson’s syndrome is the result of an imbalance between two neurotransmitters: dopamine and acetycholine. Dopamine has an inhibitory action on movement whereas acetycholine has an excitatory action. Degeneration of the substantia nigra results in a decrease in the amount of available dopamine in the brain. Acetycholine production and transmission is unaffected, resulting in an excess of acetycholine to dopamine. Thus the excitatory action of acetycholine is no longer kept in check and motor symptoms result.

As shown in Figure 10.8, the amount of the two neurotransmitters is balanced in the normal site. If some of the dopaminergic neurons have degenerated, an anticholinergic drug such as benztropine (Cogentin) can be administered to block release of acetycholine from the cholinergic neurons, thus compensating for the deficiency of dopamine. Alternatively, as also shown in the middle section of the figure, a drug such as amantadine (Symmetrel) can be administered to increase the dopamine available from the remaining dopaminergic cells. It acts indirectly by enhancing the release of dopamine from storage sites in the nerves and blocking its reuptake, thus allowing more dopamine to accumulate. As shown on the right side of the figure, the amount of dopamine can be increased directly by external replacement in the form of levodopa which can cross the blood brain barrier and then be converted into dopamine. The amount of dopamine can also be directly increased by a dopamine agonist such as bromocriptine (Parlodel) which stimulates dopamine production and activates dopamine receptors. A newer pharmacoligic agent, selegeline (Deprenyl) acts by inhibiting inactivation of dopamine, thus making it effective as an adjunct to levodopa so that dosage and hence side-effects can be reduced. Preliminary research evidence suggests that this last drug may also slow the progression of the disease. 

Complete the figure illustrating the site of action on the dopamineric/cholinergic neurons for each of the following medications which may be prescribed for symptom control in Parkinson’s syndrome. Choose answers from the following list:

52. levodopa

53. anticholinergics eg., benztropine (Cogentin), trihexphenidyl HC1 (Artane) 

54. bromocriptine (Parlodel) 

55. amantadine (Symmetrel) 

56. selegiline (Deprenyl)

[image: image8.wmf]
	Normal
	Compensated dopamine deficiency
	           Decompensated


Figure 10.9 Neurotransmitters

Adapted from Reimer, M. (1985). Impaired mobility related to the neuromuscular dysfunction of Parkinsonism: A nursing diagnosis applied. Axon, 6(4), 125-128.

57. Explain why the dose of Levodopa can be reduced if it is given in combination with Carbidopa (i.e., the compound drug Sinemet).

	

	

	

	


58. Why is Haloperidol (Haldol) contraindicated for patients with Parkinson’s syndrome? 

	

	

	

	


59. Test your understanding of the following terms by filling in the blanks with number of the definition and initials of the disease example.

	
	Definition
	Disease Example

	_____ Bradykinesia 

_____ Intention tremor 

_____ Extrapyramidal 


 syndrome 

_____ Propulsive gait 

_____ Ptosis 

_____ Spasticity 

_____ Fatiguability


	1. Disorder of movement not involving the corticospinal tracts.

2. Increasing weakness of striated muscles with repetition of the same movement (eg., walking a distance).

3. Tremor which increases with purposeful activity.

4. Drooping of eyelids.

5. Abnormal slowness of deliberate movement. 

6. Tendency to take short accelerating steps in walking. 

7. State of increased muscle tone with resistance to passive movement. 
	MS
(Multiple Sclerosis) 

MG
(Myastheniagravis) 

P
(Parkinson’s syndrome)


	Point of Interest: What did Adolf Hitler, Francisco Franco and Mao Tse Tung have in common?

Answers to the Point of Interest and questions 2-7 can be found at the end of this unit.




Degenerative Disease or Normal Aging
?

The links between normal aging and conditions such as Alzheimer’s disease and Parkinson’s disease have generated much debate. It has been speculated that Parkinson’s disease represents an accelerated aging process. As you will see in working through the next chart, many of the normal changes in aging, such as cerebral atrophy, are accentuated in Alzheimer’s disease. With application of modern molecular biologic techniques, the genetic basis for predisposition to Alzheimer’s disease has been identified. One hypothesis is that a combination of genetic and environmental factors, combined with the effects of aging, affect the ability of brain cells to maintain homeostasis. Damage to the mitochondria may contribute to decreased release of acetycholine and disorganization of cellular material (Blass, Ko & Wisniewski, 1991).

Table 10.6 Comparison of Alterations Found in Normal Aging, with those Associated with Alzheimer’s Disease

	Structures


	Normal Aging
	Alzheimer’s Disease

	Gross structural changes of the brain
	decreased weight 

decreased water content

some ventricular enlargement

(i.e. cerebral atrophy)
	greater decrease in weight

greater ventricular enlargement (i.e. greater cerebral atrophy)

	Changes in brain metabolism
	some decrease in oxygen consumption and oxidative changes due to high percentage of unsaturated lipids and lack of substrates capable of using up free radicals in fatty acid metabolism
	drastic decrease in metabolism with associated decrease in cerebral blood flow

	Microscopic changes
	accumulation of lipofuscin (by-product of metabolism known as brown fat)

placques and neurofibrillary tangles are seen in normal aging
	similar accumulation of brown fat

*   neurofibrillary tangles

*   neurtic placques (extracellular clusters of degenerating nerve terminals surrounding a centeral amyloid core)

*   granulovascular degeneration in which the nerve cell becomes crowded with fluid-filled vascuoles

	Changes in nerve cells (cont)
	decreased dendrite branching

decreased number of axons
	greater decrease in dendrite branching similar changes assumed in axons

	Regions of nerve cell loss
	
	midfrontal, temporal and parietal cortex hypothalamus, links with the hippocampus (thus affecting information processing, memory)

	Neurotransmitter changes
	
	decrease of production 

acetycholine and norepinephrine

	Other changes
	Leaky blood brain barrier
	greater impairment of blood-brain barrier (may allow entry of antibodies or other substances causing further nerve damage)


* most characteristic differences

Adapted from Burns, E., & Buckwalter, K. (1988). Pathophysiology and etiology of Alzheimer’s disease. Nursing Clinics of North America, 23(1), 11-29 and updated from Blass, J. P., Ko, L., & Wisnniewski, H. M. (1991). Pathology of Alzheimer’s disease. The Psychiatric Clinics of North America, 14(2), 397-420.

Supplemental

If you are interested in pursuing some supplemental reading on these topics you might check out: 

Boyden, K.M. (2000). The pathophysiology of demyelination and the ionic basis of nerve conduction in multiple sclerosis: An overview. Journal of Neuroscience Nursing, 32(1), 49-53, 60.

Calne, D. B. (1994). Initiating treatment for idiopathic parkinsonism. Neurology, 44(S6), S19-S22.

Graybiel, A. M. (1993). Functions of the nigrostratal system. Clinical Neuroscience, 1, 12-17.

Maier-Lorentz M.M. (2000). Neurobiological bases for Alzheimer's disease. Journal of Neuroscience Nursing 32(2),117-125.

Final Thoughts

You have now completed one of the most complex units in the entire course! A unit like this one may look very different in a few years however. Developments in genetics and cellular biology are making for rapid changes in the understanding and management of these conditions. For a glimpse at the near future you way want to check out the following segment on the web: (please hyperlink from CD-Rom)

Recent Research on Neural Plasticity
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Glossary

afferent: toward the centre of the body, upward to the brain

autonomic hyperreflexsia (dysreflexia): syndrome of sudden hypertension, sweating, severe headache, blurred vision, and flushed skin above level of spinal cord injury caused by a massive sympathetic response to some stimuli in the lower part of the body (e.g., distended bladder or rectum, pressure ulcer). 

Babinski's sign: dorsiflexion of the great toe and extension and fanning of other toes when lateral aspect of the sole of the foot is stoked; an abnormal response in children and adults but normal in the newborn

bruit: abnormal sound heard when auscultating an artery such as the carotid

efferent: to the periphery

hemiparetic: weakness on one side of the body

hemiplegic: paralysed on one side of the body

neurogenic shock: shock from massive peripheral vascular dilation, secondary to neurological insult

spinal shock: temporary complete cessation of spinal cord functions below level of injury, characterized by flaccid paralysis and absence of reflexes

papilledema: swelling of the optic disc

Acronym List

BMI: body mass index

CBF: cerebral blood flow

CPP: cerebral perfusion pressure

CVA: cerbral vascular accident

ICP: intracranial pressure

IICP: increased intracranial pressure

IV: intravenous

LMN: lower motor neuron

MAP: mean arterial pressure

MG: myasthenia gravis

MRI: magnetic resonance imaging

MS: multiple sclerosis

PEEP: positive end expiratory pressure

TIA: transient ischemic attack

t-PA: tissue plasminogen activator

UMN: upper motor neuron

Checklist of Requirements


Read Print Companion


Read Porth (2005)
· Alterations in Cerebral Homeostasis, 

· Hydrocephalus, Mechanisms Involved in Alterations of Consciousness

· Traumatic Brain Injuries, 

· Cerebrovascular Accidents,

· Degenerative Disc Disease & Herniation, 

· Spinal Cord Injury, 

· Parkinson's Syndrome, 

· Multiple Sclerosis, 

· Myasthenia Gravis, 

· Alzheimer's Disease


Do Learning Activities

· Consciousness (fill in the blanks)

· Upper and Lower Moton Neuron Syndromes (fill in the blanks)

· Spinal Cord Injury (worksheet)

· Neuromuscular Disease (worksheet)


Do Case Study: Stroke

Answers to Learning Activities

Answers to Learning Activity #1

60. The first and most important indicator of change in brain function is level of consciousness. 

Severe and irreversible damage to the cerebral hemispheres but with relatively intact functioning of the brain stem gives rise to irreversible coma, also known as a vegetative state. Over time sleep-wake cycles do return but there is not content of thought. 

61. Severe and irreversible damage to the vital centres in the brain stem and the cerebral hemispheres such that there is no discernible evidence of function over time and such that the body cannot maintain homeostasis is termed brain death. 

62. The state in which an individual has intact functioning of the cerebral hemispheres and brain stem but total paralysis of motor function including the lower cranial nerves is termed locked in syndrome. 

Answers to Disorders of the Spine and Spinal Cord Pretest

Section A

63. above
64. below
Note there are 8 cervical nerve roots but only 7 cervical vertebrae. Thus:

· C7 nerve root exits above C7 vertebra

· C8 nerve root exits above T1 vertebra

· T1 nerve root exits below T1 vertebra
65. L1-L2

Lumbar punctures are normally done at L3-L4 to avoid the cord. 

strong
It is because of the weaker posterior weaker ligament that the majority of disc protrusions occur in this.

66. sensory, cord at the level of entry

Specifically the spinothalmic tract carries sensations of pain and temperature. Van De Graaff and Fox (1992) provide a thorough explanation on pp. 449, 453-454. Consider the additional information that they provide supple
mental though. For this course the emphasis is having a basic understanding of the function and cross-over of the spinothalmic, corticospinal and dorsal columns.

67. motor, pyramidal, medulla

Section B: 

Answers to Learning Activity #3

Note: These responses are only a sample of some key points to consider.

	
	Spinal Shock Phase
	Post Spinal Shock

	Respiratory System

· C6 injury would spare the phrenic nerve and thus diaphragmatic function

· (40-50% of vital capacity)

· loss of intercostal function (T1-T7)

· loss of innervation to abdominal muscles (T6-T12) and hence lack of effective cough (Annear, 1988)
	· may require mechanical ventilation during acute phase because of ascending edema

· neurogenic pulmonary edema occurs secondary to massive sympathetic nervous system response
	· breathes independently but continues to be vulnerable to pulmonary complications because of weak cough, loss of intercostal function, and decreased FEV

	Cardiovascular System

· retains parasympathetic (cranial segment) function under control of higher centres but sympathetic system (thoracolumbar) disconnected (Porth, 2005)
	· bradycardia and arrhythmias as heart rate responds to vagal stimulation but no sympathetic input

· loss of vasomotor tone with vasodilation below the level of injury and decreased cardiac output (i.e., neurogenic shock) (Hickey, 1997; Porth, 2005)

· peripheral pooling

· hypotension especially first 1-2 weeks, continued orthostatic hypotension (Hickey, 1997)
	· vasomotor instability continues because of loss of central control over sympathetic system but return of reflexes does help to decrease peripheral pooling and orthostatic hypotension

· risk of autonomic dysreflexia


	
	Spinal Shock Phase


	Post Spinal Shock

	Gastrointestinal System

· has instrinic as well as extrinic (vagal) innervation

Note: If there has been any sparing through less than complete transection it may first be noted int the anal areas or great toe. That is because the neurons from the sacral segments run on the outmost edge of their respective tracts. The blood supply to the outer edges is better than to the central cord and hence these neurons may be “spared”.
	· peristalis initially

· risk of paralytic ileus

· abdominal distention (which further impeded breathing)

· atonic bowel

· risk of stress ulcer
	· continued loss of conscious awareness of bowel distension and evacuations but bowel retraining can be fairly effective taking advantage of the intrinsic innervation of the large bowel which responds to distension, as well as to effects of dietary intake and circadian rhythms

· continued vulnerability to constipation

	Genitourinary System

· vulnerable to urinary tract infections
	· atonic bladder vulnerable to overdistension, retention form flaccidity

· required catheterization
	· reflexogenic emptying

bladder spasms

may be able to take advantage of hyperreflexia to stimulate emptying by stimulating abdomen, inner thigh or genitals

external sphincter may be hypersensitive Æ frequent voiding (Wehrmaker & Wintermute, 1978)

risk of urinary stones as calcium lost from bones (Hickey, 1997)


	
	Spinal Shock Phase


	Post Spinal Shock

	Sexual Functioning

Male: T10-L3 control emission and psychogenic erection; S2-S4 control reflexogenic erection and ejaculation (Villineuve, 1989)

Female: T10-L3 probably control psychogenic lubrication; S2-S4 control reflex lubrication

Both: Loss of genital sensations. Psychogenic responses (i.e. genital response to erotic thoughts) will not return with injury above T10 because they depend on connection with cortex whereas reflexogenic responses can return once spinal shock was worn off.


	· initially may experience amenorrhea
	· reflexogenic erections may be triggered by non-sexual stimuli such as traction on a catheter

· usually sterile even if they can ejaculate, ? effect of loss of temperature control on sperm

· fertility usually unaffected and can have a normal pregnancy, labour may induce autonomic dysreflexia (Persaud, 1986)

· possibility of reflex incontinence

	Musculoskeletal System and Skin

· with C6 level will retain ability to abduct and adduct shoulders (deltoids), flex elbow (biceps), and extend wrist; sensations down lateral arm to thumb (Annear, 1988; Hickey, 1997)
	· flaccid muscles below injury areflexic

· loss of perspiration and decreased thermoregulation below level of injury, skin becomes dry and scaly

· high risk of skin breakdown because of loss of sensation, immobility and poor circulation
	· hyperreflexic, spastic, risk of contractures (Hickey, 1997)

· may be able to feed and groom self with assistive devices

· osteoporosis secondary to loss of weight-bearing (Hickey, 1997)

· continued high risk of skin breakdown


For more information you may want to read the following supplemental references:

Mitcho, K., & Yanko, J.R. (1999). Acute care management for spinal cord injuries. Critical Care Quarterly, 22(2), 60-79.

Murphy, M. (1999). Traumatic spinal cord injury: An acute care rehabilitation perspective. Critical Care Quarterly, 22(2), 51-59.

68. The answers essentially come from your readings so will not be repeated here. We will offer some key points and/or page numbers for points where you may have difficulty.

69.  Complete the figure illustrating the site of action on the dopamineric/cholinergic neurons for each of the following medications which may be prescribed for symptoms control in Parkinson’s syndrome.

a.  anticholinergics, e.g., trihexphenidyl HC1 (Artane) - reduce the excessive influence of the excitatory cholinergic neurons on the extrapyramidal tract
b. amantadine (Symmetrel) -- stimulates release of dopamine from remaining dopaminergic neurons  

c. levodopa -- precursor of dopamine which can cross the blood-brain barrier
d. bromocriptine (Parlodel) -- dopamine receptor agonist which stimulates dopamine receptors in the brain. 

e. selegiline (Deprenyl) -- selectively inhibits the breakdown of dopamine and provides some neuroprotective effect. 

[image: image9.wmf]
Adapted from Reimer, M. (1985). Impaired mobility related to the neuromuscular dysfunction of Parkinsonism: A nursing diagnosis applied. Axon, 6(4), 125-128.

70. Explain why the dose of levodopa can be reduced if it is given in combination with carbidopa (i.e. the compound drug Sinemet)
Carbidopa prevents breakdown of levodopa before it crosses the blood-brain barrier.

71. Why is haloperidol (Haldol) contraindicated for patients with Parkinson’s syndrome?

Haldol blocks dopamine receptors in the brain and therefore makes the Parkinsonian syndrome worse. Note that most antipsychotics also block dopamine receptors and can lead to involuntary movements called “Tardive dyskinesia” or “extrapyramidal reactions”. By blocking the uptake of dopamine the dopamine acetycholine balance is disrupted and the excitatory acetycholine gains dominance.

72. Test your understanding of the following terms by filling in the blanks with number of the definition and initials of the disease example.

	  5P      Bradykinesia 

  3MS   Intention tremor* 

  1P       Extrapyramidal 


 syndrome 

  6P        Propulsive gait 

  4MG   Ptosis 

  7MS    Spasticity 

_______ Fatiguability


	1. Disorder of movement not involving the corticospinal tracts.

2. Increasing weakness of striated muscles with repetition of the same movement (eg., walking a distance).

3. Tremor which increases with purposeful activity.

4. Drooping of eyelids.

5. Abnormal slowness of deliberate movement. 

6. Tendency to take short accelerating steps in walking. 

7. State of increased muscle tone with resistance to passive movement. 
	MS
(Multiple Sclerosis) 

MG
(Myastheniagravis) 

P
(Parkinson’s syndrome)


*Note: The tremor associated with Parkinson’s syndrome is a resting tremor.

	Point of Interest: They all had Parkinson’s syndrome (Parkinson’s Disease, 1990).
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