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Chapter 18
Neurologic Emergencies
Unit Summary
This unit reviews the structures that make up the nervous system.  This unit provides a thorough review of anatomy and physiology so students can better understand why a patient may present with neurological signs and symptoms. There are many illnesses and injuries that can affect the nervous system, and these are discussed in this unit.  
National EMS Education Standard Competencies

Medicine
Integrates assessment findings with principles of epidemiology and pathophysiology to formulate a field impression and implement a comprehensive treatment/disposition plan for a patient with a medical complaint.

Neurology

Anatomy, presentations, and management of

• Decreased level of responsiveness (pp 1048-1050)

Anatomy, physiology, pathophysiology, assessment, and management of

• Stroke/transient ischemic attack (pp 1058-1065)

• Seizure (pp 1067-1069)

• Status epilepticus (p 1069)

• Headache (pp 1070-1071)

Anatomy, physiology, epidemiology, pathophysiology, psychosocial impact, presentations, prognosis, and management of

• Stroke/intracranial hemorrhage/transient ischemic attack (pp 1058-1065)

• Seizure (pp 1067-1069)

• Status epilepticus (p 1069)

• Headache (pp 1070-1071)

• Dementia (pp 1071-1072)

• Neoplasms (pp 1071-1073)

• Demyelinating disorders (pp 1073-1075)

• Parkinson’s disease (p 1075)

• Cranial nerve disorders (pp 1075-1076)

• Movement disorders (p 1077)

• Neurologic inflammation/infection (pp 1077-1079)

• Spinal cord compression (p 1079)

• Hydrocephalus (p 1080) 
• Wernicke encephalopathy (p 1071)

Knowledge Objectives

1. Describe the incidence, morbidity, and mortality of neurologic emergencies. (p 1038)

2. Discuss the anatomy and physiology of the organs and structures that make up the nervous system. (pp 1038-1043)

3.  Explain how neurons and related structures transmit impulses. (pp 1042-1043)

4. Differentiate between the central and peripheral nervous systems, and describe the functions of each. (p 1038)

5. State what a neoplasm is, and identify several types of neoplasms that affect the nervous system. (pp 1071-1073)
6. Specify the characteristics of a degenerative neurologic disease. (pp 1073-1075)

7. Define developmental anomaly, and explain how such conditions arise within the nervous system of the developing human embryo. (pp 1080-1081)

8. Identify the types of pathogenic organisms that can infect the nervous system, and list the signs and symptoms of a nervous system infection. (pp 1077-1079)

9. Specify the vascular causes of neurologic conditions. (pp 1058-1065)

10. Compare the causes, signs, and symptoms of vascular neurologic conditions that occur suddenly with those that develop gradually. (p 1066)

11. Identify the layers that make up the arterial wall. (p 1059)

12. Define multifactorial condition, and describe several factors that influence the development of neurologic conditions. (p 1058)

13. Specify the contents that occupy the cranial vault, and explain how their interaction determines intracranial pressure. (pp 1059-1060)

14. Discuss the two major problems that stem from increased intracranial pressure. (p 1060)

15. Consider the importance of observing standard precautions and securing the physical environment in ensuring your safety when caring for a neurologic patient. (pp 1043-1044)

16. Identify the abnormal respiratory patterns associated with central nervous system illness. (p 1045)

17. Compare how to investigate a chief complaint in an unresponsive patient with how you would do so in a conscious patient. (p 1046)

18. List and explain the components of the physical examination of a patient with a neurologic illness. (pp 1047-1056)

19. Describe how to determine level of consciousness when assessing a patient with a neurologic complaint. (pp 1048-1050)

20. Compare the characteristics of decorticate and decerebrate posturing, and consider the likely implications of each for the patient’s outcome. (p 1050)

21. Specify several speech difficulties that can reveal a diminished level of consciousness. (pp 1053-1054)

22. Specify several movement difficulties that can reveal a diminished level of consciousness. (pp 1054-1056)

23. List and describe the most important interventions used to treat patients with neurologic conditions. (pp 1056-1058)

24. Outline standard guidelines for treating patients with neurologic complaints. (pp 1058-1081)

25. Define stroke and discuss its pathophysiology, assessment, and management. (pp 1058-1064)

26. Compare the pathophysiology of ischemic (occlusive) stroke with that of hemorrhagic stroke. (pp 1059-1060)

27. Discuss several instruments used to screen for stroke. (pp 1063-1064)

28. Define transient ischemic attack, and explain its relationship to stroke. (pp 1064-1065)

29. Define seizure, and discuss its pathophysiology, assessment, and management. (pp 1067-1069)

30. Explain how to differentiate a stroke from a seizure. (p 1046)

31. Compare generalized seizures with partial seizures, and analyze how seizures are further classified. (pp 1067-1069)

32. Define status epilepticus, and discuss its pathophysiology, assessment, and management. (p 1069)

33. Define syncope, and discuss its pathophysiology, assessment, and management. (pp 1069-1070)

34. List the most common types of headaches, and outline their pathophysiology, assessment, and management. (pp 1070-1071)

35. Define dementia, and discuss its pathophysiology, assessment, and management. (p 1071)

36. Compare the causes, signs and symptoms, and typical course of several common types of dementia. (p 1071)

37. Define demyelination, and analyze the common features of demyelinating conditions. (pp 1073-1074)

38. Define multiple sclerosis, and discuss its pathophysiology, assessment, and management. (pp 1073-1074)

39. Define Guillain-Barré syndrome, and discuss its pathophysiology, assessment, and management. (p 1074)

40. Define amyotrophic lateral sclerosis, and discuss its pathophysiology, assessment, and management. (pp 1074-1075)

41. Define Parkinson’s disease, and discuss its pathophysiology, assessment, and management. (p 1075)

42. List several cranial nerve disorders, and evaluate their shared characteristics. (pp 1075-1076)

43. Define dystonia, and discuss its pathophysiology, assessment, and management. (p 1077)

44. Compare encephalitis with meningitis in terms of pathophysiology, assessment, and management. (pp 1077-1079)

45. Define an abscess, and discuss its pathophysiology, assessment, and management. (p 1079)

46. Define poliomyelitis, and discuss its pathophysiology, assessment, and management. (p 1079)

47. Define peripheral neuropathy, and discuss its pathophysiology, assessment, and management. (p 1079)

48. Define hydrocephalus, and discuss its pathophysiology, assessment, and management. (p 1080)

49. Define spina bifida, and discuss its pathophysiology, assessment, and management. (pp 1080-1081)

50. Define cerebral palsy, and discuss its pathophysiology, assessment, and management      (p 1081)

Skills Objectives

1. Assess a patient’s level of consciousness. (pp 1048-1050)
2. Perform a complete neurologic examination. (pp 1047-1056)
3. Use several commonly used screening tools to screen a patient suspected of having had a stroke. (pp 1063-1064)
Readings and Preparation

Review all instructional materials including Chapter 18 of Nancy Caroline’s Emergency Care in the Streets, Seventh Edition, and all related presentation support materials.
Support Materials

• Lecture PowerPoint presentation

• Case Study PowerPoint presentation

• Available charts and/or diagrams to display the anatomy of the brain and nervous systems.  
Enhancements

• Direct students to visit the companion website to Nancy Caroline’s Emergency Care in the Streets, Seventh Edition, at http://www.paramedic.emszone.com for online activities.
• Web links
· This U.S. National Library of Medicine website contains a variety of articles and links relating to the brain, nerves, and spinal cord. http://www.nlm.nih.gov/medlineplus/brainandnerves.html
· This American College of Radiology website contains a number of video clips that provide a very basic explanation of how radiology images are produced and what they show.

http://www.radiologyinfo.org/en/photocat/gallery2.cfm?subcat=epcot
• Content connections: Neurologic emergencies cover a wide range of disease processes.  Many of these diseases or injuries mimic other medical conditions, such as stroke versus diabetic emergency. Other neurological issues may present as a sign of other medical conditions, such as seizures in a febrile infant. The brain and nervous system control every aspect of human functioning, and it is important to remember this concept throughout paramedic training.
• Cultural considerations: Some neurologic disease processes may lead to assumptions about patients that are not true. Some cultures believe seizures are caused by evil within a person’s body. While this is an extreme example, pre-hospital providers need to be aware of the predominant cultures in your local area. Additionally it is important to keep personal bias in check. For example: Alzheimers patients do not understand what you are saying so it doesn’t matter what is said in the patient’s presence. Another assumption is that altered mental status patient are always “drunk.” This may be far from the truth. Students should be reminded to take every patient at face value rather than assuming.
Teaching Tips

Students need to be aware of the multitude of neurological related conditions. They also need to form an understanding of other conditions that may present as neurological conditions even if they are not related.  Find out what your students have actually seen on clinical rotations.  For example, after polling your class, if the majority of your students have not seen a patient in seizure, use some of the media enhancements listed above. 
Unit Activities

Writing activities: Assign a neurological condition to each student. The student will be responsible for preparing a written paper on causes, signs, symptoms, treatment, and any other related information.
Student presentations: Have students present their group assignment from below. Alternatively students may be assigned to present their written assignment to the class.
Group activities: Divide the students into groups. Assign one neurologic assessment to each group (example: Cincinatti Stroke Scale). Students will be required to present a role-playing scenario that accurately demonstrates the assessment. The remainder of the students should select an appropriate checklist and complete it as the scenario progresses.
Visual thinking: Provide students with neurological signs and/or symptoms through picture presentation (either PowerPoint, overhead, or handout). Students will then provide a drawn diagram of where the signs and symptoms may be originating from. (Example: You display a picture of left side facial droop. Students will then draw the suspected location of the injury.)
Pre-Lecture 

You are the Medic

 “You are the Medic” is a progressive case study that encourages critical-thinking skills.

Instructor Directions

Direct students to read the “You are the Medic” scenario found throughout Chapter 18.

•
You may wish to assign students to a partner or a group. Direct them to review the discussion questions at the end of the scenario and prepare a response to each question. Facilitate a class dialogue centered on the discussion questions and the Patient Care Report.

•
You may also use this as an individual activity and ask students to turn in their comments on a separate piece of paper.

Lecture
I.
Introduction

A.  
The National Center for Health Statistics lists three of the top 15 causes of death in 2007 as neurologic in nature. 

1.
Stroke is the third leading cause of death in the United States. 

B.
Prevalence refers to the total number of people in a given population with a particular disease.

C.
Incidence refers to the number of people newly diagnosed with a particular disorder in a one-year period. 

D.
Patients with neurologic problems may be in danger.
1.
Many reflexes that protect people who are awake can be inactive when the nervous system is depressed.
a.
Eyelids do not blink.
b.
Larynx does not cause gagging and coughing. 
c.
Body does not seek a position of comfort.
d.
Tongue goes slack.
e.
Airway is at risk.

II. Anatomy and Physiology
A.
Structure of the nervous system
1.
The most complex organ system within the human body
2.
Two major structures
a.
The brain
b.
The spinal cord
3.
Responsible for fundamental functions
a.
Controlling breathing, pulse rate, and blood pressure
4.
Higher levels of activity require the brain to engage memory, understanding, and thought.
5.
Major structures are divided into two categories.
a.
Central nervous system (CNS)
i. Responsible for thought, perception, feeling, and autonomic body functions
b.
Peripheral nervous system (PNS)
i.
Responsible for communication between the brain and the body

B.
The brain
1.
Lobes

a.
Images produced by the eyes are transmitted via the optic nerve to the occipital lobe.

b.
Occipital lobe scans through stored images.

i.
Determines whether image has been seen before

c.
Once image is recognized, a pathway is accessed to the temporal lobe.

i.
Stores language and speech

ii.
Allows image to be attached to name

d.
Commands from the frontal lobe are sent to the body.

i.
Controls voluntary motion

e.
Signals are sent to the efferent nerves.
i.
Leave the brain through the peripheral nervous system

ii.
Convey commands to other parts of the body

iii.
Motor memory is stored in the frontal lobe.

f.
Afferent nerves send signals of discomfort to the parietal lobe.

i.
Touch and pain are perceived.

g.
Signals are sent from the parietal lobe to the frontal lobe.

i.
Body is signaled to make adjustments
2.
Diencephalon and brainstem
a.
Diencephalon: Filters out unneeded information before it reaches the cerebral  cortex
b.
Midbrain portion of the brainstem: Helps regulate the level of consciousness
i.
Includes patterns of sleep and wakefulness
ii.
The reticular activating system (RAS) is the reason you get tired at the same time each day.
c.
Pons: Controls respiratory pace and depth
d.
Medulla oblongata: Controls blood pressure and pulse rate
e.
The brainstem frees the cerebral cortex for higher activities.

3.
Hypothalamus and pituitary gland
a.
Limbic system: Generates rage and anger
b.
Hypothalamus: Controls pleasure, thirst, and hunger
c.
All emotions are mediated by the prefrontal cortex. 

i.
Allows people to choose how they act in response to how they feel. 
d.
Hypothalamus communicates to the pituitary gland
i.
Sends messages to the adrenal glands
e.
Adrenal glands release epinephrine and norepinephrine.
i.
Provide increased strength and cardiovascular reserves

4.
Cerebellum
a.
Located in the posterior, inferior area of the skull
b.
Manages complex motor activity unconsciously
c.
Over time, learned behaviors are transferred to the cerebellum from the frontal lobe.

C.
Neurons and impulse transmission
1.
A neuron is a fundamental element of the nervous system and contains:
a.
Cell body
i.
Contains nucleus
b.
Axon
i.
Projection from the nucleus that extends toward another cell
(a)
Carries signals away from the nucleus
ii.
May or may not contain myelin (a chemical insulator)
c.
Axon terminal
i.
The portion of the axon where neurotransmitters are manufactured
d.
Dendrites
i.
Project off the nucleus
ii.
Carry signals from other cells toward the nucleus

2.
Synapses
a.
Slight gap between each cell
b.
Synapse “connects” to the next cell by chemicals called neurotransmitters

3.
Neurotransmitters
a.
Present within the brain and throughout the body
i.
Dopamine
ii.
Acetylcholine
iii.
Epinephrine
iv.
Serotonin
b.
Take the electrically conducted signal from one neuron and relay it to the next cell
c.
Each cell is connected to the next in a straight line.

i.
Three cells might convene at a single synapse with another cell.

(a)
Fourth cell will fail to respond unless it receives simultaneous stimulation from cells 1, 2, and 3.
(b)
Fourth cell will stimulate cells 5 and 6.
4.
Axons
a.
Many are coated with myelin.
i.
An insulating substance that allows the cell to transmit its signal consistently without “shorting out” or losing electricity 
ii.
Increases the speed of conduction

(a)
Where speed is important, neurons have myelin.

(b)
Where speed is less important, neurons do not have myelin.

III. Patient Assessment

A.
The brain is the most sensitive organ in the body to variable temperatures and fluctuating levels of oxygen and glucose.
1.
Small alterations can affect its function.

2.
The brain is also resilient to internal environmental changes.

3.
When assessing a patient for a neurologic problem, look for:
a.
Gross or obvious changes
b.
Subtle, hidden changes

B.
Scene size-up
1.
Standard precautions protect you from exposure to potentially harmful organisms or environments.


a.
Gloves are a standard approach for all patients.
b.
Ensure that additional equipment is available.
i.
Gowns
ii.
Protective eyewear
c.
Standard precautions should be based on the procedure you are conducting and the likelihood of being contaminated.
i.
Patient may not know he or she has a disease or may not be able to tell you.

2.
The patient’s location may place you in a dangerous environmental situation.


a.
Assessment of environment begins at dispatch.
i.
Nature of call?
ii.
Do you need police assistance?
iii.
Do you need backup?
b.
Call for additional resources if necessary.

3.
Examine the scene as you approach the patient.
a.
Bystanders?
b.
Obstacles?
c.
Retreat route?
i.
Ensure that you have a way to remove yourself from the scene quickly.

ii.
As you leave the ambulance, examine the environment for possible threats.

(a)
Animals

(b)
Obstacles

(c)
Suspicious or threatening people

(d)
Trip hazards

4.
Gather basic information about the call.
a.
Did the event occur suddenly or gradually?
b.
What is the primary complaint?
c.
Determine if you need additional resources.
d.
Determine what equipment you may need.

5.
Determine number of patients.

a.
Consider mechanism of injury (MOI)/nature of illness (NOI).

i.
Be cautious if there are more than one patient with the same signs and symptoms.

b.
Ensure that you have the correct PPE.

C.
Primary assessment

1.
Form a general impression.
a.
Determine:
i.
Where is the patient?
ii.
Does the patient appear to be in distress or pain?
iii.
What is the position of the patient?
iv.
Is the patient inside or outside?
v.
Are there obvious injuries?
vi.
What does the environment look like?
vii.
Is there evidence of drug paraphernalia?
viii. What are the living conditions?

ix.
Is the patient conscious or unconscious?

x.
Is the patient stable or unstable?

b.
Answers can give you clues to the functioning of the patient’s nervous system.

i.
Unresponsive patients should be considered unstable.

ii.
Cluttered or disorganized living conditions may be an indicator of a nervous system condition. 
c.
Information can be used to:
i.
Identify social service needs.
ii.
Help direct injury prevention education.
iii.
Assess patient needs upon discharge.
iv.
Determine the effects of past interventions.
2.
Airway and breathing
a.
Is the airway patent?
b.
Do you hear air moving freely through the patient’s mouth?
c.
Is there any whistling sound?
d.
Ask open-ended questions in order to listen to the quality of the patient’s voice.
i.
If the patient is awake and speaking normally, then the airway is stable.
e.
Nerves responsible for airway control
i.
Include:

(a)
Trigeminal
(b)
Glossopharyngeal
(c)
Vagus
(d)
Hypoglossal
ii.
Allow for:
(a)
Swallowing
(b)
Controlling the tongue
(c)
Ensuring the muscles in the hypopharynx are slightly contracted

iii.
Alteration in signals can produce too much relaxation or constriction of the airway.

f.
If patient is unresponsive, assess the airway.
i.
Stridor: High-pitched sound usually heard during inspiration

(a)
May indicate partial obstruction 
ii.
Trismus: Tightly clenched teeth
(a)
Makes it difficult to manage the airway
(b)
In an unconscious patient, can indicate:
(1)
A seizure in progress
(2)
Severe head injury
(3)
Cerebral hypoxia

g.
If you suspect an obstruction:

i.
Evaluate the airway more closely.

ii.
If the patient is not responding or posturing:
(a)
Use a tongue blade or laryngoscope blade to closely examine the hypopharynx for obstructions.

iii.
Use Magill forceps to remove any objects.

iv..
Be prepared to perform endotracheal intubation.
v.
Ensure oxygen saturation level of 94% or better.

vi.
May need to sedate the patient if trismus is present.

h.
Routine hyperventilation of neurologic patients can be harmful.

i.
Provide only to those patients with documented unconsciousness and signs of increased intracranial pressure (ICP)

i.
Check rate and rhythm of breathing.
i.
The greater the deviation from normal, the more severely affected the nervous system is likely to be. 

3.
Circulation
a.
Evaluate peripheral and central pulse patterns.
i.
Absence of a peripheral pulse with a central pulse present may indicate shock.
(a)
Rarely caused solely by neurologic problem
b.
Evaluate skin.
i.
Gross bleeding?
ii.
Bounding pulse?
c.
Evidence of increased pressure within the cranium (ICP):
i.
Cushing reflex
(a)
Decreased pulse rate (bradycardia)
(b)
Decreased respiratory rate (bradypnea)
(c)
Widened pulse pressure (systolic hypertension)
ii.
Decorticate posturing

iii.
Decerebrate posturing

iv.
Biot’s respirations

v.
Apneustic respirations

vi.
Cheyne-Stokes respirations

vii.
Anisocoria

d.
Establish vascular access.
i.
Administer normal saline or lactated Ringer’s solution.

ii.
Do not use solutions containing dextrose.
e.
Consider drawing blood samples for analysis.
f.
Check blood pressure and pulse rate.
i.
If patient is hypotensive, support blood pressure to ensure adequate cerebral perfusion pressure (CPP).
ii.
Target is systolic pressure of 110 to 120 mm Hg.
g.
Perform continuous heart monitoring using 12-lead EKG.

h.
As the ICP rises:
i.
Blood flow to the brain diminishes.
ii.
Medulla oblongata signals heart to increase contraction force.
iii.
Systolic pressure rises.
iv.
Downward forces on the brainstem begin to damage the medulla’s ability to send signals.
v.
Diastole falls, resulting in a widened pulse pressure.

vi.
Pressure damages ability to control respiratory and pulse rates.

4.
Transport decision
a.
Consider how to transport:
i.
Complete a rapid secondary assessment, or
ii.
Complete a secondary assessment and evaluate only the area(s) of patient complaint(s).
b.
A rapid medical or trauma exam should be performed on any patient with:
i.
An abnormal assessment
ii.
A significant MOI/NOI
iii.
Any patient you suspect may have a major problem
(a)
Unconscious
(b)
Seizures
(c)
Sudden loss of movement 
c.
A secondary assessment based on complaint is appropriate if the patient is stable. 
i.
Completely normal primary assessment
ii.
Minor MOI/NOI

iii.
Local problem suspected

D.
History taking

1.
Obtain history for patients in stable condition and minor complaints.
a.
Completely normal primary assessment
b.
Minor MOI/NOI
c.
For whom you suspect a localized problem

2.
Gather history from family or bystanders for unresponsive patients.
a.
If no one is around, look for:
i.
Signs of trauma
ii.
Medical alert tags
iii.
Track marks
iv.
Environmental clues

3.
To determine chief complaint in a responsive patient:
a.
Ask what happened.
b.
Look for signs and symptoms
c.
Evaluate the patient’s speech

4.
If the patient has had a seizure and is in a postictal state:
a.
Look for obvious explanations, such as trauma.

5.
For headache, try to determine:
a.
The patient’s level of stress
b.
The likelihood of infection
c.
History of headaches

6.
Obtaining history from a child may be difficult.
a.
Gather information from the child if he or she is able to speak and understands the concept of time.
b.
Parents can provide valuable information.

7.
If the patient is responsive, obtain a SAMPLE history.

8.
Talk with family or friends about the events leading up to the altered mental status.

a.
If the patient lives alone, talk to anyone else who may have had recent contact with the patient.

b.
Record impressions of the patient’s general state of health before the episode.
c.
List all medications, allergies, and the last time the patient took anything by mouth. 
9.
Determine whether there is a history of seizures.
a.
What triggers the seizures?
b.
Was this episode different from previous episodes?
c.
Review medications for clues.

i.
Phenytoin and phenobarbital point toward a seizure disorder.
10.
If a patient has experienced a seizure for the first time: 

a.
Suspect a grave condition:
i.
Brain tumor
ii.
Intracranial bleeding
iii.
Serious infection

b.
Determine whether the patient takes medications that lower the blood glucose level.
c.
Inquire about drug use and exposure to toxins. 

E.
Secondary assessment

1.
Conduct the physical exam in a consistent and organized fashion.
a.
Repetition is the foundation of good assessment.

i.
Keeps you from forgetting assessment steps

ii.
Gives you interaction with the patient

iii.
Provides you with “normal” findings so you can discover abnormal findings

iv.
Allows you to gain confidence in your skill.

2.
Assess in the following order:

a.
Head

i.
Spend the most time in this area

ii.
Assess for DCAP-BTLS

(a)
Deformities

(b)
Contusions

(c)
Abrasions

(d)
Penetrations

(e)
Burns

(f)
Tenderness

(g)
Lacerations

(h)
Swelling

b.
Neck
i.
Assess for DCAP-BTLS
ii.
Symmetry?

iii.
Are there masses?
iv.
Is the trachea midline?
v.
Is there jugular vein distention (JVD)?
vi.
Are the cervical vertebrae aligned?

c.
Chest
i.
Assess for DCAP-BTLS
ii.
Symmetry?
iii.
Equal rise and fall?
iv.
Evaluate ECG
(a)
12-lead ECG if necessary
(1)
Anyone with a sudden loss of consciousness
v.
Respiratory distress/effort?
vi.
Lung sounds?

(a)
Adventitious?

(b)
Equal?
vii.
Determine the pulse oximeter reading.

(a)
Normal reading: 95% to 100%

d.
Abdomen
i.
Assess for DCAP-BTLS
ii.
Masses?

iii.
Pulsations?
iv.
Nausea/vomiting?

e.
Pelvis
i.
Assess for DCAP-BTLS
ii.
Stability?
iii.
Incontinence?
(a)
If present, LOC has decreased below that of sleep.

f.
Extremities
i.
Assess for DCAP-BTLS
ii.
Examine distal pulses, motor function, and sensation.
iii.
Edema?
iv.
Recent venipuncture marks?
(a)
May indicate illegal drug use

g.
Back
i.
Assess for DCAP-BTLS
ii.
Ensure curves in spine are in correct place.

(a)
Cervical vertebrae: Curved posterior

(b)
Thoracic vertebrae: Curved anterior

(c)
Lumbar vertebrae: Curved posterior
iii.
Palpate each vertebrae.

3.
Note the symmetry of the face throughout the assessment.
a.
Ptosis: The dropping sagging, or prolapse of a part of the body

i.
Can indicate Bell palsy or a stroke

4.
Level of consciousness
a.
There can be many variations in level of consciousness.
i.
Coma is at the extreme end of the continuum.

(a)
State in which a person does not respond to verbal or painful stimuli

b.
AVPU

i.
A—Awake and alert (oriented to person, place, and day)
(a)
A person can be awake and alert and still be confused.

ii.
V—Responds to verbal stimuli
(a)
Not spontaneously awake, but responds when you speak to him or her

iii.
P—Responds to painful stimuli
(a)
Fingernail pressure

(1)
Requires intact spinal cord to feel
(b)
Pressure to the supraorbital foramen (notch near the bridge of the nose)

(1)
Does not require intact spinal cord
(2)
Ensure that the patient does not have a facial fracture.
(3)
Do not apply pressure directly to the eye.
(4)
Your thumb needs to be directly over the foramen for this technique to elicit a response.
(c)
Decorticate posturing (abnormal flexion)
(1)
Arms contracted and curled toward chest
(2)
Toes pointed 
(3)
Wrists flexed
(4)
May indicate damage to the area directly below the cerebral hemispheres
(d)
Decerebrate posturing (abnormal extension)
(1)
Toes pointed, arms extended outward 

(2)
Lower arms rotated in a palms-down manner (pronation).
(3)
Wrists flexed
(4)
A more severe finding than decorticate posturing
(5)
Damage is within or near the brainstem.

iv.
U - Unresponsive

(a)
The patient does not respond in any way to stimulus.
c.
Glasgow Coma Scale (GCS)
i.
Uses parameters that test a patient’s:

(a)
Eye opening

(b)
Verbal response

(c)
Motor response

ii.
Three scores are added together to form a total score

(a)
Defines brain function

iii.
Helps to determine:

(a)
How to proceed with care

(b)
What care should be given

(c)
Where the patient should be transported

iv.
Mildly ill patients can often be transported to the hospital requested.

v.
Moderately ill patients require transport to the closest appropriate facility.

vi.
Critically ill patients need airway management and rapid transportation. 
d.
Orientation

i.
Tests mental status by checking a patient’s memory and thinking ability 

ii.
Evaluates four areas:
(a)
Person—The patient is able to give his or her name.
(b)
Place—The patient is able to identify his or her current location.
(c).
Time—The patient is able to tell you the current year, month, and approximate date.
(d)
Event—The patient is able to describe what happened (the MOI or NOI).

iii.
Confusion may indicate:

(a)
Low blood glucose level

(b)
Decreased oxygen level

(c)
Overdose

(d)
Decreased blood pressure

iv.
Examine the speed and intensity with which the patient responds. 

(a)
Patients may undergo excitation or sedation.

e.
Common reality

i.
People use their senses to determine what is real.

ii.
Hallucinations
(a)
Patients experience feelings of sound, sight, touch, and taste that are entirely within their minds. 
iii.
Delusions
(a)
Thoughts or perceived abilities that are not based in a common reality

iv.
Psychosis
(a)
Patient cannot determine what is real and what is inside his or her mind.
(b)
Patients may be unpredictable.

(c)
Fear, anger, and helplessness are common emotions.
(d)
Ensure your safety when caring for psychotic patients.

(1)
Ensure you are not alone.

(2)
Have a clear avenue of retreat.

(3)
Decrease stimulation as much as possible.

v.
Medication may be needed to help manage.

f.
Other changes

i.
Changes in mood or tempo of the nervous system

ii.
Requires further evaluation to ensure appropriate level of care

iii.
Ask patient how he or she feels.

(a)
Frustration, anger, or aggression can be caused by a low glucose or oxygen level.

iv.
Ask the patient how easy it is for him or her think.

(a)
Trouble concentrating can be caused by decrease in blood glucose level or narcotics.

(b)
Cocaine users may experience mania.
g.
Corneal reflex

i.
Determines whether cough and gag reflexes are intact.
ii.
Tap between the patient’s eyes.
(a)
Patients who are asleep or pretending to be unconscious will blink reflexively.
(b)
If the patient does not blink or twitch, assume that the patient does not have an intact cough or gag reflex.

(1)
Insert an oral airway to confirm absence of gag reflex.

iii.
Presence of reflex does not guarantee that cough and gag reflexes are intact.
h.
Pupillary response
i.
Ensure that you are eliciting a response to light, not movement.
(a)
Approach the eyes from a 45° angle. 
ii.
Examine pupils for shape, size, and reactivity.
(a)
Should be round
(b)
Should react to light by constricting
(c)
Should be equal in size, shape, and response
iii.
Pupil size is measured in millimeters.
iv.
Stimulants cause pupillary dilation.
v.
Depressants constrict the pupils.
vi.
Anisocoria: Unequal pupils 
(a)
Anything greater than a 1 mm difference is worth noting.
(b)
Unequal pupils are a sign of increased ICP.

5.
Cranial nerve functioning
a.
Peripheral nerves control various portions of the body.

b.
Look for:

i.
Ability to respond

ii.
Strength of response

iii.
Symmetry

c.
Abnormal functioning may occur with:

i.
Stroke

ii.
Trigeminal neuralgia

iii.
Myasthenia gravis

6.
Speech
a.
Listen to the quality of the patient’s speech.
i.
Agnosia: Inability to name common objects
ii.
Apraxia: Inability to know how to use a common object

b.
To test for these signs:

i.
Show patient an object and ask for the name of it.

ii.
If patient responds correctly, ask him or her how to use the object.

iii.
Patients may have one sign without the other.
c.
Aphasia
i.
Receptive aphasia: Inability to understand speech with ability to speak clearly

(a)
Damage to temporal lobe
ii.
Expressive aphasia: Inability to speak clearly with ability to understand speech

(a)
Damage to frontal lobe
iii.
Global aphasia: Inability to follow commands or answer questions

(a)
Patients can often think clearly.

7.
Body movement
a.
Hemiparesis and hemiplegia

i.
May occur in patients with strokes

ii.
Hemiparesis: Weakness of one side of the body
iii.
Hemiplegia: Paralysis of one side of the body
iv.
Decussation: The crossing of nerves as they leave the cerebral cortex
(a)
Patient may have weakness on one side of the body and facial droop on the other side.

v.
Examine the function of the cerebellum.

(a)
Have patient close his or her eyes and hold out arms in front of body.

(1)
If patient has had a stroke, one arm may drift away from the other.

b.
Gait and posture

i.
Gait: Walking patterns

ii.
Ataxia: Alteration of a person’s ability to perform coordinated motions (such as walking)

iii.
Assess by asking patient to walk several steps.

(a)
If there is damage to the cerebellum, the patient may: 

(1)
Walk erratically

(2)
Stumble

(3)
Lose ability to walk

iv.
Posture may become rigid.

(a)
Place one hand on patient’s chest and the other on the patient’s back; and push.

(1)
Patient should compensate by taking a step to keep from falling.

(2)
In certain disorders, such as Parkinson’s disease, rigidity keeps patient from compensating.

c.
Bizarre movement

i.
May indicate disruption within the nervous system
ii.
Myoclonus: Rapid, jerky muscle contraction that occurs involuntarily
iii.
Dystonia: A part of the body contracts and remains contracted

d.
Alterations in smooth motion

i.
Rigidity: Stiffness of motion

ii.
Tremors: Fine, oscillating movement
(a)
Rest tremor: Occurs when the patient is at rest and not moving
(b)
Intention tremor: Occurs when the patient is asked to reach out and grab an
object

(c)
Postural tremor: Occurs when a body part is placed in a particular position and required to maintain that position for a long period of time

iii.
Seizure: Larger, less focused movement

(a)
Tonic activity: Rigid, contracted body posture
(b)
Clonic activity: Rhythmic contraction and relaxation of muscle groups

8.
Sensation
a.
Paresthesia: Sensation of numbness or tingling
b.
Anesthesia: Patient can feel nothing within a body part.
9.
Blood glucose level

a.
Glucose is the fuel that runs the brain.

b.
All patients with an altered LOC should have their glucose level checked.
i.
Normal reading is 60 to 120 mg/dL.

c.
As glucose level falls, so does LOC.

i.
Below 10 mg/dL is usually fatal.

ii.
Below 30 mg/dL or above 300 mg/dL will often cause confusion or unconsciousness.
10.
Vital signs
a.
Document:
i.
Pulse rate, rhythm, and quality
ii.
Respiratory rate, rhythm, and quality
iii.
Blood pressure
iv.
Skin temperature, color, and condition
v.
Pupil size and reactivity
b.
Ensure that the patient maintains a systolic blood pressure of at least 110 to 120 mm Hg.

c.
Ensure adequate respiratory rate and pattern.

d.
Ensure effective pulse rate and rhythm.

e.
Changes in pupils may indicate significant bleeding and pressure on the brain.

f.
If hypothermia or hyperthermia is suspected, use a thermometer to establish temperature. 

i.
Avoid the axillary method.

ii.
If unable to use a thermometer, gather information about the NOI to help identify a temperature alteration.

iii.
Do not actively rewarm or cool patients.

F.
Reassessment

1.
Interventions

a.
Administration of dextrose 50% 
i.
Follow local protocol regarding what blood glucose ready is considered low.
ii.
Two medications available for prehospital treatment of hyperglycemia:
(a)
Dextrose 50% in water
(b)
Glucagon
iii.
To administer dextrose 50%, an IV line must be established using a large vessel.
(a)
An 18-gauge needle is preferred.
(b)
Ensure the IV is patent before administering the dextrose.
(c)
Extravasation into the interstitial space can cause severe damage or death to muscles, nerves, and skin.
(d)
The usual dose is 25 g or one full syringe.
(e)
Effects typically being in 30 seconds to 2 minutes.
(f)
If there is no effect, ensure adequate IV access, and administer a second dose.
(g)
Can substitute dextrose 25%, but give two syringes.
(h)
If extreme malnourishment is suspected, give thiamine before dextrose.
(1)
Typical dose is 50 mg by slow IV bolus or IM.
(2)
Can cause hypotension if administered too quickly
iv.
If IV access cannot be obtained, administer 0.5 to 1 mg of glucagon subcutaneously or intramuscularly.
(a)
LOC and blood glucose level should increase within 20 minutes of administration.
(b)
Can be repeated to a maximum of three doses  
v.
There is currently no safe way to decrease blood glucose in the prehospital setting.
vi.
If the patient is unresponsive or has decreased LOC, and no blood glucose monitor is available:

(a)
Administer 12.5 g (1/2 syringe ) of dextrose 50%.
(b)
Reassess.
(c).
Proceed with additional dextrose cautiously.

b.
Airway management
i.
Provide sufficient oxygen, ventilation, and airway protection.
(a)
Bag-mask devices
(b)
Laryngeal mask airways
(c)
King LT airway devices
(d)
Combitubes
(e)
Endotracheal intubation
(1)
The most effective means by which to isolate and protect the trachea from aspiration 
(2)
Ensure the patient’s pulse oximeter reading is 95% or better.
(3)
Provide oxygen via nasal cannula or mask as needed.
(4)
Provide ventilatory assistance as needed.

ii.
If trismus is noted:

(a)
Determine how effectively the patient can be ventilated with a bag-mask device.

(b)
If ventilation is poor and patient is still breathing on his or her own, a nasotracheal airway can be attempted.
(1)
If this is unsuccessful, consider a paralytic agent.

(2)
If paralytics are unavailable, transtracheal airway management is the only other option.

c.
Administration of naloxone
i. 
Used for the treatment of unresponsive/unknown patients or those with suspected narcotic overdose.
ii.
Initial dose is 0.4 to 2 mg IVP.
(a)
Can be repeated until you reach 10 mg
iii.
Can result in rapid change in LOC
(a)
This can cause patients to become fearful and potentially angry or aggressive.

(1)
Ensure you have adequate restraints or ability to leave scene quickly.
iv.
Administer slowly until respiratory effort improves.
v.
When considering, ensure airway and adequate BLS ventilation.
(a)
Do not immediately intubate the patient.
(b)
Establish an IV line, and administer the naloxone.
(c)
After administering the medication, intubation may be needed if there is no response. 

d.
Rectal administration of diazepam
i.
Used for patients who are experiencing a seizure and IV access cannot be established
ii.
Dose is 0.2 mg/kg.
iii.
Procedure:
(a)
Take standard precautions.
(b)
Draw up the appropriate dose, then remove and dispose of needle.
(c)
Attach a 2”, 14-gauge angiocatheter to the end of the syringe only; then remove and dispose of the needle.
(d)
Insert the plastic catheter into the rectum until the entire catheter is within the rectum. 
(e)
Inject the medication and remove the catheter.
(f)
Hold the patient’s buttocks together for at least 5 minutes.

2.
Communication and documentation
a.
Notify the receiving facility of the patient’s chief complaint and your assessment findings. 
b.
Check local protocol regarding calling a “stroke alert.”
c.
Be sure to communicate: 

i.
Time the patient was last seen to be healthy

ii.
The findings of your neurologic examination

iii.
The time you anticipate arriving at the hospital 
d.
Document:

i.
Time of the onset of the patient’s signs and symptoms

ii.
Findings from your stroke scale and the GCS score
(a)
Include any changes that occurred during reassessment.

iii.
Airway management and interventions performed

iv.
Any change in the patient during transport

v.
Reason for choice of hospital
e.
For patients who have had a seizure, document:

i.
Description of seizure activity 
ii.
Bystander’s comments
iii.
Onset and duration
iv.
Evidence of trauma
v.
Interventions performed
vi.
History of seizures

(a)
How often?

(b)
History of status epilepticus

f.
When documenting interventions include:
i.
Time of each intervention

ii.
How the patient responded

iii.
What the findings of continued reassessment showed

g.
Describe the patient using active language.

h.
Explore all medications the patient is taking.
i.
Prescription or nonprescription
ii.
Herbal
iii.
Supplements
iv.
Homeopathic
v.
Illegal 

i.
Take into consideration the child’s developmental stage.

IV. Pathophysiology, Assessment, and Management of Common Neurologic Emergencies
A.
Most diseases or conditions are caused by more than one factor (multifactorial).

1.
Disease susceptibility is often related to a number of causes:

a.
How the body system was created during development of embryo/fetus

b.
How effective the body’s defense and repair functions are

c.
How severe or prolonged the body’s exposure is to the pathogen, toxin, or other damaging factor

B.
Stroke
1.
A serious medical condition in which blood supply to areas of the brain is interrupted, causing ischemia 
a.
People older than 65 years represent almost 75% of all patients.
b
The goal of treatment is early recognition and rapid, appropriate intervention.
2.
Pathophysiology
a.
Neurologic conditions can have a vascular origin.
i.
Sudden occurrences are typically the result of emboli or aneurysms.
(a)
If a blood vessel is suddenly blocked, the cells beyond the blockage can become ischemic.
(b)
Brain cells turn to anaerobic metabolism to stay alive.
(c)
If circulation is not returned quickly, the cell will not have enough fuel to survive. 
b.
Artery walls consist of three layers of tissue.
i.
An aneurysm is a weakness in one or more of those layers.
ii.
Aneurysm development process:
(a)
Small tears occur within the arterial wall.
(b)
Blood enters between the layers of the artery.
(c)
Pressure builds up, and the initial small tear increases in size. 
(d)
If damage is severe, the artery can leak or fail, causing intracranial hemorrhage.  
c.
Pathophysiology of ischemic stroke
i.
There are two types of stroke.
(a)
Ischemic (75%)
(b)
Hemorrhagic (25%)
ii.
Ischemic strokes are also called occlusive strokes.
(a)
Caused by an occlusion or blockage
(1)
Blockage can be caused by a thrombus or embolus.
iii.
In ischemic stroke, a blood vessel becomes blocked, causing tissue beyond it to become ischemic. 
(a)
Tissue will eventually die if circulation is not restored. 
(b)
Brain involvement is limited to the tissue beyond the blockage.

iv.
The severity of a stroke is dictated by: 

(a)
Artery involved 

(b)
Portion of the brain being denied oxygen

d.
Pathophysiology of hemorrhagic stroke

i.
Tend to get worse over time because of bleeding in the brain
(a)
Bleeding causes increased ICP and brainstem herniation.
(b)
Primary symptom is generally a complaint of “the worst headache of my life.”

ii.
The skull is filled with three substances:
(a)
Brain
(b)
Blood
(c)
Cerebrospinal fluid

iii.
The exchange of pressure between these substances and the skull is balanced.

(a)
ICP normally measures between 1 to 10 mm Hg.

e.
When ICP climbs and remains high:
i.
The brain may become ischemic because of a lack of blood supply.
(a) Portions of the brain may be pushed into different locations causing 
tissue damage and potential death. 
(b)
The amount of blood available to the brain decreases.
(c)
Cerebral perfusion pressure (CPP) begins to fall.
(1)
CPP is the pressure of blood within the cranial vault.
(2)
Normal CPP is 70 to 90 mm Hg.
(3)
CPP = MAP – ICP
(4)
MAP (mean arterial pressure): The average pressure within the blood vessels at any given time
(5)
MAP is typically 80 to 90 mm Hg.
(d)
ICP changes constantly.
ii.
Herniation may occur.
(a)
A shift of the intracranial contents within the cranial vault or displacement of the contents toward the foramen magnum
(1)
Will eventually compress the brainstem

(2)
Patient will lose control of his or her vegetative functions.
3.
Assessment
a.
Signs and symptoms can include any combination of:
i.
Language effects

(a)
Slurred speech

(b)
Aphasia

(c)
Agnosia

(d)
Apraxia
ii.
Movement effects

(a)
Hemiparesis

(b)
Hemiplegia

(c)
Arm drifting

(d)
Facial droop

(e)
Tongue deviation

(f)
Swallowing difficulties

(g)
Ptosis

(h)
Ataxia
iii.
Sensory effects

(a)
Headache (hemorrhagic)

(b)
Sudden blindness

(c)
Sudden unilateral paresthesia
iv.
Cognitive effects

(a)
Decreased LOC

(b)
Difficulty thinking

(c)
Seizures

(d)
Coma

v.
Cardiac effects

(a)
Hypertension
4.
Management
a.
Administer fluids as needed to patients who are unconscious and demonstrate other signs of increased ICP.
b.
Elevate the patient’s head 30° unless you suspect cervical spinal injury. 
c.
Ensure airway is clear.
i.
Do not vigorously suction.
d.
Watch for seizures.
i.
Be prepared to administer diazepam or lorazepam.
ii.
The patient may be bradycardic.
(a)
Atropine and pacing are not indicated. 
e.
Monitor blood pressure closely. 
i.
Even more critical when a decrease in blood pressure is present 
f.
Carbon dioxide and oxygen levels are important.
i.
High oxygen level causes constriction of the cerebral arteries. 
(a)
Impairs perfusion to the brain
ii.
A diminished level of carbon dioxide lowers ICP.

iii.
Ventilation decreases CO2 and increases O2.
(a)
Provide ventilatory support at a rate of 16 to 20 breaths per minute. 
(1)
Do not increase rate higher than 30 per minute.
(b)
If using end tidal CO2 readings, ventilate to maintain a PET CO2 in the high 20s to low 30s mm Hg.
g.
Time is essential regardless of the type of stroke. 
i.
For ischemic strokes, fibrinolytics need to be administered within 3 hours of onset.
ii.
For hemorrhagic strokes, the more the patient bleeds, the greater the potential for brainstem damage. 
h.
EMS providers need to be involved in educating the community about:
i.
Stroke signs and symptoms

ii.
The effects of strokes

iii.
How to activate EMS
i.
All levels of EMS providers should be trained to recognized stroke signs and symptoms. 
i.
Use a standard stroke assessment tool.
(a)
Cincinnati Prehospital Stroke Scale

(b)
Los Angeles Prehospital Stroke Screen

j.
Standard stroke care includes:

i.
Titrating oxygen therapy to the patient’s need.
(a)
Maintain an SPo2 reading of 95% or greater.
(b)
Use other assessment techniques to assess need for oxygen.
(1)
If the patient is stable, a nasal cannula is probably sufficient. 
k.
There is currently no AHA guideline for the prehospital control of hypertension.
i.
Do not administer aspirin.
ii.
Make sure to protect extremities from injury. 

l.
Complete a fibrinolytic checklist.
5.
Transport decisions
a.
Determine an appropriate facility for transport.
i.
Patients should be transported to stroke centers.
ii.
Contact the facility to ensure their CT/MRI capabilities are operational.
(a)
Early hospital notification can decrease time before the patient is scanned.
iii.
If you suspect hemorrhagic stroke, consider transporting to a facility that can perform neurosurgery.
(a)
Call ahead to ensure rapid evaluation. 


C.
Transient ischemic attacks
1.
Pathophysiology
a.
Episodes of cerebral ischemia without permanent damage
i.
Any presentations associated with a stroke can occur, but they will resolve within 24 hours.
ii.
There is no residual damage to the brain after the episode ends. 
b.
May be a sign of a vascular problem that requires medical evaluation
i.
More than one third of patients with TIAs will have a stroke soon afterward. 
2.
Assessment
a.
Assessment will be the same as assessment for stroke. 
3.
Management
a.
Follow the stroke management guidelines.
b.
Strongly encourage the patient to be transported and evaluated. 
i.
Appeal to the patient’s family if necessary.
ii.
Reinforce with the patient that a TIA is a warning sign of potentially deadly problems with the blood vessels within the brain. 

c.
Hypertension is the number one preventable cause of strokes and TIAs.

d.
Encourage the patient to talk with his or her physician. 

D.
Coma
1.
Pathophysiology
a.
Many reasons for a decreased LOC
b.
AEIOUTIPS
i.
Alcohol/acidosis
ii.
Epilepsy
iii.
Insulin
iv.
Overdose

v.
Uremia

vi.
Trauma

vii.
Infection
viii.
Psychosis

ix.
Stroke

c.
History of present illness is vital to determine the underlying cause of the patient’s complaints. 
i.
Determine when the patient was last seen to be functioning normally. 
ii.
Evaluate the speed of onset of altered LOC.

2.
Assessment

a.
Common signs and symptoms of diminished LOC and imminent coma:
i.
Cognitive effects
(a)
Decreasing LOC
(b)
Confusion
(c)
Hallucinations
(d)
Delusions
(e)
Psychosis
(f)
Difficulty thinking
(g)
Sleepiness
ii.
Speech effects
(a)
Slurred speech
(b)
Agnosia
(c)
Apraxia
(d)
Aphasia
iii.
Movement effects
(a)
Ataxia
(b)
Seizures
(c)
Posturing
iv.
General CNS effects
(a)
Total unresponsiveness

3.
Management
a.
Support vital functions
i.
Secure and maintain airway, breathing, and circulation effectively.
b.
Gather information about the possible cause of the altered LOC or coma.
i.
Past medical history
ii.
Medications
iii.
Signs of trauma
iv.
History of present illness

c.
Keep looking for a cause.

i.
Medical ID tags?

ii.
Drug paraphernalia?
(a)
Administer naloxone if you suspect the patient may have taken a narcotic.

d.
Patients will routinely need:

i.
Urine and blood analysis

ii.
Conventional radiography

iii.
Computed tomography

iv.
Magnetic resonance imaging

E.
Seizures
1.
Pathophysiology
a.
Sudden erratic firing of neurons
b.
Patients can experience a wide array of signs and symptoms:
i.
Muscle spasms
ii.
Increased secretions
iii.
Diaphoresis
iv.
Cyanosis
v.
Can be limited to shaking of one part of the body or unusual tastes or odors
vi.
Can involve movement of every limb or the complete loss of consciousness

c.
Patients may be aware of the seizure or wake up not knowing what happened.

d.
If a seizure continues for a long time:

i.
Cerebral glucose and oxygen supplies can be depleted.

ii.
The following may occur:
(a)
Systemic hypoxia
(b)
Hypercarbia
(c)
Blood pressure changes
(d)
Hyperthermia

iii.
There can be serious, long-term effects, including death. 

e.
Try to determine the cause of the seizure.

i.
Ask about medication compliance.
(a)
Phenytoin (Dilantin)
(b)
Lorazepam (Ativan)
(c)
Carbamazepine (Tegretol)
(d)
Valproic acid (Depakene)
ii.
A common cause of seizures in infants is fever.
iii.
Seizures may occur in diabetics with a low blood glucose level.

2.
Assessment of generalized seizures

a.
Can be generalized (affecting large portions of the brain) or partial (affecting limited area of the brain)

b.
Tonic/clonic seizures (grand mal seizures)
i.
May travel through each of the following steps (although some steps may be skipped):
(a)
Aura: Sensation the patient experiences before the seizure occurs.

(1)
Muscle twitch

(2)
Funny taste

(3)
Perception of seeing lights or hearing high-pitched noise
(b)
Loss of consciousness
(c)
Tonic phase
(1)
Systemic rigidity
(d)
Hypertonic phase
(1)
Arched back, and rigid
(e)
Clonic phase
(1)
Rhythmic contraction of major muscle groups.
(f)
Postseizure
(1)
Major muscles relax

(2)
Nystagmus may still be occurring.
(3)
Eyes may be posterior.
(g)
Postictal
(1)
Initially aphasic
(2)
Confused/unable to follow commands
(3)
Emotional
(4)
Tired or sleeping
(5)
Headache
(6)
Gradually return to normal
ii.
Periods of apnea are usually short lived and do not require intervention.

(a)
If apneic longer than 30 seconds, begin ventilatory assistance.
iii.
The patient may be incontinent.

c.
Absence seizures (petit mal seizures)

i.
Typical patient is a child.
ii.
Patient stops and freezes mid-action.
iii.
Usually last no longer than several seconds

(a)
No postictal period and no confusion

iv.
May be brought on by flashing lights or hyperventilation

d.
Pseudoseizures

i.
A generalized neurologic event

ii.
May seem no different from a tonic/clonic seizure

iii.
The difference is the cause is of psychiatric origin.

(a)
The patient is not intentionally causing the “seizure.”

(b)
Usually triggered by some emotional event, stress, lights, or pain 
(c)
Conspicuously occur with witnesses

iv.
Motion is relatively organized.

v.
Patients often have a psychiatric history and/or other medical history.

3.
Assessment of partial seizures

a.
Only a limited part of the brain is involved. 

i.
Can be localized to one spot

ii.
Can begin in one spot and move wavelike to others (Jacksonian march)

b.
Simple partial seizures involve either:

i.
Movement of one part of the body (frontal lobe)

ii.
Sensations in one part of the body (parietal lobe)

c.
Complex partial seizures involve subtle changes in LOC.
i.
Confusion
ii.
Loss of alertness
iii.
Hallucinations
iv.
Inability to speak

v.
Patients typically do not become unresponsive.

d.
Most seizures are self-limiting.

i.
Protect patient from injury to self.
4.
Management 
a.
Determine whether trauma is a concern.

i.
If unclear or confirmed, take C-spine precautions.
b.
Do not restrain the patient or try to stop the movement.
c.
Remain calm.
d.
Prevent the patient from striking objects and becoming injured.
e.
Do not place anything in the patient’s mouth.
f.
Correct hypoglycemia as needed.
g.
Ventilatory assistance may be necessary.
h.
Provide emotional support after the seizure.
i.
Provide privacy for the patient.
ii.
Reorient the patient to place and time.
i.
If seizure was febrile, encourage patient or parents to administer medications to reduce fever. 
j.
All patients should be transported. 
i.
If patient refuses, advise him or her to follow-up with his or her physician within 24 hours.
k.
If you are concerned that patient may have a seizure during transport:
i.
Establish vascular access and be prepared to administer diazepam or lorazepam.
ii.
Pad cot and rails.

iii.
Ensure cot straps are not too tight.

l.
In-hospital management involves determining cause.

i.
Hematologic studies will be ordered.

ii.
CT and/or MRI scans may be done.

F.
Status epilepticus
1.
Pathophysiology
a.
Seizure that lasts longer than 4 to 5 minutes or consecutive seizures without a return to consciousness between seizures 
b.
Refer to local guidelines regarding intervention.
c.
Nearly 20% of patients die.
d.
During a seizure:
i.
Neurons are in a hypermetabolic state.
ii.
Does not produce long-term damage over short periods
iii.
Over long periods, body is unable to remove waste products effectively or maintain glucose supplies. 
(a)
Results in neurons being damaged or killed

e.
Goal is to stop the seizure and ensure adequate ABCs.

2.
Assessment

a.
Assessment is the same for any patient experiencing a seizure.
3.
Management
a.
Follow standard care guidelines for seizures. 
b.
Administer a benzodiazepine.
i.
Diazepam (Valium) 5 mg IV/IM
(a)
May repeat every 10-15 minutes to a total dose of 30 mg
(b)
May be given rectally
ii.
Lorazepam (Ativan) 0.05 mg/kg, with a maximum dosage of 4 mg
(a)
May repeat dose in 10-15 minutes, with a maximum dosage of 8 mg in 12 hours
c.
Be prepared to control airway and ventilation.
d.
If the seizure cannot be controlled and the patient cannot be ventilated, paralytics may be needed.

G.
Syncope
1.
Pathophysiology
a.
Sudden and temporary loss of consciousness with loss of postural tone
i.
Accounts for nearly 3% of all emergency department visits
b.
Brain uses a large amount of glucose and has no ability to store it.
i.
Even a short (3-5 second) interruption in blood flow causes loss of consciousness.
ii.
Need to determine what caused the interruption in perfusion.
2.
Assessment
a.
The patient is often in a standing position when syncope occurs.
b.
Vasovagal syncope typical in younger adults
i.
Patient experiences fear, emotional stress, or pain and passes out.
c.
Cardiac dysrhythmia is typical cause in older adults.
i.
Ventricular tachycardia causes a drop in blood pressure, and the patient falls down.
(a)
Tachycardia terminates, blood pressure rises, and the patient feels fine.
(b) Entire process can take less than 60 seconds.
d.
Prodrome: Signs or symptoms that precede a disease or condition
i.
Prodromal signs and symptoms for syncope include:

(a)
Dizziness

(b)
Weakness

(c)
Shortness of breath

(d)
Chest pain

(e)
Headache

(f)
Loss of vision
ii.
Incontinence is possible.
3.
Management

a.
Determine if trauma has occurred.
i.
Consider cervical spine precautions.

b.
Focus on blood pressure and cardiac causes.

c.
Evaluate blood glucose level and oxygen saturation.

d.
Obtain orthostatic vital signs.

e.
Provide emotional support.

f.
Transport.

H.
Headache
1.
Pathophysiology and assessment of muscle tension headaches
a.
Caused by stress
i.
Causes residual muscle contractions within the face and head
b.
90% of headaches 
c.
Pain is generally felt on both sides of the head, traveling from back to front.
d.
Usually described as a dull ache or a squeezing pain
e.
Jaw, neck, or shoulders may be stiff or sore. 
2.
Pathophysiology and assessment of migraine headaches
a.
Caused by changes in the size of blood vessels at the base of the brain
b.
Patient may report an aura.
c.
Pain is generally unilateral and focused.
i.
Becomes more diffuse as headache progresses
ii.
Described as throbbing, pounding, pulsating
iii.
May include nausea and vomiting
d.
Can last several days
3.
Pathophysiology and assessment of cluster headaches
a.
Vascular headache that begin as minor pain around one eye
b.
Pain intensifies and spreads to one side of the face.
c.
Occur in groups and last 30-45 minutes each
d.
May recur for days and then stop entirely
e.
Serotonin and histamine are suspected of playing a role.
4.
Pathophysiology and assessment of sinus headaches
a.
Caused by inflammation or infection within the sinus cavities of the face
b.
Pain is located in the superior portions of the face and increases when the patient bends over.
c.
May be accompanied by postnasal drip, sore throat, and nasal discharge. 
5.
Management of the headache patient
a.
Headaches can indicate a more serious problem.
b.
Treat for stroke if other signs are present.
c.
Ask patients what medications he or she has taken.
i.
Determine when the last dose was taken.

d.
Medication for pain management includes:

i.
Ketorolac tromethamine (Toradol IM): 30 mg IVP

ii.
Meperidine (Demerol): 25 mg slow IVP

iii.
Morphine: 2 to 4 mg slow IVP

e.
For nausea and vomiting, consider:

i.
Promethazine (Phenergan): 12.5 to 25 mg IVP

ii.
Ondansetron (Zofran): 4 mg IVP

I.
Dementia
1.
Pathophysiology
a.
Chronic deterioration of memory, personality, language skills, perception, reasoning, or judgment, with no loss of consciousness
i.
Changes occur over weeks to years.

b.
Causes vary.
i.
Wernicke encephalopathy
(a)
Caused by vitamin B1 deficiency
(b)
Occurs in patients who are chronically malnourished

ii.
Alzheimer’s disease

(a)
Most common form of dementia

(b)
Progressive organic condition in which neurons die

c.
Should not be confused with delirium

i.
Delirium is a sudden state of confusion or disorientation.
(a)
Reversible
2.
Assessment
a.
Initially can be dismissed as forgetfulness or “old age”
b.
Obvious that it is not simple memory loss
c.
Patients may become aggressive or violent.
d.
Confusion is the hallmark sign.
3.
Management
a.
Follow standard care guidelines.
b.
Ensure that no reversible cause is present.
c.
Check: 

i.
Blood glucose level

ii.
Oxygen level

iii.
Blood chemistry
d.
Be prepared to repeat yourself.
e.
Wernicke encephalopathy
i.
Confusion and dementia are partially reversible.
ii.
Administer thiamine, 100 to 200 mg IVP, before glucose is given.
iii.
Perform ECG monitoring.
iv.
Obtain blood chemistries.

f.
In-hospital care includes:

i.
Image scans

ii.
Neurologic functioning tests

iii.
EEGs

iv.
Blood work

J.
Neoplasms
1.
Pathophysiology
a.
Growths within the body that serve no useful purpose and are caused by errors that occur during cellular reproduction
b.
Mitosis: Cellular reproduction
i.
A parent cell divides into two daughter cells.
ii.
Daughter cells are usually perfect copies of the parent cell.

(a)
Ensures continued functioning of vital structures

(b)
If a severe error occurs, the cell will have too much damaged DNA to survive.

(c)
If a subtle error occurs, the cell may survive.

(1)
This is called a mutation.

(2)
Cell can reproduce and cause its own damaged daughter cells.

(3)
The magnitude of cancer depends upon on how well the mutated cell is able to reproduce.

c.
Benign neoplasms

i.
Not cancerous

ii.
Usually easy to remove

d.
Malignant neoplasms

i.
Take over blood supplies

ii.
Grow unchecked

iii.
Move to other sites within the body

e.
Neurologic neoplasms include cancer of the:

i.
Brain

ii.
Spinal cord

f.
Primary neoplasms: Cancers that arise within the nervous system

i.
Neurons rarely become cancerous.
ii.
Usually caused by errors in mitosis within support structures of the CNS

g.
Metastatic neoplasms: Cancers that arise elsewhere and spread to the nervous system

i.
Metastasis: Process by which cancerous cells move to sites distant from their origin

ii.
Lung and breast cancers are the most common.
2.
Assessment
a.
Common signs and symptoms of brain tumors:
i.
Headache
ii.
Nausea
iii.
Vomiting
iv.
Seizures

v.
Change in mental status

vi.
Strokelike symptoms

b.
Common signs and symptoms of spinal tumors:

i.
Back pain

ii.
Weakness

iii.
Ataxia

iv.
Loss of sensation in a limb

v.
Incontinence

vi.
Deformity along the spine
3.
Management
a.
Prehospital management is supportive.
b.
Watch for status epilepticus.
c.
Administer diazepam if needed.
d.
Protect limbs from injury.

V. Pathophysiology, Assessment, and Management of Demyelinating and Motor Neuron Disorders
A.
Multiple sclerosis
1.
Pathophysiology
a.
Autoimmune condition in which the body attacks the myelin of the brain and spinal cord
i.
Results in demyelination (destruction of the myelin)
ii.
The body begins to attack its own cells.
b.
Myelin coats the axons of most nerve cells allowing for smooth transmission of signals to the target cell.
i.
In multiple sclerosis the body believes the myelin is foreign and attacks it, creating gaps in the insulation.

2.
Assessment

a.
Presentation follows a pattern of attacks and remissions.

b.
Common complaints of initial attack include:
i.
Double vision
ii.
Blurred vision
iii.
Nystagmus (involuntary, rhythmic eye movement)

c.
Other signs and symptoms include:

i.
Muscle weakness

ii.
Impairment of pain

iii.
Impairment of temperature

iv.
Impairment of touch sense

v.
Pain

vi.
Ataxia

vii.
Intention tremors

viii.
Speech disturbances

ix.
Vision disturbances

x.
Vertigo

xi.
Bladder and bowel dysfunction

xii.
Sexual dysfunction

xiii.
Depression

xiv.
Euphoria

xv.
Cognitive abnormalities

xvi.
Fatigue

xvii. Strange electrical sensations (Lhermitte’s sign)

3.
Management

a.
Prehospital management is supportive.

b.
Condition is typically diagnosed in people between ages 20 and 50 years.

c.
Signs and symptoms may progress over several hours.

i.
Be prepared for trauma related to a fall.

d.
In-hospital treatment is aimed at controlling the symptoms.

i.
Anti-inflammatory medications may be used.

B.
Guillain-Barré syndrome
1.
Pathophysiology
a.
A disease in which the immune system attacks portions of the nervous system
b.
Cause is unclear
c.
Patients report having a previous minor respiratory or gastrointestinal infection. 
d.
The immune system attacks and damages the myelin.
e.
Some patients recover completely without residual weakness.
i.
One third of patients have some degree of weakness after three years.
ii.
Some patients require ventilatory assistance for the rest of their lives. 

2.
Assessment

a.
Begins as a weakness and tingling sensation in the legs 
i.
Moves up the legs and affects the thorax and arms
ii.
Can become severe and lead to paralysis

(a)
Can occur in several hours

b.
In addition to peripheral motor neuron involvement, the autoregulatory systems can be involved.

c.
Patients are prone to severe swings in pulse rate and blood pressure.

3.
Management

a.
Closely assess the patient’s ability to protect the airway and ventilate.

b.
Monitor closely with ECG.

c.
Repeat vital signs.

d.
Obtain continuous end tidal CO2 readings.

e.
Be prepared to administer IV fluids.

f.
Provide comfort. 

g.
In-hospital management includes:
i.
Plasmapheresis (exchanging plasma within the blood)

ii.
Immunoglobulin injections

C.
Amyotrophic lateral sclerosis (Lou Gehrig’s disease)
1.
Pathophysiology
a.
A disease that strikes the voluntary motor neurons

b.
Cause is unclear
c.
Most common in middle-aged men 
2.
Assessment
a.
Initially subtle and progresses without notice
b.
Signs and symptoms include:
i.
Fatigue
ii.
General weakness of muscle groups
iii.
Difficulty doing routine activities

(a)
Eating

(b)
Writing

(c)
Dressing
c.
As condition progresses, signs and symptoms progress:

i.
Decreased ability to walk, move the arms, eat, and speak

d.
Average life expectancy is 3 to 5 years after diagnosis. 

3.
Management

a.
Prehospital management follows standard care guidelines.

b.
Assess ability to swallow and monitor the airway.

c.
Transportation may become complicated.
i.
Patient may rely on feeding pumps, IV pumps, log-term IV access ports, and ventilators.

d.
In-hospital care includes:

i.
Physical therapy

ii.
Medication to mitigate certain symptoms

D.
Parkinson’s disease
1.
Pathophysiology
a.
A neurologic condition in which past injuries to the brain can have an influence
i.
The substantia nigra (portion of the brain that produces dopamine) is damaged.
ii.
Dopamine is needed for the muscles to contract smoothly.

2.
Assessment

a.
Onset is gradual (months to years)
i.
Initial signs are often unilateral tremors.
ii.
Over time more areas of the body are involved.

b.
Classic presentation involves:
i.
Tremor
ii.
Postural instability 
iii.
Rigidity
iv.
Bradykinesia

(a)
Shuffling gait with feet close together

c.
Other symptoms include:

i.
Depression

ii.
Difficulty swallowing

iii.
Speech impairments

iv.
Fatigue

d.
Patients in late stages are at risk of death from:

i.
Aspiration

ii.
Pneumonia

iii.
Falls

iv.
Complications due to immobility

3.
Management

a.
Prehospital management is supportive.

i.
Patients may be depressed or have some degree of dementia.

b.
Treat any injuries.

c.
In-hospital treatment includes levodopa to temporarily restore dopamine levels.

E.
Cranial nerve disorders

1.
Pathophysiology

a.
May mimic other conditions

b.
Involve one or more of the cranial nerves

i.
Typically of the facial region

2.
Assessment

a.
Test for vertigo in patients who are not at risk of cervical spine trauma or neck disease.

i.
Have patient lie supine.

ii.
With hands on either side of the head, move the head rapidly from side to side once.

iii.
Return head to neutral position.

iv.
Look at patient’s eyes.

(a)
If patient has vertigo, nystagmus will be seen.

3.
Management

a.
Mainly supportive

b.
For nausea and vomiting, patient may need:

i.
Promethazine (Phenergan): 12.5 to 25 mg IVP

ii.
Ondansetron (Zofran): 4 mg IVP 

c.
In-hospital management includes:

i.
Ensuring that a serious condition is not present

ii.
Making the patient comfortable

(a)
Carbamazepine (Tegretol) and gabapentin (Neurontin) are often used.

(b)
Antivirals and corticosteroids may be used.

F.
Dystonia

1.
Pathophysiology

a.
Severe, muscle spasms that cause bizarre contortions, repetitive motions, or postures

b.
Occur for an unknown reason

c.
Patients have normal intelligence and no psychiatric medical history.
2.
Assessment

a.
Spasms are involuntary and often painful.
b.
Can be both a sign and a symptom

3.
Management

a.
Prehospital management should be focused on ruling out other problems.

b.
If you suspect the reaction is from an antipsychotic medication:

i.
Administer diphenhydramine (Benadryl): 25 mg IVP.
c.
Pain management may be appropriate.

d.
Be calm and reassuring.
e.
In-hospital management involves a variety of medication options.

G.
Central nervous system infections/inflammation

1.
Pathophysiology

a.
Encephalitis: Inflammation of the brain

b.
Meningitis: Inflammation of the meninges (outer covering of the central nervous system)

i.
These infections are difficult to distinguish.

c.
Causes result from bacteria, viruses, fungi, or prions gaining access to the body and causing damage.

i.
Damage is caused by:

(a)
Body’s reaction to the infection, or

(b)
Activities of the attacking organisms

d.
Most common sign is the presence of a fever.

i.
Allows immune system to gain control.

ii.
Signals rest of body that an attack is underway

iii.
If temperature becomes too high, the brain can be affected.

(a)
Eventually a person may:

(1)
Hallucinate

(2)
Become delusional

(3)
Lose consciousness

(4)
Have a febrile seizure

e.
Damage may also be caused by the destruction of cells.

i.
Organisms can produce proteins that damage living cells.

(a)
Endotoxins: Proteins that are released by gram-negative bacteria

(b)
Exotoxins: Proteins that are secreted by some bacteria or fungi

ii.
Virus attacks the axons, which can cause:

(a)
Weakness

(b)
Paralysis

(c)
Respiratory arrest

2.
Assessment

a.
Both illnesses begin with flulike symptoms.

b.
Other symptoms include:

i.
Stiff neck

ii.
Photophobia

iii.
Lethargy

iv.
Altered LOC

v.
Seizures

c.
Meningitis may elicit:

i.
Kernig’s sign

ii.
Brudzinski’s sign

3.
Management

a.
Mainly supportive

b.
If meningitis is suspected:

i.
Place a mask over the patient’s mouth. 

ii.
Wear a mask if the patient is coughing.
c.
Be prepared for seizures.

d.
Risks include:

i.
Increased ICP

ii.
Septicemia

(a)
Indicates infection is within bloodstream

(b)
Can cause ruptures of capillaries

(c)
Can cause loss of vasomotor control of blood vessels

e.
Paramedic may need to follow-up with antibiotic treatment.

f.
Hospital treatment includes:
i.
Decreasing swelling in the brain and spinal cord

ii.
Fighting the infection

iii.
Supporting the patient’s vital signs

H.
Abscesses

1.
Pathophysiology

a.
Caused by an infectious agent within the brain or spinal cord

b.
Occurs when the immune system is unable to kill the pathogen

i.
A wall is erected to prevent pathogen from spreading.

ii.
Swelling can occur, resulting in an abscess.
c.
Underlying cause is varied.

d.
Often preceded by an infection of the:

i.
Sinuses

ii.
Throat

iii.
Gums

iv.
Ear

2.
Assessment

a.
Look for:

i.
Low- or high-grade fever

ii.
Persistent headache

iii.
Drowsiness

iv.
Confusion

v.
Generalized or focal seizures

vi.
Nausea and vomiting

vii.
Focal motor or sensory impairments

viii.
Hemiparesis

3.
Management

a.
Follow standard care guidelines.

b.
Pay attention for increased ICP.

c.
Take seizure precautions.

d.
Evaluate temperature.

i.
If low: 

(a)
Cover patient.
(b)
Turn on the heat.
(c)
Prevent heat loss.
ii.
If high:

(a)
Remove patient’s clothing.
(b)
Cover with a sheet.
(c)
Turn off heat.
e.
In-hospital management may involve:

i.
Antibiotics

ii.
Seizure precautions

iii.
Surgical removal 

I.
Poliomyelitis and postpolio syndrome

1.
Pathophysiology

a.
Viral infection transmitted by fecal-oral route

b.
Vaccine was developed after peak in 1950s.

c.
Most patients do not become ill.

2.
Assessment

a.
Signs and symptoms begin in as little as 1 week after exposure.
i.
Severe cases include:

(a)
Sore throat

(b)
Nausea

(c)
Vomiting

(d)
Diarrhea

(e)
Stiff neck

(f)
Muscle weakness/paralysis

3.
Management

a.
In-hospital care is directed at:

i.
Hydration

ii.
Ventilation

iii.
Calorie support

b.
Patients are at risk for problems decades after initial infection.

i.
Postpolio syndrome may present as:

(a)
Difficulty swallowing

(b)
Weakness

(c)
Fatigue

(d)
Breathing problems

c.
Prehospital treatment includes managing airway obstruction.

d.
In-hospital treatment for postpolio patients includes:

i.
Physical therapy

ii.
Experimental medications

J.
Peripheral neuropathy

1.
Pathophysiology

a.
Group of conditions in which the nerves leaving the spinal cord are damaged

i.
Signals to or from the brain are distorted.

b.
Causes include:

i.
Trauma

ii.
Toxins

iii.
Tumors

iv.
Autoimmune attacks

v.
Metabolic disorders

c.
Diabetic neuropathy is the most common form.

2.
Assessment 

a.
Signs and symptoms include:

i.
Sensory or motor impairment

ii.
Loss of sensation

iii.
Numbness

iv.
Burning

v.
Pain

vi.
Paresthesia

vii.
Muscle weakness

3.
Management

a.
Supportive in the prehospital setting

b.
In-hospital management includes:

i.
Pain medication

VI. Pathophysiology, Assessment, and Management of Pediatric Neurologic Conditions
A.
Hydrocephalus

1.
Pathophysiology

a.
“Water on the head” condition

b.
Result of an error in the manufacture, movement, or absorption of cerebrospinal fluid (CSF)

c.
Two main types:

i.
Normal pressure

(a)
Rare and occurs in older adults

(b)
Mechanism is unclear

ii.
Increased pressure

(a)
Commonly caused by slowed movement of CSF, resulting from:

(1)
Congenital malformations in the CSF aqueducts

(2)
Tumors

(3)
Trauma

(4)
Intracranial hemorrhage

(5)
Meningitis

2.
Assessment

a.
Signs and symptoms can develop:
i.
Gradually, over months
ii.
Suddenly, over days

b.
Signs and symptoms will vary, depending on the cause and the age of the patient.
i.
Infant will have:
(a)
Increased head circumference
(b)
Lethargy
(c)
Irritability
(d)
Vomiting
(e)
Sun-setting eyes (a downward deviation of the eyes)

(f)
Tense or bulging fontanelles

(g)
Seizures
ii.
Older children and adults will have:
(a)
Headache
(b)
Nausea
(c)
Projectile vomiting
(d)
Blurry or double vision
(e)
Ataxia
(f)
Poor coordination
(g)
Memory and personality impairments

3.
Management
a.
A shunt is placed in most patients.
i.
Drains CSF out of the skull and typically into the abdomen
b.
Complications of shunts include:

i.
Inappropriate drainage of CSF
(a)
Too much drainage and the brain can collapse.
(b)
Too little drainage causes increased ICP.
ii.
Infection can develop at the placement site.
iii.
As children grow, the length of the tube may become too short. 
c.
Care for these patients involves standard care. 
d.
Be prepared for seizures and increased ICP.
e.
Use of feeding tubes and ventilators is common.
i.
Use the experience of the family to help.
f.
Do not manipulate the VP shunt.

B.
Spina bifida
1.
 Pathophysiology
a.
The neural tube fails to close fully as the embryo develops.
i.
Part of the nervous system remains outside the body.
ii.
Cells develop outside the neural tube.

(a)
Can become nervous tissue outside of its normal location

b.
If an infection or chemical agent gains access to the growing fetus, areas of the brain can be damaged.

c.
A temporary decrease in oxygen can damage the brain. 

d.
Many patients with spina bifida are allergic to latex. 

2.
Assessment

a.
Range of complications can be none to complete loss of motor and sensory functions below the level of the defect.

b.
Hydrocephalus is common in children with spina bifida.
i.
Increased ICP
ii.
Seizures

3.
Management

a.
Prehospital management is supportive.

b.
The patient may be in need of multiple types of medical technology.
i.
Consult with family and home health care personnel when attempting to transport.

c.
In-hospital management is supportive.

d.
Multivitamins are standard during pregnancy because this condition is linked to a low intake of folic acid.

C.
Cerebral palsy
1.
Pathophysiology
a.
A developmental condition in which damage is done to the brain (often the frontal lobe)
b.
Definite cause is unclear, but may involve:

i.
Infections

ii.
Jaundice

iii.
Rh incompatibility
c.
Will not get worse over time

d.
Infants at a higher risk include:

i.
Low birth weight

ii.
Premature

iii.
Delivered breech

iv.
Multiple births
2.
Assessment
a.
Presentation begins as an infant
b.
Patients with the spastic form often walk with a stiff, scissors-like gait.
i.
Toes pointed inward
ii.
Knees nearly touching

c.
Other types of CP involve:

i.
Slow, uncontrolled writhing movements

ii.
Tremor

iii.
Coordination difficulties
3.
Management

a.
Prehospital management is supportive.

b.
In-hospital management is symptom based. 

VII. Summary

A.
Neurologic problems can be dangerous because depressed reflexes leave the airway and other body systems vulnerable. 

B.
The central nervous system has two major structures: the brain and the spinal cord. They communicate with a neural network to regulate breathing, pulse rate, blood pressure, and complex cognitive functions.

C.
The peripheral nervous system consists of the somatic nervous system, which controls voluntary muscles, and the autonomic nervous system, which oversees sympathetic and parasympathetic responses.

D.
Each portion of the brain is responsible for specific functions.
1.
Occipital lobe receives and stores images
2.
Temporal lobe—language and speech
3.
Frontal lobe—voluntary motion
4.
Parietal lobe—perception of touch and pain
5.
Diencephalon—filters out unneeded information
6.
Midbrain—helps regulate level of consciousness
7.
Brainstem—regulates blood pressure, pulse rate, and respiratory rate and pattern
8.
Hypothalamus and pituitary—control the release of epinephrine and norepinephrine
9.
Cerebellum—allows unconscious management of complex motor activity

E.
Nerve cells (neurons) transmit signals along their axons and across synapses by means of chemical neurotransmitters.

F.
A variety of disease processes can cause neurologic dysfunction. Most neurologic diseases are thought to be multifactorial.

G.
Intracranial pressure is determined by the volume of the intracranial contents: the brain, blood, and cerebrospinal fluid. 

H.
The primary dangers of increased intracranial pressure are ischemia and brain herniation.

I.
Investigating the neurologic patient’s chief complaint requires taking a history to determine the mechanism of injury or nature of illness. This task is more difficult when the patient is unresponsive.

J.
It is critical to determine when the patient was last seen normal because the amount of time elapsed since the onset of symptoms will dictate the treatments available. 

K.
Level of consciousness can be evaluated using:
1.
Glasgow Coma Scale
2.
AVPU
3.
A test of corneal reflex or papillary response
4.
Evaluation of cranial nerve functioning
5.
Assessment of the patient’s orientation and alertness
6.
Assessment of the patient’s speech and ability to recognize and name objects 
7.
Evaluation of the patient’s movement
8.
Testing of the patient’s sensory perceptual abilities
9.
Testing of the blood glucose level
10.
Measurement of vital signs

L.
Following a set of standard care guidelines can help you address common neurologic problems in a systematic way.

M.
Stroke is a condition in which the blood supply to the brain is interrupted. In ischemic stroke, the blood supply may be blocked by a clot. In hemorrhagic stroke, a damaged artery bleeds into the brain instead of carrying the blood to the brain.

N.
Stroke causes sudden-onset changes in neurologic status. 

O.
Time is brain. Fibrinolytic (clot-busting) agents need to be administered within three hours of the onset of a stroke in order for the agents to be effective. 

P.
Transient ischemic attacks are episodes of cerebral ischemia that resolve within 24 hours, leaving no permanent damage. They may, however, signal an underlying vascular problem that can lead to a stroke. 

Q.
A diminished level of consciousness is marked by increasing deficits in cognition and speech and changes in movement and posture. The patient may become comatose without timely medical intervention. 

R.
Seizures are caused by the sudden, erratic firing of neurons. Lengthy seizures can have devastating effects on the brain and body and can be life-threatening. 

S.
Seizures have a wide range of causes.

T.
Seizures are classified as either generalized or partial.

U.
Generalized seizures are divided into tonic/clonic seizures, absence seizures, and pseudoseizure.

V.
Simple partial seizures involve either movement of one part of the body or sensations in one part of the body. Complex partial seizures subtly diminish the level of consciousness, causing confusion, a lack of alertness, or an inability to speak.  

W.
Status epilepticus is a seizure that lasts longer than 4 to 5 minutes or consecutive seizures without consciousness returning between seizures.  

X.
Syncope is caused by a brief interruption in cerebral blood flow that can be traced to cardiac rhythm disturbances, other cardiac causes, or noncardiac causes.

Y.
Headaches can be classified as muscle tension, migraine, cluster, or sinus headaches.

Z.
Dementia is not a single illness, but a chronic process that can take many forms. It is characterized by deterioration of memory, personality, language skills, perception, reasoning, or judgment, with no loss of consciousness.

AA.
Tumors of the neurologic system affect the brain and spinal cord and are classified as either primary or metastatic disease.

BB. 
Demyelinating conditions attack the insulating sheath that surrounds and protects the axon, so nerve impulses can no longer travel smoothly. 

CC. 
Multiple sclerosis is an autoimmune condition in which episodic attacks are followed by periods of remission. Patients with multiple sclerosis can have a range of neurologic deficits, from incontinence to significant sensory impairments. 

DD. 
Amyotrophic lateral sclerosis (Lou Gehrig’s disease) is a disease that strikes the voluntary motor neurons, causing progressive paralysis and death. 

EE.
Parkinson’s disease damages the substantia nigra, the portion of the brain that produces dopamine, which is needed for muscle contraction.

FF. 
Cranial nerve disorders have a range of signs and symptoms and are often mistaken for other disorders. 

GG. 
Dystonias are severe, abnormal muscle spasms that cause bizarre contortions, repetitive motions, or postures. 

HH. Encephalitis and meningitis are central nervous system infections that cause inflammation of the brain and meninges, respectively. 

II. 
Abscesses indicate the presence of an infectious agent within the brain or spinal cord.

JJ.

Polio is a viral infection that can cause long-term damage to the brain and brainstem, leading to muscle weakness and paralysis. 

KK.
Peripheral neuropathy is a group of conditions in which the nerves leaving the spinal cord are damaged by trauma, toxins, tumors, autoimmune attack, metabolic disorders, or other processes. 

LL. 
Normal-pressure hydrocephalus is a rare condition that occurs in older adults for unknown reasons. Increased intracranial pressure hydrocephalus occurs primarily among infants with congenital malformations. It causes increased pressure within the cranial vault.

MM. 
Cerebral palsy is a developmental condition characterized by damage to the frontal lobe of the brain. Its cause is unclear. 

Post-Lecture 
This section contains various student-centered end-of-chapter activities designed as enhancements to the instructor’s presentation. As time permits, these activities may be presented in class. They are also designed to be used as homework activities.

Assessment in Action

This activity is designed to assist the student in gaining a further understanding of issues surrounding the provision of prehospital care. The activity incorporates both critical thinking and application of paramedic knowledge.

Instructor Directions

1.
Direct students to read the “Assessment in Action” scenario located in the Prep Kit at the end of Chapter 18.

2.
Direct students to read and individually answer the quiz questions at the end of the scenario. Allow approximately 10 minutes for this part of the activity. Facilitate a class review and dialogue of the answers, allowing students to correct responses as may be needed. Use the quiz question answers noted below to assist in building this review. Allow approximately 10 minutes for this part of the activity.

3.
You may wish to ask students to complete the activity on their own and turn in their answers on a separate piece of paper.

Answers to Assessment in Action Questions

1.
Answer: B.
trismus.
Rationale: A relatively common airway presentation that may cause a problem is teeth that are clenched closed. This state, called trismus, can make managing the airway difficult. Trismus can occur in responsive or unresponsive patients. In the unresponsive patient, trismus can indicate a seizure in progress, severe head injury, and/or cerebral hypoxia. In a patient with trismus, sedation and/or paraltics may be required to relax the facial muscles and enable you to better control the airway. 
2.
Answer: C.
Cheyne-Stokes.
Rationale: Cheyne-Stokes respirations show a pattern of gradual increases and decreases with periods of apnea. This type of pattern is considered a pre-death pattern that indicates brainstem injury.

3. Answer: D.
Cushing’s reflex
Rationale: If a patient experiences increased pressure within the cranium, there may be evidence from the vital signs. The vital signs for increased intracranial pressure include a decreased pulse rate, a decreased respiratory rate, an increased blood pressure, and a widened pulse pressure. Notice how the blood pressure rises and the pulse/respiratory rates fall with increased intracranial pressure. This is called Cushing’s reflex. This is the opposite of what is expected in shock in which the blood pressure falls while the pulse rate and respiratory rate climb.

4. Answer: B.
Decorticate posturing
Rationale: In decorticate posturing, the patient contracts his or her arms and curls them toward the chest or toward the “core.” At the same time, the patient will point the toes and flex the wrists. Decorticate posturing may indicate damage to the area of the brain directly below the cerebral hemispheres.

5. Answer: A.
decerebrate posturing.


Rationale: Decerebrate posturing is an abnormal extension of the patient’s extremities. In this posture, the patient will again point the toes, but extend the arms outward and rotate the lower arms in a palms-down manner (called pronation). The wrists are again flexed. This posturing is a more severe finding than decorticate posturing. In decerebrate posturing, the level of damage is within or near the brainstem (diencephalon/pons/midbrain).

6. Answer: D.
Patient does not have an intact cough or gag reflex
Rationale: The corneal reflex protects the eyes from potential trauma. This reflex happens when an object touches the eyes/eyelids or moves quickly toward the eyes. The reflex results in closing the lid, pulling the head posteriorly, and pupillary constriction. An easy way to check if this reflex is present is to lightly tap on the area between the eyes on the forehead. Patients who are asleep or pretending to be unconscious will continue to have a blink every time you tap on the head. Even if the eyes are closed tightly, blinking should occur. If you lightly tap between the eyes and the patient does not blink, you should assume that the patient does not have an intact cough or gag reflex. 
Assignments 

A.
Review all materials from this lesson and be prepared for a lesson quiz to be administered (date to be determined by instructor).

B.
Read Chapter 19, Diseases of the Eyes, Ears, Nose, and Throat, for the next class session.

Unit Assessment Keyed for Instructors 
1.
Compare and contrast the terms incidence and prevalence as they relate to patient statistics.
Answer: Prevalence refers to the total number of people in a given population, such as adults older than 65 years in the United States, with a particular disease. Incidence refers to the number of people newly diagnosed with a particular disorder in a given 1-year period.
p 1038

2.
Describe the functions of the central nervous system and the peripheral nervous system.
Answer: The major structures of the nervous system are divided into two main categories: the central nervous system (CNS), which is responsible for thought, perception, feeling, and autonomic body functions; and the peripheral nervous system (PNS), which is responsible for transmitting commands from the brain to the body and receiving feedback from the body.
p 1038

3.
What is the function of a synapse?
Answer: Nerve cells do not actually come in direct contact with each other. There is a slight gap between each cell. This allows for a far greater level of fine control than if each cell were in direct contact with the next. The synapse, which is present wherever a nerve cell terminates, “connects” to the next cell by chemicals called neurotransmitters.
p 1042

4.
List three types of respiratory patterns that may indicate a brain stem injury.
Answer: (1) Cheyne-Stokes—gradual increases and decreases in respirations with

periods of apnea; (2) Biot’s/ataxic—irregular respirations with periods of apnea; and (3) apneustic—prolonged inspiratory phase with shortened expiratory phase and bradypnea.
p 1045

5.
Describe Cushing’s reflex, and contrast how it differs from shock.

Answer:  If a patient has increased pressure within the cranium, there may be evidence from the vital signs. The blood pressure rises and the pulse rate and respiratory rate fall in the setting of increased ICP . This is called Cushing’s reflex, and is indicated by the following signs:
· Decreased pulse rate
· Decreased respiratory rate
· Widened pulse pressure (systolic hypertension)

This reflex is the opposite of what typically occurs in shock, when blood pressure falls and the pulse rate and respiratory rate climb. It is one of the hallmarks of increased ICP.
p 1045

7.
Compare and contrast decerebrate and decorticate posturing.
Answer: The first posture is decorticate (remember bending the arms toward the “core” of the patient). In decorticate posturing, patients contract their arms and curl them toward their chest. At the same time, they point their toes. Finally the wrists are flexed. This is also called abnormal flexion. This posture may indicate damage to the area directly below the cerebral hemispheres. 

The other abnormal posture is called decerebrate posturing or abnormal extension. In this posture, patients again point their toes, but now extend their arms outward and rotate the lower arms in a palms-down manner (called pronation). The wrists are again flexed. This type of posturing is a more severe finding than decorticate posturing. In decerebrate, the level of damage is within or near the brainstem (diencephalon/pons/midbrain).
p 1050

8.
What are the three types of aphasia?  Provide examples of each.
Answer: Receptive aphasia. A person with receptive aphasia is unable to understand (receive) speech, but is able to speak clearly. This dysfunction indicates damage to the temporal lobe. To determine whether the patient has receptive aphasia, ask questions to which you and the patient know the answer, such as “Who is the president?” and “What month is it?” You should not ask yes/no questions. If the patient speaks clearly but gives you incorrect answers, he or she may have receptive aphasia.

Expressive aphasia. A person with expressive aphasia is unable to speak (express him- or herself) clearly, but is able to understand speech. This dysfunction is caused by damage to the frontal lobe, which controls the motor function of speech. Simply ask the patient to raise his arm. If he does, he can understand you. Then ask him his name. Lack of response or a slurred response indicates expressive aphasia.

Global aphasia. Global aphasia is characterized by features of both expressive and receptive aphasia. The patient cannot follow commands or answer questions. It is important to remember that such patients often can think clearly. They have needs, anxieties, and discomforts, but no way to express them. This dysfunction can be frightening to patients who cannot understand what you are saying and cannot respond to your questions despite being able to formulate the answers in their minds.
pp 1053-1054

9.
What differentiates tremors from a seizure?
Answer: Tremors are an example of an alteration in smooth motion. This fine, oscillating (back and forth) movement usually occurs in the hands and head. Whereas a tremor is a fine movement, a seizure is a larger, less focused type of movement. Seizures are associated with either tonic or clonic activity:
· Tonic activity is a rigid, contracted body posture. The arms, legs, neck, and back can contract so tightly that the body part shakes from the intensity of the contraction.

· Clonic activity is characterized by rhythmic contraction and relaxation of muscle groups. Clonic activity can be described as the bizarre, non-purposeful movement of any body part. Arms and legs may flail, teeth may clench, the head may bob, and the torso may convulse wildly.
pp 1055-1056

10.
What are the two types of stroke?  Which type of stroke is most common?
Answer: There are two basic types of strokes: ischemic (75%) and hemorrhagic (25%). 
In an ischemic stroke, a blood vessel is blocked so the tissue distal to the blockage becomes ischemic. Eventually that tissue will die if blood flow is not returned. Only the tissue beyond the blockage is affected, so the area(s) of the brain involved is limited.
Hemorrhagic strokes have a different pattern. They tend to get worse over time because of bleeding within the cranium. This bleeding can cause increased ICP and brainstem herniation. One of the hallmarks of a hemorrhagic stroke is the “worst headache of my life” complaint.

pp 1059-1060
Unit Assessment 

1.
Compare and contrast the terms incidence and prevalence as they relate to patient statistics.
2.
Describe the functions of the central nervous system and the peripheral nervous system.
3.
What is the function of a synapse?
4.
List three types of respiratory patterns that may indicate a brain stem injury.
5.
Describe Cushing’s reflex, and contrast how it differs from shock.

7.
Compare and contrast decerebrate and decorticate posturing.
8.
What are the three types of aphasia?  Provide examples of each.
9.
What differentiates tremors from a seizure?
10.
What are the two types of stroke?  Which type of stroke is most common?
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