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Anatomy and

Physiology

Frontal lobe Parietal lobe

Occipital
lobe

Temporal lobe

* Perform a neuro assessment.

Objectives
* Recognize and report deviations in
the neuro assessment.
* Modify assessment to patient
specific needs.

Open Resources for Nursing (Open RN); Ernstmeyer K, Christman E, editors.
Eau Claire (WI): Chippewa Valley Technical College; 2023.

Central Nervous System

Brain Diencephalon Brain Stem

« Cerebrum « Hypothalamus * Pons and Medulla

+ Largest portion of our brain

 Cerebral Cortex

* Outer layer of wrinkled gray
matter surrounds the cerebrum.
Responsible for higher cognitive
functions

Corpus callosum is the major
communication pathway that
talks between the left and right.
Divided into 4 lobes: frontal,
parietal, occipital, and temporal.

Cerebellum

Posterior portion of the brain, behind the brain
stem. Responsible for fine motor movements and

coordination.

* Regulates body temperature,

thirst, hunger, and sleep.

* Regulate the anterior pituitary;

autonomic nervous system and
endocrine system.

* Regulate autonomic functions:
involuntary cardiac and

reparatory systems, vasodilation,

and reflexes like vomiting,
coughing, sneezing, and

+ Limbic system; memory and swallowing.
pratign- «_Cranial nerves connect to the
* Thalamus brain here and provide

* Processes and prioritizes sensory sensory input and motor
information. output.

Spinal Cord

Continuation of the brain stem. Transmits sensory
and motor impulses.




Lobes of the Brain

* Frontal
* Movement of skeletal muscles.
« Cognitive functions like planning, problem solving, personality, short term memory, consciousness,
Broca’s area is responsible for language production and controlling movements responsible for speech.
* Parietal
* Tactile senses, proprioception, and kinesthesia.
* Temporal
* Limbic system: behavioral and emotional response for survival (Fight or Flight).
* Wernicke’s area is responsible comprehension of spoken and written language.
* Occipital
* Process visual information.
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Peripheral Nervous System

* Main function is to connect limbs ‘@
and organs to the central nervous
system. Consists of cranial nerves,
spinal nerves, and autonomic
nervous system.

* Peripheral nerves are classified as
sensory, motor, of combination.

Peripheral Nervous System
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CORD

31 spinal nerves, named based on the
level from where they emerge.

All spinal nerves are combination
sensory and motor.

Paralysis can be predicted based on
location of injury.

Both motor and sensory do not have to
be affected, paralyzed patients may still
have sensation.
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Assessment

Changes in vital signs in the neuro
patient are late indicators of
deterioration.

* Begins upon first interaction.
* Should occur during bedside report.

* Important to note patient history.

* Brain injuries can stimulate
the sympathetic and

Pulse and

Fever management should be aggressive in

the first days after a severe brain injury like B | OOd parasympathetic nervous
TBI, SAH, or stroke systems resulting in
¢ ¢ ) manifestations of cardiac
P ressure and hemodynamic
Fever can result in a secondary injury to the disturbances, cardiac failure
Temperature ercan | ! Y injury and death.
brain and increased risk of mortality.

As intracranial pressure
increases heart rate
decreases and blood
pressure increases. Once
herniation occurs, heart rate o

increases, and blood Over the ean: Cadrag imesatiancof

Cerebral Disorders. Indian J Crit Care Med
pressure decreases. 2019;23(7):329-335.

Blood within the cerebral spinal fluid can
stimulate the hypothalamic
thermoregulatory center.

Hypothalamus
+ Sit ventalto the
alamus.

732, Aous the thid ventriclo
l~ {

Mrozek S, Vardon F, Geeraerts T. Brain 3 i and i
_— after brain injury. Anesthesiol Res Pract. 2012;2012:989487. doi: 10.1155/2012/989487.
Epub 2012 Dec 26. PMID: 23326261; PMCID: PMC3541556.




CPP is the net pressure gradient that drives
oxygen delivery to the cerebral tissue.

Normal CPP 60-80 mmHg
CPP = MAP — ICP (normal 0-15)

Cerebral
Perfusion

P ressure Monro-Kellie doctrine: the sum of volumes of
the brain, cerebrospinal fluid and intracerebral

(C P P) blood is constant. An increase in one should
cause a reciprocal decrease in either one or
both of the remaining two.

Cerebral Perfusion Pressure - StatPearls - NCBI Bookshelf

https://youtu.be/DdtrJawj7zQ?si=cWRW7fVYWE5K9eea

Monro-Kellie doctrine ¢ LITFL « Medical Eponym Library
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Eupnea

Hyperpnea

Bradypnea

Tachypnea

Abnormal Breathing Patterns: Types and What They Mean

2025
https://youtu.be/91CH6NbsC74?si=KeVGahKACwWO5WVNI

Apnea

Cheyne-Stokes

Biot

Kussmaul

Respiratory

* Dysfunction is common in brain injuries from
either dysregulation of the breathing pattern or
acute lung injury.

* Respiratory centers can be dysregulated from
direct and indirect damage to the brain stem.

* Acute lunginjury can occur from inflammatory
response, aspiration, atelectasis, and lung
contusion.

Frisvold, S., Coppola, S., Ehrmann, S. et al. Respiratory challenges and ventilatory management
in different types of acute brain-injured patients. Crit Care 27, 247 (2023).
https://doi.org/10.1186/513054-023-04532-4
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1 INTRACRANIAL HWEALTANTE
PRESSURE (ICP) -
1\ MEDICAL EMERGENCY /I\
RESULTS in
() CUSHING'S
N TRIAD
CAN RESULT § 1 v/‘ [ 4
HEAD INJURY, BL rr[‘mgn?ﬁ?mn, IRREGULAR WIDENED
TUMORS, INFECTIONS, EXTRA FLUID RESPIRATION PULSE PRESSURE
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* Pain management is difficult in neuro patients
due to the need to keep the patient
comfortable but not suppress their LOC or mask

deterioration.

* Pain perception and expression can be altered.
* Perception: nociceptive pathway

Nonverbal Pain Scale

g - . Giea Gre Pan Obsavation Tol (cPOT)
pathologies, sensory, autonomic, affective ndor o : :
* Expression: impairment in language, motor, R — [ - N - LT
cognitive, and behavior P — e ersms P
* Pain recognition is important to nurses. 1 e s
4 Fulybendwih faget liion by passive fexion and ‘movements: Reiaxed movements: Tense, igid _ passive movements,
* Widened pupils, sweating, increased HR or L[ BEELT e A Sl e
BP, agitation : ok i e Tt friied oo Towsng | sponeosty 'rﬁ%%%
T T e ——— ]

* Unmanaged pain can cause increased

g

P L ot K. Voo G & Forir, . 008

anxiety, stress, and agitation.

Petzold, A., Girbes, A. Pain Management in Neurocritical Care. Neurocrit Care 19,
232-256 (2013). https://doi.org/10.1007/512028-013-9851-0
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it CDSC sr

Delirium can be especially difficult to identify in the o B A a, s
neuro ICU. Most patients are admitted with some
degree of brain dysfunction. Delirium or injury?

orientation to self, place, and time.
« Alert Awake and responsive

Confusion Assessment Method for the ICU (CAM-ICU) Flowsheet
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Mental
Status

Somnolent
Lethargic
Obtunded

Sleepy
Very drowsy, falls asleep
Difficult to arouse

|“::;m:"::“§:":n: . }—w—» S o e * Stuporous Very difficult to arouse
— * Comatose Unarousable Levels of Consciousness Decoded -

'CAMACU negative
NO DELIRIUM

Current RASS level

e wsumum (oresent

i1

0B At one mors Pmger 1 ot unsbl 10 mve b

>1me

wua:r::;-mmmqwmmame o o m..m'w., CAICU nagatie

Delirium in the Neuro Intensive Care Unit - Critical Care Nursing Clinics
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Assessment

Straight A Nursing

* Glasgow Coma Scale

* Standardized tool to assess LOC after injury.
* Assess eye opening, verbal response, and motor

response.
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Category Best Response
Eye opening
Spontaneous
To speech
To pain
None
Verbal (Modified for Infants)
H 14 Oriented Babbles
IS the most sensitive
Inappropriate words Cries to pain
Moans Moans

indicator of neurological GCS

EYNEANS

SN WAO

Follows commands 6
Localizes to pain 5
I Withdraws to pain 4
S a u S . Abnormal flexion 3
Abnormal extension 2
None 1
Glasgow Coma Scale
Best possible score 15
Worst possible score 3
If tracheally intubated then verbal designated with “T"
Best possible score while intubated 10T
Worst possible score while intubated 2T

https://youtu.be/h2SIN7Mn0YA?si=09hQeyoRuDX_UJ14
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« Peripheral Painful Stimuli . Common cranial nerves assessed in
* Used to elicit an eye-opening response. C rania | critical care.
* Interphalangeal joint pressure NeI’VG e Cranial Nerve 3
« Apply pressure with a pencil or pen to the lateral outer aspect of the .
proximal or distal interphalangeal joint for 10 s-15 s to elicit a * Pupillary response
response. Assessment « Cranial Nerve 5
A peripheral painful stimulus may elicit a spinal reflex, causing
flexion of the tested limb; a spinal reflex is not an indication of intact ¢ Corneal Reflex
brain function. |
.
« Central Painful Stimuli Cranial Ner\_/e 6
Used to elicita motor response, Stimulates a cranial nerve to * Eye Deviation
avoid a spinal reflex. e Cranial Nerve 7
Trapezius squeeze .
Supraorbital pressure ° F.BCIal Symmetry
Jaw margin pressure * Cranial Nerves 9
* Gag Reflex
* Cranial Nerve 10
* Speech and Swallow
https://youtu.be/kWEOouzHavg?si=clrPdLbGOG8q5cL1

Painful Stimuli

Sternal Rub

+ Used to elicit any response if previous techniques have failed.

Zakaria Z, Abdullah MM, Halim SA, Ghani AR, Idris Z, Abdullah JM. The Neurological
Exam of a Comatose Patient: An Essential Practical Guide. Malays J Med Sci. 2020
Oct;27(5):108-123. doi: 10.21315/mjms2020.27.5.11. Epub 2020 Oct 27. PMID:
33154707; PMCID: PMC7605838.

Zakaria Z, Abdullah MM, Halim SA, Ghani AR, Idris Z, Abdullah JM. The Neurological
Exam of a Comatose Patient: An Essential Practical Guide. Malays J Med Sci. 2020
Oct;27(5):108-123. doi: 10.21315/mjms2020.27.5.11. Epub 2020 Oct 27. PMID:
33154707; PMCID: PMC7605838.

24




9/2/2026

Cranial Nerve

1. Olfactory

1L Optic

1L Oculomotor

IV. Trochlear

V. Trigeminal

VI Abducens

VIL Facial

VIIL
Vestibulocochlear
(Acoustic)

X
Glossopharyngeal

X. Vagus

XI. Spinal Accessory

XIL Hypoglossal

Expected Finding
Patient is able to describe odor

Patient has 20/20 near and far vision.

Unexpected Finding (Dysfunction)
Patient has inability to identify odors (anosmia),

Patient has decreased visual acuity and visual
fiel

Pupils are equal, round, and reactive to  Patient has different sized or reactive pupils

light and accommaodation.

Both eyes move in the direction

bilaterally.

Patient has inability to look up, down, inward,

indicated as they follow the examiner's ~ outward, or diagonally. Ptosis refers to drooping of

penlight.

Patient feels touch on forehead,

maxillary, and mandibular areas of face

and chews without difficulty.

Both eyes move in coordination.

Patient smiles, raises eyebrows, puffs
out cheeks, and closes eyes without
difficulty; patient can distinguish
different tastes.

the eyelid and may be a sign of dysfunction.
Patient has weakened muscles responsible for
chewing; absent corneal reflex; and decreased
sensation of forehead, maxillary, or mandibular
area

Patient has inability to look side to side (lateral);
patient reports diplopia (double vision).

Patient has decreased ability to taste. Patient has
facial paralysis or asymmetry of face such as facial
droop.

Patient hears whispered words or finger Patient has decreased hearing in one or both ears

snaps in both ears; patient can walk
upright and maintain balance.

Gag reflex is present

Patient swallows and speaks without
difficulty.

and decreased ability to walk upright or maintain
balance.

Gag reflex is not present; patient has dysphagia.

Slurred speech or difficulty swallowing is present.

Patient shrugs shoulders and furns head ~ Patient has inability to shrug shoulders or furn head

side to side

Tongue is midline and can be moved
without difficulry.

Tongue is not midline or is weak.

Anisocoria - Unequal Pupil Size

Patient history is an important component to the pupil
assessment.

Pupil change is a late sign of neurological injury.

Abnormal pupils with no change in mental status can
be benign.

Charting pupillary response note
* Size/ Equal size/ Shape
+ Light reaction/ Equal response
* Location or movement
* Deviation
* Roving
* Nystagmus

Neura—oghthz\mo\og% !?uestion of the Week: N Coma Eye
Exam — Neuro-Ophthalmolo

Exam — Neuro-Ophthalmology

25

Motor
Assessmen

* Motor strength should be
performed bilateral.

* Tested by using:
* Hand grip
* Upper extremity push and pull

* Lower extremity push toes down,
pull toes up. Knee lifts.

* Baseline mobility can be a

hinderance. .
Muscle strength grading scale

26

Motor
Response

* Follows Commands
 Ask to follow 2 step question.
* Localizes to pain

« Trapezius squeeze or similar, crosses midline
and up toward painful stimuli.

* Withdraws to pains
* Pulls away from painful stimuli.

* Abnormal flexion

« Adduction of arm, pronation of forearm,
decorticate response.

* Abnormal extension

* Abduction of arm, supination of forearm,
decerebrate response.

* No motor response

* Should be tested bilaterally.

28
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POSTURING

Posturin g DECORTICATE DECEREBRATE
(Flexor) {Extensor)

* Decerebrate * Decorticate ?
* Arched neck * Closed hands A :
'ms. are 5
* Straight extended arms * Internally rotated legs like £
Bent wrist, curled fingers * Adducted arms that are flexed at c 5 i

i the elb d wrist Moves in

Straight legs e elbows and wris sk

Toes pointed downwards * Inward turned feet bl
i
Problems With Cervical &

Problems Within
Midbrain or Poris.

Spinal Tract or
Cerebral Hemisphere.

30

The cerebellum is responsible for equilibrium,
coordination, and smoothness of movement.

Cerebellar A
Gait and balance
Assessment oA arulh beslng." orme swineing n

. 2 i + Weakness, shuffling, jerky, loss of balance, and
Testing somatic senses, consciously incgordination of arr swing indicate neurological

erceiving touch dysfunction.
° N . * Romberg test
= Touch should feel equal bilaterally. « Stand with feet togeth: losed, t
Sensory ; ' CEREBELLUM = "LITTLE BRAIN" Sy ot s, s v
= Sensory impairment is indicative of the * Loss of Balance

Pronator drift
* Extend arms and hold with eyes closed and palms
n!

up. Proprioceptiol
CEREBELLUM P. UP ‘D ° oo hand
* COORDINATES HOVEMENTS, Inequal position, pronation of hand.

# CONTROLS POSTURE. BALANGE % -
FINE HOTOR MOVEMENT Finger to Nose test

* INVOLVED IN MOTOR LEARNING + Equilibrium and coordination, close eyes and touch
finger to nose alternating hal nds.

* Unable to touch nose, unable to alternate, jerky
movements.

level of injury.

Assessment

Diabetes, neuropathy, and vascular
disease can hinder assessment.

Heel to Shin test

+ Place heel on opposite shin and slide from knee to
ankle and back up. Should be smooth and straight.

31 32



* Not typically performed by nursing, only on
specialty units.

Reflex
Assessment

* Common locations
« Brachioradial, Tricep, Patella

* Plantar Reflex is common in adult neuro ICU.
Toe flexion is normal, toe extension is a

positive Babinski.
QGRADE ON PHYSICAL EXAMINATION

Poflare: absert

https://youtu.be/iV_a2WSbdM8?si=f2mswQeF7W8Cng8H

Raflaxns dminizhed but present

33

In most facilities nurses can
perform bedside swallow
evaluations IF the patient
does not have facial droop
or aphasia.
These patients need formal
swallow studies or FEES.

Fiberoptic endoscopic evaluation,

35
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Speech and Swallowing

¢ Aphasia
« Acquired disorder in the production or understanding of language
* Expressive aphasia (Broca) difficulty producing language
« Receptive aphasia (Wernicke) fluent but nonsensical or impaired
understanding
* Agnosia
- Difficulty processing sensory input
* Dysarthria
* Garbled speech due to muscle weakness

* Dysphagia
«  Difficulty swallowing
BROCA WERNICKE CONDUCTION | ISOLATION ANOMIC GLOBAL
Fluency T K. N S
K OK 1 oK
lepetition oK oK
laming o+ I +
Reading OK OK OK
. 1 oK
Lesion focation | post inferior post superior arcuate. border zone | post inferior large portion of
frontallobe temporal lobe _| fascrulus temporai iobe__| laft hemisphere.

The Five-Minute Neurological Examination

Measures the severity of symptoms associated with cerebral
infarcts

Assess aphasia, behavior, cognition, dysarthria, vision and
perception

National
Institutes of
Health Stroke

15 items are assessed scoring on a 3- or 4-point scale

Scores range 0-42

Scale * \Very Severe >25
(NIHSS)

* Severe 15-24
* Mild to Moderately Severe 5-14
e Mild 1-5

NIH Stroke Scale

THANKS.
HUCKLEBERRY
BASEBALL PLAYER

National Institutes of Health Stroke Scale | Database
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Meningeal
Irritation
Assessments

« Irritation of meninges can occur in meningitis and
subarachnoid hemorrhage
* Neck Stiffness/Nuchal Rigidity

* Unable to flex neck toward chest but

preserved lateral movements
* Kernig’s sign

* Lying on back, with legs fully extended,
one leg is flexed at the hip and knee.

* Positive result is when there is
resistance to the test and or
involuntary flexion of the opposite hip.

* Brudzinski’s sign
* Lying on back, with legs fully extended,
one hand behind head, other on chest
Positive result is when the patient’s
neck is flexed towards the chest and
there is involuntary flexion of the hips
and knees.

Zakaria Z, Abdullah MM, Halim SA, Ghani AR, Idris Z, Abdullah JM. The Neurological
Exam of a Comatose Patient: An Essential Practical Guide. Malays J Med Sci. 2020
Oct;27(5):108-123. doi: 10.21315/mjms2020.27.5.11. Epub 2020 Oct 27. PMID:
33154707; PMCID: PMC7605838.

* Oculocephalic Reflex

* When briskly turning the head from midline to the side, eyes should rotate to the
opposite; and should gradually, smoothly, and conjugately return to the mid position.

https://youtu.be/380aAX08V24?si=Bu3Fif8ax5SNdkyjb

Brain Stem Reflexes

brainstem is intact.

* Oculovestibular Reflex
* Ice cold water is instilled into each ear canal separately and eye movement is observed.
Eyes should have nystagmus or turn toward ear that water is instilled in meaning the

https://youtu.be/zk3r4aXWt94A?si=hQqtbt39uW8ty8Yu

Oculocephalic and reflexes » LITFLe CCC

37

Diagnosis of
Brain Death

* Brain death implies permanent absence of cerebral
and brainstem function.
* Trauma and SAH are leading causes of brain
death.

* Neuro exam includes absence of cerebral and
brainstem functions
¢ Including but not limited to; absence of motor
response, pupillary response, corneal reflex,
oculocephalic and oculovestibular reflexes, gag
reflex, cough and presence of apnea.

* Apnea test and other ancillary test can be
performed to confirm brain death.

Diagnosis of brain death - UpToDate

39
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Ancillary Testing for brain
death

* Cerebral Angiography
 Transcranial Doppler
« CTA

* MRA

* EEG

Diagnosis of brain death - UpToDate

Table 3. Apnea Test Sequence (Derived from reference 9 and
UCI Declaration of Brain Death Policy and Form - see Figure 2)

Preoxygenate the patient with 100% FiO,

Ensure the patient is not hypocarbic via ABG

Disconnect the ventilator, but supply oropharyngeal oxygen
Monitor the patient for any signs of respiration

Obtain ABGs at selected intervals (q3-4 min)

Stop the test and return to mechanical ventilation if

o0 R ®wN 2

* hemodynamic instability occurs, or

* the patient exhibits attempts to breathe, or

* the pCO, is >60 mmHg or rises > 20 mmHg above
baseline in the setting of an arterial pH < 7.3

*FiO, fraction of inspired oxygen; ABG, arterial blood gas; pCO,, partial
pressure of arterial carbon dioxide

Devastating Brain Injuries: Assessment and Part I: Overview of Brain Death - The

Western Journal of Emergency Medicine

40
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Laboratory testing
Genetic testing

CT scan

P

Neurologic ——

Diagnostics B

Lumbar Puncture

: Thank you

Nerve Conduction

m
m

Ultrasound

X-rays

42
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COMPLICATI OF THE NEURO

PATIENT

HOLLY WHITE RN, BSN, CCRN
CAVHS — SICU — RRT

HOLLY.WHITE2@VA.GOV
LRCCP — BASIC CRITICAL CARE CLASS
SEPTEMBER 2026

® Neuro patients have some degree of
neurological derangement, making them
high risk for accidental line and/or tube

removal.

® They are at high risk for the need for
HIGH RISK Y °
physical restraint usage to protect important
lines and tubes like ETT, trach, NGT, DHT,

EVD, Lumbar drains and JP /hemovacs.

® They are at high risks for falls as well.

N

OBJECTIVES

N

Review nursing interventions
for those complications.

(o) € neuro pdarien

INCREASED INTRAC SURE

* 3 components: brain, cerebrospinal fluid, and blood
® Rigid vault: skull

® Monro-Kellie Doctrine: An increase in one volume will cause a forced decrease
in one or the other two.

® Increased ICP is caused by an increase in one of the volumes, most commonly
CSF or brain volume via swelling. The body will try to maintain the balance

and the most often ways to decrease are cerebral perfusion or herniation.

Increased Intracranial Pre StatPearls - NCBI

9/2/2026
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N

CAUSES OF INCREASED ICP SIGNS AND SYMPTOMS

CUSHING'S TRIAD e primey

signs that often indicate an increase in i
prassune {1F) 4 Systolic 8P
& #pulse

* Mass Effect/ ® Increased CSF ~ Decreased ® Increased Blood ® Other Causes Decreased LOC (#1 indicator something is wrong) . (RFempticn
Swelling o nar. Reabsorption

* Hematoma
production CSF BRerecased intracranial

*Symptoms of Increased 1C?
are oppasite of SHOCK
(1

Volume * |diopathic Headaches

#ouse
#respirarion

* Tumor Nausea and vomiting
* Abscess

® Infarct

Late Signs

Vision nges * HTN

* Bradycardia

* lIrregular Respirations.

* Choroid ® Obstructive blood flow, HTN
plexus tumor hydrocephalus hypercarbia, ¢ Skull
® Meningeal aneurysm deformities Pupillary changes

inflammation BRVENoUS stasis Muscle weannes

* Venous sinus

Seizures

thromboses

® Elevated CVP;
CHF

ed Infracranial

N

N

EVALUATION

TREATMENT

® Identifying increased ICP early is crucial to preventing morbidity and mortality. * Identify and treat Elevate HOB

® CT scan can indicate this by revealing edema (loss of grey and white matter the cause

5 TR N ’ Neck midline
differentiation), compressed or enlarged ventricles, narrowed or compressed sulci.

* Maintain CPP EVD/Lumbar Drain
® 70-100mmHg

® Lower ICP
¢ 5-20 mmHg

® Tools of measurement include:

* Opening pressure of a lumbar puncture. (CT scan first, a sudden change in ICP can cause Osmotic Agents: Mannitol

herniation) Hypertonic Saline: 1.5%, 3%,
26.3%

External Ventricular Device

Bolt
Barbiturates: Pentobarbital
Eye Exam (Optic Nerve Sheath Diameter)

Decompressive Craniectomy

d Intracranial Pressure - StatPearls - NCBI
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Phase 1 Phase 2
Supine position Linear decrease of ICP Stabilization of ICP
(low tilt angle) (high tilt / up-right)

Heart

Crapial W Carebral venous outflow:

CSF \W“*

2 VWP
drainage
CSF transfer

Pressures (o
5 (menig) 1o spinal SAS *
Max, spinal

axpansion 4

IcP

B oo e

£ —

‘aponeurosis

T\l

dura mater.

Meninges
o ‘ mater

subarachnoid
space

* Monitor for S&S of infection

* Monitor for changes in neurological
status

* Protect the cerebrum from injury

brain tissue

cerebrospinal
flud (CSF)

* Positioning (use pillows, rolls, or other
supportive devices to keep pressure
off the craniectomy but also maintain
neutral positioning.)

* Falls (use helmets once mobilized)

ed Nursing Review of Craniectomy Care | Stroke
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Epidural
Hematoma

Intracerebral
Hemorrhage

® Presentation

® Characterized by injury,
sudden loss of consciousness,
regaining of consciousness, and
then gradual decline in
consciousness.

® Severe Headache, Nausea,

Vomiting, Lethargy, Seizure

Subdural Hematoma

Subarachnoid
Hemorrhage

® Treatment

® Could be conservative IF GCS
> 8, small clot, small midline
shift, and small hematoma
volume.
Most often require surgical
intervention to evacuate
hematoma and find source of
bleeding.

9/2/2026

Epidural Hemorrhage

EPIDURAL
e HEMORRHAGE

Hemorrhage

squamous suture.__

by mater
{ parics:eal layer
meniageal la
arachoid mater

Most often caused by trauma.

Epidural bleeds are a medical
emergency, things can swiftly

decline as the bleed enlarges
causing increased ICP.

On CT scan epidural
hematomas usually appear

convex in shape.

14

N

SUBDURAL HEMORRHAGE

. .
SUBDURAL HEMATOMA When a blood vessel in the subdural
space is torn, stretched, or broken and
begins to bleed.

® Most often occurs from blunt head
injury like fall.

® Other causes include, penetrating

head injuries, spontaneous,
coagulopathy, and vascular
abnormalities.
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Craniotomy Twist Drill Burr Hole

Subdural  Epidural

® Presentation
® Focal motor deficit, neurolo Definitive: surgical intervention for
lethargy, and altered level of evacuation. Twist drill, burr hole, or
consciousness. craniotomy.
* May appear concave on CT scan. Could be monitored via serial scans,
anticoagulation reversal, platelet

transfusion, and controlling HTN.

Banana vs. Lemon

Aneurysm treatment

Stertng oty

NOID

blood filling the:
subarachnoid cisterns

into the sylvi 0 PP f i
aﬂr;i:;te?bfazr‘;’lfy" within in the subarachnoid * Presentation
* Thunderclap/ Worst heada onservative with watching and wa
* Dizziness, N/V, diplopiaq, seizures, nucha ® If neuro deficits, could require EVD,
® Non-traumatic: aneurysm, AVM, | AR fou i I .
Non-traumatic: aneurysm, 2 idity, altered consciousness, focal neuro lumbar drain, surgical intervention.
Y 9
coagulopathy, and idiopathic deficits, and cranial nerve palsies. * AVM or aneurysm can be treated in
* Noncontrast CT, contrast can spill into the either interventional radiology
lerati h Reari subarachnoid space. CTA, MRA are (coiling /stenting) or OR (clipping).
Bt angEs (shearing) necessary to identify source. ® Reverse coagulopathy, treat HTN

® Most often located within the Circle of I ® LP can be used if CT negative to confirm
Willis blood in CSF.

® Traumatic: Blunt head trauma, sudden

http: Y MjOc3Zpv2K: OwWZBsAhj 3NHn37
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INTRACRANIAL i
ANEURYSM VASOSPASM
INTERVENTIONS

MinimomistimolaiCpRISHERIEEEY L N I3 * Vasospasms occur due to the blood ® Can be diagnosed via CTA
Q1hineurolcheckshlC R g : breaking down in the subarachnoid .
vasospasms most frequent after initial - . g 9 ® Most often treated by IR with

hemorrhage) ) ; space and irritating vessels, thus making intraarterial calcium channel blockers

Monitor BP | 4 & E . them spasm. Then causing delayed [ EerEipinetor verapanil.

Monitor for seizures 3 { X ischemic deficits. ’ o
P, . w ? * Hypervolemia, hemodilution,
Administer calcium channel blocker, - 1 4 2 ® Evidence of spasm could be, change in

Nimodipine, relaxes vessels (21days) Lo and/or focal nanEa . hypertensive therapy

Manage drains %
* EVD (0-20 cm H20) l : 5 ¢ Can also be asymptomatic.

® Lumbar drain (set amount every hr; 5 —
7mls)

N

L . INTRAPARENCHYMAL/
TRIPLE H THERAPY i INTRACEREBRAL
f HEMORRHAGE
( ) >
® Used in extreme circumstances for treatment and prevention of vasospasm. Bleeding within the brain
parenchyma

Hypertension: SBP >150 usually closer to 180, or MAP > 100. May have to use vasopressors to Putamen Thalamus Subcortical [ ieiisnicaused by HTN

maintain. Arterial line essentiall Aneurysm should be secured meaning coiled, stented, or clipped. D L) Other causes include AVM,

Hypervolemia: Give fluid to achieve a CVP 8-12 or SVV< 5 aneurysm, tumor, coagulopathy,

infection, vasculitis, and trauma.
Hemodilution: Hand in hand with hypervolemia, decreases viscosity of blood. 4 y

Most common location is the

putamen.
ALL THIS TO ATTEMPT TO MAINTAIN AN ADEQUATE CPP > 70

B . . . . Cerebellum Temporal lobe
Many complications are associated with this to include, rebleed, pulmonary edema, cerebral

edema, cardiac failure, renal medullary washo

Triple-H-Therapy.pdf




Presentation
® Sudden onset of stroke-like symptoms

* Headache, N/V, lethargy, slurred
speech, syncope, vertigo, weakness,
focal neurological deficits

® CT scan with hyper density within

parenchyma

Treatment

® Conservative with watching and
waiting.
* May require surgical evacuation,

dependent on location.

®* May require craniectomy if evacuation

is not a viable option.

ISCHEMIA OR EMBOLIC STROKE

There is a sudden interruption of blood flow due to an embolus moving from its

point of origin.

9/2/2026
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TYPES OF EMBOLI

¢ Blood clot

* Most often origin is heart from arrhythmia

TREATMENT AND MANAGEMENT

Determine and treat the cause and/or symptoms

Air or gas

* Can occur during procedure like line insertion, surgery, hemodialysis . Thrombolysis
Fat

o . o
® Fracture of long bone Anticoagulation

Tumor ® Thrombectomy

* Happens during migration of malignant cells * O2 therapy
Septic e
5 e ® Antibiotics
® Purulent Tissue from infection

Amniotic Fluid ® Supportive

® Amniotic fluid enters mother vasculature during or immediately after childbirth * Removal of foreign body

Foreign Body ® Steroid taper ;
® Everything else: catheter, bone, threads, or patches (cotton fibers during angiography) Amniotic Fluid Emb:

T th




SEIZURES

® A sudden burst of electrical activity in the

brain.

® A seizure lasting longer than 5 minutes is a

medical emergen

® Symptoms are based on type.

STAGES OF A SEIZURE

¢ Prodr:

Nowmal Findings.
Figh ronial

Lot tamporal

Pight terporsi

Lottomctal

Righ cccotal

Rt ronal
Lot tompora!
Fempors

st cocipial

Agh

Fugntoodplal

Lat At

Generaized Tanie.cloric Seirure

Toake Clonic Cama

S L e 6 e
a4l |~
I N B
oo A4l b A
sencssona il A A
Pp————— W/‘h Py

Gonoralized Absence Seizure

e AN
SN 111111 Yo,

amomponi—aed VWA
wonsona. <o (VAR e
S 4y

Rt oosptal

Beginning phase, an impending since that a seizure may occur. Feeling, aura, behavioral change.

¢ lctal:

Middle phase, includes the aura until the end of the seizure.

® Postictal

End/Recovery phase, can last minutes to hours, dependent on type and area of brain affected.
Symptoms can include drowsy, confused, anxious, scared, nausea, headache, weakness, slow to

respond, loss of memory.

https: / /www.mayoclinic.org /diseases-

conditions/seizure /s

mptoms-causes/s

N

TYPES OF SEIZURES

® Focal seizures

Electrical activity in 1 area of

the brain.

Do not pass out, but may have
altered level of consciousness,
repeated movements or words,

changes in emotions, or senses.

* Generalized Seizures
Involve all areas of the brain.

Absence: Stare into space, slight
body movements like blinking or lip
smacking, can happen hundreds of
times during the day, can be
clustered.

Tonic: Muscles stiffen, pass out, falls.

Atonic: Sudden loss of muscle use,
“drop seizures”, falls.

Clonic: Jerking muscle movements.
Affect neck, face, and arms on both
sides.

Myoclonic: Brief sudden jerks of
arms and legs, do not pass out.

Tonic-clonic: Most common type,
body stiffness and shaking, loss of
consciousness, can start as focal

and then spread to all of the brain,

https: / /www.mayoclinic.org/diseases-

conditions /seizure /s

mptoms-causes/syc-203657 111

SEIZURE DIAGNOSIS AND
MANAGEMENT

* Diagnosis

Electroencephalogram (EEG)
High density EEG

Stereoelectronicencephalography (SEEG)

CT scan
SPECT/MRI to pinpoint location

® Dependent on seizure occurring during SPECT

Neuro Exam
Lab tests like glucose and sodium
LP

https: / /www.mayoclinic.org/diseases-
conditions/seizure /symptoms-causes /syc-2036571.1

9/2/2026
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® Treatment
* GOAL: Stop seizures with fewest side
effects
* Medications
* Dietary changesleete) ® Electrical stimulation
« Surgical * Vagus nerve stimulator
® Responsive neurostimulation

* Lobectomy
* Deep brain stimulation

® Thermal ablation
* Multiple subpial transection
® Corpus callosotomy

Hemispherotomy (for children)

https: / /www.mayoclinic.org /diseases-

conditions/seizure /symptoms-causes /syc-2036571.1

MENINGITIS

Can be bacterial, viral, fungal, parasitic, or caused by cancer and autoimmune.

Symptoms: fever, vomiting, headache, stiff neck, rash, light sensitivity; rapidly
worsen.

Diagnosis: history, physical exam, lab, CT, MRI, LP

Treatment: Viral, usually self limiting, fluids and rest; Bacterial, hospitalization,

IV antibiotics, steroids; Fungal, IV antifungals

Darkened room and control fever and pain.

9/2/2026
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STATUS EPILEPTICUS

Medical Emergency

Defined as a convulsive seizure lasting more than 5 minutes, or multiple seizures without
return to baseline level of consciousness

Management

Rapid assessment and supportive care (ABCs), urgent pharmacologic therapy with a
benzodiazepine, urgent therapy with a nonbenziodiazepine (antiseizure medication),
and postictal recovery and evaluation (neuro exam, EEG, imaging)

Expect a prolonged postictal phase due to sedation from medication, and the nature of
multiple seizures and the brains recovery.

https: v.uptodate.com/contents/convulsive-status
epilepticus-in-adults-management#H232906 1469

5 FACTS ABOUT
ENCEPHALITIS

785 of peosle

ENCEPHALITIS

Inflammation of the bra

Caused most often by viruses. Can be infectious (bacterial, fungal, parasitic) or

autoimmune.

Symptoms: Headache, flu-like symptoms, light and sound sensitivity, nausea,
difficulty moving, changes in LOC, pyschosis, seizures.
Worsens over days to weeks.
Diagnosis: Medical history, recent bug bites, travel, illnesses, vaccine history,

neuroimaging, lab test, LP, EEG, ICP monitoring.

Treatment: Targets cause first, antibiotics, immunoglobulin therapy, plasma
exchange. Symptom management, steroids, surgical intervention.

https: //www.americanbrainfoundation.org/diseases /encephalitis /



Growth of abnormal cells. Most common types gliobastoma,
schwannoma, neurofibroma, and neurofibrosarcoma.

Can be primary, originating from the brain or spinal cord. Or secondary,
originating from another body part and spreading. Can be benign and

malignant.

Symptoms depend on location, size, and type. Can range frol

headaches, to stroke like symptoms.
Diagnosis occurs through exam, imaging, and sometimes biopsy.

Treatment is dependent on tumor. Surgical intervention, chemotherapy,

radiation therapy, and rehabilitation.
htt k X

BRAIN AND ELECTROLYTES

Sodium: hyper > 145 mmol/L associated with traumatic brain injuries.

Neurologically can lead to cell shrinking, due to water shift, shrinking brain
parenchyma, causing tearing of blood vessels, which may lead to intracerebral
and subarachnoid hemorrhage.

Symptoms: thirst, lethargy, co on, comal, seizures, rigidity, tremors, myoclonus,
asterixis, and chorea.

Treatment: Identifying and treating underlying cause and hypotonic fluids.
Rapid correction can cause similar symptoms as rapid replacement of sodium.
The goal is 0.5-1 mmol/L/hr

DI: diabetes insipidus, loss ability to concentrate urine and pass large volumes
of dilute urine, treatment is volume repletion and DDAVP.

https: //pmec.ncbi.nlm.nih.gov/articles/PMC4519799

https: //pn.bmj.com/content /25 /4 /303

BRAIN AND ELECTROLYTES

Electrolyte abnormalities can present as neurological symptoms.
Sodium: Hypo (Serum < 135mmol/L) Common in neuro patients.

Acute hyponatremia develops in less than 48 hours, can cause cerebral edema, needs more aggressive treatment. Chronic
develop over more than 48 hours, offen times in an unknown timeframe and requires a slow repletion.

Symptoms: nausea, malaise, weakness, lethargy, forgetfulness, confusion, coma, hypotension, seizures, and arrest
Treatment: Identify the cause, acutely can be given hypertonic saline, can be placed on a fluid restriction.

Most standard goals of treatment is to increase the serum sodium by 6-10 mmol/L in a 24-hour period. This patient needs
constant monitoring and frequent serum sodium (4-6 hours).

SIAD: syndrome of inappropriate antidiuresis, hyponatremia, low plasma osmolality, inappropriately elevated urine osmolality,
sodium excretion (urinary > 30mOsm/kg), normovolemia, tx fluid restriction, hypertonic saline.

CSW: cerebral salt wasting, resembles SIAD, but with much higher urine sodium, common after neuro injury, unsafe to restrict
fluid in this patient, treated with hypertonic saline and sodium supplements.

Osmotic demyelination syndrome: Central pontine myelinolysis, caused from over correction of chronic hyponatremia, damaging
the myelin sheath from rapid fluid shifting, symptoms: seizures, spastic tetraparesis, encepholapthy, coma and death.

https: / /pme.ncbi.nlm.nih.gov/articles /PMC347.46 50
https://pn.bmj.com /content /25 /4 /303

SPINAL CORD INJURIES

Spinal injuries can devastatingly affect motor and sensory function, but can also cause cardiovascular
collapse, ventilatory failure, and bowel and bladder dysfunction.

Primary trauma can lead to secondary injury related to inflammation. All functions below the site of
jury can be affected for up to 12 weeks.

Cardiovascular: Neurogenic shock (spinal shock); fluid, vasopressors, MAP > 85 mmHg. Autonomic
dysregulation, usually chronic but can be acute, extreme elevation in BP, flushing, sweating from
sensory stimuli. Remove stimuli.

Respiratory: Cervical and thoracic injuries can cause respiratory insufficiency immediately or over
time. Early tracheostomy has been found to improve outcomes.

Gl, GU, ID: Spinal shock and treatment can lead to all kinds of Gl complications ileus, ulceration and
hemorrhage, pancreatitis, cholecystis; manual removal of stool may be necessary. Urinary retention is
common requiring catherization. Infections are common UTI, aspiration, decubitus, leading to sepsis.

May also have trouble thermoregulating.

Pain management is key. Quality of life, mood, and ability to participate in rehab are all affected.

9/2/2026
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OBJECTIVES

ACUTE
L ISCHEMIC

Understand the anatomy and physiology of the brain
vasculature

Identify the etiology and risk factors of AlS.

Understand rapid identification and intervention of acute
stroke

. I(T:!erlzﬁfy stroke syndromes and symptoms that mimic
stroke
» Describe the initial care of the acute stroke patient

« Discuss thrombolytic therapy and endovascular
interventions used in the acute stroke patient

» Describe post acute care roles w/in the mulfidisciplinary
feam

4 STROKE

Presented by:
\ Abel Quisquis, BSN, RN, MSN, CCRN

Central Arkansas Veterans Healthcare
System
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INTRODUCTION
*Stroke is the 5th leading cause of death in the US, R R

with one person dying every 4 minutes . For black s A

people, stroke is the 3rd leading cause of death. It

is the second leading cause of death in the world. sici

artery

* Approximately 800,000 people have a stroke each erachiocephat
year; about one every 40 seconds.

*Strokes occur due to problems with the blood =7
supply to the brain: either the blood supply is ‘
blocked or a blood vessel within the brain Heart —

\

1

ruptures, causing brain tissue to die. J
* A stroke is a medical emergency, and treatment \““\D/

must be sought as quickly as possible.

Left subclavian
artery

Descending
aorta

Figure 3.8 Aortic arch and subclavian and carotids.




Anterior cerebral artery

Anterior communicating artery
Optic chiasm
Infundibulum

Recurrent artery of Heubner
(medial striate artery)

Ophthalmic artery

Circle of Willis

Internal carotid artery
Middle cerebral artery

Lenticulostriate arteries Anterior choroidal artery

Posterior communicating artery

Superior cerebellar artery
Posterior cerebral artery

Pontine arteries

Anterior inferior artery

Basilar artery
Labyrinthine (internal auditory) artery

Posterior inferior cerebeller
artery (PICA)
Vertebral artery

Posterior spinal artery

Anterior spinal artery

3 Clot blocks an artery
« in the brain, causing

STROKE

2 Blood clot
e travels in the
bloodstream J

Blood clot
] « ¢can form

during atrial
fibrillation

TIA & Ischemic Stroke Risk Factors

*Non-modifiable

*Age (after age 55, the stroke risk doubles with
each successive decade)

*Sex (men increased rate of strokes except for SAH)

*Low birth weight, birth weight below 2,500 g (5
Ib., 8 0z)

*Ethnicity (Black and some Hispanic Americans
have higher stroke rates and stroke mortality,
namely for ICH and SAH)

*Genetics

TIA & Ischemic Stroke Risk Factors

*Modifiable (91%)
*Carotid artery disease

*Hypertension: target
<130/80 mmHg

e Modifiable-
Behavioral (74%)

— Unhealthy diet

- o — Cigarette
*Diabetes (maintain HgbAlc smoking
<7.0%) .
*High BMI, weight reduction Phys'_C?|
w/goal BMI<25kg/m? inactivity

*Hyperlipidemia,
LDL<160mg/dL
e Atrial Fibrillation

9/17/2024



ADDITIONAL MODIFIABLE RISK
FACTORS

*Sleep-disordered breathing
*Hormone therapy

* Migraine with aura- Young women with migraines
who also smoke and take oral contraception have
nine-fold increased risk of stroke.

* Alcohol consumption
*Drug abuse

* Hypercoagulability

* Inflammation

* Metabolic syndrome

TIA & Ischemic Stroke Risk Factors

* Cigarette smoking
(ischemic stroke risks
doubles for smokers &
for hemorrhagic stroke
increases 2-4 x that of
a non-smoker, quit
smoking to lower risk).

* Smoking & oral
contraceptives
(increased synergistic
effect—quit smoking or
Q).

Researchers; 'The more you smoke, the more you stroke'

Subrata Thakar | April 19, 2018 | Vascular & Enaovascular

TIA & Ischemic Stroke Risk Factors

«Sickle cell anemia in adults
should be evaluated for
stroke risk

*Sodium intake (less than 2.3
grams/day)

* Potassium intake (more than
4.7 grams/day)

This Photo by Unknown Author is licensed under CC BY-NC-ND

Abnermal
hemoglebin
farm strands

that cause
sickle shape

11

10
TYPES
There are three main kinds of stroke:
*|schemic strokes
* Hemorrhagic strokes
* Transient ischemic attacks (TIAs), also referred to as mini-
strokes
12
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Typical Presentation of Stroke

*Thrombotic strokes: progress over seconds to
minutes, rarely hours—caused by increasing size
of thrombus

*Embolic strokes: occurs suddenly and often
without warning

*Hemorrhagic stroke: occurs rapidly, over minutes;
headache. Hemorrhages can grow in the first 24
hours.

13

—

o

-

' : = _
| \ ,) L Ischemic Stroke l i \ [! 1 Hemorrhagic Stroke
.h 4 f Wezkened/diseased

/
)

Blosd clot stops the
flow of blood to an area
of the brain

Bload leaks inta brain tissuz

9/17/2024 DISEASE PRESENTATION

ISCHEMIC STROKE

*most common form of stroke, accounting for around
80% of strokes.

e caused by blockages or narrowing of the arteries that
provide blood to the brain, resulting in ischemia

*These blockages are often caused by blood clots. Clots
can be caused by fatty deposits within the arteries
called plaque.

e Acute vascular event with a sudden onset of focal

neurological deficits which relate to vascular territory
and that last for prolonged period of time

e Progressive death of brain cells due to lack of oxygen
and glucose

14
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Ischemic Stroke Hemorrhagic Stoke
Arca o Area of
deprived ey blecding
4 of blood

Obstruction blocks
blooad flow
to part of
the brain

Weakened vessel
wiall ruptures,
causing
bleeding in
the brain

9/17/2024 DISEASE PRESENTATION
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PHYSIOLOGY OF CEREBRAL
ISCHEMIA

*Normal cerebral blood flow is 45 to 60
mL/100 g/min. When it drops below 18
mL/100 g/min, brain tissue infarction can
occur if cerebral blood flow is unresolved for
up to 4 hours. This process is known as
the ischemic cascade.

RathophysiologyJofi

LGlutamate
uptake by glia

Thromboxane
Prostaglandins

@

, Depolarisation

17
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ISCHEMIC PENUMBRA

*The area surrounding the infarcted tissue.

*The area is still viable, often supported by collateral
circulation, but is at risk of proceeding to infarction,
like the core of the stroke (original area of infarcted
tissue).

* Resolution of edema generally occurs within 72
hours, as demonstrated by improvement of some
deficits and by patients being more awake and alert

Ischemic penumbra

Figure 3.14 Ischemic penumbra.

19
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Save the Penumbra!

» The zone of salvageable tissue, neuronal cells unable to
function but remain viable
« Located around the area of the core infarct
« Reversible if flow is established to the stunned area
« Variables affecting the penumbra:
« Time to IV- thrombolytic or endovascular delivery/intervent
« Site occlusion location (clot burden)
« Collateral flow
« BP control (tight and slow)
+ Decrease Complications by avoiding:
« Seizures
» Hypotension
« Hyperglycemia
* Fever

21

Acute Infarction: CT and MRI

NCHCT

DWI

AIS evident within 15 minutes to 2 weeks on MRI

* In an adult, CBF is typically
v'750 ml/ min or
v'45-50ml/100g/ min or
v'15 % of the cardiac output (CO)
In normal individuals, CBF remains constant when

the mean arterial pressure varies between

“60 and 160 mmHg"

23

22
L[]
Ideal Cerebral Auto Regulation
80
3
L3
3s
@ E 50
EE
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S
20 | . .
20 G0 100 140 180
Mean Arterial Pressure (mmHg)
Lassen NA. Physiol Rev. 1959;39:183-238
Strandgaard S, Paulson OB. Stroke.1984;15:413-416
24
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Cerebral Blood Flow (CBF) :

* Less than 23ml/100g/min, physiological
electrical function of the cell begins to fail-

“ischemic penumbra”.

*Below 10 ml/100g/min, ionic membrane
transport failure, Irreversible cell death- which

leads to- “infarction”.

Factors Influence Ischemic Stroke

*Rate and onset of duration
* Collateral circulation
*Systemic circulation

* Hypercoagulable states
*Increased temperature
*Hyper/hypo glycemia

25

26

Ischemic Stroke Subtypes

*Thrombotic stroke
*Embolic stroke
eLacunar stroke -77% of ischemic strokes

blood flow to small portions of the brain.
e referred to as pure motor or pure sensory stroke

* occlusion of smaller, penetrating arteries, blocking

27

Transient Ischemic Attack-TIA

« Brief episode of neurological dysfunction caused by focal brain
or retinal ischemia, with clinical symptoms typically lasting < one
hour and without evidence of acute infarction

+ 90% clear within 10 minutes

« Most common cause is thromboembolism

« Crescendo TIA

- Find the cause and treat — prevent future strokes

« 10% have a stroke w/in 2 days

« 15% have a stroke w/in 7 days
« 25% have a recurrent “event” w/in 3 months

Transient Ischemic Attack

» 25% expire at one year

28
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ABCD?2Score
TIA & Ischemic Stroke Etiology

Risk Assessment Scale Predictor 2 — 90 Day Risk of STROKE

after TIA
mw Score 0-3:1% risk of *Atrial fibrillation
Age >/= 60 years S%O‘k_é( in ZdGYS 5% in"90 .Ath | .
Blood Pressure  SBP > 140 or 1 days " Eroscierosis
DBP > 90 *Coronary artery disease (CAD)
Clinical Unilateral Weakness 2
Symptoms Speech disturbance *Hypercoagu lable states

w/o weakness
1 Score 6-7: oDrug use

8% risk for stroke in 2 days
17 — 22 % in 90 days

Duration of » 60 min 2
Symptoms » 10-59 min 1 Score 4-T:
Diabetes Oral Medication or 1 Consider for hospital
insulin admission
29 30
Stroke Etiology Stroke Etiology
* Atherosclerosis *|schemic: Embolic formation,

* In the carotid artery, a roughening of the intima, causing plaque

formation along the injured vessel emboli travel from other areas a

+ Endothelial injury permits platelets to aggregate and adhere lodge in cerebral vessels
* Coagulation is activated and a thrombus develops at the site * Carotid plaques
* Blood flow is reduced * Cardiac disease (atrial fib)

* Foreign substances

* Air emboli (OR procedure, pulling
central line in sitting position)

* Fat emboli (long bone)

* Hypercoagulable state

* Carotid dissection (trauma)

This Photo by Unknown Author is licensed under CC BY-SA-NC
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Stroke EtiOIOgy EffecisionReducediGCerenraliBIoog i o

*Lacunar: Thrombosis of small penetrating arteries

*Caused by HTN (frequently) and lipohyalinosis (small
tissue sloughing in gray & white matter) (mii00g/min)iae e s Infarction
* Affects arm, leg, face; deficits are EQUAL in lacunar = g 5 i
strokes
Normal Edema, Loss of Na/K-pump
*Other lactate electrical  failure Cell Death
accumulation  activity (vATP)

* Inflammation of walls (giant cell arteritis, polyarteritis
nodosa)

* Mechanical constriction of vessel

* Hypotension

*Sickle cell

* Polycythemia vera

From National Stroke Association, 1997

33 34

STROKE
KNOW THE WARNING SIGNS

If you experience any of these symptoms, CALL 9-1-1 or your local
emergency number immediately.

signs

Sudden loss of strength or sudden numbrness in the

h face, arm or leg, even if temporary.

Trouble speaking
Sudden difficulty speaking or understanding or
sudden confusion, even if temporary

Vision problems

Sudden trouble with vision, even if temporary.

Headache

Sudden severe and unusual headache.

Dizziness
Sudden loss of balance, especially with
any of the above signs.

SEE WHAT HAPPENS WHEN
YOU PUT YOUR HEART INTO IT.™™

heartandstroke.ca

Finding answers. For Hfe.

36
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Effects of a Left hemispheric stroke:
) . Left Middle Cerebral Artery (MCA)
Stroke SlgnS e Right visual field loss: homonymous

& Symptoms

hemianopia
e Left gaze deviation
e Poorright conjugate gaze: palsy,

¢ Aphasia: difficulty with language
e expressive, receptive, global
e Right sided weakness: hemiparesis, effects
the

faceand arm > leg
e Right sided paralysis: hemiplegia
e Right sided sensory impairment
e Dysarthria (motor disorder)
e Difficulty reading, writing or calculating

Related to
Area of
The Brain

38

Effects of a Right hemispheric stroke: gffe_cts:[ of a Pgséeriog SI;WOKGI
Right Middle Cerebral Artery (MCA) rainstem and Lerebellum

e Left visual field loss: homonymous Overview Typical Signs:

o —— ﬁ% v hemianopia «  Dizziness, ataxia, vertigo (spinning)
) : - - Dysphagia, Dysarthria
— * Right gaze de_VIatlon ) . - Diplopia, Decreased LOC, amnesia
| ko4 e Poor left conjugate gaze: palsy, inability to «  Dysconjugate gaze, gaze deviation, nystagmus

[‘:"?f move both eyes in the same direction « Bilateral visual field deficits, ptosis

i * Left sided weakness: hemiparesis *  Abnormal respirations, nausea, vomiting

Mﬂ ) - ) ) »  Hiccups, tinnitus (ringing in the ear)

il ﬂ i e Leftsided paralysis: hemiplegia « Motor and sensory loss in all four limbs
\‘, i‘\‘ */ * Leftsided sensory impairment « Crossed sensory or motor findings: ipsilateral face,
i 14  Anosognosia: impaired body part contralateral body
\;i"u‘f | recognition “DIZZY PLUS”
"y - -
N e Inattention: neglect/denial Most misdiagnosed Stroke
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STROKE-
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PROCESS
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THE GOLDEN HOUR

*This refers to the time from patient arrival until IV tPA is
administered

MD eval Stroke team CT completed CT read IV tPA given
0-10 min 0-15 min 0-25 min 0-45 min <60 min /

b
-

4

Figure 5.2 Golden hour components for stroke care.
IV, intravenous; tPA, tissue plasminogen activator.
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Chain of Survival & Recovery 8 D’s

= Detection: Stroke Onset

= Dispatch: EMS Activation & Response

= Delivery: Prehospital Care

= Door: ED Triage

= Data: ED Evaluation (CT, Glucose, INR if on Coumadin)
= Decision: Potential Therapies (identify time windows)

= Drug or Device: Inclusion/Exclusion Criteria Alteplase

= Disposition: Rapid admission to stroke unit or ICU

-Activation of EMS is the most important to emphasize in '
community education that directly improves outcomes

and disability.
-The greatest time delay occurs from symptom onset to

ED arrival.
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PHASE Ill \ é sttt
TARGET: STROKE™ V"

SUGGESTED TIME INTERVAL GOALS

Current VA Goal DTN < 60 minutes Time Targets: Future VA Goal DTN < 45 minutes Time Targets:

ACTION TIME ACTION TIME

Door to physician €10 minutes Door to physician <5 minutes

Door to stroke team £15 minutes Door to stroke team £10 minutes

Door to CT/MR! initiation £25 minutes Door to CT/MR! initiation <20 minutes
Door to CT/MRI interpretation <45 minutes Door to CT/MRI interpretation <35 minutes
Door to needle time <60 minutes Door to needle time £45 minutes

Target: Stroke phase Ill. wwuw.heart.org. (2022, June 2). https://www.heart.org/en/professional /quality-improvement/target-
stroke/fintroducing-tarast-stroke-phasei
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ED Acute Stroke Management

Designation of Stroke Centers
*The primary goal is to identify patients with

€SC: Comprehensive Stroke possible stroke as well as to exclude stroke
Center . .
. <+Same as TSC Plus m | m | CS .
TCSC: Thrombectomy- Mi .
*Min volume of IV Alteplase: 25
PSC: Primary Strok ﬁaspab'e s‘;’skg gle“‘e' SAH: 20 with 15 coillclip yearly *ABCs
: Primary Stroke “Same as us «Advanced Neuro Imaging 24/7
ASRH: Acute Stroke- Center “Minimum of 15 «Interventional services 24/7 with
. . < Sameas ASRHPlus endovascular cases . R .
Ready Hospital " thrombolytics . annually or 30 in two 2 dedicated Neuro ICU for *Stroke team notification (Telestroke)

*IV thrombolytics complex stroke patients

+ Designated stroke beds  years +Ability to meet concurrent needs

*Specific standards for for two complex stroke patients ° Stat h €a d CT

neurointerventionist

*Acute Stroke Team with
Neurology accessible

24/7 2417
*Telemed w/in 20 minutes *Neurosurgical services 24/7
+Diagnostic Services +Post-hospital coordination of ° H an d _Off re p ) rt fro m E M S
«Utilize Disease —Specific Care with 90 day f/u of outcomes . . . .
Care Standards & track, (mRS) ] J— |
monitor, report *Patient Centered Research Patlent h IStory Conﬂ rm LKW tl me) rE\”eW
d by Institutional Revi H H H U
et Giniel e gy " enal Review medical history, particularly related to eligibility
Practice Guidelines . . .
(CPG's) for therapeutlc Interventions
'Tfsnsffetf algfee';'emi— Goal: Stroke patients are dispatched to the highest level of
?;tafe B;Zignr::;or care available in the shortest time possible.
Centers
45 46

Decrease medical complications:
* Neurological assessment using a standardized tool such as

National Institutes of Health Stroke Scale (NIHSS) «Glucose management: Goal 140-180 mg/d|
* ECG to assess for concurrent myocardial ischemia or *BP management: if fibrinolytic candidate < 185/110
arrhythmias « Treat > 220/120 mm Hg

¢ Avoid aspiration (dysphagia screen follow protocol)

*Provide oxygen to maintain O, saturation > 94%

eEuvolemia: IVF's: isotonic saline x 72 hours

eTemp control: one degree increases cerebral
metabolism by 7%

e Cardiac monitoring (minimum first 24 hours)

eStandardized stroke protocols (AlS, SAH, ICH)

* Oxygen saturation to assess for hypoxia and treatment if
<94%

* Blood tests are ideally drawn by EMS shortly before arrival
to ED; otherwise, blood is drawn as early as possible in the
ED without delaying treatment decisions (see Chapter 6 for
the standard list of the blood tests)

e Determine etiology

e Appropriate treatment * Goal: Restore cerebral blood flow (reperfusion) and limit
neuronal injury

DISEASE PRESENTATION 47 9/17/2024
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Nursing Considerations

*High and low alarm limits in bedside
monitoring equipment should be set to
patient-specific goals

*Do not treat an isolated BP

*Consider other causes for increased BP

*|f antihypertensives are administered, BP
is reassessed in 15 to 30 minutes

49

Last Known Normal (LKN)

Patient’s baseline
¢ Previous stroke deficits, normal mental status
Identifiers of LKN

e State actual time and day

¢ Meals, TV shows, phone calls, texting, etc

e Symptom Discovery vs LKN — not always the same
e QObtain Family or Witness contact information
Wake up Strokes

¢ Time patient went to bed

e Getting up during the night
e How patient is dressed

Stroke Mimics

Approximately 6-20% of suspected strokes are mimics,
rates increase when clinician has less information
«Toxic metabolic syndromes:

¢ Hypo or Hypernatremia

* Hypo or Hyperglycemia

« Wernicke’s or Hepatic encephalopathy
-Seizure disorder with postictal Todd’s paralysis

*Migraine headaches

*CNS abscess/Systemic infections

*CNS Tumor with bleed or seizure

«Drug toxicity: lithium, phenytoin, carbamazepine
«Psychogenic/Conversion Disorder

*Benign paroxysmal positional vertigo (BPPV)
*Syncope

50
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USE OF TELESTROKE
(TELEMEDICINE)

*Telestroke is recommended to increase access
to acute stroke care in underserved areas.

*This technology provides expert consultation
without “being there.”

*also facilitates initiation of interventions
proven to reduce complications and stroke
recurrence.

*|t is proven to shorten DTN time in patients
receiving IV thrombolytic.

52
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Defining the Stroke Timeline

oAcute Ischemic Stroke (AlS)
* Hyperacute stroke: first 24 hours
e Acute stroke: first 24 — 72 hours
e Subacute stroke: after 72 hours

e Chronic stroke: 6 weeks or
greater

Priority first 24 hours frequent assessment of neurological status

DIAGNOSIS

> Strokes happen fast and will often occur before
an individual can be seen by a doctor for a proper
diagnosis.

»The acronym B.E.FA.ST. is a way to remember the
signs of stroke, and can help identify the onset of
stroke

53

Typical Presentation of Stroke

* Thrombotic strokes: progress over seconds to minutes,
rarely hours—caused by increasing size of thrombus

* Embolic strokes: occurs suddenly and often without
warning

*Hemorrhagic stroke: occurs rapidly, over minutes;
headache. Hemorrhages can grow in the first 24 hours.

more quickly:
54
LEA%N m
THE
OF STROKE =
Ea U
Does the face Does one arm Des their If you notice
look u ? drift down? speech sound .any of these
strange? signs, it's time
o call 9\-]-1!

e
wﬂ?ﬂ&‘

ask the person t6 repeat

call 8-1-1 if any of these
DISEASE: PRESENTATION:LCH a5, signs are obgerved,

ask the person 16 raise
both of their arms,
e

ask the person to smile.
9/17/2024
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“the grass is green.”

56
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lasting longer than 24 hours.

Balance Face

-~ o m
AL AA AL

B is for Balance: E is for Eye: F is for Face:
Does the Has the Does the
person have person lost person’s face
asudden loss  vision in one look uneven?
of balance? or both eyes?

Ischemic Stroke

* Focal neurological deficit caused by the interruption of blood flow to the brain

AST

Arms Speeeh Time
[ ]

Ais for Arm:  Sis for Speech: Tis for Time:

Is one arm Is the person’s Call 911 now!
hanging speech slurred?
down? Does the person

have trouble

speaking or

seem confused?

https://www.healthy.arkansas.gov/images/uploads/pdf/Arkansas_EMS_-_Stroke_Best Practices_Toolkit_2-19_locked.pdf
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Immediate Diagnostic Studies: Evaluation of a

Patient With Suspected Acute Ischemic Stroke

All patients Selected patients

* Noncontrast brain CT or MRl * Hepatic function tests

* Blood glucose « Toxicology screen

* Serum electrolytes/renal function | * Blood alcohol level

tests * Pregnancy test

* ECG * ABG (if hypoxia is suspected)

* Markers of cardiac ischemia *+ CXR (if lung disease is suspected)

* CBC, including platelet count* « Lumbar puncture

* PT/INR* (if SAH is suspected and CT scan is

* aPPT* negative for blood)

* Oxygen saturation * EEG (if seizures are suspected)
59

NIH Stroke Scale (NIHSS)

Validated tool and best practice

Predictor of long-term outcome

* NIHSS > 25 high probability for morbidity and mortality
e Communication tool between providers

May not be feasible to perform in prehospital setting

* Measures neurological functional improvement over time
e Providers certified a minimum of every 2 years

YA

NIH Stroke Scale

NIH Stroke Seale Stroke Severity
Score
0 ]Ni:‘-trnlu symptoms
1-4 Minor stroke
518 | Moderate stroke
58

delay IV thrombolysis therapy

Artificial Intelligence (Al)

Advanced Imaging should NEVER

60
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Acute Ischemic Stroke Treatments

Time sensitive

eThrombolytic therapy
e 0-4.5 hour window

*Endovascular intervention

* 0-24 hour window

«Arrival to the appropriate healthcare facility
eLast known well and symptom onset
*Witness information

«Accurate healthcare and medication history

Patients need to Walk and Talk themselves out of thrombolytics

61

Criteria for Thrombolytic Therapy

*Patient characteristics
* CT of head must be negative for hemorrhage
*Older than 18 years
* Time of onset < 3 hours

* No history of intra-cranial surgery, head trauma, or
stroke within 3 months

* No major surgeries within 2 weeks

* No arterial punctures at a non-compressible site in the
last one week

*SBP <185 mm Hg
*DBP <110 mm Hg
*No AMI in the last 3 months

63

Medical Interventions

* Thrombolytic therapy
* An attempt to restore perfusion to the affected area
* Patient must meet certain criteria
* Contraindications exist

B¢ ]

This Photo by Unknown Author is licensed under CC BY-SA
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TNK vs TPA

Tenecteplase (TNK)

Not FDA approved for stroke - recent
literature suggest can be effective alternative
to alteplase in pt's without contraindications

Indication for AlS must be given within 4.5
hours of symptom onset

Promotes fibrinolysis of fibrin clot

i ala 7
‘ 1 % { More fibrin specific with longer half-fife than

 gr— o = alteplase; 20-24 minutes

Post-TNK 41 :[](]m Mochangeln Dosing: 0.25 mg/kg for pt's weighing > 100 kg

+ door-fo-puncture for LVO Vialis not shaken. Max dose 25mg

period ’ -

CONCLUSION

NO change in
door-to-antibiotic for sepsis

Consid kaging for stroks
Ease of TNK administration AR

: expedited acute stroke treatment
Hall et al 2021,

64
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Lab Data for Thrombolytic Therapy

*Prothrombin time (PT) < 15 seconds
*Platelet count > 100,000 mm3

*Blood glucose > 50 & < 400

*No prolonged PTT or INR (INR ratio <1.5)
*Pt cannot be pregnant or lactating

65

Tissue Plasminogen Activator (t-PA)

*Must be given within 3 hours of symptom onset

* Administer 0.9 mg/kg, 10% of bolus over 1-2 minutes
followed by a 90% dose given by IV drip over 1 hour

*The maximum total dose is 90 mq, regardless of
patient’s weight

Thrombolytics-Nursing
Considerations

* Monitor vital signs & neurological status
* Treat BP if systolic >180 or diastolic >105
* Monitor CBC, Pt/Ptt, INR, fibrinogen

* Monitor for bleeding precautions
* Do not insert foley 30 minutes before or after TPA
* Do not place central line or NGT for 24 hours
* Monitor puncture sites

* Other nursing considerations

* Manage blood pressure, glucose, 1/0
* Pt & family education

66
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Thrombolytic Complications

* Monitoring for neurological decline or worsening symptoms
e Agitation, Restlessness
e Spike in blood pressure
¢ Nausea/vomiting
* Headache: document baseline pain score prior to bolus

£33
* If Neurological Decline occurs =i .
*  First Priority Stop the Infusion % 74
¢ Re-check BP to goal 180/105 ?
e Contact physician fc A
e Obtain Stat NCHCT head scan £ l‘f;;
e Complete NIHSS: >4-point increase within 36 hours?sif

considered a complication from the fibrinolytic

Alteplase Infusion may be restarted at same rate (no bolus)
if NCCT head is negative for hemorrhage per MD order

68
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Complication: Angioedema

*Reported in 1-2 % of patients

« Associated with previous ACE inhibitor allergy

*Baseline assessment of tongue

*Observe for facial, tongue, or pharyngeal
angioedema 30-75 min post infusion up to 24 hours
« Histamine antagonists: Benadryl

« Corticosteroids: hydrocortisone or methyl
» H2 Blocker: ranitidine or famotidine

nisnlnne

(=}
! i
E 3 o
| b

Avoid epinephrine due to increasing BP
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Complication: Hemorrhagic Conversion
» May occur up to 36 hours post infusion

« Sudden change:
+ LOC/ Neurological deterioration
« Agitation/Restlessness
« Acute Hypertension
« Severe H/A
» Nausea or vomiting
« Follow protocol:
« Stat Labs: Coag panel, fibrinogen level, CBC,TXM
« Kcentra/PCC (Prothrombin Complex Concentrate/4 factors)
« Platelets 6-8 units (Volume)
« Cryoprecipitate containing factor VIII (6-8 units)
» Tranexamic acid 1k mg IV over 10 minutes

s Neurosurgervand Hematologv consults

Anti-coagulants
*Heparin (or low molecular weight heparin)

*Prevent recurrent embolus
*Assist collateral blood flow
*Slow progression of a thrombus

*Not used anymore. Studies showed no
beneficial effect on patient outcome

70

Anti-platelet

*Inhibit platelet aggregation

*ASA 80-325 mg PO, QD

* Extended-release dipyridamole (200mg) plus ASA 25
mg (Aggrenox) BID, PO

* Clopidogrel (Plavix) 75 mg PO, QD
*llb/Illa receptor antagonist (Integrilin)
* Ticlopidine (Ticlid) 500 mg PO, QD

71
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Comparison of Warfarin & Aspirin for the Prevention of
Recurrent Ischemic Stroke

OR1.13
(95% C10.92 to 1.38)

AR
Warfarin ASA

2206 Patients with ischemic stroke randomized to warfarin INR 1.4-2.8 vs. ASA 325 mg/d
Mohr JP N Engl J Med 2001;345:1444-1451.

ACUTE ENDOVASCULAR INTERVENTION

Mechanical Thrombectomy (MT) for AIS patients with
LVO

Informed consent is needed

Time frame to begin the start of the procedure is within
24 hours from LKW

After an endovascular intervention, the schedule for
frequent neurological and vital sign checks is restarted
from the time of the end of the procedure whether |V
thrombolytic had been given or not

73

Endovascular Therapy
2019 Clinical Practice Guidelines (CPGs)

eEvidence of a large vessel occlusion (LVO): CTA/CTP
*NIHSS score > than 6
¢ ASPECTS score > than 6
eClinical exam, pre-morbid condition (mRS 0-2)
¢ Adequate life expectancy
eCollateral blood flow imaging
*LKN within the last 6 hours
ePatient may or may not have received IV fibrinolytic
*DEFUSE3 and DAWN Trails extended eligibility from 6 hours to 24
hours for anterior circulation strokes
eConsent and 18 years or older
¢ No upper age limit

75
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MECHANICAL
RETRIEVAL

DEVICES
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Penumbra system

J ‘ o

78

Therapies NOT approved by the
FDA

*|ntra-arterial t-PA

*Insert a femoral arterial line, insert catheter into
thrombus and deliver t-PA

* t-PA within 6 hrs in anterior circulation
*t-PA within 12 hrs in posterior circulation
* Adjunct therapy (Heparin, Integrilin)

79

REHABILITATION

*Strokes are life-changing events that can affect a
person both physically and emotionally, temporarily or
permanently. After a stroke, successful recovery will
often involve specific rehabilitative activities such as:

*Speech therapy - to help with problems producing or
understanding speech. Practice, relaxation and
changing communication style, using gestures or
different tones for example, all help

* Physical therapy - to help a person relearn movement
and co-ordination. It is important to get out and about,
even if it is difficult at first

80
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* Occupational therapy - to help a person to improve
their ability to carry out routine daily activities, such as
bathing, cooking, dressing, eating, reading and writing

* Joining a support group - to help with common mental
health problems such as depression that can occur
after a stroke. Many find it useful to share common
experiences and exchange information

*Support from friends and family - to provide practical
support and comfort. Letting friends and family know
what can be done to help is very important.

9/17/2024 DISEASE PRESENTATION 5l
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STROKE

A stbroke aka. cerebrovascular abback is the loss of brain function
dmboadusburbancelnbhebloods.pplubobhebram.

American dies

v 4 minutes
2% of pe
- younger than 65 yea

leading

is o
that area. Tl are

b (alakaie Gon of = BLIOH vwrsel by u Bioad
dﬂtlnrmlnqlocall 2]
2. Embaolism (mlmduelam embolus from
here in the body. see below).
3. Systemic hypoperfusion (umqﬂmmmood
eg.
bosis.

Major Risk Factors:
*high blood pressure
*high cholesterol

s a leading cause of
s long—term disability

Stroke kills almost 130,000
Americans year
€1 out of every 19 deaths )

gic stroke
is the -r,cumu
rhere
v el IO Fe (Dlcoet ey
nnd extra—axial hemorrhage (blood
ST Dt ute e Drays

Risk Reduction Tips:

*Eating a healthy diet.

*Maintaining a healthy weight

*Getting encugh exercise.

*Not smoking. _
*Limiting alcohol use. *Manage Heart Disease
*Check Cholesterol *Take Your Medicine
*Control Blood Pressure “Talk with Your Health
*Manage Diabetes Care Team

Burden of Stroke in the US

* Affects 795,000 people annually

*First time Strokes 610,000

*Recurrent Strokes 185,000 (nearly 1:4)
*Number one cause of Disability

*Fifth leading cause of Death

*QOccurs every 40 seconds

*Someone dies every 3-4 minutes
*80% of Strokes are preventable

AHA Heart and Stroke Statistical Update 2020

82

Stroke 2020

* Stroke prevalence in adults is 3.0% (median) in the US, with the
lowest prevalence in Wisconsin (1.9%) and the highest prevalence in
Arkansas (4.5%).

8uuke Ays-Adjusted Death Rales by Slate

Death Rates Par
100,000 Population

-95-1!:3‘5

- 327 to 383
'm.nuu 4

| EECEE]
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PREVENTION

The best way to prevent a stroke is to address the
underlying causes. This is best done by living healthily,
which means:

* Eating a healthy diet

* Maintaining a healthy weight

* Exercise regularly

* Not smoking

* Avoiding alcohol or moderating consumption.

Other measures taken to help reduce the risk of stroke
include:

*Keeping blood pressure under control
* Managing diabetes well
* Treating obstructive sleep apnea (if present).

*As well as these lifestyle changes, a health care
provider can help to reduce the risk of future strokes
through prescribing anti-coagulant and anti-platelet
medication. In addition to this, the arterial surgery
previously mentioned can also be used to lower the
risk of repeat strokes.

85

Tenecteplase has gained favor over alteplase
among some stroke centers for what reason?

A. It simplifies and expedites transfer to higher level
of care

B. It has demonstrated no side effects or
complications

C. Itis more cost-effective due to saving the cost of
tubing and intravenous (V) pump

D. Itis reimbursed at twice the amount of alteplase

87
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In reviewing a patient’s progress notes,
the nurse knows that they must have had
a CT angiogram (CTA) by which
statement?
A.Evidence of uncal herniation
B.Evidence of hemorrhage in left basal ganglia
C.Evidence of hypodensity involving 40% of the
right frontal lobe
D.Evidence of 70% stenosis distal left internal
carotid
88
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For community members with a family
history of atrial fibrillation, what advice
should be included regarding self-
assessment?

The value of purchasing a blood pressure (BP) cuff to
monitor for hypotension

Demonstration of radial pulse assessment for rate and
rhythm regularity

Deep breathing strategies to regulate heart rhythm

. YouTube instructions for monitoring for palpitations

and dyspnea

89

QUESTIONS?

9/17/2024 DISEASE PRESENTATION

I'sa New Normal!

Maintain and sustain a healthy lifestyle

Strive to attain maximum functional ability

Adapt to a new lifestyle

Learn ways to maintain optimal health and wellness

A lifelong dynamic plan

90
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» CSF System
Cerebral

Lateral Spinal Fluid
Ventricles
. Mary Jane Willard, PhD, MBA,
‘( = A e Brain MA, RN, CCRN, CNRN
Third N ‘:ﬁ‘
Ventricle - .5 ‘_Skull Reviewed and presented by:

Abel Quisquis, BSN, RN, CCRN
Fourth Central Arkansas Veterans

Ventricle Healthcare System

Little Rock Critical Care
Program Basic Critical Care
Class

Increased
Intracranial Pressure

Objectives

> |dentify different causes of
Increased ICP

> |dentify different medical
treatments to decrease ICP

> Recognize appropriate nursing
interventions to decrease ICP

> |dentify, prevent, and treat

secondary injuries and avoid
adverse effects.

Skull/Cranial
Vault

» Non-compressible
and is filled with
essential
components.

« Brain Tissue
. Blood Volume

. Cerebral Spinal
Fluid

> This activity is free of bias and there are
no commercial sponsorships or
conflicts of interest to disclose.

> The planning committee and speaker
for this activity have nothing to
disclose.

Participants must attend entire event
and complete evaluation to be awarded
CE.
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Anterior communicating artery Rolandic veins
B Superior sagittal sinus '
N\

o=\

Lateral orbitofrontal
Anterior cerebral
artery Jt

> Neurons & Glial
Cells-which make
up the white/gray
matter

> Consumes 20% -
25% of the total

Middle cerebral

Internal carotid rery

arery § . anastomotic
) Posterior communi- .
Posterior cerebral \Y [ vein

artel
i i Basilar artery

uperior cerebellar

Pontine arteries
artery %

Anterior inferior \ BPITE— P osterior inferior
cerabellar artery ) R  cerebellar artery

body energy
expenditure.

> Limited ability to
store fuel (oxygen,
glucose) Intravascular Blood (10%)

Verte Transverse sinus
Anterior spinal artery Vertebral artery

Brain Tissue (80%)
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‘> 10% Normal ICP

» CSF - colorless, odorless

fluid that fills the cerebral 5-15 mm Hg
ventricle and arachnoid : _ : :
S pa ces Figure 8. Anatomical location of tragus ." iﬂre Qlan.sduce leveled with the lraus

> Provide cushion for the
central nervous system

> Approximately 150 ml
circulating in the adult (25-
30 ml/hr excreted)

> Formed primarily in the
choroid plexus of the
lateral ventricles

Cerebral Spinal Fluid

Y A
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> Normal range: 5-15 mm Hg
ICP » Moderate elevation: 15 - 40 mm Hg
Values > Greater than 40 mm Hg - markedly elevated
> 40 - 50 mm Hg - Ischemic
> Greater than 50 - Irreversible (Infarct)

9/17/2024 9

Vonroe=Kellie HyPOIHESIS

Compliance Curve

ICV = HoO* CSF + CBV

ICV = Intracranial volume

Pressure

H20 = Water in the cells/tissues =80%
CSF = Cerebrospinal fluid =10%
CBV = Cerebral blood volume  =10%

Volume
A = Flat portion of compliance curve
B = Upward/Ascending portion of curve
C = Steep portion of curve

Copyright © 2001 by W, Saenders Company. Allrights reserved.

Increased
Intracranial

Pressure id
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> Intracranial Pressure is the
pressure exerted within the
cranial cavity by its contents

. Brain, Blood, and CSF

> Transient increases in
pressure are benign,
sustained increases in ICP can

"= be life-threatening (over 20

can be life threatening).

Monro-Kellie
Hypothesis

If volume of one
constituent of
intracranial cavity
increases, a reciprocal
decrease in volume of
one or both of the
others must occur or
an overall increase in
ICP will result.

9/17/2024

Normal state — ICP normal
Venous Arterial  Brain CSF
| volume volume

Compensated state — ICP normal

e

i Venous Arterial Brain Mass CsF
| volume volume

Deompensated state — ICP evelated

. E—

i Venous  Arterial Brain Mass CsF
| volume  volume

12
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Which of
the
following is
an accurate

restatement
of the
Monro-
Kellie
hypothesis?

9/17/2024

a. If one of the three intracranial volumes goes
down, one of the other two intracranial
volumes will go up to prevent a decrease in
intracranial pressure (ICP).

b. If one of the three intracranial volumes goes
up, one of the other two intracranial volumes
will go down to prevent an increase in ICP.

c. If one of the three intracranial volumes goes
up, there will be a resultant vasoconstriction
to normalize blood flow.

d. If one of the three intracranial volumes goes
down, there will be a resultant vasodilation to
normalize blood flow.

Common Causes of Increased ICP

A. Right Frontal Incision on Scalp (B Driling of Twist Drill Hole

» Space occupying
lesions, brain tumor,

abscess

* Hemorrhage,
epidural & subdural
hematoma

» Trauma, infarction,
HTN, Hydrocephalus

D. 8/2/98, PostOperative Color Enhanced CT Scan o
Lateral View o

9/17/2024 14

Common
Causes of

Increased
ICP

9/17/2024

Metabolic disorders & diffuse lesions
such as the following:

1. Infections (Meningitis, Encephalitis,
Ventriculitis, Intracranial abscess)

Diseases of other organs
Ingested or accumulated toxins
Drugs

Electrolyte imbalances
Concussion

Hypoglycemia

Anoxia

Ischemia

Encephalopathy

L 0 N o kW

i
©

14

Volume-Pressure
Relationship within
the Intracranial Cavity

Displacement of some CSF (from Intracranial space
to subarachnoid space)

Compression of the low-pressure venous system
Decreased production of CSF

Vasoconstriction (increased RR)

Increased absorption of CSF

9/17/2024



Pathophysiology

> Late development
(Cushing's)

> An Increase in ICP
occurs when the
previously discussed
compensatory
mechanism are
exhausted

Cerebral
Perfusion

Pressure

[

Cerebral perfusion
pressure (CPP) is the
amount of blood flow
(pressure gradient) from the
systemic circulation that is
required to provide
adequate oxygen and
glucose for brain

- metabolism.

- It is the difference

between mean arterial
pressure (MAP) and ICP.

Autoregulation

9/17/2024

> Brain’s ability to maintain a
constant blood flow over a wide
range of cerebral perfusion
pressures
(vasoconstriction/vasodilation).

> Cerebral perfusion pressure is the
pressure at which the brain cells
are perfused.

» CPP - normal is ~ 80 mm / hg (80 -
100)

» CPP = MAP - ICP
» Occur at MAP between 50 - 150

Mean
Arterial

Pressure
(MAP)

MAP: represents the average
pressure during the cardiac
cycle. Calculate by:

systolic pressure + 2 X diastolic
divided by 3.

Example
BP 70/34
70+ 2 (34)/3
MAP= 46

9/17/2024



> Autoregulation can be
mechanical (BP) or chemical
(PaCO2, Pa02, Ph).

1. Hypotension causes
vasodilation

2. Hypertension causes
vasoconstriction

" 3. PaCOz2 is a potent vasodilator
~.. 4. Hypoxia/acidosis causes

vasodilation

> MAP<50 > MAP> 150
> Passive increasein > Increased
Mean CBF cerebral blood
X » Decreased cerebral flow
Arterial perfusion pressure > Disruption of the
Pressure > Hypoxia blood brain
> Vascular Collapse barrier
> Cell Death > Progressive
cerebral edema
> Petechial
bleeding
To maintain
autoregulatlon,. the 2. 150 mm He
cerebral perfusion b
. 100 mm Hg
pressure (CPP) 50 mm H
t be C. mm Hg
gl d. 30 mm Hg

maintained above
which level?

A patient with
which of the

following sets of

mean arterial
pressure (MAP)

and intracranial
pressure (ICP)
would have
impairment in
autoregulation?

a. MAP 70 mm Hg; ICP 10 mm Hg
b. MAP 80 mm Hg; ICP 20 mm Hg
c. MAP 75 mm Hg; ICP 30 mm Hg
d. MAP 100 mm Hg; ICP 15 mm Hg

9/17/2024
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Circulation of Cerebrospinal Fluid

Which is typically worse and
requires immediate intervention?

Ruptured Cerebral
Aneurysm

b Lesion location Meningioma
> Rate of expansion
(subdural/epidural)

b Impaired CSF
drainage
(hydrocephalus)

Factors that influence the
ability to compensate

Meninges and Superficial Cerebral Veins|
Frontal Section

camine
ventriculostomy (intraparenchymal)

CSF Reabsorption

> The amount
of blood in
the brain at a

> |s reabsorbed : ;
given time.

constantly into the
body’s venous system

:‘CSF)’. Subduraijri’:“i’:t::bmarr:\"chvm;} n;nnltaa:: :;nne: be'u:er:i::?ra‘},:vcsl o ; CBF = MAP -
> Passes from the CVP
arachnoid villi into the

venous sinuses into the

venous system

Cerebral Blood Volume

9/17/2024
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Reasons for
Increased
Volume

Edema—increased
interstitial fluid
volume
Tumor—increased
tissue volume
Hydrocephalus—
increased CSF
volume
Hemorrhage,
vasodilation—
increased blood
volume

9/17/2024
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L]

> Blood Pressure (main force
that maintains cerebral
circulation)

> Cardiac Function (BP, CO)

Factors that

Modify CBF

> Blood Viscosity (Anemia may
increase blood flow up to
30%, Polycythemia may
decrease blood flow by more
than 50%)

Third
ventricle

Inferior
harn

Fourth ventricle

Compliance

Reduce Blood
Volume

Herniation

9/17/2024
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Displacement of CSF into
the spinal canal

9/17/2024



Decrease
Blood

Volume

9/17/2024

Reduction of blood
volume in the brain. This
stage of compensation
alters cerebra
metabolism, eventually
leading to brain tissue
hypoxia and areas of
ischemia.

Hypercapnia
&

Hypoxia

9/17/2024

» Any systemic process that affects

blood levels of carbon dioxide will
affect CBE, CPP and CBV.
Therefore, conditions that produce
hypercapnia and hypoxemia will
result in cerebral vasodilatation,
increased blood volume, and
increased ICP.

These conditions include

respiratory inadequacy, poor
ventilation, hyperventilation, drugs,
and inadequate amounts of oxygen.

HermahehithiemEpiduraliHematomsa

Herniation -
displacement of
brain tissue. Most
stage of
compensation.
Process often results
s in death from brain
stem compression.

Compression of pyramidal
tract results in contralateral
hemiparesis and positive

Babinski

Unilateral dilatation  Herniated cerebellar
of pupil tonsil

Herniation

9/17/2024
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Manifestations include any
alteration in level of
conscionsness (restlessness,
irritability, confusion) and a
decrease in Glasgow Coma

Scale (GCS).

)7 Any process that results
in increased ICP will
produce impairment of
content and arousal.

Manifestations of
Increasing Intracranial
Pressure

Clinical manifestations
of increased ICP are
subtle!!!

Diligent observation for
changes in client’s
condition. ’

36
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In Decreased level of

addition,
may have:

consciousness
Behavioral changes
Headache

Nausea &
Vomiting

Change in speech

patter n

Abnormal
pupillary reactions

Changes in body
temperature

Change in
sensotrimotor
status

Blurred or
double vision
(diplopia)
Changes in
cardiac rate &
rhythm
Ataxia
Seizures
Cushing’s triad

Abnormal
posturing

Cushing’s
le)

Triad

> Widening pulse
pressure, Increased BP

> Bradycardia

> Changes in
Respirations (irregular)

Cushing’s triad indicates
increased severe ICP
(Late Sign)

9/17/2024

Signs & Symptoms of ~ ICP

INCREASED INTRACRANIAL PRESSURE

® Changes in LOC * Headache

* Impaired Eye

* Fosturing ® Changes in Vital Signs:
* Decerebrate ® Cushin

® Decreased
Motor Function

* Change in Mo

* Yomiting
® Changes in Speech
sring
Infants: *Bulging Fontanels
Cranial Suture Separation
T Head Circumference
High Pitched Cry

Emergency care includes:

- Airway maintenance, intubation
with oxygenation (PO2 > 90
mm Hg), hyperventilation.
- Osmotic diuretics (mannitol IV)
- Steroids (dexamethasone IV) O
(brain tumors)
- Vasoactive medication (100-150

mmHg systolic)

- Elevate HOB (30 degrees)
- Sedate prn (midazolam IV)
- Drain CSF (keep ICP < 20)

- Maintain fluid status (normal
serum Na & osmolality)

40
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v

Nursing Management A patient is -

9/17/2024

in Controlling ICP admitted with s

Elevate HOB subarachnoid

Monitor vital signs & maintain body temp

Maintain head & neck in neutral alignment he(;norrhage' In a. flat with a p|||ow

Prevent Valsalva maneuver order to i

Administer prescribed meds to reduce ICP P b. prone with the head

Maintain fluid balance with 0.5% NaCl solutio maximize turned to the side.

ﬁzoiél éoxiousdstimuh' . ol venous return c. with the head of the bed
minister sedation to reduce metabolic

Gemand and reduce elevated 30 degrees.

IS\/Iaintain cerebral perfusion pressure >70mmHg intracranial d. in hlgh Fowler’s with the

erum Na levels should be elevated (may treat knees raised.

with 3% IV infusion or 23% IVPB) pressure (ICP),

Serum OSM may be elevated (may treat with q

mannitol 20% IVPB or 25% IVP) the patient

Barbiturate coma with burst suppression

(pentobarbital) R pumEsepp S h (0]V] | d be

Surgery (craniotomy and/or decompressive pOS|t| oned:

craniectomy)

9/17/2024
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Ventricles of the Brain

Lateral Ventricles .

Which of
the
following
can

» Composed of 4 cavities
containing CSF

d. HVPOXia o, ) 2 > Lateral ventricles —
) o~ Third Ventricle <% \ largest of the ventricles
= > Third Ventricle — midli
b. Hypocapn 'a e (e
c. Hypokalemia
d. Dehydration

7~ Cerebral agueduct

Fourth Ventricle ventricles

Fourth — lies in the
Central canal posterior fossa and is
continuous with the
aqueduct of Sylvia

increase
intracranial :

pressure? ,
Ventricular System

9/17/2024
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Size of :
Cerebrovascular;

9/17/2024

> Autoregulation is possible
because there is a mechanism
present in cerebral arterioles that
causes vasoconstriction when the
arterial pressure rises and
vasodilation when it falls.

> Increase in PaCO2 causes
vasodilation

> Decrease in PaCo2 causes
vasoconstriction

> Obstruction of the
CSF pathways (non-
communicating)

> Deficient CSF
absorption from
the SA space —
meningitis
(communicating)

> Overproduction of
CSF (rare in adults)

9/17/2024
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HydrocephalusiEoliowingiSAL

¢ Acute
* Usually within 24 hours of the bleed
* Abrupt onset of coma

* Subacute
* Develops a few days to a week after SAH
* Usually a gradual and steady decline in consciousness
* Headache, incontinence, nausea and vomiting
e Loss of upward gaze ability
* Chronic
* 10 or more days after SAH
* Gradual onset
* Impaired cognition, gait

Copyrigh © 3001 by Wil Swundy Company: Al ighta romerved,
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> Patient presenting sign,
symptoms & hx

> Diagnostic studies

> ICP monitoring

> Visual field testing

> CT scan — diffuse edema, shifts,
bleeds

- » Cerebral angiogram —
vasospasms, tumors, stenosis,
etc

> EEG

9/17/2024
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Late signs

> Slow Pulse

> Hypertension

of > Coma
Increased > Apnea
ICP > Unilateral pupil changes

> LOC changes are the most sensitive
indicator of Increased Intracranial

Indications
for

measuring
ICP

> GCS<8

> Closed Head Injury

> Cerebral Edema, TBI

> Deterioration of Neurological condition
> Extensive Surgical manipulation

> Hydrocephalus, SAH,

> Mass (Tumor)

> Infection (meningitis)

9/29/2024

Pressure
o/f92024
49

Infraparenchymal “
Infraventricular

= . q

o= > Diagnosis of

Increased ICP
@ > Monitor

Subdural
catheter

Purpose of ICP
Monitoring

treatment of ICP
> Treat Increased

ICP

> Monitor effect of
nursing
interventions

9/17/2024
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Intracranial BressureVionitonng

Subarachnoid
bolt

Intraventricular
catheter

Microsensor

Cagyright © 3001 by WL Saundern Company. AD righta reserved.
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Pressure

5 P O T,

Intracramal PressureNVaveionns

Plateau Wave

A Waves

Wavi B Waves
T N I e ) U Ty L Ll ]

Time

Caryright © 2001 by WAL Saundern Company. A rights ceserved.

Intraventricular
Catheter

> Advantages
. Ability to

measure CSF
directly - most
accurate
Access for CSF
drainage
therapeutically
Decrease
intracranial
volume
Access to
administer
intrathecal
medications

9/17/2024
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Monitoring
Devices

9/17/2024

> Intraventricular Catheter - inserted into
lateral ventricle via a twist drill- connects
to a fluid filled transducer with the
transducer zero and leveled at the
foramen of Monro (tragus) (EAM)

> Subarachnoid Screw - Hollow bolt inserted
through a twist drill hole into the
subarachnoid or subdural space - fluid
filled transducer

> Epidural Sensor- inserted in the epidural
space beneath the skin above the Dura via
burr hole

> Subdural Catheter- inserted into the
subdural space (does not drain CSF)

Intraventricular

Catheter

9/17/2024

> Disadvantages

. Difficulty locating the
lateral Ventricle

. Risk of bleeding and
edema formation

. Risk of ventricular collapse
. Risk of infection

. Risk of ventricular air
entry

. Dampened recording due
to compression of cannula

. Recalibrate with change in
head position

. May develop CSF leak

. Catheter occlusion (brain
tissue)

9/17/2024
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A. Intermittent flush

Which of the devices are not used.

following

descriptions B. Heparin is not added to
Bt the solution used to

fl il : prime  the tubing.

intracranial

pressure (ICP) c. Only preservative-free

monitoring saline is used to prime

the tubing.

systems is

incorrect? .
D. The transducer is leveled

to the phlebostatic axis.

Intraventricular

Epidural - ALl Advantages (Subdural
arengvnell ) or subarachnoid bolt)
« Useful with small
distorted ventricles

snchyma

« Quick and easy to
insert

« Catheter is placed in

Subarachnoid space via
burr hole in the frontal
lobe (dura entered)

Mayo Foundation for Medical Education and Research

+ No disruption of brain
Intraparenchymal parenchyma

Catheter

- Accurate readings

Intraparenchymal
Catheter

Subdural /
Subarachnoid Bolt

> Disadvantages
. Unable to withdraw CSF (treat or

diagnosis)

Risk of CSF infection / CSF leak
Unreliable with high ICP

Risk for infection

Risk for brain injury - hematoma

Recalibrate with change in head
position

Advantages

> Easy and safe
to insert

> Less risk of
infection

> Less risk of
brain tissue
damage

Epidural Sensor

9/17/2024
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Subdural cathater

Epictural transclueer

Intraparenchyrmal catheter]
it

Disadvantages

> Most unreliable -
pressure is not
measured directly but
is measured by a
fiberoptic sensor
placed in the epidural
space

> May produce a
wedge effect

Epidural Sensor

> Cannot obtain or
drain CSF for
diagnosis or
treatment

9/17/2024

Report
to

Physician

y > Appearance of new blood

9/17/2024

> |CP > 20
» CPP <70

> Signs of infection at
insertion site

» CSF leak around insertion
site

in CSF drainage
> CSF drainage > 500/24 hrs

61

Medical

Management

:;
¥
]
"
Py
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» Drug Therapy

. Osmotic diuretics
. Glucocorticoids (tumor)
. Anticonvulsant

> Supportive Therapy

. Hob 30-40

. Hyperventilation -
mechanical ventilation
(acutely)

. Surgery - burr hole drain,
decompression,
craniotomy

Mannitol
(Osmitrol)

> An electrolyte and
osmotic diuretic

> Promote diuresis
in acute phase of
renal failure,
severe trauma, or

64

surgery o R *
and Urologic Irrigation H k
> Reduce Acute m : &
. . Single Dose Vial E2
increases in Axany ¢ =
Intracranial -~ -
ressure (ICP

- \
| F A

20n, sqanmitol
Injecrion USP

NDC 63323-024-25

INJECTION, USP

__25% ]I

12.5 g/50 mL g S

9/17/2024
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Mannitol
(Osmitrol)

> For ICP: 0.5-1.0 grams/kg
over 15 minutes then 0.25
—0.50 grams/kg g 4 hours

> Expect effect on ICP within
15 minutes '

> Effects last about 4 hours

9/17/2024
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Hypertonic
NaCL

Hypertonic NaCL draws
water out of the brain
moving it to the
bloodstream.

Decreases ICP
Decrease Brain Edema

9/17/2024
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Mannitol (Osmitrol)

> Adverse Effects: Headache,
tremor, hypo/hypertension,
Hypernatremia, acidosis,
Rebound increase in ICP,
Toxic at 100-200 grams

> Contraindications: Shock,
Severe dehydration,
Intracranial bleeding,
Serum osmolality > 320
(normal 278-298)

> Filter required
. Risk of crystallization

9/17/2024

Pentobarbital
(Nembutal)

> Short acting barbiturate
used as sedative,
hypnotic, anticonvulsant

> Used following stroke,
head injury to induce it o 5 P o s L
coma to reduce cerebral
02 demand and to treat ‘ = s
refractory increased ICP,
Refractory Status
Epilepticus

s e e 0 g B Y B T’i}:

nis is a typical burst suppression pattem. This reflects severe diffuse cerebral dysfunctidifand is

generally seen with comatose patients that are minimally reactive to stimuli. This pattern can be seen

68
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W Maintain Patent Airway -
LOC decreased
> Early > Later
. . > Decreased LOC » Coma
= eaier A e s > Pupillary changes | > Ipsilateral
. ; pupils
Nursin > Visual -
g disturbances > Pupils
Intervention > Motor Weakness nonreactive
Assess for decreased > Motor
cerebral perfusion weakness
> Posturing
> Hyperthermic
\/ Implement measures to > Loss of
avoid skin breakdown brainstem
reflexes

69

- Grade I: Asymptomatic, or mild
headache, slight nuchal rigidity

> Arterial Blood > Skull X rays + Grade II: Moderate to severe
Gas > MRI headache, nuchal rigidity, Cranial nerve
. . > Complete > EEG palsy (3, 6)
D1agnost1c blood Count > Cerebral anei - Grade !II: Mild Focal deficit, lethargy,
i > Electrolyte erebralangio confusion
StlldleS Panel > EKG - Grade IV: Stupor, moderate to severe
> BUN /CR hemiparesis, early decerebrate, rigidity
> Osmolality « Grade V: Deep coma, decerebrate,
rigidity moribund appearance
> CTscan + Grade O: Unruptured Aneurysm

+ Grade 1a: No acute meningeal or brain
reaction but with significant fixed
deficits

Hick V., Cli
7 M”éé%ge,yti‘:)pi y 7
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The most likely cause is:
A 22-year-old

woman had a . A increased ICP.
craniotomy 5 days  °

ago and has an 4 h
intracranial pressure  SEEENSIACEEIIARSIL the
(ICP) catheter in hypothalamus.
place that was

inserted during the  #8 _
craniotomy. Her ) ¢ Infection.
temperature spikes S

to 39.4° C.

L The Fisher Grading Scale is used to identify the amount of blood
Fisher on the CT Scan and is a predictor of Vasospasm.

. + |: No subarachnoid blood detected
G rad l ng « II: Diffuse or vertical layers < 1 mm thick
« |ll: Localized and/or vertical layers > 1 mm thick
« IV: Intracerebral or intraventricular clot with/diffuse or no SAH

p. intracranial bleeding.

9/17/2024 .

%:—Short catheter
)

A 32—'year—o!d L. A Insert a nasogastric tube to
man is admitted * prevent vomiting.

with raccoon “ : :
eyes. You notice B. Suction the nasopharynx as Ventriculoperito
clear fluid needed. '.,h”"l’ong catheter IANIL: (VP)
dripping from II"I"l moves fluid from
his nose. What c. Insert nasal packing until the I
would be an physician arrives. |
appropriate

nursing +, D. Tape rolled sterile gauze

intervention? under the nose. Shunt Placement

the ventricles of
the brain to the
abdominal cavity.

9/17/2024
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Questions?
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