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Nervous System Cells

ANeurons

A Astrocytes
AMicroglia

A Oligodendroglia
ASchwann cells
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Glial Cells

ASupport neurons
AMacroglia
Astrocytes,oligodendrocytes, ependyma
AMicroglia
AGliosis:

Proliferation/hypertrophy of glial cells
Reaction to CNS injury
Astrocytes undergo major changes

AGlioma

Astrocytoma,Oligodendroglioma Ependymomas
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Neurons
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Neuron Action Potentials

Key Facts

A At rest, neurons have voltage offOmV
AMEEO EO | AET OAET AA AU
ATo depolarize, Na channels open

AThis allows Na into cell and raises voltage
ANa channels open along axo propagation

A At axon terminal, Ca channels open

ATriggers release of neurotransmitter

AVesicles fuse with membraney exocytosis
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Action Potential
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Clinical Relevance

AAgents that block Na channels will inhibit signals

ALocal anesthetics
Lidocaine, Benzocaineletracaine, Cocaine, etc.

ASome neurotoxins block Na channels
Pufferfish A tetrodotoxin
Japanese food
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Astrocytes

Almportant for support of neurons
AFound in CNS: Gray and white matter
A Removes excess neurotransmitter

A Repair, scar formation

AMajor part of reactive gliosis
Hypertrophy
Hyperplasia

AGFAP is key astrocyte marker
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Astrocytes

Clinical Relevance

A Astrocytomas
Cerebellum of children
GFAP positive

AJC Virus infects astrocytes andligodendrocytes
Causes PML in HIV patients

STUDY SMARTER




Microglia

ACNS macrophages

A Proliferate in response to injury

A Differentiate into larger phagocytes after injury

AHIV can persist in the brain via microglia

A Chronic HIV encephalitis: nodules of activated microglia
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Oligodendroglia

AMyelinate CNS axons

A Each cellmyelinates multiple axons
AMost common glial cell in white matter
A Destroyed in multiple sclerosis
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Schwann Cells

AMyelinate PNS axons

A Each celimyelinates one axons

AVery important for neuron regeneration
A Destroyed in GuillainBarre syndrome

A Form Schwannomas
Also called acoustic neuromas
Classically affect CN VIII
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Myelin

A Lipids and proteins
Alncreases SPEED of impulse propagation in axon

A Saltatory Conduction
Only need to depolarize Nodes of Ranvier
Do not need to depolarize entire axon
This makes process faster
m AT T AOAOET I
n 1 AT COE AT T O

ACNSOligodendrocytes

APNS: Schwann cells

; Dendrite Axon
( terminal

nucleus
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Types of Nerve Fibers

A Classification by diameter, myelin
A A-alpha:
Large,myelinated fibers, 6 to 15 microns diameter

Most efferent motor fibers
Touch, vibration, and position

AA-delta

Small,myelinated fibers, 3 to 5 microns in diameter
Cold, pain

AC fibers

Unmyelinated fibers, 0.5 to 2 microns in diameter
Warm, pain
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How Nerves Sense

A Four structures on nerve ending allow us to sense the
world

AFree nerve endings

A- A E O OCofasoles

A PacinianCorpuscles

A- AOEAI 60 AEOEO
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Free Nerve Endings

AMostly found in skin

A Sense pain and temperature

A Separate pain, cold and warm receptors
AC and Adelta fibers
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- A E O OQou3de®
ATouch receptors

ALocated near surface of skin
A Concentrated sensitive areas like fingers

O'1 AAOI 606 j EAEOI AOOQ OEEI
ADeformed by pressureA, nerve stimulation
A A-alpha (large,myelinated) fibers
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PacinianCorpuscles

AVibration, pressure receptors

A Located deep skin, joints, ligaments
AEggshaped structure

ALayers of tissue around free nerve ending
ADeformed by pressured, nerve stimulation
A A-alpha (large,myelinated) fibers
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- AOEA1 60 $EOAO
A Pressure, position receptors
AMany locations, but especially hair follicles
A A-alpha (large,myelinated) fibers
A Sustained response to pressure
0311 x1U AAADPOET C6o
Provide continues information
AContrast with- A E O Q Pa&iamn O
O2APEAI U AAADPOET Co
Respond mostly tochanges
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Peripheral Nerves

Nerve Structure

spinal nerve

Epineurium

Axon

Fasciculus

Severed nerve repairmeurorrhaphy
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Nerve Damage

Jason Ryan, MD, MPH

STUDY SMARTER




Peripheral Nerve Damage

AMild: Neurapraxia

AModerate: Axonotmesis

A Severe: Neurotmesis

ACan result in weakness or sensory loss

Nerve

Myelin
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Neurapraxia

AMild injury

A Focal demyelination

A Axon distal to injury intact
A Continuity across injury

A Excellent recovery

Nerve

Myelin
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Neurotmesis

A Severe lesions

A Axon, myelin sheath irreversibly damaged

A External continuity of the injured nerve disrupted
ANo significant regeneration occurs

ABad prognosis

Epineurium

Perineurium
Nerve Endoneuriu
Myelin
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Axonotmesis

ADemyelination plus damage to axon
AEndoneurium, perineurium remain intact

Nerve

Myelin
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Axonotmesis

A$ EOOAIT OI wabdfisdh ddgdn@dionl af
Also occurs just proximal to injury

A Axon degenerates, myelin sheath involutes

A Axon regrowth sometimes occurs

APossible ifSchwann cells maintain integrity
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Axonotmesis

A0 OT @GEI Al  OlaxoaEdactionSOE T T
A Also called central chromatolysis

AUp-regulation of protein synthesis for repair

A Cell body changes

Swelling
Chromatolysis (disappearance of Nissl bodies)
Nucleus moves to periphery

A Resolves with time
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Chromatolysis

Normal Chromatolytic Regeneration

Alexanae/Wikipedia
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Chromatolysis

Dr. Dimitri Agamanolis
neuropathology-web.org
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Axonotmesis

AVariable prognosis
Extent of damage
Distance to target
Complexity of nerve

AUsually partial recovery
ALonger recovery time than neurapraxia
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Central Nerve Damage

Ischemia

A~ 4-5 minutes of ischemiaA irreversible damage

ANeurons more sensitive than glial cells
Higher energy demands; lack glycogen

A Most sensitive neurons:
Hippocampus
Purkinje cells (Cerebellum)
Neocortex
Striatum (Basal ganglia)
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Central Nerve Damage

Changes after Infarction

A12-24 hours
No changes for about 12 hours
First changes occur imeurons
Microvacuoles (small holes) develop in neuron cytoplasm
Neurons become deep pikO A A ARled neutons®
Nucleus changes shape, color
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Red Neurons

SV Murthy
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Central Nerve Damage

Changes after Infarction

A24-48 hours
Neutrophils, macrophages, microglia
Liquefactive necrosis from lysosomal enzymes release
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Central Nerve Damage

Changes after Infarction

ADays to weeks
Macrophages eliminate debris

Cyst forms
Astrocytes undergo gliosis - multiply, enlarge
Astrocyte processes form wall around cyst
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UMN and LMN

A Somatics two neuron chain
AUpper motor neuron e s

Brain to second nerve
ALower motor neuron
CNS to muscle/target UMN
e /\
usc em‘

BoardS&BeyOI’]d_ Image courtesy of Wikipedia andkwchui .



UMN and LMN

AUMN: Cortex, internal capsulesorticospinal tract
ALMN: Brainstem, spinal cord (anterior horn)
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UMN and LMN

AUpper motor damage (pyramidal signs)
Spastic paralysis (stiff, rigid muscles)
Hyperreflexia
Muscle overactive

Clasp knife spasticity: passive movemer initial resistance,
sudden release
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UMN and LMN

ALower motor damage
Flaccid paralysis
Fasciculation (spontaneous contractions/twitches)
Loss of reflexes
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Decussation

AUMN cross just below medulla
Decussation

A Lesions abovedecussation
Contralateral dysfunction

ALesions belowdecussation
Ipsilateral dysfunction

'&Jl i :. Detuasation of pyramids
j}'-.'l H%.,L—Antcﬁw cerebrospinal fuscieulue
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Bulbar

ABulbar muscles are supplied by CN in brainstem
V (jaw)
VIl (face)
IX (swallowing)
X (palate)
XI (head)
XII (tongue)
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Bulbar vs.Pseudobulbar

ABulbar palsy
Cranial nerve damage
LMN signs

A Pseudobulbar

Corticobulbar tract damage
UMN signs
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Key Differences

ABulbar

Absent jaw/gag reflex
Tongue flaccid/wasted

A Pseudobulbar

Exaggerated gag reflex
Tongue spastic (no wasting)
Spasticdysarthria
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Blood Brain Barrier

Jason Ryan, MD, MPH
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Blood Brain Barrier

ASurrounds CNS blood vessels
A Controls content CNS interstitial fluid
ATight junctions btw endothelial cells of capillaries

AAstrocytes foot processes
Terminate in overlapping fashion on capillary walls
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Blood Brain Barrier

AWater, some gases, and lipid soluble small molecules

easily diffuse across
A Keeps out bacteria, many drugs
A1 OAT OATAT ETT AAEAO AAIT 6O
Use carriermediated transport
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Circumventricular Organs (CVO

AVascular brain structures around ventricles
ANo blood brain barrier

A Allow communication CNSA blood stream
ASome sensory, some secretory

AKey CVOs

Areapostrema

OVLT

SubfornicalOrgan (SFO)

Median Eminence of Hypothalamus
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Area Postrema

ACaudal end of & ventricle in medulla
AO#EAT T OAAAPOT O OOECCAO UI
A Outside blood brain barrier

AChemo agents affect this area

A Sends signals to vomiting center in the medulla
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OVLT

AOrganumvasculosumof the laminaterminalis
A Anterior wall of the third ventricle
A Osmosensoryneurons
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SubfornicalOrgan (SFO)

A Anterior wall 31 ventricle

AResponds to many circulating substances
A Exact roles not clear

A Responds to angiotensin |l

A Projects to other brain areas
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Median Eminence of
Hypothalamus

AReleases hormones into vascular system to pituitary
A Allows hypothalamus to regulate pituitary
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Other Brain Areas
Without BBB

A Posterior Pituitary Gland
Oxytocin, ADH

APineal Gland
Melatonin
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VasogenidCerebral) Edema

Breakdown of blood brain barrier
Trauma, stroke

Swelling of brain tissue |z
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Neurotransmitters

Jason Ryan, MD, MPH
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Peripheral Neurotransmitters

ANorepinephrine
A Acetylcholine
A Dopamine
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Key CNS Neurotransmitters

ANorepinephrine

A Acetylcholine (ACH

A Dopamine

A Serotonin (5-HT)

A1 -aminobutyric acid (GABA)
A Glutamate
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Norepinephrine

A Stress/panic hormone
Alncreased levels in anxiety

A Decreased levels in depression
3i 1T A AT OEAADPOAOOAT OO . %
Serotoninznorepinephrine reuptake inhibitors (SNRIS)
Desipramine(TCA)
Monoamine Oxidase inhibitors MAO))
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| ocus Ceruleus

A Posterior pons near 4t ventricle

AMain source of NE in brain

A Critical for response to stress

A Extensive projections that activate under stress
A Activated in opiate withdrawal
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| ocus Ceruleus
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Dopamine

ASynthesized in:
Ventral tegmentum (midbrain)
Substantianigra (midbrain)

Alncreased levels in schizophrenia
A$ AAOAAOAA |1 AOAIT O EI
A Decreased levels in depression
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Dopamine Synthesis

Substantia
ng!d
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GABA

At -aminobutyric acid

AGABA is largely inhibitory

A Synthesized in nucleusiccumbens(subcortex)
A Decreased levels in anxiety

A$ AAOAAOAA 1 AOA1T O EI
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GABA Synthesis

_ Striatum

Substantia
ng!d
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GABA Receptor Anesthetics

A Etomidate

A Propofol

A Benzodiazepines

A Barbiturates

AThese drugs activate receptofy sedation
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GABA Receptor

AGABA binds to receptor allows Cinto cell
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GABA Synthesis

A Synthesized via glutamate decarboxylas@ neurons
A Broken down by GABAransaminase
A Both enzymes need B6 cofactor

Glutamate GABA
decarboxylase Transaminase

Glutamate ———— s GABA — Breakdown
Products
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GABA Receptor

AThree GABA receptor subtypes
AGABA, GABA, in brain
AGABA in retina

/A Benzodiazepines act on GABA
Stimulate CF influx

A Alcohol, zolpidem, and barbiturates also GABA
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NucleusAccumbens

Almportant for pleasure/reward

A Research shows NA activated in
Drug addiction
Fear
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Serotonin

AVarious functions

A Synthesized inraphe nucleus (pons)

A Decreased levels in anxiety

A Decreased levels in depression
31T T A Al OEAABPBTOA&sOAT OO0 Yy
Selectiveserotonin reuptake inhibitors (SSRISs)

Serotoninznorepinephrine reuptake inhibitors (SNRIS)
Monoamine Oxidase inhibitors MAO))
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5-HT Synthesis




Serotonin Syndrome

A# A1 T AAOO AT U AOOC OEAO
SSRIs, MAO inhibitorsSNRis TCAS
A Classically triad
A#1: Mental status changes
Anxiety, delirium, restlessness, and disorientation
A#2: Autonomic hyperactivity
Diaphoresis, tachycardia, hyperthermia

A#3: Neuromuscular abnormalities
Tremor, clonus, hyperreflexia, bilateral Babinski sign

SSSSSSSSSSSS
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Serotonin Syndrome

AWatch for patient on antidepressants with fever,
confusion, and rigid muscles

A$TT60 AT T £OOA xEOE . - 3
Both: muscle rigidity, fever, 3 MS, and autonomic instability
.-3d O, AAA PEPAOG OECEAEOUN
SSClonus

ATreatment: cyproheptadine (5 zHT antagonist)
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Acetylcholine

A Synthesized in basal nucleus d¥leynert (subcortex)
Alncreased levels in REM sleep

A$ AAOAAOAA 1T AOA1T O ET !''1 UE
A$ AAOAAOAA 1T AOAT O ET ( c”)T
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Glutamate

AMajor excitatory neurotransmitter

AN-methyl-D-aspartate (NMDA) receptor is target

ACOT OET cOl 1T 60qg T AOCOiTAI
Glutamate binds NMDA receptor

Excessive influx calcium
Cell death

STUDY SMARTER
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Phencyclidine (PCP)

Angel Dust

A Antagonist to NMDA receptor
AViolent behavior

AHallucinations

A Ataxia, nystagmus

A Hypertension, tachycardig diaphoresis
A Can cause seizures, coma, or death
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Dermatomes and
Reflexes

Jason Ryan, MD, MPH
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Dermatomes

C1 Nerve Root
C1 Vertebrae

C7

C7 Vertebrae
C8

T1 Vertebrae
T1

T2 Vertebrae
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Key Spinal Nerves

A Phrenic nerve C3C5
Innervates diaphragm
Diaphragm irritaton A OOA AEAAOOAA S
Classic example is gallbladder disease
Also lower lung masses
Irritation can cause dyspnea and hiccups
Cut nerveA diaphragm elevation, dyspnea

AT10 = umbilicus
Referred pain for appendicitis

SSSSSSSSSSS
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Herpes Zoster
Shingles

A Reactivation of latent varicellazoster virus
Primary VZV = chicken pox
Fever, pharyngitis, vesicular rash
Shingles = reactivated VZV

ALies dormant in dorsal root ganglia

ARash along dermatome

A Does not cross midline

ACommon in elderly or immunocompromised
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Herpes Zoster

Image courtesy ofisle
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Reflexes

Spinal cord Ventral Root

Motor Nerve (Efferent)

Quadriceps (muscle)
Sensory Nerve (Afferent)

atella
Femur

Leg movement

\al

BoardS&Beyond. Image courtesy of ChristinaT3
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Clinically Tested Reflexes

ABicepsz C5

ATricepsz C7

APatellaz L4

A Achilles (ankle jerk)z S1
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Reflexes

A0 = No reflex

A1+ = diminished (LMN lesion)
A2+ = Normal

A3+ = Brisk (UMN lesion)

A4+ = Very brisk

A5+ = Sustainectlonus
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Nerve Root Syndromes

ALS5 (L4/L5 disc) AS1 (L5/S1disc)
Most common 2"d most common
Back pain downlat leg Pain down back of leg
Foot strength reduced Weakness plantar flexion
Reflexes normal Ankle reflex lost
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Babinski Sign

Plantar Reflex

ARub bottom foot

ANormal: downward
Plantarflexion

AAbnormal: upward
Dorsiflexion
UMN damage
UMN suppress reflex

AUpward = normal infants
<12mo
Incomplete myelination

SSSSSSSSSSSS

Normal
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Positive (+) Babinski sign
(dorsiflexion of big toe)




Primitive Reflexes

AAIll present at birth in normal babies

A Disappear in first year of life or less

A Babies lacking these may have CNS pathology
A Reflexes that persist can indicate pathology

A Inhibited by mature frontal lobe

A Can reappear with frontal lobe pathology

A Six key reflexes:
Moro, Rooting, Sucking, Palmar, Plantar, Galant
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Moro Reflex

Startle Reflex

ALie baby on back
ALift slightly off back
AlLet go

AThree phase reflex
Spreading of arms
Unspreadingof arms
Crying
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Other Primitive Reflexes

ARooting
Stroke cheek, baby turns toward side of stroke

A Sucking

Baby will suck anything touching roof of mouth
APalmar

300l EA AAAUBO PAI i h £Z£EITCAOO
APlantar

Babinski reflexA normal up to 1 year

AGalant

Stroke skin along babies back, baby swings legs to that side

SSSSSSSSSSS
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Cerebral Cortex

Jason Ryan, MD, MPH
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Cerebral Cortex

Lobes of the brain
Central sulcus

Frontal lobe

Parietal lobe

\, Occipital lobe

Sylvian fissure

Temporal lobe

BoardS&Beyond. Image courtesy of RobinH
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Brodmann areas

A47 areas of human brain




Frontal Lobe

ALargest lobe
A Motor function, planning movements
AThinking, feeling, imagining, making decisions

AKey Areas
Motor cortex
Frontal Eye Fields
" Ol Apeécharea
Prefrontal Cortex
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Boards&Beyond.

Motor Cortex

Precentralsulcus

Precentral gyrus

Lobes of the brain
Central sulcus

Frontal lobe

Parietal lobe

\, Occipital lobe

Sylvian fissure

Temporal lobe

STUDY SMARTER
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Homunculus

tood
290T
2lstined Genitals

MCA: Upper limb, face
ACA: Lower limb

BoardS&Beyond_ Image courtesy ofWikipiedia and OpenStaxCollege
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Frontal Eye Flelds

AFound in frontal lobe

A" OT Al Mred ® O

A Performs conjugate movement eyes to opposite side
A Saccadic movements: bacforth (reading)

AComplex functionA helps track objects

A Destructive lesion:
Both eyes deviate to side of lesion

R

OO

Right FEF Lesion
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'l N\ (| ~Y Vd ; Vd

Ol ASpeecArea
A Located in frontal lobez LEFT hemisphere
A Speech production (not comprehension)
AMoves muscles for speech

AMakes speech clear, fluent
ADestructionA OAGDPOAOOEOAS

ADEAO

Know what you want to say but cannot express speech

Short sentences, stutters, stops
A7TAOAE &1 O OAOIT EAT o6
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‘stool, is it boy, is it that landing down, girl is laughing, and cookie
AL iinsns ok um.....window....curtains and out the garden and trees
low grass and um lady washing the dishes and hot and cold
water....plashing running, floor, and the two cups of a, two cups of
ah, two cups of ah, coffee or um....empty um........ cupboard and
cupboards .....um.....washing.....flashing and um earth to roof’

BoardS&BeXQQﬂ Image courtesy otoburgpsych .




7 AOI EApkakid O

ALocated in temporal lobez LEFT hemisphere

A Speech comprehension (not production)

ADestructionA O&ZI OAT 06 APEAOEA
Fluent, but meaningless speech

AWatch for LACK of stutters, starts/stops
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— R

Test for Wernicke’s Aphasia

") _\\\

“’- ‘I['ﬂ}
i B LIN

‘Mother is away here working her work to get her better, but
when she’s looking the two boys looking in the other part.
She’s working another time.’

m BoardS&Beyond Image courtesy ofoburgpsych .



Global Aphasia

A Both Broca'sand Wernicke's (left side)
AOAOEAT O60 1T AOAT 1| OOA
A Cannot follow commands

A Can occur immediately following stroke

AUsually occurs with extensive CNS damage
Right Hemiparesis
Right visual loss
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Prefrontal Cortex

A Anterior 2/3 of frontal lobe

ALesions:
Disinhibition
Deficits in concentration
Disorientation
Poor judgment
Reemergence of primitive reflexes
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Phineas Gage

ARailroad worker 1848

ARailroad iron thru skull
ASurvived Gy - |
A Personality change ||

Image courtesy of Jack and Bevj}gus
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Parietal Lobes

A Contain sensory cortex

A Damage to right parietal lobe: spatial neglect
Contralateral (left) agnosia
#A1 60 PDAOAAEOA 1T AEAAOO EI
Despite normal vision, somatic sensation
Failure to report or respond to stimuli affected side

ARight-sided spatial neglect rare
Redundant processing of right by left/right brain

SSSSSSSSSSSS
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Parietal Lobes

A*AOI 60 , 11D
A Part of visual pathway
A Damage:Quadrantic Anopia

N N,
c/ \\/ / \\.
- -
"AOI 60 ,1T 1B ,AOETI
_Parietal Lobe
O0EA ET OEA AI 110606

Parietal lobe damage
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Temporal Lobe

APrimary auditory cortex

LesionsA OAT OOEAAI 6 AAAAE AOO
A7TAOl EAEAG6O OPAAAE AOAA
A Olfactory bulb
A- AUAOGO , 11D
AHippocampus
AAmygdala
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Olfactory Bulb

A Destruction A ipsilateral anosmia

A Psychomotor epilepsy
Sights, sounds, smells that are not there
Can result from irritation olfactory bulb
Part of temporal lobe epilepsy

ARare, olfactory groovemeningiomas
About 10% of allmeningiomas
Causeanosmia
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- AUAOG O

QuadranticAnopia
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- AUAOG O
Temporal Lobe
O0EA EI

PP

OEA OEUO®

MCA stroke, Temp lobe damage
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Amygdala

ATemporal lobe nuclei
Almportant for decision making, higher functions
APart of limbic system
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Kluver-Bucy Syndrome

ADamage to bilateral amygdala (temporal lobes)
AHyperphagia - Weight gain
AHyperorality -tendency to examine all with mouth

Alnappropriate Sexual Behavior
Atypical sexual behavior, mounting inanimate objects

AVisual Agnosia
Inability to recognize visually presented objects

ARare complication of HSV1 encephalitis
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Occipital Lobe

AVision
ALesions cause cortical blindness
ABlood supply”A PCA
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HomonymousHemianopsia

(D D

Left PCA Stroke
Right visual loss

a a

Right PCA Stroke
Left visual loss
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Macular Sparing

AMacula: central, highresolution vision (reading)
A Dual blood supply: MCA and PCA
APCA strokes often spare the macula

(B B
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Spinal Cord

Jason Ryan, MD, MPH
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Spine

Spinous process

Meninges
Foramen

(filled with adipose tissue) Gray matter

White matter

. . Dorsal root
Inferior articular process

Ventral root
Superior articular process

Spinal nerve

Posterior tubercle of
transverse process

Anterior tubercle of

transverse process Nucleus pulposus

Foramen transversium Disc annulus

Vertebral body

Image courtesy ofdebivort
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A Cervical (8)
AThoracic (12)
ALumbar (5)

A Sacral (5)

ACord ends L1/L2
/A Conusmedullaris

A CaudaEquina

BoardS&BeX&lQQ Image courtesy of guest334add .



Spinal Cord Cross Section

White matter = Fibers
Gray matter = cells

BoardS&Beyond. Image courtesy ofOpenStaxCollege
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Spinal Cord Levels

Thoracic

/\"
Lumbar @

Sacral @

STUDY SMARTER

White matter = Fibers
Gray matter = cells



Terminology

ADorsal

Posterior
Towards Back

AVentral
Anterior
Towards Front

STUDY SMARTER

ARostral
Towards top of head

A Caudal

Towards tall
Away from head




Spinal Cord

Posterior (dorsal)
columns

Lateral
corticos pinal

: - tract

Spinothalamic
tract

Dorsal
root

Dorsal root
ganglion

\

Ventral
root

e

Boards&Beyond.
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Spinal Cord Tracts

Motor and descending (efferent) — Sensory and ascending
pathways (red) 1 _ I TN A I (afferent) pathways
(blue)
Pyramidal tracts
- Lateral corticospinal tract Dorsal Column Medial
: { Lemniscus System

- Anterior corticospinal tract
Gracile fasciculus
Cuneate fasciculus

Spinocerebellar Tracts
Posterior spinocerebellar tract
Anterior spinocerebellar tract

Extrapyramidal Tracts
- Rubrospinal tract
- Reticulospinal tracts
- Olivospinal tract
- Vestibulospinal tract

Anterolateral System
Lateral spinothalamic tract
Anterior spinothalamic tract

Spino-olivary fibers

Image courtesy of Polarlysand Mikael Haggstrom

STUDY SMARTER

Boards&Beyond



Spinal Cord

Posterior (dorsal)
columns

Lateral
corticos pinal

: - tract

Spinothalamic
tract

Dorsal
root

Dorsal root
ganglion

\

Ventral
root

e

Boards&Beyond.
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Spinothalamic Tract

Pain/temperature/crude touch - cr o

(postcentral gyrus)

IS 28— Axons of neurons
in posterior limb of
internal capsule

i/ "~ Ventral posterolateral
nucleus (VPL
neuron 1)

15t Neuron: Spinal root to cord
2nd Neuron: Dorsal Horn
34 Neuron: VPL Thalamus to Cortex

Medial lemniscus

Crus cerebri — —

N)

1O

Medial ler

(f L
2 R—\" )

/0, m

— Lateral
4 spinothalamic tract

BoardssBeyond.
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Spinothalamic Tract

Pain/temperature/crude touch P
Thalamus & -

15t Neuron: Spinal root to cord
2nd Neuron: Dorsal Horn to Thalamus
34 Neuron: VPL Thalamus to Cortex

STUDY SMARTER



46 6O 1ex £ Leg area

Trunk areéa

Armi area

Posterior Column

Dorsal ColumnMedial Lemniscug -«

Lentiiorm nucleus

Head area
— Face area

Ventral posterolateral
nucleus of thalamus
(neuron I}

Medial lemniscus

Midbrain

Medial lemniscus
Trigaminal nerve e 1= / Pons

Medulla

Nucleus gracilis

Madial lemniscus

Nucleus cuneatus

Spinal tngeminal nucleus
Internal arcuate fibers st 2

(neuron 1) - —

Decussation of
Cuneate fasciculus medial lemniscus
Spinal ganglon cell

= = Gracile asciculus
"
(neuron 1) e ——) {

Cuneate fasciculus
Pacinian
corpuscle —_ (. Cervical spinal cord

Gracile fasciculus

Meissner's
corpuscle

Lumbosacral spinal cord

Boards&Beyond.
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Posterior Column ...

Dorsal ColumnMedial Lemniscus

15t Neuron: Spinal root up cord
2"d Neuron: Gracilis (lower)
Cuneatus (upper)
3'd Neuron: VPL Thalamus to Cortex

Vibration/proprioception/fine touch

Nucleus
Cuneatus

Pacinian
Corpuscle

Meissner's
Corpuscle

Boards&Beyond
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Nucleus
Gracilis
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Sensory Info to Brain

A Spinothalamic
Pain/temperature/crude touch
Synapse cord level
Cross cord level

A Posterior column
Vibration/proprioception/fine touch
Ascend in cord
Synapse nucleugracilis/ cuneatus
Cross medulla

AKey point: Both cross but in different places

SSSSSSSSSSS




Thalamus

W= Large pyramidal

Paosterior imb
Intermnal capsule cells of Beiz
ular nucles . __——Genu of
Intemal capsule
— Antarior limb of
intermnal capsule

= Longltudinal fibers in

basitar portion of pons
CNVI —
Medulla
CN Xl
Pyramid-—" : Medulta

Pyramidal decussation

Lateral corticospinal tract
(crossed axons of neuron 1)

Ventral corticospinal tract
(uncrossad axons of neuron [)

Spinal cord
plates

——————————— Ventral white commissure

BoardssBeyond.
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Corticospinal Tract

Posterior
Limb
Internal
Capsule
Motor Midbrain
1st Neuron: Cortex to Anterior Horn
2nd Neuron: Anterior Horn to muscle
. Pons
DecussationLower Medulla
Medulla
Lower
Medulla

Spinal

%t_.‘:. : Cord
BoardssaBeyond



Key Points

Anterior Horn z Motor nerves

Posterior Hornz Sensory Nerves (pain/temp)
Lateral Horn z Autonomic Nerves
Spinothalamic Tractz Pain/Temp

Medial lemniscusz Vibration/Proprioception

Corticospinal Tract- Motor @j”’r\»b
, 5 |f 4

arsal)

o U A wN P

o,

.\‘
_v_ = 3 yy/ ‘.,._ = 4

B
tral) J

SSSSSSSSSSSS



Testing Sensation

ARomberg
Positive suggests posterior column problem

AVibration
Tuning fork

A Proprioception
#1 1 OA AUAON O)O O1I A Ob

STUDY SMARTER
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Testing Sensation

APain
A Pin prick
ATemp
A Hot/cold water (rarely done)

STUDY SMARTER




Peripheral Neuropathy

A Diabetes complication
Pin prick weak at feet, better further up leg
Changes with going up the leg
Not spinal cord problem

STUDY SMARTER




Spinal Cord
Syndromes

Jason Ryan, MD, MPH

STUDY SMARTER




Spinal Cord Syndromes

Poliomyelitis and Werdnig-Hoffman disease
Multiple sclerosis

Amyotrophic lateral sclerosis (ALS)
Anterior spinal artery occlusion

Tabes dorsalis

Syringomyelia

Subacute combined degeneration (SCD)

N O O s wDdhRE
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Polio

ASingle stranded RNA virus
APrevented by vaccination

A Destruction of anterior horn
ALMN lesions

AFlaccid paralysis

STUDY SMARTER




Polio

A Classic presentation
Unvaccinated child
Febrile iliness
Neuro symptoms 45 days later
Weakness (legs>arms)
Flaccid muscle tone

Boards&Beyond.

STUDY SMARTER




Werdnig-Hoffman Disease

ASpinal muscle atrophy disease

A Hypotonia/weakness in newborn

A Classic finding: tongue fasciculations
A Similar lesions to polio

A Death in few months

STUDY SMARTER




Multiple Sclerosis

AMostly cervical white matter
ARandom, asymmetric lesions
A Relapsing, remitting pattern

r:
arsal)

tral)
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Amyotrophic lateral sclerosis

ACombined UMN/LMN disease
ANo sensory symptoms!! o

AUpper symptoms
Spasticity, exaggerated reflexes

ALower symptoms
Wasting, fasciculations

tral)

STUDY SMARTER




Amyotrophic lateral sclerosis

A Cranial nerves can be involved
Dysphagia
AMost common 4060 years old
AUsually fatal 35 years
A Common cause of death: aspiration pneumonia
ARiluzole /£l O OOAAOI AT O j 8 cCcl OOA
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Amyotrophic lateral sclerosis

A Familial cases:
Zinc copper superoxide dismutase deficiency
Increased free radical damage

STUDY SMARTER




Lou Gehrig

SSSSSSSSSSSS

ABaseball player
ANY Yankees 1930s
AThe Iron Horse




Amyotrophic lateral sclerosis

A Classic Presentation
50-year old patient
Slowly progressive course
Arm weakness
Dysphagia to solids/liquids
Some flaccid muscles
Some spastic muscles
No sensory symptoms

STUDY SMARTER




ASA Occlusion

ALoss of all but posterior columns
Only vibration, proprioception intact

A Acute onset (stroke)

Alnitial spinal shock
Flaccid bilateral paralysis (loss of LMN) below lesion

AWeeks later
LMN defect at level of lesion
UMN damage below lesion
Hyperreflexia, spasticity

SSSSSSSSSSS




Tabes dorsalis

ATertiary syphilis
A Demyelination of posterior columns
A Loss of dorsal roots

STUDY SMARTER




Tabes dorsalis

AClassic Signs/Symptoms
Patient with other STDs
Difficulty walking
5/5 strength legs and arms
Positive Romberg (ngoproprio)
Wide-based gate
Fleeting, recurrent shooting pains
Loss of ankle/knee reflexes
Argyll Robertson pupils

STUDY SMARTER




Syringomyelia

AFluid-filled space in spinal canal

A Damages ST nerve fibers crossing center
A Bilateral loss pain/temp
AUsually C8T1 (arms/hands)

STUDY SMARTER




Syringomyelia

ACan expand to affect anterior horn
Muscle weakness

A Can expand to affect lateral horn
Loss of sympathetic to face
(1T OT AO6O OUlT AOoT i A
A Can cause&yphoscoliosis(spine curve)
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Syringomyelia

AFrom trauma or congenital
A Can occur years after spinal cord injury
A Seen inChiari malformations

STUDY SMARTER




Syringomyelia

A Symptoms only at level of thesyrinx
AUsually C8T1

Watch for pin prick/temp loss on only hands/back
Legs will be normal

A Position, vibration normal all levels

ATemp loss may present as burns not felt

APain loss may present as cuts not felt

Alf large, motor symptoms may develop

Ay £ 1 AOCAh (1T 01 A0O8O OUT AOI
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Syringomyelia

A Classic presentation
Cuts/burns on hands that were not felt
Loss of pinprick and temp in back, shoulders, arms

AMay also include:

Motor weakness arms
(1T OT AOG6O OuUl Aol 1 A
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SCD

AB12 Deficiency
A Demyelination posterior columns ibr/ proprio)
A Loss of lateral motor tracts
A Slowly progressive
AWeakness

A Ataxia

AMay not havemacrocytosis

STUDY SMARTER




SCD

A Classic presentation
Problems walking
Positive Romberg
Spastic paresis in legs
Lower extremity hyperreflexia
Positive Babinski

STUDY SMARTER




Brown-SequardSyndrome

A Loss of half of spinal cord

ATrauma or tumor

A Losepain/temp contralateral side

A Lose motor, position, vibration ipsilateral side

STUDY SMARTER



Below Level of Injury

Proprio/Vibration

Pain/Temp
Loss

UMN
Motor Loss/
Paralysis

No Motor, Proprio, Vibration Injured Side
No Pain or Temp Contralateral Side

SSSSSSSSSSSS




Level of Injury

Proprio/
Vibration

Pain/Temp

)
4 \\

Motor Loss

No Motor, Proprio, Vibration, Pain, or Temp

STUDY SMARTER



Brown-SequardSyndrome

X

AWeak side = side with lesion
AUMN signs below

A1: Level of lesion
LMN signs
Loss of all sensation
If above T1IA ( | O AOG6 O
Constricted pupil, eyelid droop

A2: Loss of motor, posterior columns
A3: Loss of pain/temp

SSSSSSSSSSSS




Brown-SequardSyndrome

X

A Classic Presentation
Prior trauma (knife, gunshot)
Level of injury: No sensation
Side with injury
Spastic paresisBabinskisign
Loss of vibration/proprioception

Other side
Loss of pain/temp

SSSSSSSSSSSS




Cauda Equina Syndrome

A Spinal cord ends about L2donusmedullaris)
A Spinal nerves continue inferiorly caudaequina)

A Cauda equina nerve roots:
Motor to lower extremity
Sensory to lower extremity
Pelvic floor/sphincter innervation

A Cauda equina syndrome:
Compressioncaudaequina
Massive disk rupture
Trauma, tumor

SSSSSSSSSSSS




Cauda Equina Syndrome

AClassic Presentation } \
Severe low back pain
O3AAAT A AT AOOEAOGEA
Loss ofanocutaneousreflex
Bowel and bladder dysfunction
Normal Babinski

Boards&Beyond_ Image courtesy of Lesion .



ConusMedullaris Syndrome

APerianal anesthesia, bilateral
Almpotence

STUDY SMARTER




Brainstem

Jason Ryan, MD, MPH

STUDY SMARTER




Terminology

ADorsal

Posterior
Towards Back

AVentral
Anterior
Towards Front

STUDY SMARTER

ARostral
Towards top of head

A Caudal

Towards tall
Away from head




The Brainstem

Midbrain

Medulla

Image courtesy ofOpenStaxcollege
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The Brainstem

A Sensory and motor fibers
ANuclei of cranial nerves

Almportant to know what lies in each section
Midbrain
Pons
Medulla

A Focus on
Which cranial nerves each level?
Where are the tracts traveling btw brain/cord?
Medial versus lateral?

SSSSSSSSSSS




Brainstem Sections




Midbrain

Mesencephalon

Cerebral Aqueduct

MLF

Spinothalamic Tract

Cerebral
Peduncle

Red Nucle Corticospinal Tract

Corticobulbar Tract

Oculomotor Nerve

BoardssaBeyond
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Benedikt Syndrome

ACN 3, medialeminiscus, red nucleus
A Oculomotor palsy
A Contralateral lossproprioception /vibration

Alnvoluntary movements
Tremor
Ataxia

STUDY SMARTER




7AAAOGO 3U
A CNB3,corticospinal tract, corticobulbar tract
A Occulomotornerve palsy

A Contralateral hemiparesis

A Pseudobulbarpalsy
UMN cranial nerve motor weakness
Exaggerated gag reflex
Tongue spastic (no wasting)
Spasticdysarthria

SSSSSSSSSSS




0 A O E T SyrfdarteO
A Posterior midbrain
A Superior colliculus and pretectal area

N ~ Ve ~ r ~

#A1 60 1TTE Ob j} OAOOEAAI CAUA
APseudo Argyll Robertson pupil
A Often from pinealoma/ germinoma of pineal region

AWatch for cerebral aqueduct obstruction
Non-communicating hydrocephalus
Compression from a pineal tumor

ANNAN
il
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Pons

Vestibular

Nuclei (VI Spinal Tract

& Nucleus
Trigeminal (V)

j
\/

4

4t Ventricle

Vestibular N
(CN VIII)

CN VI

Spinothalamic
Tract

Medial ‘
Lemniscus

Corticospinal

Tract
Ll BoardsaBeyond CN VI .



Medial Pontine Syndromes

A Corticospinal tract, CN 6, CN 7

A Contralateral hemiparesis

ACN 6 palsy

A Facial weakness/droop affected side

ALateral gaze structures: MLF, CN VI nucleus

A Gaze palsies
#A1T 60 1 TTE O AEEAAOAA OEAA
Damage to either PPRF or nucleus CN VI
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Lateral Pontine Syndromes

AVestibular nuclei: nystagmus vertigo, N/V
A Spinothalamic tract: Contralateral pain/temp
ASpinal V nucleus: ipsilateral face pain/temp

A3UI PAOEAOEA OOAAOd (1 OT AO
A Facial nucleus:

Ipsilateral facial droop

Loss corneal reflex

A Cochlear nuclei
Deafness

A AICA stroke

SSSSSSSSSSSS




Medulla

Vestibular

Nuclei (VIII) Hypothalamospinal
Tract

Spinal Nucleus
Nucleus Solitarius Trigeminal N (V)

Spinal Tract

Dorsal Motor Trigeminal N (V)

Nucleus X

CN Spinothalamic
Nucleus Tract
Ambiguus

Inferior Olivary
Nucleus

Pyramids

Viedia (corticospinal)
m Boards&BexgmAg_ Lemniscus



Medial Medullary Syndrome

A Corticospinal, medial lemniscus, CN 12
A Contralateral Hemiparesis
A Contralateral loss of proprioception/vibration

AFlaccid paralysis tongue
Deviation to side of lesion

A Anterior spinal artery stroke

SSSSSSSSSSS




Lateral Medullary Syndrome

Wallenberg's Syndrome

AVestibular nuclei: Nystagmus, vertigo, N/V

A3UI PAOEAOEA OOAAOgq (I O1T AO
A Spinothalamic tract: Contralateral pain/temp

ASpinal V nucleus: ipsilateral face pain/temp

ANucleus ambiguus (1X, X)
Hoarseness, dysphagia

APICA Stroke

SSSSSSSSSSSS




How to Find Lesions

AOption 1: Know the syndromes
A Option 2: Use the Rule of 4s

STUDY SMARTER




Rule of 4s

A4 CNs in: A4 midline columns
Medulla Motor nucleus
Pons Motor pathway
Above Pons MLF
A4 CNs divide into 12 Medial Lemniscus
I, 1V, VI, XII A4 lateral (side) columns
Motor nuclei are midline Sympathetic
A4 CNs do not divide/12 Spinothalamic
V, VII, IX, XI Sensory
All are lateral Spinocerebellar

Dr. Peter Gates. The rule of 4 of the brainstem: a simplified method for

understanding brainstem anatomy and brainstem vascular syndromes

for the non-neurologist. Internal Medicine Journal Volume 33ssue
m Boar ds&Beyond_ 4, pages 263266, April 2005

STUDY SMARTER



Localizing Lesions

AMedial vs. Lateral
Which tracts affected?

AMedulla vs. Pons vs. Midbrain
Which cranial nerves affected?

of
Midt?rain @)
Po:ns Tracts
Mec:lulla
Media---------- Lateral

STUDY SMARTER




4 AbovePonsCNs

| Defet___________

Olfactory CN1 Not in midbrain
Optic CN2 Not in midbrain
Oculomotor CN3 Eye turned out and down

Eye unable to look down when

Trochlear CN4 :
looking towards nose

STUDY SMARTER




4 Pons CNs

| Defict

Trigeminal CN5 Ipsilateral facial sensory loss
AbducensCN6 Ipsilateral eye abduction weakness
Facial CN7 |psilateral facial weakness/droop

Auditory CN8 Ipsilateral deafness

STUDY SMARTER




4 Medulla CNs

Glossopharyngeal CN9 Ipsilateral pharyngeal sensory loss
VagusCN10 Ipsilateral palatal weakness
Spinal accessory CN11 Ipsilateral shoulder weakness
Hypoglossal CN12 Ipsilateral weakness of tongue

STUDY SMARTER



Midline Structures (M)

Motor pathway

(Corticospinal tract) Contralateral weakness

Losscontralateral

Medial lemniscus ) : L
proprioception/ vibration

Medial longditudinal

) Ipsilateral INO
fasciculus
Motor nucleus and Ipsilateral CN motorloss
nerve (3,4,6,12)

BoardssBeyond.
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Side/Lateral Structures (S)

Lateral Structure

Spinocerebellar

pathway Ipsilateral ataxia

Contralateral pain/temp

Spinothalamic
sensory loss

Sensory nucleus of

CNS Ipsilateral pain/ temp

loss in face
) POEI AOAOAI

Sympathetic pathway syndrome

STUDY SMARTER
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Rule of 4s Caveats

ATrigeminal Nerve (V)
Lesion: loss of ipsilateral pain/temp face
Rule of 4 Pons Nuclei and side (lateral tract)
$117T60 OOA O 1T1TAAITEUA O oi1l
Use for lateral tract localization

AVestibulocochlear (VIII)

e ~ Ve ~ ~ N

Vestibular signs can be medulla/pons
Lesion: hearing loss

BoardssaBeyond .



Case 1

AA 75year-old man presents for evaluation of
weakness. He reports that two hours ago he suddenly
was unable to move his left arm or leg. He denies any
difficulty with speech. On examination, he is able to
move all facial muscles normally. There is no
ophthalmoplegia. On tongue protrusion, the tongue is
deviated to the right. He in unable to detect lower or
upper extremity vibration on the left.

SSSSSSSSSSSS




Case 1

AComplete motor weakness
Not MCA or ACA stroke

ATongue involved: brainstem lesion

AMotor pathway involved 7 left side weak
Right medial lesion

AMedial lemniscus involved left (vibration/prop)
Right medial lesion

ACN XllI involvedz tongue deviation
Medulla

AAnswer: Right medial medullary syndrome
A Anterior spinal artery

SSSSSSSSSSSS




Brainstem Blood Supply

)

Lateral Medial
PCA ! 3
————— :
e ¥
""" AICA
— - i 6 5.7.8
'+ Basilar
———
=) To7 N |
— i 12 9,10,11
ASA

STUDY SMARTER

Midbrain

Pons

Medulla




Case 2

ARight sided weakness
A Left eye down/out, dilated

STUDY SMARTER




Case 2

ARight sided weakness
Motor pathway
Medial lesion
Complete motor loss: not MCA, ACA

A Left eye down/out, dilated
CNIII

A Left medial midbrain lesion
ATAAAOB8 O OUT Aol I A
A Stroke of branches of PCA

STUDY SMARTER




Case 3

AUnable to do left hand finger to nose test
A Loss of pain and temperature to left face
A Left eyelid droop, small pupil

A Loss of pain/temp right arm and leg
AHoarse voice

ALoss of gag reflex left throat

A Palate raised on right side

SSSSSSSSSSS




Case 3

A Unable-to-dolefthand-fingertonose-test Left ataxia
A Loss-of pain-and-temperature-to-lefiface Left CNV
A kefteyelid-droep,smaltpupl—— . AEO (1 C
! Loss-of painftemp-right-arm-andleg—— Left ST Tract
A Hoarsevoice CN X
A Less-of gagreflexleftthreat——— CNIX
A Palateraised-onright side——————— CNX

SSSSSSSSSSSS




Case 3

A Left ataxia =spinocerebellar

A Left face pain/temp = sensory (CN V) face

A, AEO (1 O AO6O E OUI PAOEAO
ARight pain/temp = left spinothalamic

A Speaking, gag, palate = CN IX, X

A Left lateral medulla

AWallenberg's syndrome

A Left PICA stroke

SSSSSSSSSSSS




Case 4

ARight deafness/tinnitus
A Loss right finger to nose
ARight facial numbness
ANo corneal reflex
ARight facial spasms

STUDY SMARTER




—Right deafnessftinnitus Right VIl
~-Loss right finger to nose Right spinocerebellar
~-Right facial numbness Right sensory
A No-cornealreflex Right CN V
ARightfacial-spasms—— Right CN VI

Right Lateral Pons
Cerebellopontine angle syndrome
Often caused by tumorsgchwannomag

SSSSSSSSSSSS




Rule of 4s

sie | Midfine )
Sympathetic |
Spinothalamic 3 Midbrain
Sensory V ',
Spinocerebellar i
6 578 Pons
Motor |
Motor Nucleus i
Motor Pathway | Medulla

MLF D12 9,10,11
Medial Lemniscus

Boards&Beyond.
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Brainstem Blood Supply

)

Lateral Medial
PCA ! 3
————— :
e ¥
""" AICA
— - i 6 5.7.8
'+ Basilar
———
=) To7 N |
— i 12 9,10,11
ASA
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Midbrain

Pons

Medulla




Cranial Nerves

Jason Ryan, MD, MPH

STUDY SMARTER




Cranial Nerves

A 12 nerves with roots in brainstem and CNS
A Sensory, Motor, Visceral

AThings to know:
Sensory vs. Motor vs. Both
Special features
Lesions

STUDY SMARTER




Olfactory (I)x

ASmell (sensory)

A Pathway: cribriform plate of ethmoid bone
ASynapse in olfactory bulb piriform cortex
A Lesions: anosmia

A Only sensory nerve no thalamus input

ADamage by trauma
Skull fracture

ARarely infections or tumors

SSSSSSSSSSS




Optic (I1)

A Sight (sensory)
A Pathway: optic canal of the sphenoid bone
ANot really a peripheral nerve

A Arises from diencephalon
Embryonic structure
In adults: upper end of brain stem
Thalamus, hypothalamus

AOnly CN | & Il found outside brainstem

& ()

Right Optic Nerve Compression

SSSSSSSSSSSS



Oculomotor (lI)

AMoves eye -
Up (superior rectus)

Medial (medial rectus)
Inferior (inferior rectus)
Superior rotation (inferior oblique)

A Elevates eyelid levator palpebrae)
A Pupillary constriction (sphincter pupillae)
APalsy: eye down, out, pupil dilated, ptosis

STUDY SMARTER




Trochlear(IV)

AEye movement (motor)

A Smallest cranial nerve '
A Superior oblique @
Turns eye down/in |

Reading/stairs |
APalsy symptoms
Diplopia
Eye tilted outward
Unable to look down/in (stairs, reading)
Head tilting away from affected side (to compensate)

SSSSSSSSSSSS




Trigeminal (V)

ASensory and Motor
AKey function: Sensor (touckpain-temp) to face
A Largest cranial nerve

A3 divisions: ophthalmic, maxillary, mandibular
V1, V2, V3

A3 important functions:
Part of corneal reflex (sensory, V1)
Muscles of mastication (chewing)

SSSSSSSSSSS




Trigeminal (V)

APalsy

Numb face

Weak jawA deviates to affected side
Unopposed action of normal side

Trigeminal neuralgia
Recurrent, sudden sharp pains in half of face
Tic douloureux (painful tic)
31 ET OAT OA Ui &6 xET AA | OOEA6(Q
Treatment: Carbamazepine

Boards&Beyond.

STUDY SMARTER



Corneal Reflex

ATouch eye with Gtip
ASensed by V1 of CN V
ATransmit to VII (bilaterally)
ACNVIA blink

AKey points:
Need CN V for sense
Need CN VII for blinking

STUDY SMARTER




Abducens(VI)

AEye movement (motor)
A Lateral rectus

A Palsy
Diplopia
#A1 60 | AOAOAIT T U

STUDY SMARTER
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Facial (VII)

AMotor, sensory

AMuscles of facial expression
ATaste, salivation, lacrimation
ASome ear muscles

A Special feature
Dual UMN innervation

STUDY SMARTER




Lower Facial Droop

—— A
A

Facial Motor Nucleus
Pons

Boards&Beyond.
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Lower Facial Droop

—— A
A

Facial Motor Nucleus
Pons

Boards&Beyond.
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Lower Facial Droop

—— A
A

Facial Motor Nucleus
Pons

Boards&Beyond.
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Lower Facial Droop

AUMN damage (MCA Stroke)

Upper face intact (dual supply)
Lower face affected

ALMN damage
Whole half of face affected

STUDY SMARTER




Facial (V1)

APalsy
Loss of corneal reflex (motor part)
Loss of taste anterior 2/3 tongue
Hyperacusis(stapediusparalysis)
Pt cannot tolerate sounds

Boards&Beyond.
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"Al'l 60 0AI OU

A ldiopathic mononeuropathy of CN VII

A Facial paralysis

A Usually resolves in weeks to months

A Thought to be due to HS\M induced nerve damage

A Other causes of CN VII neuropathy (technically not BP)
Lyme
Tumor
Stroke

STUDY SMARTER




Vestibulocochlear(VIil)

ASensory
A Equilibrium, balance, hearing

AVestibular portion

Compensatory eye movements

Lesions: vertigo, nystagmus, disequilibrium
A Cochlear portion

Hearing

Lesions: tinnitus, hearing loss

STUDY SMARTER




Testing CN VIII

A$1T 11060 AUAO OAOOEIT ¢ | OT Al

A Head rotatedfrom side to side with eyelids held open

yd L4 Pa L4 L

Do not turn with head
Both CN VIII are working

AO. ACAOEOA AT 1180 AUAOdSG
CNVIII lesion
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Testing CN VIII

AUnconscious patient

Alnject cold water into ear
Cold water disrupts CN VIl function
Eyes slowly move toward cold water
Rapid correct opposite side
Normal response is slow toward cold then fast away
If CN VIII not working, no slow toward
If cortex not working, slow toward, no fast away

BoardssaBeyond
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Testing CN VIII

AUnconscious patient

Alnject warm water into ear
Warm water stimulates CN VIII function
# OAAOAO OOAI AGEOGASG 1 bbiT OEOA
Eyes slowly move away warm water
Rapid correct back towards warm water
Normal response is slow away then fast toward
If CN VIII not working, no slow away
If cortex not working, slow away, no fast toward

BoardssaBeyond

STUDY SMARTER



Testing CN VIII

ACOWS: Cold Opposite, Warm Same

Named for side of fastorrection

STUDY SMARTER




Glossopharyngeal (1X)

AMotor, Sensory

A Taste/sensation posterior 1/3 tongue
A Swallowing

A Salivation (parotid gland)

A Carotid body and sinus

Chemao and baroreceptors
A Stylopharyngeus (elevates pharynx)

STUDY SMARTER




Glossopharyngeal (1X)

APalsy
Loss of gag reflex
Loss of taste posterior 1/3 tongue
Loss sensation upper pharynx/tonsils

AHemodynamic effects
Tricks body into thinking low BP

pd ~ ~ Vd ~ ~ Ve s ~

m(2h 6AO0T AT T OOOEAOQOEI T h

STUDY SMARTER

VI 1

0




Vagus(X)

AMotor, sensory
ATaste epiglottis
A Swallowing (dysphagia =vagus
A Palate elevation
AMidline uvula
ATalking
A Coughing
A Autonomic system
Aortic arch chemo/baroreceptors

STUDY SMARTER




Vagus(X)

APalsy
Hoarsenessdysphagia dysarthria
Loss of gag reflex
Loss of sensation pharynx and larynx
Weak side of palate collapses (lower)
Uvula deviates AWAY from affected side

AHemodynamic effects

Unopposed sympatheticstim of heart
2A001 O EO v (2
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Cranial Nerve Speechest

A&uh kuh kuho

CN X

Raise palate
AO - r& miod

CN VII

Move lips
AO, LALad

CN XII

Move tongue
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Recurrent Laryngeal Nerve

ABranch ofvagus

A Ascends towards larynx between trachea/esophagus
"tracheoesophageaC O1 T OA 0

ARight RL: loops around Rubclav
Left RL: loops around aortic arch

ACompressionA hoarseness
A Dilated left atrium (mitral stenosis)
A Aortic dissection

Boards&Beyond. Image courtesy of Jkwchui
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Vasovagal Syncope

AMost common cause of syncope (fainting)

ATrigger to vagusnerve

Increased parasympathetic outflow viavagus
A (2 A faidting
AMany triggers

Hot weather

Prolonged standing

Pain

Sight of blood
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Accessory (XI)

AMotor
ATurning head
A Shoulder shrugging

Sternocleidomastoid
Trapezius

STUDY SMARTER




Accessory (XI)

APalsy

Difficulty turning head toward normal side (SCM)
Shoulder droop (affected side)

STUDY SMARTER




Hypoglossal (XIlI)

AMotor
ATongue movement

A Palsy:
Protrusion of tongue TOWARD affected side
Opposite side pushes tongue away unopposed

STUDY SMARTER




Cranial Nerve Reflexes

ACorneal
V1 sense, VIl blinking

A Lacrimation
V1 sense, VIl for tearing
Cut V1A No reflex tears, Yes emotional tears

AGag
X sense, X gag
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Cranial Nerve Reflexes

AJaw Jerk
o AAA E£ET CAO DPAOEAT O
Jaw will jerk upwards
V3 sense, V3 jerk (Trigeminal nerve test)
APupillary
Il senses light
lll constricts pupil
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Tongue

AMotor:
Hypoglossal (XII)
Lesion deviates tongue to affected side
One exceptionpalatoglossus(CN X)

AGeneral Sensory (pain, pressure, temp, touch)
Anterior 2/3: Mandibular branch (CN V3)
Posterior 1/3: Glossopharyngeal (1X)
Tongue root: CN X

ATaste
Anterior 2/3: CN VII
Posterior 1/3: Glossopharyngeal (1X)
Tongue root, larynx, upper esophagus: CN X

ATerminal sulcusseparates ant 2/3 from post 1/3
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Cranial NerveSkull Pathways

A Cribriform plate z CN |

AMiddle cranial fossaz CN ILVI
CNII: Optic canal
11, 1V, V1, VI: Superior orbital fossa
V2: Foramenrotundum R

V3: ForamenOvale """ POSTERIOR CRANIAL ¢/
FOSSA '

APosterior cranial fossazg CN VIEXII e
VII, VIII: Internal auditory meatus o
IX, X, XI: Jugular foramen
Foramen magnum: XI (also brainstem)
XII: Hypoglossal canal

BoardS&BeysmchAg' Image courtesy of Anatomist90 .




Auditory System

Jason Ryan, MD, MPH
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How We Hear

A Sound waves cause tympanic membrane vibration

AMalleus, incus, stapes
Tiny bones
Amplify tympanic membrane motion

A Stapes pushes fluidilled cochlea

ATiny hair cells stimulated
Organ ofCorti
Different frequencies of sound move different fibers

ANerve (electrical) signal generated

SSSSSSSSSSSS




The Inner Ear

-

‘5; NSeany qr,

.
e
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Auditory Pathway

A Cochlear nerve (CN VIII)

A Cerebellopontineangle
Lateral Pons
Watch for brainstem lesions with hearing loss

A Connects with many structures
Superior olivary nucleus
Trapezoid body
Lateral lemniscus
Inferior colliculus
Medial geniculate body
Transverse temporalgyri of Heschl

SSSSSSSSSSS




Types of Hearing Loss

AConductive
31 OT A xAOAO AAT 60 AIi
Obstruction (wax)
Infection (otitis media)
Otosclerosis(bony overgrowth of stapes)

A Sensorineural
Cochlea disease
Cochlear nerve failure (acoustic neuroma)
CN damage

STUDY SMARTER
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Presbycusis

AAgerelated hearing loss

A Degeneration of Organ o€orti

A Results insensorineural hearing loss
A Slow development over time
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Weber Test

AVibrating tuning fork
ABridge of the forehead, nose, or teeth
A Should be equal in both ears

STUDY SMARTER




Weber Test

|
R R \

| Normal Conductive Sensorineural
Signal equal both ears Louder bad ear Louder good ear

No background noise No nerve to sense vibration

If sound goes to one side, tells you there is a hearing defect

Does not tell you which type
Boards&Beyond.
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Rinne Test

ATuning fork placed mastoid bone (behind the ear)
Tests bone conduction => vibration waves through bone

A Wait until patient no longer hears

A Move tuning fork to just outside ear
Tests air conduction only

AAsk if patient can still hear
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Rinne Test

ANormal patient can still hear next to ear
AC > BC

AConductive Loss
Patient CANNOT hear next to ear
AC<BC

ASensorineuralloss

Patient can still hear next to ear
Both AC and BC reduced
AC still > BC

STUDY SMARTER




Diagnosing Hearing Loss

Test Conductive Sensorineural

Weber Louder bad ear Louder good ear
Rinne AC<Bad ear AC>BC bad ear

Normal
AC>BC
Weber Equal

STUDY SMARTER



Audiometry

FREQUENCY (Hz)
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Image courtesy ofFlavia Costa
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Noise-induced Hearing Loss

ASudden after loud noise
Tympanic membrane rupture

ALong term noise exposure
Damage to ciliated (hair) cells Organ aCorti
High-frequency hearing lost first
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Vestibular System

Jason Ryan, MD, MPH

STUDY SMARTER




The Inner Ear
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Vestibular System

AVestibule: Central portion inner ear

A Found within temporal bone

A Contains system for balance, posture, equilibrium
A Also coordinates head and eye movements

STUDY SMARTER




Vestibular System

AThree semicircular canals (x, y, z planes of motion)
Respond to ROTATION of head
Filled with endolymph
Bulges at base (ampulla)
Ampulla have hair cells that bend with rotation
Hair cells release neurotransmitters?, action potential
More/less signals based on motion

Posterior Canal
_~ Superior Canal

Horizontal
Canal

Boards&Beyond.
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Vestibular System ..

- Superior Canal

AUtricle and saccule(otolith organs)
Respond to LINEAR motion Horizontal
Gravity, moving forward/backward il
Containotoliths (Greek word: ear stones)
Calcium carbonate crystals
Sit on top of hair cells
Drag hair cells in response to motion

This generates vestibular neural activity

Boards&Beyond.
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Vestibular Nerve Signals

AVestibulocochlearnerve
Two nerves in 1 sheath: Vestibular & Cochlear

AVestibular nerve
Send signals to brainstem (vestibular nuclei)
Also sends signals to Cerebellum
AVestibular nuclei
Beneath floor of 4" ventricle in pons/medulla
Receive input from vestibular nerve
Many outputs: Cerebellum, CNs Ill, IV, VI, Thalamus
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Vestibular Dysfunction

AVertigo: Room spinning when head still
Contrast with dizzy, lightheaded

ANystagmus : Rhythmic oscillation of eyes
A Nausea/vomiting

STUDY SMARTER




Nystagmus

< Left Ear
CN VI

RightEar ———
CN VIII

Boards&Beyond. o1 EOI Al AUAG Al OOOAOU 'r.



Nystagmus

AVestibulo-ocular reflex

A Focuses eyes when body moves

AVestibular dysfunction A disrupts reflex

A Eyes move slowly one directiord fast correction

AO* AOES T UOOAGI 60 T AT AA A
Left
Right
Torsional/rotational

Upbeat
Downbeat

APendularnystagmusz Rare, congenital
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Nystagmus

ALeft, right, torsional/rotational
3AAT xEOE OPAOEDPEAOAI 6
AUpbeat, downbeat

OAOOEA

e ~ Ve ~ ~ N

3SAAT xEOE OAAT OOAi 6 OAOOEAODI
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Central vs. Peripheral

Nystagmus/Vertigo

A Peripheral = Benign (usually)
Inner ear problem
Benign positional vertigo (BPV)
Vestibular neuritis
Meniere'sdisease

ACentral = BAD
Brainstem or cerebellar lesion
Vertebrobasilar stroke/TIA
Cerebellar infarction/nemorrhage
Tumor (posterior fossa)
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Clinical Features

ACentral Vertigo
Purely vertical nystagmus
Nystagmus changes direction with gaze
Positional testing: IMMEDIATE nystagmus
Skew deviation: Vertical misalignment of eyes
Diplopia, Dysmetria (ataxia)
Other CNS symptoms (weakness, sensory)
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Clinical Features

A Peripheral Features
Mixed horizontal/torsional nystagmus
Positional testing: DELAYEDystagmus
Nystagmusmay fatigues with time
No other symptoms
Normal proprioception, stable Romberg
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Dix-Hallpike Maneuver

ADone to reproduce vertigo and cause nystagmus
A Seated patient

A Extend neck, turn head to side

ARapidly lie patient down on table

ALet head hang over end of table

STUDY SMARTER




Dix-Hallpike Maneuver

ATypical result in BPV
No symptoms for 510 seconds
Vertigo develops
Torsional nystagmusdevelops
Symptoms resolve with sitting up
Fewer symptoms with repeated maneuvers
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Benign Positional Vertigo

AVertigo with head turning/position

ADue to calcium debris semicircular canals
Canalithiasis

A Diagnosis: DixHallpike Maneuver
A Deviations from typical result = consider imaging
A Epley Maneuver can repositionotoconia
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Vestibular Neuronitis

Labyrinthitis

ACause of vertigo

ANeuropathy of vestibular portion CN VIII
ABenign, selflimited

AUsually viral or postinflammatory
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AEndolymph fluid accumulation (hydrops)
A Swelling of the labyrinthine system
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ATinnitus

A Sensorineuralhearing loss
Weber louder normal ear
Rinne: AC>BC

AVertigo

STUDY SMARTER
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ATreatment

Avoid high saltz decrease swelling
Avoid caffeine, nicotingOA OT AT T OOOEAOI OOh
Diuretics

STUDY SMARTER




Thalamus,
Hypothalamus,
Limbic System

Jason Ryan, MD, MPH

STUDY SMARTER




Subcortical Structures

AThalamus
A Hypothalamus
ALimbic System

ABasal Ganglia
SubstantiaNigra
Subthalamicnucleus
Putamen
Caudate nucleus
Globuspallidus

STUDY SMARTER




Coronal Section



Axial Section

Thalamus




Thalamus

O AOAxAU Ol
" OAAE xi OAq O
Sits on top of brainstem

Symmetricalz two halves

Sensory relayA cortex
Except olfaction

consciousness
Sleep
Alertness

['_Uj Boards&Beyond



Thalamic Nuclel

AMany, many thalamic nuclei

AMost named by location
Anterior, posterior, ventral, medial

A Five nuclei worth knowing
Ventral posterorlateral (VPL)
Ventral posteromedial (VPM)
Lateral geniculatenucleus (LGN)

Medial geniculatenucleus (MGN)
Ventral lateral (VL)

BoardssaBeyond
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Thalamic Nuclel

Spinothalamic,

Postcolumn-  Somatosensory
medial cortex
lemniscus

All Sensoryz pain,
VPL temp, touch, prop,
vibration

Trigeminal and SCIMEES I

VPM Sensoryface and taste cortex
gustatory
LGN Vision CN I CalcarineSulcus
Superior olive
. and inferior TempLobez
MGN Hearing colliculusof  Auditory Cortex
tectum
VL Motor Basal ganglia  Motor Cortex

Boards&Beyond.
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Thalamic Syndrome

AUsually a lacunar stroke

A Contralateral sensory loss
Face, arms, legs
All sensory modalities
A Resolution can lead to long term chronic pain
Contralateral side
Sensory exam normal
Severe pain in paroxysms or exacerbated by touch

SSSSSSSSSSS




Hypothalamus

A Found below thalamus

ALike thalamus, many
nuclel with different
functions

Hypothalamus

Pituitary gland

Board S& Bexggg Image courtesy ofOpenStaxCollege .



Hypothalamic Functions

A Autonomic control
Excites sympathetic/parasympathetic system

ATemperature regulation
AWater balance
A Pituitary control

STUDY SMARTER




Hypothalamic Areas

Anorexia

LU Hunger Failure to thrive in infants
Ventromedial Satiety Hyperphagia, obesity
Anterior Cooling Hyperthermia
Posterior Heating Inability to thermoregulate

Suprachiasmatic

Circadian rhythm -
nucleus

BoardssBeyond.
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Fever

ATriggered bypyrogens, inflammatory proteins
AIL-1, IL-6, and TNF enter brain

A Stimulate prostaglandin E2synthesis
Via arachidonic acid pathway
Mediated by PLA2, COZX, andprostaglandin E2 synthase

Alncreases anterior hypothalamus set point
ATemp >42C = hyperpyrexia

AMay cause permanent brain damage
Facilitate heat loss: cooling blankets, fans
Lower set point: NSAIDstylenol (block PGE2 synthesis)
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Hormones

AHypothalamus releases multiple hormones to
stimulate release of other hormones from anterior
pituitary

ATRHA TSH

ACRHA ACTH

AGHRHA Growth Hormone (GH)

AGNRHA FSH, LH

STUDY SMARTER




Hormones

ASome HT substances shut down hormone release
Dopamine (prolactin inhibiting hormone) A 8Prolactin
Somatostatin(GHRH inhibiting hormonepA 8 " (

A Prolactin feedbackA % GnRH

STUDY SMARTER




Hormones

AADH andOxytocin synthesized by HT
A SupraopticnucleusA ADH
A Paraventricular nucleusA Oxytocin

A Both stored/released by posterior pituitary
** Post. Pituitary also callecheurohypophysis
** Ant. Pituitary also calledadendhypophysis

ALoss of ADHA DiabetesInsipidus
Polyuria, polydipsia, dilute urine
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Leptin

AHormone secreted byadipocytes

Alnvolved in food intake

A Regulation of homeostasis

AlLateral HT (hunger)A inhibited by Leptin
AVentromedial (satiety) A stimulated by Leptin
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Craniopharyngioma

ARare tumor from2 A O E fgodich O

A Pressure on optic chiasm
Bitemporal hemianopia

APressure on hypothalamus
A Hypothalamic syndrome
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Hypothalamic Syndrome

A Diabetesinsipidus (loss of ADH)
AFatigue (loss of CRH\ low cortisol)
A Obesity

A Loss of temperature regulation

STUDY SMARTER




Limbic System

AEmotion

ALong-term memory

ASmell

A Behavior modulation

A Autonomic nervous system function

STUDY SMARTER




Limbic System

Key Components

ACingulategyrus
AHippocampus

A Fornix

AAmygdala
AMammillary bodies

Parahippocampal
gyrus

BoardS&Bexggg. Image courtesy ofAnant Rathi .



Kluver-Bucy Syndrome

ADamage to bilateral amygdala (temporal lobes)
AHyperphagia - Weight gain
AHyperorality -tendency to examine with mouth

Alnappropriate SexualBehavior
Atypical sexualbehavior, mounting inanimate objects

AVisual Agnosia
Inability to recognize visually presented objects

ARare complication of HSV1 encephalitis
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Hippocampus Lesion

A Anterograde amnesia
ACannot make new memories
AVery sensitive to hypoxic damage

Alnfarction:
Hippocampalbranches PCA
Anterior choroidal arteries
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Wernicke-Korsakoff Syndrome

AWernicke: Acute encephalopathy
A Korsakoff: Chronic neurologic condition
Usually a consequence of Wernicke

A Both associated with:
Thiamine (B1) deficiency
Alcoholism

A Atrophy of mammillary bodies common finding
80% for both conditions

A Associated with damage to thalamic nuclei
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Wernicke-Korsakoff Syndrome

ATriad Wernicke:

Visual disturbances/nystagmus
Gait ataxia
Confusion

Often reversible with thiamine
A Korsakoff: Amnesia
Recent memory affected more than remote
#A1 60 A& OI TAx 1 AI T OEAO
#1 1 FAAOI AOET1d #A1 60 OAI Al AAC
Lack of interest or concern
Personality changes
Usually permanent

BoardssaBeyond .




Wernicke-Korsakoff Syndrome

AWernicke precipitated by glucose without thiamine
Thiamine cofactor glucose metabolism
Glucose will worsen thiamine deficiency

ABanana bag
IV infusion to alcoholics
Thiamine, folic acid, and magnesium sulfate

STUDY SMARTER




Cerebellum

Jason Ryan, MD, MPH
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Cerebellum

O, EOOI A AOAE jma
Posture/balance
Muscle tone

Coordinates movement

|! M Boards&Beyond



Nodulus

NRETS/Wikipedia

Hemispere Vermis
Anterior Lobe
Posterior Lobe
\ - . Flocculus
Flocculonodular{
Lobe

Ll BoardsaBeyond
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Cerebellar Peduncles
In and Out Pathways

Inferior cerebellar peduncle
Middle cerebellar peduncle
Superior cerebellar peduncle

Middle

>
Cerebellum Superior

. >
Inferior

>

[u_}] Boards&Beyond .



Inferior Cerebellar Peduncle

Major pathway INTO cerebellum fromspine

Numerous inputs:
Spinocerebellar tract
Cuneocerebellartract
Olivocerebellartract
Vestibulocerebellartract

Ipsilateral spinal cord information: proprioception

Middle

>
Superior

Cerebellum

Inferior

>
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Middle Cerebellar Peduncle

Pontocerebellartract fibers
Fibers from contralateral pons

Middle

>
Superior

>

Cerebellum

Inferior

>

[u_}] Boards&Beyond .




Climbing and Mossy Fibers

ATwo types of axons that enter cerebellum

A Climbing fibers: arise from inferior olivary nucleus
AMossy fibers: all other cerebellar inputs

A Synapse on Purkinje cells and deep nuclei
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Superior Cerebellar Peduncle

Major pathway OUT of cerebellum
Axons fromdeep cerebellar nuclei

All outputs originate from deep nuclel
Fibers to red nucleus and thalamus

Middle
>

Cerebellum Superior |

Inferior
>

[u_}] Boards&Beyond .




Purkinje Cells

A Cerebellar neurons

AReceive numerous inputs

A Project to deep nuclei
A Inhibitory
A Release GABA

SSSSSSSSSSSS

Wikipedia/Public Domain




Deep Nuclel

A Projections OUT of cerebellum

ADentatenucleus:
Contralateral VA/VL nuclei of thalamus

Alnterposed nuclei: globose/emboliform
Contralateralred nucleus

A Fastigial:
Vestibular nucleil andreticular formation
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Deep Nuclel

Dentate nucleus

Emboliform nucleus

Globosenucleus
Fastigialnucleus

Boards& Beyond. Dr. Manah ChandraChangmai
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Cerebellar Circuitry

Inputs Outputs

>
Middle Peduncle b ”
PSS Cerebellum

Climbing Fibers
Mossy Fibers

>
Deep Nuclel

Purkinje Cells

Deep Nuclei
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Cerebellum Control

AlIn general, cerebellum controls IPSILATERAL side
A Cerebellar fibersA contralateral cortex

A Contralateral cortexA contralateral arm/leg

A Crosses twice

A Also right proprioception A right cerebellum

AResult:

Left cerebellar lesionA left symptoms
Right cerebellar lesionA right symptoms
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Clinical Disease

ALateral lesions
Cerebellar hemispheres
Dentate nucleus
Affect extremities

AMidline lesions
Vermis
Emboliform, globusand fastigialnuclei

Floculonodularlobe
Affecttrunk
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| ateral Lesions

A Extremities

A Direction, force, speed, and amplitude of movements

ALesions:
Dysmetria
Intention tremor

A Fall toward injured side
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Central Lesions

A Affect trunk/midline

A Central (vermis)
Truncal ataxia
#A1 60 OOAT A EIT AAPAT AAT Ol U
Falls over when sitting
A Flocculonodular lobe
Connects to vestibular nuclel
Lesions: nystagmus, vertigo
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Cerebellar Ataxia

ALoss of balance
AClassically @O x E-AAOA A 6

STUDY SMARTER
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Romberg Test

ATest for sensory (not cerebellar) ataxia

A Loss of proprioception: compensate through vision
A Feet together, eyes closed

A Positive test: patients will lose balance or fall

AlIf test positive: ataxia is SENSORY

A Cerebellar ataxia occurs even with eyes open
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Other Cerebellar Symptoms

AHypotonia
Loss of muscle resistance to passive manipulation
Loosejointed, floppy joints

A Scanning speech
Irregular speech
O(l x AOA Ui O AT ET Ceo
O(T x8AOA8 Ulgdd8 AT 8

A Dyssynergia
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Dyssynergia

Loss of coordinated activity

ADysmetria
Loss of movement coordination
Under or over-shoot intended position of hand

AlIntention tremor

#A1 60 CAO EAT A O OAOCAO

#1 1 OOAOO xEOE OAOOEI ¢ OOAITO
A Dysdiadochokinesia

A#AT 80 1T AEA 11 OA1T A1 OO0 AGEEAEO

~

A# AT 60 Al EDP EAT A ET DPAIT I
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Other Cerebellar Symptoms

ANystagmus
Up/down beat (vertical)
Gazeevoked

A Nausea/vomiting
AVertigo

STUDY SMARTER




Cerebellar Strokes

ASCA, AICA, PICA
A Often has other brainstem stroke signs/symptoms

Vertebrals
Wikipedia/Public Domain

SSSSSSSSSSSS




Hereditary Ataxias

ANumerous hereditary disorders

AMotor incoordination related to cerebellum
A Ataxia Telangiectasia

A Friedreich's Ataxia
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Ataxia Telangiectasia

A Autosomal recessive
A Cerebellar atrophy

Ataxia in I8t year of life

ATelangiectasias
Dilation of capillary vessels on skin
Ears, nose, face, and neck

ARepeated sinus/respiratory infections
Severe immunodeficiency

AHigh risk of cancer

STUDY SMARTER




Ataxia Telangiectasia

Clinical Features

AMost children healthy for first year

A Begin walking at normal age but slow development
A Progressive motor coordination problems

ABy 10 years old, most in wheelchairs

A Other symptoms
Recurrent sinus/respiratory infections
Telangiectasias

AHigh risk of cancer
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Ataxia Telangiectasia

A CauseDNA hypersensitivity to ionizing radiation

A Defective ATM gene on chromosome 11
Ataxia Telangiectasia Mutated gene
Repairs double stranded DNA breaks
Nonhomologousend-joining (NHEJ)

AMutation: Failure to repair DNA mutations
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Nonhomologousend-joining
NHEJ

—>

A

—>

A

Double Strand Break NHEJ
(ionizing radiation)
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Ataxia Telangiectasia

Lab Abnormalities

AN 1 &0
Often elevated in pregnant women
Also elevated in ataxia telangiectasia
Most consistent lab finding

A Dysgammaglobulinemia
Low or absent IgA
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&E&OEAAOAEAEOGO |
A Autosomal recessive

AMutation of frataxin gene chromosome 9
Needed for normal mitochondrial function
Increased number of trinucleotide (GAA) repeats present
More repeats = worse prognosis
Leads to decreased frataxin levels

A Frataxin: mitochondrial protein
High levels in brain, heart, and pancreas
Abnormal frataxin A mitochondrial dysfunction

Boards&Beyond.
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&E8OEAAOAEAEOGO
ABegins in adolescence with progressive symptoms

A Cerebellar and spinal cord degeneration

A Degeneration of spinocerebellar tract
Ataxia, dysarthria

A Loss of spinal cord: dorsal columns
Position/vibration

A Loss of corticospinal tract
UMN weakness in lower extremity
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&E8OEAAOAEAEG®G
Other Features

AHypertrophic cardiomyopathy

ADiabetes

Insulin resistance and impaired insulin release
Beta cell dysfunction

STUDY SMARTER
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&E8OEAAOAEAEOO |
Other Features

A Kyphoscoliosis

A Foot abnormalities (pescavus
High arch of foot; does not flatten with weight bearing
Seen in other neuromuscular diseases (Charctarie-Tooth)

Benefros/Wikipedia




Other Cerebellar Disorders

ATumors
Pilocytic astrocytoma
Medulloblastoma
Ependymoma

A Congenital disease
Dandy Walker malformation
Chiari malformations

STUDY SMARTER




Basal Ganglia

Jason Ryan, MD, MPH
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Basal Ganglia

A Substantia Nigra

A Subthalamic nucleus
APutamen

A Caudate nucleus

A Globus pallidus
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Basal Ganglia

Caudate
Nucleu

Putamen

Subthalamic
Nucleus

Substantia
Nigra
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Thalamus

Globus
Pallidus




Basal Ganglia Terms

A Striatum = Putamen + Caudate
Also called striate nucleus
Putamen/Caudate divided by internal capsule
Major INPUT from cortex

ALentiform Nucleus = Putamen + GlobuBalidus




Function

AModifies voluntary movements
A Receives cortex input

AProvides feedback to cortex to either
#1. Stimulate motor activity
#2: Inhibit motor activity

ACombination stim/inhibition A complex movements
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Movement Execution

Pre-Motor Cortex
Decides To Execute a Movement

l

Basal Ganglia
Activated

/N

Direct Pathway Indirect Pathway
ACTIVATES INHIBITS
1°Motor Cortex 1°Motor Cortex

N/

Complex
Movement/Action
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Basal Ganglia Connections

AT TTTTT > Cortex| ———> | Brainstem
| Spinal Cord
|
|
| Substantia Nigra
A_>Q Thalamus < ------- Pars Cor.npacta
GABA T > Pars Reticulata
(-]
Subthalamic| ZABA GP Externus
Nucleus | ------- > GP Internus
\ | |
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To Stimulate Movement

Direct Pathway
K @ | Cortex] ——> Brainstem
Spinal Cord
GIutamatJ X Substantia Nigra
- Thalamus Striaturm R Pars Compacta
' —<ABR| Pars Reticulata

l’GABA

Subthalamic| .| Globus pallidus
Nucleus | —— internus
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To Inhibit Movement

Indirect Pathway
Cortex
| \
Thalamus Striatum
—>
l+GABA

Subthalamic

Nucleus

Brainstem
Spinal Cord

Substantia Nigra

Pars Compacta

Pars Reticulata

GP externus

GP internus




Key Points

ADirect pathway
Goal is to create movement
Striatum inhibits (GABA)GPiand Pars Reticulata
GPiand Pars STOP inhibiting Thalamus
Thalamus free to activate cortex

AModifier: SN parscompactamodifies striatum via D1
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Key Points

Alndirect pathway
Goal is to further inhibit movement
Striatum inhibits GPe(GABA)
GPestops inhibiting Subthalamic nucleus
Subthalamic nucleus stimulate$sPi
GPifurther inhibits thalamus

AModifier: SN parscompactamodifies striatum via D2
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ParsCompacta

Direct Pathway

/“\

Substantia Nigra

Strlatum

Pars Compacta

N

Indirect Pathway
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Movement Disorders

AOAOEET OIT60O0 AEOAAOA
AHuntington's Disease

AHemiballism

A7TEI OTT 60 $EOAAOA

AAll result from damage to part of basal ganglia
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Basal Ganglia Connections

; 3 Cortex Brainstem
. Spinal Cord
(61 OETCOI 1 3¢ Substantia Nigra
AT) Thalamus % Pars Compacta
: Pars Reticulata
v 0OAOEET O]
Subthalamic EGABA GP Externus
Nucleus | ------- > GP Internus wl
Hemiballism
GABAL 7TEI 01180
< V.
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Ventricles and
Sinuses

Jason Ryan, MD, MPH
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CNS Ventricles

AFour structures that contain CSF in brain
Two lateral ventricles
3 ventricle
4t yentricle

A Continuous with central canal of spinal cord
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Ventricles

Lateral ventricles

Interventricular foramen
Third ventricle
| Cerebral aqueduct

Fourth ventricle

Central canal

(lateral view) (anterior view)

)
BoardS&Beysmom!:lg' Image courtesy ofBruceBlaus .



Ventricles
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Cerebrospinal Fluid

AClear, colorless fluid

AActs as cushion for brain
Mechanical protection
Shock absorber

A Also circulates nutrients removes waste
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CSF Production

AProduction
Ependymal cells of choroid plexus (ventricles)

A Absorption
Arachnoid villi

A CSF drained to superior sagittal sinus
Then to venous system
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Choroid Plexus Cysts

ACan be detected by ultrasound in utero

AA normal finding but associated with chromosome
abnormalities
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Hydrocephalus

TTTTTTTTTTTTT

Image courtesy of LucierMonfils .



Hydrocephalus

A Dilation of ventricles
A Excessive accumulation of CSF

A Communicating

Ventricles CAN communicate
CSF not being absorbed

ANon-communicating

There is a blockage to flow
6 AT OOEAI AO #! .64
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Communicating
Hydrocephalus

A8 #3& AAOI OPOEIT AU
AHeadache

AKey sign: papilledema

ACT Hallmark: Dilation ALL ventricles

A Often occurs from scarring after meningitis
A Can cause herniation

AKey clinical scenario
Prior meningitis
Headache
Papilledema on eye exam
Enlarged ventricles on CT scan

SSSSSSSSSSSS
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Non-Communicating
Hydrocephalus

A Structural blockage of CSF flow within ventricles
A Often congenital
AMany etiologies

AThree worth knowing:
Agueductalstenosis
Chiari Malformations
Dandy Walker malformation
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AdqueductalStenosis

A Stenosis of cerebral aqueduct
A Blocked drainage from & to 4t ventricle

A Congenital narrowing
X-linked (boys)

Alnflammation due to intrauterine infection
Rubella, CMMtoxo, syphilis

A Presentation: Enlarging head circumference
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Chiari Il Malformation

Downward displacement
and hypoplasia of
cerebellum

Obliteration of
cisterna magna

Downward displacement of the cerebellar tonsils and medulla

)
BoardS&Beysm%QAg' Image courtesy of obinno59 .



Myelomeningocele

(SpinaBifida)

AType of neural tube defect
AFailure of spine and meninges

AMyelomeningocele cord/meninges outside spine
A Almost always hasChiari Il malformation
AHydrocephalus major cause morbidity

A Obstruction 4th ventricular outflow

Spina Bifida (Open Defect)

Vertebra

| ,
—=
=)

to close around cord

/

¥ ,,/ B
& )
\

1@

f

}

¢

7 f
BoardS&Beyond_ — Image courtesy of Matrix61312 .
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Dandy Walker Malformation

A Developmental anomaly of the fourth ventricle
AHypoplasia or agenesis of cerebellarermis

A Cysts of 4 ventricle A hydrocephalus
AMassive 4" ventricle, small cerebellum
AMany, many associated symptoms/conditions

A Affected children

Hydrocephalus (macrocephaly)
Delayed development
Motor dysfunction (crawling, walking)
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Dandy Walker Malformation




PseudotumorCerebri

Aldiopathic intracranial hypertension

My #0 ET AAOAT AA 1T £ OOIT O
Alntractable, disabling headaches

A Papilledema, visual loss

A Pulsatile tinnitus
Rushing water or wind sound
Transmission of vascular pulsations

A Classic patient: overweight woman, childbearing age
A Diagnosis: spinal tap (measure pressure)
AMedical treatment: acetazolamide
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Normal Pressure
Hydrocephalus (NPH @&z

AEnlarged ventricles on imaging
A Compression of coronaadiata
ANormal opening pressure on LP
A Suspected mechanism: Impaired absorption CSF

A Classic triad:
Urinary incontinence, gait disturbance, dementia
Wet, wobbly, and wacky

ATreatment: Ventriculoperitoneal(VP) Shunt
Drains CSF to abdomen

BoardssaBeyond
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Hydrocephalus exXvVacuo

AVentricular enlargement that:

Occurs with age

1 O AT OOA@ AOOI PEEAO j!1 UEAEI
ABrain shrinkage
AUsually after age 60

Alncrease size of ventricles
IN PROPORTION to increase size of sulci

Alf out of proportion: hydrocephalus
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Dural Sinuses

ALarge venous channels

ATravel through dura

A Drain blood from cerebral veins
AReceive CSF frorarachnoid granulations
AEmpty into internal jugular vein
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Dural Sinuses

Foramen cectm,

Torewlar herophili.

Boards&Beyond.
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Some Key Sinuses

A Sagittalz Superior sagittal receives CSF
A Cavernous
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Infernal carotid ariery

Cavernous Sinus e

Ophthalmic mrz}e—lfzf i

ALarge collection veins Masitary e
A Bilateral

A Between temporal/sphenoid bones
A Collects blood eye/cortex

ADrains into internal jugular vein

AMany nerves:
CN I, IV, V1, V2 , Mympathetic fibers
All traveling to orbit

A Also portion of internal carotid artery

L) BoardsaBeyond
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Cavernous Sinus Syndrome

ACompression by tumor, thrombus, fistula

AlInfections of face, nose, orbits, tonsils, and soft palate
can spread to cavernous sinugseptic thrombosis)

Alnternal carotid travels THROUGH venous structure
Rupture carotid A fistula
A Symptoms
Headache
Swollen eyes
Impairment of ocular motor nerves
Horner's syndrome
Sensory loss #/2nd divisions trigeminal nerve
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AV Malformations

A Artery to vein connectionA no capillary bed

A Enlarge over time

A Commonly result in Vein of Galen enlargement
AUsually occur inutero

AMay be asymptomatic until adolescence/adulthood
A Cause headaches and seizures
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AV Malformations

I ’Hi Boards&Beyond Image courtesy dfearningRadiology.com .
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Cerebral and
| acunar Strokes

Jason Ryan, MD, MPH
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Etiology

Alschemic (80%)
Insufficient blood flow
Thrombosis, embolismhypoperfusion
Symptom onset over hours

AHemorrhagic (20%)

Brain bleeding
Sudden onset

A Best first test: Non-contrast CT of head
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CNS Blood Supply

Anterior

_ communicating Anterior
Middle artery cerebral
cerebral
artery artery

Ophthalmic
artery

Internal
carotid Anterior
choroidal

artery

Posterior
communicating
artery

Pasterior
cerebral
artery

. Superior
Pontine cerebellar
arteries artery

Anterior
inferior
cerebellar
artery

Vertebral
artery

Anterior Fosterior
spinal inferior
artery cerebellar

artery

Boards&Beyond
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Main Cerebral Arteries:
MCA, ACA, PCA




Homunculus

Toes
Genitals

MCA: Upper limb, face
ACA: Lower limb
PCA: Vision

m BoardS&Beyond_ Image courtesy ofWikipiedia and OpenStaxCollege
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Internal
Capsule
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MCA Stroke

AA 75-year-old man presents with recent onset loss of
movement of his right arm Theright side of his face
also droops and there is drooling from the corner of
his mouth on the right side. He hadifficulty speaking.
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MCA Stroke

AMost common site of stroke
A Contralateral motor/sensory sx
AArm>leg, face
A Spastic (UMN) paralysis
Alf left sided
Aphasia
Speech center is left sided most patients

Alf right (nondominant) side
Hemineglect
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Lower Facial Droop

\

Facial Motor Nucleus
Pons




Lower Facial Droop

AUpper face: Dual UMN supply; right & left

A Lower face: Single UMN supply
Contralateral Motor Cortex
Fibers run in corticobulbar tract

AMCA stroke damagey, UMN damage

Upper face intact (dual supply)
Lower face affected
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CT Head

I iHi Boards&Beyond Image courtesy ofWikipiedia and LucienMonfils
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ACA Stroke

AA 75year-old man presents with acute loss of ability
to move his right hip and leg On exam, he has
decreased sensatiorto pinprick and vibration of his
right leg.
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Anterior Cerebral Artery (ACA)

ALeft ACA stroke

ALeg>Arm

A Second most common stroke site
AMedial cortex (midline portion)

A Legfoot area (motor and sensory)




PCA Stroke

AAn 80-year-old man presents with acutevisual loss
He reports difficulty seeing objects on his right side.
His wife said he also reports seeing people who are
not in the room. On exam, there arao motor or
sensory deficits Visual fields are shown below (black

= no vision).
& NG
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PCA Stroke

A Posterior portion of brain

AVisual cortex

AVisual hallucinations

AVisualagnosiaj OAAET ¢ OEEI CO
A Contralateral hemianopia with macular sparing

STUDY SMARTER

AOO




HomonymousHemianopsia

(D D

Left PCA Stroke
Left Optic Tract Lesion
Right visual loss

a a

Right PCA Stroke
Right Optic Tract Lesion
Left visual loss

Left Right

Posterior Posterior




Macular Sparing

AMacula: central, highresolution vision (reading)
A Dual blood supply: MCA and PCA
APCA strokes often spare the macula

(B B
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Thalamic Syndrome

APCAA lateral thalamus
A Contralateral sensory loss: face, arms, legs
A Proprioception deficit: loss of balance, falls
ANo motor defects

A Chronic pain contralateral side

Thalamus
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Hypoxic Encephalopathy

ALoss of CNS blood flow
ALoss of consciousness <10sec

A Permanent damage <4min
Neurons: No glycogen storage!

A Coma, vegetative states common

A Causes:
Shock
Anemia
Repeated hypoglycemia
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Hypoxic Encephalopathy

AHippocampus (pyramidal cells) first area damaged
A Cerebellum(Purkinje cells) also highly susceptible
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Watershed Area Infarct

AMost distal branches of major arteries vulnerable

N r ~ ~ -_—

ABorders between MCA/ACA/PCA
AClassic scenario: CNS damage after massive Ml
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Watershed Area

AWeakness of the shoulders and thighs
A Sparing of the face, hands, and feet

A Bilateral symptoms

AA"manrin-asA AOOAIT O
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L acunar Strokes

AAnatomically small strokes associated with HTN
A Stroke resolves and leaves lacunae in brain
, AAOT AA E , AOET A& O OAipPOU O
AMay not show initial CT
A Also associated with DM, smoking
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L acunar Strokes

ANoncortical infarcts
A Different from ACA, MCA, PCA

N Pa 4 ~ v N

Aphasia,agnosig or hemianopsia

STUDY SMARTER
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Common Locations

Alnternal capsule
AThalamus
ABasal ganglia
APons
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Vessels

ALenticulostriate branches (MCA)

A Anterior choroidal artery (ICA)
ARecurrent artery of Heubner (ACA)
AThalamoperforate branch (PCA)

A Paramedianbranches (basilar artery)
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L acunar Strokes

ASubstrate: arteriolar sclerosis (HTN)

AProposed causes:
Lipohyalinosis: small vessel destruction, necrosis
Microatheroma: macrophages in vessel
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| acunar Strokes

Paralysis of face, arm Posterior limb
Pure Motor : :
and leg on one side internal Capsule
Numbness,sensory loss
Pure Sensory one side of body: Face, VPL Thalamus

arm, and leg

Thalamus, internal
Sensorimotor Paralysis & sensoryloss capsule, caudate and
putamen,and pons

Weakness, dysarthria,
Ataxic Hemiparesis ataxia out of proportion
to weakness

Base pons, internal
capsule

Dysarthria and
clumsiness (weakness) Pons, internal capsule
of the hand

Dysarthria-Clumsy Hand
Syndrome

Boards&Beyond.
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Hemiballism

AWild, flinging movements of extremities (ballistic)
ADamage to subthalamic nucleus
ASeen in rare subtypes of lacunar strokes
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Classic Lacunar Stroke

A Patient with uncontrolled hypertension

A Symptoms consistent with 1 of 5 lacunar subtypes
Pure motor (legs=arms; internal capsule)
Pure sensory (thalamus)

ANegative initial head CT
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Vertebral Basilar
Stroke Syndromes

Jason Ryan, MD, MPH
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Vertebral Artery Anatomy

o
_ Superior
Faontine cerebellar
arteries artery

Anterior
inferiar
cerebellar
artery

Vertebral
artery

Anterior Faosteriar

spinal inferior
artery cerebellar
artery

Ll BoardsaBeyond
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Brainstem Blood Supply

)

Lateral Medial
PCA ! 3
————— :
e ¥
""" AICA
— - i 6 5.7.8
'+ Basilar
———
=) To7 N |
— i 12 9,10,11
ASA
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Midbrain

Pons

Medulla




SCA Stroke

ARarest of allcerebellar (AICA, PICA) strokes
A Mostly cerebellar symptoms

Alpsilateral cerebellar ataxias

ANausea and vomiting
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Basilar Artery Stroke

A Locked-in Syndrome

AVentral pontine syndrome

A Loss ofcorticospinal and corticobulbar tracts
A Bilateral paralysis (Quadrapalegig

A Patient can blink (upper brainstem intact)

A Contrast with vegetative state
Motor function intact
Cortical dysfunction

SSSSSSSSSSSS




Central PontineMyelinolysis

O/ Ol dedyehnationOUT AOT | Ao

A Demyelination of centralpontine axons

ALesion at base of pons

A Loss ofcorticospinal and corticobulbar tracts

Al OOT AEAOAA xEOE 1T OAOI U OA
A Quadriplegia

A Can be similar to lockedin syndrome
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Top of the Basllar Syndrome

AVery rare

A Occlusion of upper basilar artery (usually embolic)
AChanges in the level of consciousness (coma)
AVisual symptoms: hallucinations, blindness

A Eye problems:
3'd nerve palsy
Loss of vertical gaze
Problems with convergence

AUsually no significant motor loss
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Key VB Stroke Syndromes

AAICA
APICA
AASA
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AICA Stroke

A Lateral pontine syndrome

AVestibular nuclei: nystagmus vertigo, N/V

A Spinothalamictract: Contralateral pain/temp

A Spinal V nucleusipsilateral face pain/temp

A3UI PAOEAOEA OOAAOQO(4

A Facial nucleus:
Ipsilateral facial droop
Loss corneal reflex

A Cochlear nuclei
Deafness

ATaste on anterior tongue (VII)

SSSSSSSSSSSS
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(1 Ol AO6O 3UI A
A Compression/disruption sympathetic ganglia
AHypothalamusA T1A Faceleyes

N

O

A, AOETT AT UxEAOA AITITC DA

AMiosis, ptosis, andanhidrosis

A Small/constricted pupil (miosis)
Unequal pupils
Affected side smaller

A Drooping eyelid (ptosis)
ANo sweat @nhidrosis)
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PICA Stroke

A Lateral medullary (Wallenberg's) syndrome

AVestibular nuclei: Nystagmus vertigo, N/V

A3UI PAOEAOEA OOAAOg (I OT AO
A Spinothalamictract: Contralateral pain/temp

A Spinal V nucleusipsilateral face pain/temp

ANucleusambiguus(1X, X)
Hoarsenessdysphagisdh 8 CAC OA A&l A @
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ASA Stroke

AMidline structures damaged
A Can affect medulla or spinal cord
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ASA Stroke

Level of Spinal Cord

A Anterior spinal artery syndrome

AASA supplies anterior 2/3 of spinal cord
A Loss of all but posterior columns

A Only vibration, proprioception intact

A Paralysis below lesion
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ASA Stroke

Level of Medulla

AMedial medullary syndrome

A Corticospinal, mediallemniscus CN 12

A Contralateral Hemiparesis

A Contralateral loss ofproprioception /vibration

AFlaccid paralysis tongue
Deviation to side of lesion

STUDY SMARTER




Key VB Stroke Syndromes

AICA Lateral pons
PICA Lateral medulla
ASA Medial medulla

Anterior spine

BoardssBeyond.
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Facial droop, hearing loss
Dysphagia, hoarseness

Contralateral motor, tongue
deviation

Bilateral motor; pain, temp;
sparing vibratrion/proprio




Cerebral
Aneurysms

Jason Ryan, MD, MPH
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Aneurysms

AWeak vessel walll
A Abnormal dilation

STUDY SMARTER




Aneurysms

ASaccular or Berry
More common type

A CharcotBouchard aneurysms
Microaneurysm
Cause of hemorrhagic stroke in HTN
Severe HTN
Similar: lacunar strokes
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Berry Aneurysms Associations

AADPKD

A Ehlers-Danlos

A Aortic coarctation
AOlder age
AHypertension

A Smoking

A African Americans
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Aneurysm Rupture

ASubarachnoid hemorrhage (berry)
Bleeding into CSF space
Neuro symptoms rare A mostly headache

AHemorrhagic stroke (micro)
Symptoms based on site of bleeding
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Subarachnoid Hemorrhage

ABleeding into space b/w
arachnoid & pia mater
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Subarachnoid Hemorrhage
AO71 OO0 EAAAAAEA T £ 1 U
A Sudden onset symptoms

A Fever, nuchal rigidity common

ACT scan usually diagnostic

A Xanthochromia on spinal tap

ANo focal deficits!

STUDY SMARTER
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Subarachnoid Hemorrhage

ATreat with clipping or endovascular coiling
ARe-bleeding common

AVasospasm
Triggered by blood
Worsening neuro symptoms
Days after initial bleed

ANimodipine (calcium-channel blocker)
Improves outcome
Unclear mechanism
May prevent vasospasm
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Berry Aneurysm Sites

BoardsaBey
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Anterior
_ communicating Anterior
Middle artery cerebral
cerebral
artery artery

Ophthalmic
artery

Internal
Anterior
choroidal
artery

Posterior
communicating
artery

Pasterior
cerebral
artery

Superior
cerebellar
artery

Pontine
arteries

Anterior
inferior
cerebellar
artery

Vertebral
artery

Anterior Pasterior

spinal inferior

artery cerebellar
artery




ACommAnNeurysm

AHeadache
AVisual field defects

a P

Bitemporal Hemianopsia
Optic Chiasm Compression
Pituitary Tumor/Aneurysm
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PCommAneurysm

AUnilateral headache, eye pain

ACN 1l palsy
UAd OAT xT AT A 1 OO0e¢
Ptosis
Pupil dilation z nonreactive to light
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Pupil Sparing

Als pupil normal (not dilated)?
Alf yes, pupil is sparedd lesion not aneurysm

APupillary constrictors easily compressed in
subarachnoid space
Ay £ DPOPEI EO OOPAOAAG
Palsy often associated with DM
Ischemic neuropathy of CN IIl (small vessel disease)
Sometimes painful
Spontaneously resolves

AO2O1 A T £ OEA PODEI 6
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CharcotBouchard Aneurysms

AMicro-aneurysms

A Small branchedenticulo-striate arteries
A Basal ganglia, thalamus

A Possible origin of hypertensive ICH
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Intracranial
Bleeding

Jason Ryan, MD, MPH
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Raised Intracranial Pressure
ICP

AMass lesions (tumors)

A Cerebral edema (large stroke, severe trauma)

AHydrocephalus

A Obstruction of venous outflow (thrombosis)

Aldiopathic intracranial hypertension
Pseudotumor cerebri
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Increased Intracranial Pressure

General symptoms

AHeadache (pain fibers CN V in dura)

A Depressed consciousness
Pressure on midbrain reticular formation

AVomiting
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Papilledema

A Optic disc swelling

A$ OA O ") #0
l.e. mass effect

AAlso seen in severe HTN

AUsually bilateral

ABlurred margins optic
disc on fundoscopy

|—'; H] Boards&Beyond Images courtesy of Warfieldian
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AHypertension
A Bradycardia
Alrregular respiration

STUDY SMARTER
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Posturing

Decorticate (arms flexed)
Cerebral Hemisphere Damage

Decerebrate (arms extended)
Brainstem Damage
BoardS&Beyond_ Image courtesy ofDjsilverspoon
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Glasgow Coma Scale

AThree tests:eye,verbal and motor
AGCS score: 3 to 15
A Eye (1-4 points)

Does not open, opens to painful stimuli, opens to voice, opens
spontaneously

AVerbal (1-5 points)

No sound, incomprehensible sounds, inappropriate words,
confused, oriented

AMotor (1-6 points)

No movements, decerebrate posturing, decorticate posturing,
withdrawal to pain, localizes to pain, obeys commands
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Herniation

A Expanding volume: blood, tumor
A Forces brain through weakest points
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Where can displaced brain go?

A Subfalcine
A Side to side

A Uncal
A Side to bottom
A Transtentorial

A Central

A DiencephalonA midbrain

A Tonsillar
A #AOAAAT T OI
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Subfalcine Herniation

ACingulate gyrus

A Extends under falx

A Drags ipsilateral ACAwith it
AACA compression

A Contralateral leg paresis
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Uncal herniation

AUncus = medial temporal lobe
A Across tentorium
AMidbrain compression

SSSSSSSSSSS




Uncal herniation

Alpsilateral CNIlIl compression
Loss of parasympathetic innervation .
$EI AOAA j OAT T x16(Q DOBE]
Lack of pupillary constriction to light

A Collapses ipsilateralposterior cerebral artery
Visual lossz cortical blindness
Homonymous hemianopsia

A Cerebral peduncle compression
Can be on side of lesion (contralateral paresis)
Can also be on opposite side (ipsilateral paresis)
Kernohan's notch
A Duret hemorrhage of pons and midbrain
Perforating branches basilar arterydraining veins

Ll BoardsaBeyond .




Uncalherniation

A Dilated pupil (side of lesion)
AVisual loss
AHemiparesis or quadriparesis
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Transtentorial Herniation

AThalamus, hypothalamus, and
medial parts of both temporal
lobes forced throughtentorium
cerebelli

ASomnolence, LOC

Alnitially: small, reactive pupils
A Later: nonreactive

A Posturing
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Tonsillar Herniation

A Cerebellar tonsils herniate
downward through the
foramen magnum

AMost commonly caused by a
posterior fossa mass lesion

A Compression of medulla results
In depression centers for
respiration and cardiac rhythm
control

A Cardiorespiratory failure

Boards&Beyond

STUDY SMARTER



Types of Intracranial Bleeds

A Epidural Hematoma
A Subdural Hematoma
A Subarachnoid Hemorrhage
AHemorrhagic Stroke
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The Meninges
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Epidural Hematoma

Rupture of middle
meningeal artery
Branch of maxillary artery

Traumatic:

Often fracture of temporal
bone

Convex Shape on CT

Dura attached sutures

Lesion cant cross suture
lines

- = Image courtesy ofDryphi
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Midline Shift
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1+ Imcisor branch

Maxillary Artery

Sphenopolatine
Infraorbital

Buceinator
Musseteric

Inferior
alveolar

Eyxternal carotid

Mylohyoid
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Epidural Hematoma

Symptoms

AGeneral symptoms:
Headache, drowsiness, loss of consciousness

ALucid interval
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Subdural Hematoma

AUsually traumatic

ARupture bridging veins

ABlood b/w dura and arachnoid space
ASLOW bleeding due to low pressure veins
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Subdural Hematoma

ACrescent shaped bleed
A Crosses suture lines
ALimited by dural reflections

falx cerebri

tentorium

falx cerebelli
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