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Nervous System Cells

ÅNeurons

ÅAstrocytes

ÅMicroglia

ÅOligodendroglia

ÅSchwann cells



Glial Cells

ÅSupport neurons

ÅMacroglia
ÅAstrocytes, oligodendrocytes, ependyma

ÅMicroglia

ÅGliosis: 
ÅProliferation/hypertrophy of glial cells

ÅReaction to CNS injury

ÅAstrocytes undergo major changes

ÅGlioma
ÅAstrocytoma, Oligodendroglioma, Ependymomas



Neurons

Image courtesy of Quasar Jarosz



Neuron Action Potentials
Key Facts

ÅAt rest, neurons have voltage of -70mV

Å4ÈÉÓ ÉÓ ÍÁÉÎÔÁÉÎÅÄ ÂÙ ȰÌÅÁËȱ ÏÆ +Ϲ ÏÕÔ ÏÆ ÃÅÌÌ

ÅTo depolarize, Na channels open

ÅThis allows Na into cell and raises voltage

ÅNa channels open along axon Ą propagation

ÅAt axon terminal, Ca channels open

ÅTriggers release of neurotransmitter

ÅVesicles fuse with membrane Ą exocytosis



Action Potential

Image courtesy of Tomtheman5



Clinical Relevance

ÅAgents that block Na channels will inhibit signals

ÅLocal anesthetics 
ÅLidocaine, Benzocaine, Tetracaine, Cocaine, etc.

ÅSome neurotoxins block Na channels
ÅPufferfishĄ tetrodotoxin

ÅJapanese food



Astrocytes

ÅImportant for support of neurons

ÅFound in CNS: Gray and white matter

ÅRemoves excess neurotransmitter

ÅRepair, scar formation

ÅMajor part of reactive gliosis
ÅHypertrophy

ÅHyperplasia

ÅGFAP is key astrocyte marker



Astrocytes
Clinical Relevance

ÅAstrocytomas
ÅCerebellum of children

ÅGFAP positive

ÅJC Virus infects astrocytes and oligodendrocytes
ÅCauses PML in HIV patients



Microglia

ÅCNS macrophages

ÅProliferate in response to injury

ÅDifferentiate into larger phagocytes after injury

ÅHIV can persist in the brain via microglia

ÅChronic HIV encephalitis: nodules of activated microglia



Oligodendroglia

ÅMyelinate CNS axons

ÅEach cell myelinatesmultiple axons

ÅMost common glial cell in white matter

ÅDestroyed in multiple sclerosis



Schwann Cells

ÅMyelinate PNS axons

ÅEach cell myelinatesone axons

ÅVery important for neuron regeneration

ÅDestroyed in Guillain-Barre syndrome

ÅForm Schwannomas
ÅAlso called acoustic neuromas

ÅClassically affect CN VIII



Myelin

ÅLipids and proteins 

ÅIncreases SPEED of impulse propagation in axon

ÅSaltatoryConduction
ÅOnly need to depolarize Nodes of Ranvier

ÅDo not need to depolarize entire axon

ÅThis makes process faster

Åᴻ ÃÏÎÄÕÃÔÉÏÎ ÖÅÌÏÃÉÔÙ

Åᴻ ÌÅÎÇÔÈ ÃÏÎÓÔÁÎÔ

ÅCNS: Oligodendrocytes

ÅPNS: Schwann cells



Types of Nerve Fibers

ÅClassification by diameter, myelin 

ÅA-alpha: 
ÅLarge, myelinated fibers, 6 to 15 microns diameter

ÅMost efferent motor fibers

ÅTouch, vibration, and position

ÅA-delta 
ÅSmall, myelinated fibers, 3 to 5 microns in diameter

ÅCold, pain

ÅC fibers
ÅUnmyelinated fibers, 0.5 to 2 microns in diameter

ÅWarm, pain

Large

Small



How Nerves Sense

ÅFour structures on nerve ending allow us to sense the 
world

ÅFree nerve endings

Å-ÅÉÓÓÎÅÒȭÓCorpuscles

ÅPacinianCorpuscles

Å-ÅÒËÅÌȭÓ ÄÉÓËÓ



Free Nerve Endings

ÅMostly found in skin

ÅSense pain and temperature

ÅSeparate pain, cold and warm receptors

ÅC and A-delta fibers



-ÅÉÓÓÎÅÒȭÓCorpuscles

ÅTouch receptors 

ÅLocated near surface of skin

ÅConcentrated sensitive areas like fingers
ÅȰ'ÌÁÂÒÏÕÓȱ ɉÈÁÉÒÌÅÓÓɊ ÓËÉÎ

ÅDeformed by pressure Ą nerve stimulation

ÅA-alpha (large, myelinated) fibers



PacinianCorpuscles

ÅVibration, pressure receptors 

ÅLocated deep skin, joints, ligaments

ÅEgg-shaped structure

ÅLayers of tissue around free nerve ending

ÅDeformed by pressure Ą nerve stimulation

ÅA-alpha (large, myelinated) fibers



-ÅÒËÅÌȭÓ $ÉÓÃÓ

ÅPressure, position receptors 

ÅMany locations, but especially hair follicles

ÅA-alpha (large, myelinated) fibers

ÅSustained response to pressure
ÅȰ3ÌÏ×ÌÙ ÁÄÁÐÔÉÎÇȱ

ÅProvide continues information

ÅContrast with -ÅÉÓÓÎÅÒȭÓ, Pacinian
ÅȰ2ÁÐÉÄÌÙ ÁÄÁÐÔÉÎÇȱ

ÅRespond mostly to changes



Peripheral Nerves

Severed nerve repair = neurorrhaphy



Nerve Damage
Jason Ryan, MD, MPH



Peripheral Nerve Damage

ÅMild: Neurapraxia

ÅModerate: Axonotmesis

ÅSevere: Neurotmesis

ÅCan result in weakness or sensory loss

Epineurium

Perineurium

EndoneuriumNerve

Myelin



Neurapraxia

ÅMild injury

ÅFocal demyelination

ÅAxon distal to injury intact

ÅContinuity across injury

ÅExcellent recovery

Epineurium

Perineurium

EndoneuriumNerve

Myelin



Neurotmesis

ÅSevere lesions

ÅAxon, myelin sheath irreversibly damaged

ÅExternal continuity of the injured nerve disrupted

ÅNo significant regeneration occurs 

ÅBad prognosis

Epineurium

Perineurium

EndoneuriumNerve

Myelin



Axonotmesis

ÅDemyelination plus damage to axon

ÅEndoneurium, perineurium remain intact

Epineurium

Perineurium

EndoneuriumNerve

Myelin



Axonotmesis

Å$ÉÓÔÁÌ ÔÏ ÔÈÅ ÌÅÓÉÏÎȡ ȰWallerian degeneration ȱ
ÅAlso occurs just proximal to injury

ÅAxon degenerates, myelin sheath involutes

ÅAxon regrowth sometimes occurs

ÅPossible if Schwann cells maintain integrity



Axonotmesis

Å0ÒÏØÉÍÁÌ ÔÏ ÔÈÅ ÌÅÓÉÏÎȡ ȰAxonal reaction ȱ

ÅAlso called central chromatolysis 

ÅUp-regulation of protein synthesis for repair

ÅCell body changes 
ÅSwelling 

ÅChromatolysis (disappearance of Nissl bodies)

ÅNucleus moves to periphery

ÅResolves with time



Chromatolysis

Alexanae/Wikipedia



Chromatolysis

Dr. Dimitri Agamanolis
neuropathology-web.org



Axonotmesis

ÅVariable prognosis 
ÅExtent of damage

ÅDistance to target

ÅComplexity of nerve

ÅUsually partial recovery 

ÅLonger recovery time than neurapraxia



Central Nerve Damage
Ischemia

Å~ 4-5 minutes of ischemia Ą irreversible damage

ÅNeurons more sensitive than glial cells 
ÅHigher energy demands; lack glycogen

ÅMost sensitive neurons:
ÅHippocampus

ÅPurkinje cells (Cerebellum)

ÅNeocortex

ÅStriatum (Basal ganglia)



Central Nerve Damage
Changes after Infarction

Å12-24 hours
ÅNo changes for about 12 hours

ÅFirst changes occur in neurons

ÅMicrovacuoles (small holes) develop in neuron cytoplasm

ÅNeurons become deep pink-ÒÅÄ ÃÏÌÏÒ ȰRed neuronsȱ

ÅNucleus changes shape, color



Red Neurons

SV Murthy



Central Nerve Damage
Changes after Infarction

Å24-48 hours
ÅNeutrophils, macrophages, microglia

ÅLiquefactive necrosis from lysosomal enzymes release



Central Nerve Damage
Changes after Infarction

ÅDays to weeks
ÅMacrophages eliminate debris

ÅCyst forms

ÅAstrocytes undergo gliosis - multiply, enlarge

ÅAstrocyte processes form wall around cyst



UMN and LMN

ÅSomatics: two neuron chain

ÅUpper motor neuron
ÅBrain to second nerve

ÅLower motor neuron 
ÅCNS to muscle/target

Muscle
LMN

UMN

Image courtesy of Wikipedia  and Jkwchui



UMN and LMN

ÅUMN: Cortex, internal capsule, corticospinal tract

ÅLMN: Brainstem, spinal cord (anterior horn)



UMN and LMN

ÅUpper motor damage (pyramidal signs)
ÅSpastic paralysis (stiff, rigid muscles)

ÅHyperreflexia

ÅMuscle overactive

ÅClasp knife spasticity: passive movement Ą initial resistance, 
sudden release



UMN and LMN

ÅLower motor damage 
ÅFlaccid paralysis

ÅFasciculation (spontaneous contractions/twitches)

ÅLoss of reflexes



Decussation

ÅUMN cross just below medulla
ÅDecussation

ÅLesions above decussation
ÅContralateral dysfunction

ÅLesions below decussation
ÅIpsilateral dysfunction



Bulbar

ÅBulbar muscles are supplied by CN in brainstem
ÅV (jaw)

ÅVII (face)

ÅIX (swallowing)

ÅX (palate)

ÅXI (head)

ÅXII (tongue)



Bulbar vs. Pseudobulbar

ÅBulbar palsy
ÅCranial nerve damage

ÅLMN signs

ÅPseudobulbar
ÅCorticobulbar tract damage

ÅUMN signs



Key Differences

ÅBulbar
ÅAbsent jaw/gag reflex

ÅTongue flaccid/wasted

ÅPseudobulbar
ÅExaggerated gag reflex

ÅTongue spastic (no wasting)

ÅSpastic dysarthria



Blood Brain Barrier
Jason Ryan, MD, MPH



Blood Brain Barrier

ÅSurrounds CNS blood vessels

ÅControls content CNS interstitial fluid

ÅTight junctions btw endothelial cells of capillaries

ÅAstrocytes foot processes
ÅTerminate in overlapping fashion on capillary walls



Blood Brain Barrier

ÅWater, some gases, and lipid soluble small molecules 
easily diffuse across

ÅKeeps out bacteria, many drugs

Å'ÌÕÃÏÓÅȾÁÍÉÎÏ ÁÃÉÄÓ ÃÁÎȭÔ ÃÒÏÓÓ ÄÉÒÅÃÔÌÙ
ÅUse carrier-mediated transport



Circumventricular Organs (CVO)

ÅVascular brain structures around ventricles

ÅNo blood brain barrier

ÅAllow communication CNS Ą blood stream

ÅSome sensory, some secretory

ÅKey CVOs
ÅArea postrema

ÅOVLT

ÅSubfornicalOrgan (SFO)

ÅMedian Eminence of Hypothalamus



Area Postrema

ÅCaudal end of 4th ventricle  in medulla

ÅȰ#ÈÅÍÏÒÅÃÅÐÔÏÒ ÔÒÉÇÇÅÒ ÚÏÎÅȱ

ÅOutside blood brain barrier

ÅChemo agents affect this area

ÅSends signals to vomiting center in the medulla



OVLT

ÅOrganumvasculosumof the lamina terminalis

ÅAnterior wall of the third ventricle

ÅOsmosensoryneurons



SubfornicalOrgan (SFO)

ÅAnterior wall 3 rd ventricle

ÅResponds to many circulating substances

ÅExact roles not clear

ÅResponds to angiotensin II 

ÅProjects to other brain areas



Median Eminence of 
Hypothalamus
ÅReleases hormones into vascular system to pituitary

ÅAllows hypothalamus to regulate pituitary



Other Brain Areas 
Without BBB
ÅPosterior Pituitary Gland
ÅOxytocin, ADH

ÅPineal Gland
ÅMelatonin



Vasogenic(Cerebral) Edema

ÅBreakdown of blood brain barrier

ÅTrauma, stroke

ÅSwelling of brain tissue

Image courtesy of Bobjgalindo



Neurotransmitters
Jason Ryan, MD, MPH



Peripheral Neurotransmitters

ÅNorepinephrine

ÅAcetylcholine

ÅDopamine



Key CNS Neurotransmitters

ÅNorepinephrine

ÅAcetylcholine (ACh)

ÅDopamine

ÅSerotonin (5-HT)

Åɹ -aminobutyric acid (GABA)

ÅGlutamate



Norepinephrine

ÅStress/panic hormone

ÅIncreased levels in anxiety

ÅDecreased levels in depression
Å3ÏÍÅ ÁÎÔÉÄÅÐÒÅÓÓÁÎÔÓ ᴻ.% ÌÅÖÅÌÓ

ÅSerotoninɀnorepinephrine reuptake inhibitors (SNRIs)

ÅDesipramine(TCA)

ÅMonoamine Oxidase inhibitors (MAOi)



Locus Ceruleus

ÅPosterior ponsnear 4th ventricle

ÅMain source of NE in brain

ÅCritical for response to stress

ÅExtensive projections that activate under stress

ÅActivated in opiate withdrawal



Locus Ceruleus

Image courtesy of Diego69

Locus Ceruleus



Dopamine

ÅSynthesized in:
ÅVentral tegmentum(midbrain)

ÅSubstantianigra (midbrain)

ÅIncreased levels in schizophrenia

Å$ÅÃÒÅÁÓÅÄ ÌÅÖÅÌÓ ÉÎ 0ÁÒËÉÎÓÏÎȭÓ

ÅDecreased levels in depression



Dopamine Synthesis



GABA

Åɹ -aminobutyric acid

ÅGABA is largely inhibitory 

ÅSynthesized in nucleus accumbens(subcortex)

ÅDecreased levels in anxiety

Å$ÅÃÒÅÁÓÅÄ ÌÅÖÅÌÓ ÉÎ (ÕÎÔÉÎÇÔÏÎȭÓ ÄÉÓÅÁÓÅ



GABA Synthesis



GABA Receptor Anesthetics

ÅEtomidate

ÅPropofol

ÅBenzodiazepines

ÅBarbiturates

ÅThese drugs activate receptor Ą sedation



GABA Receptor

ÅGABA binds to receptor allows Cl- into cell

GABA

Cl-



GABA Synthesis

ÅSynthesized via glutamate decarboxylasein neurons

ÅBroken down by GABA transaminase

ÅBoth enzymes need B6 cofactor

Glutamate GABA Breakdown 
Products

Glutamate
decarboxylase

GABA
Transaminase



GABA Receptor

ÅThree GABA receptor subtypes

ÅGABAA GABAB in brain

ÅGABAc in retina

ÅBenzodiazepines act on GABAA
ÅStimulate Cl- influx

ÅAlcohol, zolpidem, and barbiturates also GABAA



Nucleus Accumbens

ÅImportant for pleasure/reward

ÅResearch shows NA activated in
ÅDrug addiction

ÅFear



Serotonin

ÅVarious functions

ÅSynthesized in raphe nucleus (pons)

ÅDecreased levels in anxiety

ÅDecreased levels in depression
Å3ÏÍÅ ÁÎÔÉÄÅÐÒÅÓÓÁÎÔÓ ᴻυ-HT levels

ÅSelective-serotonin reuptake inhibitors (SSRIs)

ÅSerotoninɀnorepinephrine reuptake inhibitors (SNRIs)

ÅMonoamine Oxidase inhibitors (MAOi)



5-HT Synthesis

Image courtesy of S. Jähnichen.



Serotonin Syndrome

Å#ÁÎ ÏÃÃÕÒ ÁÎÙ ÄÒÕÇ ÔÈÁÔ ÔÈÁÔ ᴻÓÅÒÏÔÏÎÉÎ
ÅSSRIs, MAO inhibitors, SNRis, TCAs

ÅClassically triad 

Å#1: Mental status changes

ÅAnxiety, delirium, restlessness, and disorientation

Å#2: Autonomic hyperactivity

ÅDiaphoresis, tachycardia, hyperthermia

Å#3: Neuromuscular abnormalities
ÅTremor, clonus,  hyperreflexia, bilateral Babinski sign



Serotonin Syndrome

ÅWatch for patient on anti-depressants with fever, 
confusion, and rigid muscles

Å$ÏÎȭÔ ÃÏÎÆÕÓÅ ×ÉÔÈ .-3
ÅBoth: muscle rigidity, fever,  ɝMS, and autonomic instability 

Å.-3ȡ Ȱ,ÅÁÄ ÐÉÐÅȱ ÒÉÇÉÄÉÔÙȟ ᴻ#+

ÅSS: Clonus

ÅTreatment: cyproheptadine (5 ɀHT antagonist)



Acetylcholine

ÅSynthesized in basal nucleus of Meynert (subcortex)

ÅIncreased levels in REM sleep

Å$ÅÃÒÅÁÓÅÄ ÌÅÖÅÌÓ ÉÎ !ÌÚÈÅÉÍÅÒȭÓ

Å$ÅÃÒÅÁÓÅÄ ÌÅÖÅÌÓ ÉÎ (ÕÎÔÉÎÇÔÏÎȭÓ ÄÉÓÅÁÓÅ



Glutamate

ÅMajor excitatory neurotransmitter

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

Å(ÕÎÔÉÎÇÔÏÎȭÓȡ ÎÅÕÒÏÎÁÌ ÄÅÁÔÈ ÆÒÏÍ ÇÌÕÔÁÍÁÔÅ ÔÏØÉÃÉÔÙ
ÅGlutamate binds NMDA receptor

ÅExcessive influx calcium

ÅCell death



Phencyclidine (PCP)
Angel Dust

ÅAntagonist to NMDA receptor

ÅViolent behavior

ÅHallucinations

ÅAtaxia, nystagmus

ÅHypertension, tachycardia, diaphoresis

ÅCan cause seizures, coma, or death



Dermatomes and
Reflexes
Jason Ryan, MD, MPH



Dermatomes

C1 Vertebrae

C1 Nerve Root

C7 Vertebrae
C7

C8
T1 Vertebrae

T2 Vertebrae
T1



Key Spinal Nerves

ÅPhrenic nerve C3-C5
ÅInnervates diaphragm

ÅDiaphragm irritation ĄȰÒÅÆÅÒÒÅÄȱ ÓÈÏÕÌÄÅÒ ÐÁÉÎ

ÅClassic example is gallbladder disease

ÅAlso lower lung masses

ÅIrritation can cause dyspnea and hiccups

ÅCut nerve Ą diaphragm elevation, dyspnea

ÅT10 = umbilicus
ÅReferred pain for appendicitis



Herpes Zoster
Shingles

ÅReactivation of latent varicella-zoster virus
ÅPrimary VZV = chicken pox

ÅFever, pharyngitis, vesicular rash

ÅShingles = reactivated VZV

ÅLies dormant in dorsal root ganglia

ÅRash along dermatome

ÅDoes not cross midline

ÅCommon in elderly or immunocompromised



Herpes Zoster

Image courtesy of Fisle



Reflexes

Image courtesy of ChristinaT3



Clinically Tested Reflexes

ÅBiceps ɀC5

ÅTriceps ɀC7

ÅPatella ɀL4

ÅAchilles (ankle jerk) ɀS1



Reflexes

Å0 = No reflex

Å1+ = diminished (LMN lesion)

Å2+ = Normal

Å3+ = Brisk (UMN lesion)

Å4+ = Very brisk

Å5+ = Sustained clonus



Nerve Root Syndromes

ÅL5 (L4/L5 disc)
ÅMost common

ÅBack pain down lat leg

ÅFoot strength reduced

ÅReflexes normal

ÅS1 (L5/S1disc)
Å2nd most common

ÅPain down back of leg

ÅWeakness plantar flexion

ÅAnkle reflex lost



Babinski Sign
Plantar Reflex

ÅRub bottom foot

ÅNormal: downward
ÅPlantarflexion

ÅAbnormal: upward
ÅDorsiflexion

ÅUMN damage

ÅUMN suppress reflex

ÅUpward = normal infants
Å<12mo

ÅIncomplete myelination



Primitive Reflexes

ÅAll present at birth in normal babies

ÅDisappear in first year of life or less

ÅBabies lacking these may have CNS pathology

ÅReflexes that persist can indicate pathology

ÅInhibited by mature frontal lobe

ÅCan reappear with frontal lobe pathology

ÅSix key reflexes:
ÅMoro, Rooting, Sucking, Palmar, Plantar, Galant



Moro Reflex
Startle Reflex

ÅLie baby on back

ÅLift slightly off back

ÅLet go

ÅThree phase reflex
ÅSpreading of arms

ÅUnspreadingof arms

ÅCrying



Other Primitive Reflexes

ÅRooting
ÅStroke cheek, baby turns toward side of stroke

ÅSucking
ÅBaby will suck anything touching roof of mouth

ÅPalmar
Å3ÔÒÏËÅ ÂÁÂÙȭÓ ÐÁÌÍȟ ÆÉÎÇÅÒÓ ×ÉÌÌ ÇÒÁÓÐ 

ÅPlantar
ÅBabinski reflex Ą normal up to 1 year

ÅGalant
ÅStroke skin along babies back, baby swings legs to that side



Cerebral Cortex
Jason Ryan, MD, MPH



Cerebral Cortex

Image courtesy of RobinH



Brodmannareas

Å47 areas of human brain



Frontal Lobe

ÅLargest lobe

ÅMotor function, planning movements

ÅThinking, feeling, imagining, making decisions

ÅKey Areas
ÅMotor cortex

ÅFrontal Eye Fields

Å"ÒÏÃÁȭÓspeech area

ÅPrefrontal Cortex



Motor Cortex
D

Image courtesy of RobinH

Precentral gyrus
Precentral sulcus



Homunculus

MCA: Upper limb, face
ACA: Lower limb

Image courtesy of Wikipiedia and OpenStaxCollege



Frontal Eye Fields

ÅFound in frontal lobe

Å"ÒÏÄÍÁÎÎȭÓArea 8

ÅPerforms conjugate movement eyes to opposite side

ÅSaccadic movements: back-forth (reading)

ÅComplex function Ą helps track objects

ÅDestructive lesion: 
ÅBoth eyes deviate to side of lesion

R L

Right FEF Lesion



"ÒÏÃÁȭÓSpeech Area

ÅLocated in frontal lobe ɀLEFT hemisphere

ÅSpeech production (not comprehension)

ÅMoves muscles for speech

ÅMakes speech clear, fluent

ÅDestruction ĄȰÅØÐÒÅÓÓÉÖÅȱ ÁÐÈÁÓÉÁ
ÅKnow what you want to say but cannot express speech

ÅShort sentences, stutters, stops

Å7ÁÔÃÈ ÆÏÒ ȰÂÒÏËÅÎȱ ÓÐÅÅÃÈȡ ÓÔÕÔÔÅÒÉÎÇȟ ÓÔÏÐȾÓÔÁÒÔ



Image courtesy of coburgpsych



7ÅÒÎÉÃËÅȭÓAphasia

ÅLocated in temporal lobe ɀLEFT hemisphere

ÅSpeech comprehension (not production)

ÅDestruction ĄȰÆÌÕÅÎÔȱ ÁÐÈÁÓÉÁ
ÅFluent, but meaningless speech

ÅWatch for LACK of stutters, starts/stops



Image courtesy of coburgpsych



Global Aphasia

ÅBoth Broca'sand Wernicke's (left side)

Å0ÁÔÉÅÎÔȭÓ ÏÆÔÅÎ ÍÕÔÅ

ÅCannot follow commands

ÅCan occur immediately following stroke

ÅUsually occurs with extensive CNS damage
ÅRight Hemiparesis

ÅRight visual loss



Prefrontal Cortex

ÅAnterior 2/3 of frontal lobe

ÅLesions:
ÅDisinhibition 

ÅDeficits in concentration

ÅDisorientation

ÅPoor judgment

ÅReemergence of primitive reflexes



Phineas Gage

ÅRailroad worker 1848

ÅRailroad iron thru skull

ÅSurvived

ÅPersonality change
Image courtesy of Jack and Beverly Wilgus

Image courtesy of Henry Jacob Bigelow



Parietal Lobes

ÅContain sensory cortex

ÅDamage to right parietal lobe: spatial neglect
ÅContralateral (left) agnosia

Å#ÁÎȭÔ ÐÅÒÃÅÉÖÅ ÏÂÊÅÃÔÓ ÉÎ ÐÁÒÔ ÏÆ ÓÐÁÃÅ

ÅDespite normal vision, somatic sensation

ÅFailure to report or respond to stimuli affected side

ÅRight-sided spatial neglect rare 
ÅRedundant processing of right by left/right brain



Parietal Lobes

Å"ÁÕÍȭÓ ,ÏÏÐ

ÅPart of visual pathway

ÅDamage: QuadranticAnopia

"ÁÕÍȭÓ ,ÏÏÐ ,ÅÓÉÏÎ
Parietal Lobe
Ȱ0ÉÅ ÉÎ ÔÈÅ ÆÌÏÏÒȱ

Parietal lobe damage



Temporal Lobe

ÅPrimary auditory cortex
ÅLesions ĄȰÃÏÒÔÉÃÁÌȱ ÄÅÁÆÎÅÓÓ

Å7ÅÒÎÉÃËÅȭÓ ÓÐÅÅÃÈ ÁÒÅÁ
ÅLesions Ą7ÅÒÎÉÃËÅȭÓ ÁÐÈÁÓÉÁ

ÅOlfactory bulb

Å-ÅÙÅÒȭÓ ,ÏÏÐ

ÅHippocampus

ÅAmygdala



Olfactory Bulb

ÅDestruction Ą ipsilateral anosmia

ÅPsychomotor epilepsy
ÅSights, sounds, smells that are not there

ÅCan result from irritation olfactory bulb

ÅPart of temporal lobe epilepsy

ÅRare, olfactory groove meningiomas
ÅAbout 10% of all meningiomas

ÅCause anosmia



-ÅÙÅÒȭÓ ,ÏÏÐ
QuadranticAnopia

3
-ÅÙÅÒȭÓ ,ÏÏÐ

Temporal Lobe
Ȱ0ÉÅ ÉÎ ÔÈÅ ÓËÙȱ

MCA stroke, Temp lobe damage



Amygdala

ÅTemporal lobe nuclei

ÅImportant for decision making, higher functions

ÅPart of limbic system



Kluver-BucySyndrome

ÅDamage to bilateral amygdala (temporal lobes)

ÅHyperphagia - Weight gain

ÅHyperorality - tendency to examine all with mouth

ÅInappropriate Sexual Behavior 
ÅAtypical sexual behavior, mounting inanimate objects

ÅVisual Agnosia
ÅInability to recognize visually presented objects

ÅRare complication of HSV1 encephalitis



Occipital Lobe

ÅVision

ÅLesions cause cortical blindness

ÅBlood supply ĄPCA



Homonymous Hemianopsia

Left PCA Stroke
Right visual loss

Right PCA Stroke
Left visual loss



Macular Sparing

ÅMacula: central, high-resolution vision (reading)

ÅDual blood supply: MCA and PCA

ÅPCA strokes often spare the macula



Spinal Cord
Jason Ryan, MD, MPH



Spine

Image courtesy of debivort



ÅCervical (8)

ÅThoracic (12)

ÅLumbar (5)

ÅSacral (5)

ÅCord ends L1/L2
ÅConusmedullaris

ÅCaudaEquina

Image courtesy of guest334add



Spinal Cord Cross Section

Image courtesy of OpenStaxCollege

White matter = Fibers
Gray matter = cells



Cervical

Thoracic

Lumbar

Sacral

Spinal Cord Levels

White matter = Fibers
Gray matter = cells



Terminology

ÅDorsal
ÅPosterior

ÅTowards Back

ÅVentral
ÅAnterior

ÅTowards Front

ÅRostral
ÅTowards top of head

ÅCaudal
ÅTowards tail

ÅAway from head



Spinal Cord



Spinal Cord Tracts

Image courtesy of Polarlysand Mikael Häggström



Spinal Cord



1st Neuron: Spinal root to cord
2nd Neuron: Dorsal Horn

3rd Neuron: VPL Thalamus to Cortex

Spinothalamic Tract
Pain/temperature/crude touch



1st Neuron: Spinal root to cord
2nd Neuron: Dorsal Horn to Thalamus
3rd Neuron: VPL Thalamus to Cortex

Spinothalamic Tract
Pain/temperature/crude touch

Medulla

Pons

Midbrain

Thalamus

Spinal
Cord



Posterior Column
Dorsal Column-Medial Lemniscus



Posterior Column
Dorsal Column-Medial Lemniscus

Medulla

Pons

Midbrain

Thalamus

Nucleus
Gracilis

Nucleus
Cuneatus

Pacinian
Corpuscle

Meissner's 
Corpuscle

1st Neuron: Spinal root up cord
2nd Neuron: Gracilis (lower) 

Cuneatus (upper)
3rd Neuron: VPL Thalamus to Cortex

Vibration/proprioception/fine touch

Lower
Medulla

Spinal
Cord



Sensory Info to Brain

ÅSpinothalamic   
ÅPain/temperature/crude touch

ÅSynapse cord level

ÅCross cord level

ÅPosterior column 
ÅVibration/proprioception/fine touch

ÅAscend in cord

ÅSynapse nucleus gracilis/ cuneatus

ÅCross medulla

ÅKey point: Both cross but in different places





CorticospinalTract

Medulla

Pons

Midbrain

Lower
Medulla

Spinal
Cord

Posterior
Limb

Internal 
Capsule

Motor
1st Neuron: Cortex to Anterior Horn
2nd Neuron: Anterior Horn to muscle

DecussationLower Medulla



Key Points

1. Anterior Horn ɀMotor nerves

2. Posterior Horn ɀSensory Nerves (pain/temp)

3. Lateral Horn ɀAutonomic Nerves

4. Spinothalamic Tract ɀPain/Temp

5. Medial lemniscusɀVibration/Proprioception

6. Corticospinal Tract - Motor

1

2

3 4

5

6



Testing Sensation

ÅRomberg
ÅPositive suggests posterior column problem

ÅVibration
ÅTuning fork

ÅProprioception
Å#ÌÏÓÅ ÅÙÅÓȠ Ȱ)Ó ÔÏÅ ÕÐ ÏÒ ÄÏ×Îȩȱ



Testing Sensation

ÅPain
ÅPin prick

ÅTemp
ÅHot/cold water (rarely done)



Peripheral Neuropathy

ÅDiabetes complication
ÅPin prick weak at feet, better further up leg

ÅChanges with going up the leg

ÅNot spinal cord problem



Spinal Cord 
Syndromes
Jason Ryan, MD, MPH



Spinal Cord Syndromes

1. Poliomyelitis and Werdnig-Hoffman disease

2. Multiple sclerosis

3. Amyotrophic lateral sclerosis (ALS)

4. Anterior spinal artery occlusion

5. Tabes dorsalis

6. Syringomyelia

7. Subacute combined degeneration (SCD)



Polio

ÅSingle stranded RNA virus

ÅPrevented by vaccination

ÅDestruction of anterior horn

ÅLMN lesions

ÅFlaccid paralysis



Polio

ÅClassic presentation
ÅUnvaccinated child

ÅFebrile illness

ÅNeuro symptoms 4-5 days later

ÅWeakness (legs>arms)

ÅFlaccid muscle tone



Werdnig-Hoffman Disease

ÅSpinal muscle atrophy disease

ÅHypotonia/weakness in newborn

ÅClassic finding: tongue fasciculations

ÅȰ&ÌÏÐÐÙ ÂÁÂÙȱ

ÅSimilar lesions to polio

ÅDeath in few months



Multiple Sclerosis

ÅMostly cervical white matter

ÅRandom, asymmetric lesions

ÅRelapsing, remitting pattern



Amyotrophic lateral sclerosis

ÅCombined UMN/LMN disease

ÅNo sensory symptoms!!

ÅUpper symptoms
ÅSpasticity, exaggerated reflexes

ÅLower symptoms
ÅWasting, fasciculations



Amyotrophic lateral sclerosis

ÅCranial nerves can be involved
ÅDysphagia

ÅMost common 40-60 years old

ÅUsually fatal 3-5 years

ÅCommon cause of death: aspiration pneumonia

ÅRiluzoleÆÏÒ ÔÒÅÁÔÍÅÎÔ ɉᴽÇÌÕÔÁÍÁÔÅ ÒÅÌÅÁÓÅ ÎÅÕÒÏÎÓɊ



Amyotrophic lateral sclerosis

ÅFamilial cases: 
ÅZinc copper superoxide dismutase deficiency

ÅIncreased free radical damage



Lou Gehrig

ÅBaseball player

ÅNY Yankees 1930s

ÅThe Iron Horse



Amyotrophic lateral sclerosis

ÅClassic Presentation
Å50-year old patient

ÅSlowly progressive course 

ÅArm weakness

ÅDysphagia to solids/liquids

ÅSome flaccid muscles

ÅSome spastic muscles

ÅNo sensory symptoms



ASA Occlusion

ÅLoss of all but posterior columns
ÅOnly vibration, proprioception intact

ÅAcute onset (stroke)

ÅInitial spinal shock
ÅFlaccid bilateral paralysis (loss of LMN) below lesion

ÅWeeks later
ÅLMN defect at level of lesion

ÅUMN damage below lesion

ÅHyperreflexia, spasticity



Tabes dorsalis

ÅTertiary syphilis

ÅDemyelination of posterior columns

ÅLoss of dorsal roots



Tabes dorsalis

ÅClassic Signs/Symptoms
ÅPatient with other STDs

ÅDifficulty walking

Å5/5 strength legs and arms

ÅPositive Romberg (no proprio )

ÅWide-based gate

ÅFleeting, recurrent shooting pains

ÅLoss of ankle/knee reflexes

ÅArgyll Robertson pupils  



Syringomyelia

ÅFluid-filled space in spinal canal

ÅDamages ST nerve fibers crossing center

ÅBilateral loss pain/temp

ÅUsually C8-T1 (arms/hands)



Syringomyelia

ÅCan expand to affect anterior horn
ÅMuscle weakness

ÅCan expand to affect lateral horn
ÅLoss of sympathetic to face

Å(ÏÒÎÅÒȭÓ ÓÙÎÄÒÏÍÅ

ÅCan cause kyphoscoliosis(spine curve)



Syringomyelia

ÅFrom trauma or congenital

ÅCan occur years after spinal cord injury

ÅSeen in Chiari malformations



Syringomyelia

ÅSymptoms only at level of the syrinx

ÅUsually C8-T1 
ÅWatch for pin prick/temp loss on only hands/back

ÅLegs will be normal

ÅPosition, vibration normal all levels

ÅTemp loss may present as burns not felt

ÅPain loss may present as cuts not felt

ÅIf large, motor symptoms may develop

Å)Æ ÌÁÒÇÅȟ (ÏÒÎÅÒȭÓ ÓÙÎÄÒÏÍÅ ÍÁÙ ÄÅÖÅÌÏÐ



Syringomyelia

ÅClassic presentation
ÅCuts/burns on hands that were not felt

ÅLoss of pinprick and temp in back, shoulders, arms

ÅMay also include:
ÅMotor weakness arms

Å(ÏÒÎÅÒȭÓ ÓÙÎÄÒÏÍÅ



SCD

ÅB12 Deficiency

ÅDemyelination posterior columns (vibr / proprio )

ÅLoss of lateral motor tracts

ÅSlowly progressive 

ÅWeakness

ÅAtaxia

ÅMay not have macrocytosis



SCD

ÅClassic presentation
ÅProblems walking

ÅPositive Romberg

ÅSpastic paresis in legs

ÅLower extremity hyperreflexia

ÅPositive Babinski



Brown-SequardSyndrome

ÅLoss of half of spinal cord

ÅTrauma or tumor

ÅLosepain/temp contralateral side

ÅLose motor, position, vibration ipsilateral side



Below Level of Injury

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

UMN 
Motor Loss/

Paralysis

Proprio/Vibration
Loss

Pain/Temp
Loss



Level of Injury
Proprio/
Vibration

LMN
Motor Loss

Pain/Temp

No Motor, Proprio, Vibration, Pain, or Temp



Brown-SequardSyndrome

ÅWeak side = side with lesion

ÅUMN signs below

Å1: Level of lesion
ÅLMN signs

ÅLoss of all sensation

ÅIf above T1 Ą(ÏÒÎÅÒȭÓ

ÅConstricted pupil, eyelid droop

Å2: Loss of motor, posterior columns

Å3: Loss of pain/temp

Image courtesy of Rhcastilhos



Brown-SequardSyndrome

ÅClassic Presentation
ÅPrior trauma (knife, gunshot)

ÅLevel of injury: No sensation

ÅSide with injury

ÅSpastic paresis; Babinski sign

ÅLoss of vibration/proprioception

ÅOther side

ÅLoss of pain/temp

Image courtesy of Rhcastilhos



Cauda Equina Syndrome

ÅSpinal cord ends about L2 (conusmedullaris)

ÅSpinal nerves continue inferiorly (caudaequina)

ÅCauda equina nerve roots:
ÅMotor to lower extremity

ÅSensory to lower extremity

ÅPelvic floor/sphincter innervation

ÅCauda equina syndrome:
ÅCompression caudaequina

ÅMassive disk rupture

ÅTrauma, tumor



Cauda Equina Syndrome

ÅClassic Presentation
ÅSevere low back pain

ÅȰ3ÁÄÄÌÅ ÁÎÅÓÔÈÅÓÉÁȱ 

ÅLoss of anocutaneousreflex

ÅBowel and bladder dysfunction

ÅNormal Babinski

Image courtesy of Lesion



ConusMedullaris Syndrome

ÅPerianal anesthesia, bilateral

ÅImpotence



Brainstem
Jason Ryan, MD, MPH



Terminology

ÅDorsal
ÅPosterior

ÅTowards Back

ÅVentral
ÅAnterior

ÅTowards Front

ÅRostral
ÅTowards top of head

ÅCaudal
ÅTowards tail

ÅAway from head



The Brainstem

Image courtesy of OpenStaxcollege



The Brainstem

ÅSensory and motor fibers 

ÅNuclei of cranial nerves

ÅImportant to know what lies in each section
ÅMidbrain

ÅPons 

ÅMedulla

ÅFocus on
ÅWhich cranial nerves each level?

ÅWhere are the tracts traveling btw brain/cord?

ÅMedial versus lateral?



Brainstem Sections



Midbrain
Mesencephalon

Cerebral Aqueduct

Medial Lemniscus

Corticospinal Tract
Corticobulbar Tract

Spinothalamic Tract

Oculomotor Nerve

MLF

Red Nucleus

Cerebral
Peduncle



BenediktSyndrome

ÅCN 3, medial leminiscus, red nucleus

ÅOculomotor palsy

ÅContralateral loss proprioception /vibration

ÅInvoluntary movements 
ÅTremor

ÅAtaxia



7ÅÂÅÒȭÓ 3ÙÎÄÒÏÍÅ

ÅCN3, corticospinal tract, corticobulbar tract

ÅOcculomotornerve palsy

ÅContralateral hemiparesis

ÅPseudobulbarpalsy
ÅUMN cranial nerve motor weakness

ÅExaggerated gag reflex

ÅTongue spastic (no wasting)

ÅSpastic dysarthria



0ÁÒÉÎÁÕÄȭÓSyndrome

ÅPosterior midbrain

ÅSuperior colliculus and pretectal area
Å#ÁÎȭÔ ÌÏÏË ÕÐ ɉÖÅÒÔÉÃÁÌ ÇÁÚÅ ÐÁÌÓÙɊ

ÅPseudo Argyll Robertson pupil

ÅOften from pinealoma/ germinomaof pineal region

ÅWatch for cerebral aqueduct obstruction
ÅNon-communicating hydrocephalus 

ÅCompression from a pineal tumor



Pons

4th Ventricle

Corticospinal 
Tract

Medial
Lemniscus

Spinothalamic
Tract

Vestibular N
(CN VIII)

CN VII

MLF

CN VI

Spinal Tract
& Nucleus

Trigeminal (V)

Vestibular 
Nuclei (VIII)

PPRF



Medial Pontine Syndromes

ÅCorticospinal tract, CN 6, CN 7

ÅContralateral hemiparesis

ÅCN 6 palsy

ÅFacial weakness/droop affected side

ÅLateral gaze structures: MLF, CN VI nucleus

ÅGaze palsies
Å#ÁÎȭÔ ÌÏÏË ÔÏ ÁÆÆÅÃÔÅÄ ÓÉÄÅ

ÅDamage to either PPRF or nucleus CN VI



Lateral Pontine Syndromes

ÅVestibular nuclei: nystagmus, vertigo, N/V

ÅSpinothalamic tract: Contralateral pain/temp

ÅSpinal V nucleus: ipsilateral face pain/temp

Å3ÙÍÐÁÔÈÅÔÉÃ ÔÒÁÃÔȡ (ÏÒÎÅÒȭÓ ÓÙÎÄÒÏÍÅ

ÅFacial nucleus: 
ÅIpsilateral facial droop

ÅLoss corneal reflex

ÅCochlear nuclei
ÅDeafness

ÅAICA stroke



Medulla

4th Ventricle

Inferior Olivary 
Nucleus

Pyramids
(corticospinal)Medial

Lemniscus

CN XII

CN X

Nucleus Solitarius

Dorsal Motor
Nucleus X

Nucleus
Ambiguus

Spinothalamic
Tract

Spinal Nucleus
Trigeminal N (V)

Spinal Tract
Trigeminal N (V)

Vestibular 
Nuclei (VIII) Hypothalamospinal

Tract



Medial Medullary Syndrome

ÅCorticospinal, medial lemniscus, CN 12

ÅContralateral Hemiparesis

ÅContralateral loss of proprioception/vibration

ÅFlaccid paralysis tongue 
ÅDeviation to side of lesion

ÅAnterior spinal artery stroke



Lateral Medullary Syndrome
Wallenberg's Syndrome

ÅVestibular nuclei: Nystagmus, vertigo, N/V

Å3ÙÍÐÁÔÈÅÔÉÃ ÔÒÁÃÔȡ (ÏÒÎÅÒȭÓ ÓÙÎÄÒÏÍÅ

ÅSpinothalamic tract: Contralateral pain/temp

ÅSpinal V nucleus: ipsilateral face pain/temp

ÅNucleus ambiguus (IX, X)
ÅHoarseness, dysphagia

ÅPICA Stroke



How to Find Lesions

ÅOption 1: Know the syndromes

ÅOption 2: Use the Rule of 4s



Rule of 4s

Å4 CNs in:
ÅMedulla

ÅPons

ÅAbove Pons

Å4 CNs divide into 12
ÅIII, IV, VI, XII

ÅMotor nuclei are midline

Å4 CNs do not divide/12
ÅV, VII, IX, XI

ÅAll are lateral

Å4 midline columns
ÅMotor nucleus

ÅMotor pathway

ÅMLF

ÅMedial Lemniscus

Å4 lateral (side) columns
ÅSympathetic

ÅSpinothalamic

ÅSensory

ÅSpinocerebellar

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 35,Issue 
4, pages 263ɀ266, April 2005



Localizing Lesions
ÅMedial vs. Lateral
ÅWhich tracts affected?

ÅMedulla vs. Pons vs. Midbrain
ÅWhich cranial nerves affected?

Tracts
C

N
s

Media ---------- Lateral

Midbrain

Pons

Medulla



Deficit

Olfactory CN1 Not in midbrain

Optic CN2 Not in midbrain

Oculomotor CN3 Eye turned out and down

Trochlear CN4
Eye unable to look down when 

looking  towards nose

4 AbovePons CNs



Deficit

Trigeminal CN5 Ipsilateral facial sensory loss

AbducensCN6 Ipsilateral eye  abduction weakness

Facial CN7 Ipsilateral facial  weakness/droop

Auditory CN8 Ipsilateral deafness 

4 Pons CNs



Cranial Nerve Deficit

Glossopharyngeal CN9 Ipsilateral pharyngeal sensory loss

VagusCN10 Ipsilateral palatal  weakness

Spinal accessory CN11 Ipsilateral shoulder  weakness

Hypoglossal CN12 Ipsilateral weakness of tongue

4 Medulla CNs



Midline Structure Deficit

Motor pathway
(Corticospinal tract)

Contralateral weakness

Medial lemniscus
Loss contralateral

proprioception/ vibration 

Medial longditudinal
fasciculus

Ipsilateral INO

Motor nucleus and 
nerve

Ipsilateral CN motorloss 
(3,4,6,12)

Midline Structures (M)



Lateral Structure Deficit

Spinocerebellar
pathway

Ipsilateral ataxia

Spinothalamic
Contralateral pain/temp 

sensory loss

Sensory nucleus of 
CN5

Ipsilateral pain/ temp 
loss in face

Sympathetic pathway
)ÐÓÉÌÁÔÅÒÁÌ (ÏÒÎÅÒȭÓ 

syndrome

Side/Lateral Structures (S)



Rule of 4s Caveats

ÅTrigeminal Nerve (V)
ÅLesion: loss of ipsilateral pain/temp face

ÅRule of 4 Pons Nuclei and side (lateral tract)

Å$ÏÎȭÔ ÕÓÅ ÔÏ ÌÏÃÁÌÉÚÅ ÔÏ 0ÏÎÓ

ÅUse for lateral tract localization

ÅVestibulocochlear (VIII)
Å$ÏÎȭÔ ÕÓÅ ÖÅÓÔÉÂÕÌÁÒ ÓÉÎÇÓ ÔÏ ÌÏÃÁÌÉÚÅ ÔÏ ÐÏÎÓ

ÅVestibular signs can be medulla/pons

ÅLesion: hearing loss



Case 1

ÅA 75-year-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. 



Case 1

ÅComplete motor weakness
ÅNot MCA or ACA stroke 

ÅTongue involved: brainstem lesion

ÅMotor pathway involved ɀleft side weak
ÅRight medial lesion

ÅMedial lemniscus involved left (vibration/prop)
ÅRight medial lesion

ÅCN XII involved ɀtongue deviation
ÅMedulla

ÅAnswer: Right medial medullary syndrome

ÅAnterior spinal artery



Midbrain

Pons

Medulla

Lateral Medial

Brainstem Blood Supply

3

4

6

12 9,10,11

5,7,8

PCA

AICA

Basilar

PICA

ASA



Case 2

ÅRight sided weakness

ÅLeft eye down/out, dilated



Case 2

ÅRight sided weakness
ÅMotor pathway

ÅMedial lesion

ÅComplete motor loss: not MCA, ACA

ÅLeft eye down/out, dilated
ÅCNIII

ÅLeft medial midbrain lesion

Å7ÅÂÅÒȭÓ ÓÙÎÄÒÏÍÅ

ÅStroke of branches of PCA



Case 3

ÅUnable to do left hand finger to nose test

ÅLoss of pain and temperature to left face

ÅLeft eyelid droop, small pupil

ÅLoss of pain/temp right arm and leg

ÅHoarse voice

ÅLoss of gag reflex left throat

ÅPalate raised on right side



Case 3

ÅUnable to do left hand finger to nose test

ÅLoss of pain and temperature to left face

ÅLeft eyelid droop, small pupil

ÅLoss of pain/temp right arm and leg

ÅHoarse voice

ÅLoss of gag reflex left throat

ÅPalate raised on right side

Left ataxia

Left CN V

,ÅÆÔ (ÏÒÎÅÒȭÓ

Left ST Tract

CN X

CN IX

CN X



Case 3

ÅLeft ataxia = spinocerebellar

ÅLeft face pain/temp = sensory (CN V) face

Å,ÅÆÔ (ÏÒÎÅÒȭÓ Ѐ ÓÙÍÐÁÔÈÅÔÉÃ

ÅRight pain/temp = left spinothalamic

ÅSpeaking, gag, palate = CN IX, X

ÅLeft lateral medulla

ÅWallenberg's syndrome

ÅLeft PICA stroke



Case 4

ÅRight deafness/tinnitus

ÅLoss right finger to nose

ÅRight facial numbness

ÅNo corneal reflex

ÅRight facial spasms



Case 4

ÅRight deafness/tinnitus

ÅLoss right finger to nose

ÅRight facial numbness

ÅNo corneal reflex

ÅRight facial spasms

Right VIII

Right spinocerebellar

Right sensory

Right CN V 

Right CN VII 

Right Lateral Pons
Cerebellopontine angle syndrome

Often caused by tumors (schwannomas)



Rule of 4s

3
Midbrain

Pons

Medulla

4

6

12 9,10,11

5,7,8
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Side
Sympathetic

Spinothalamic
Sensory V

Spinocerebellar

Motor
Motor Nucleus
Motor Pathway

MLF
Medial Lemniscus

Midline



Midbrain

Pons

Medulla

Lateral Medial

Brainstem Blood Supply

3

4

6

12 9,10,11

5,7,8

PCA

AICA

Basilar

PICA

ASA



Cranial Nerves
Jason Ryan, MD, MPH



Cranial Nerves

Å12 nerves with roots in brainstem and CNS

ÅSensory, Motor, Visceral

ÅThings to know:
ÅSensory vs. Motor vs. Both

ÅSpecial features

ÅLesions



Olfactory (I)x

ÅSmell (sensory)

ÅPathway: cribriform plate of ethmoid bone

ÅSynapse in olfactory bulb Ą piriform cortex

ÅLesions: anosmia

ÅOnly sensory nerve no thalamus input

ÅDamage by trauma
ÅSkull fracture

ÅRarely infections or tumors



Optic (II)

ÅSight (sensory)

ÅPathway: optic canal of the sphenoid bone

ÅNot really a peripheral nerve

ÅArises from diencephalon
ÅEmbryonic structure

ÅIn adults: upper end of brain stem

ÅThalamus, hypothalamus

ÅOnly CN I & II found outside brainstem

Right Optic Nerve Compression



Oculomotor (III)

ÅMoves eye
ÅUp (superior rectus)

ÅMedial (medial rectus)

ÅInferior (inferior rectus)

ÅSuperior rotation (inferior oblique)

ÅElevates eyelid (levator palpebrae)

ÅPupillary constriction (sphincter pupillae)

ÅPalsy: eye down, out, pupil dilated, ptosis



Trochlear(IV)

ÅEye movement (motor)

ÅSmallest cranial nerve

ÅSuperior oblique
ÅTurns eye down/in

ÅReading/stairs

ÅPalsy symptoms
ÅDiplopia

ÅEye tilted outward

ÅUnable to look down/in (stairs, reading)

ÅHead tilting away from affected side (to compensate)



Trigeminal (V)

ÅSensory and Motor

ÅKey function: Sensor (touch-pain-temp) to face

ÅLargest cranial nerve

Å3 divisions: ophthalmic, maxillary, mandibular
ÅV1, V2, V3

Å3 important functions:
ÅPart of corneal reflex (sensory, V1)

ÅMuscles of mastication (chewing)



Trigeminal (V)

ÅPalsy
ÅNumb face

ÅWeak jaw Ą deviates to affected side

ÅUnopposed action of normal side

ÅTrigeminal neuralgia
ÅRecurrent, sudden sharp pains in half of face

ÅTic douloureux (painful tic)

Å3Ï ÉÎÔÅÎÓÅ ÙÏÕ ×ÉÎÃÅ ɉȰÔÉÃȱɊ

ÅTreatment: Carbamazepine



Corneal Reflex

ÅTouch eye with Q-tip

ÅSensed by V1 of CN V

ÅTransmit to VII (bilaterally)

ÅCNVII Ą blink

ÅKey points: 
ÅNeed CN V for sense

ÅNeed CN VII for blinking



Abducens(VI)

ÅEye movement (motor)

ÅLateral rectus

ÅPalsy
ÅDiplopia

Å#ÁÎȭÔ ÌÁÔÅÒÁÌÌÙ ÍÏÖÅ ɉÌÏÏË ÏÕÔɊ ÁÆÆÅÃÔÅÄ ÅÙÅ



Facial (VII)

ÅMotor, sensory

ÅMuscles of facial expression

ÅTaste, salivation, lacrimation

ÅSome ear muscles

ÅSpecial feature
ÅDual UMN innervation



Lower Facial Droop

Facial Motor Nucleus
Pons



Lower Facial Droop

Facial Motor Nucleus
Pons



Lower Facial Droop

Facial Motor Nucleus
Pons



Lower Facial Droop

ÅUMN damage (MCA Stroke)
ÅUpper face intact (dual supply)

ÅLower face affected

ÅLMN damage
ÅWhole half of face affected



Facial (VII)

ÅPalsy
ÅLoss of corneal reflex (motor part)

ÅLoss of taste anterior 2/3 tongue

ÅHyperacusis(stapediusparalysis)

ÅPt cannot tolerate sounds



"ÅÌÌȭÓ 0ÁÌÓÙ

ÅIdiopathic mononeuropathyof CN VII

ÅFacial paralysis

ÅUsually resolves in weeks to months

ÅThought to be due to HSV-1 induced nerve damage

ÅOther causes of CN VII neuropathy (technically not BP)

ÅLyme

ÅTumor

ÅStroke



Vestibulocochlear(VIII)

ÅSensory

ÅEquilibrium, balance, hearing

ÅVestibular portion
ÅCompensatory eye movements

ÅLesions: vertigo, nystagmus, disequilibrium

ÅCochlear portion
ÅHearing

ÅLesions: tinnitus, hearing loss



Testing CN VIII

Å$ÏÌÌȭÓ ÅÙÅÓ ÔÅÓÔÉÎÇ ɉÕÎÃÏÎÓÃÉÏÕÓ ÐÁÔÉÅÎÔɊ

ÅHead rotated from side to side with eyelids held open

ÅȰ0ÏÓÉÔÉÖÅ ÄÏÌÌȭÓ ÅÙÅÓȡȱ ÅÙÅÓ ÓÔÁÙ ÆÉØÅÄ
ÅDo not turn with head

ÅBoth CN VIII are working

ÅȰ.ÅÇÁÔÉÖÅ ÄÏÌÌȭÓ ÅÙÅÓȡȱ ÅÙÅÓ ÍÏÖÅ ×ÉÔÈ ÈÅÁÄ
ÅCN VIII lesion



Testing CN VIII

ÅUnconscious patient

ÅInject cold water into ear
ÅCold water disrupts CN VIII function

ÅEyes slowly move toward cold water

ÅRapid correct opposite side

ÅNormal response is slow toward cold then fast away

ÅIf CN VIII not working, no slow toward

ÅIf cortex not working, slow toward, no fast away



Testing CN VIII

ÅUnconscious patient

ÅInject warm water into ear
ÅWarm water stimulates CN VIII function

Å#ÒÅÁÔÅÓ ȰÒÅÌÁÔÉÖÅȱ ÏÐÐÏÓÉÔÅ ÓÉÄÅ #. 6))) ÄÙÓÆÕÎÃÔÉÏÎ

ÅEyes slowly move away warm water

ÅRapid correct back towards warm water

ÅNormal response is slow away then fast toward

ÅIf CN VIII not working, no slow away

ÅIf cortex not working, slow away, no fast toward



Testing CN VIII

ÅCOWS: Cold Opposite, Warm Same 
ÅNamed for side of fast correction



Glossopharyngeal (IX)

ÅMotor, Sensory

ÅTaste/sensation posterior 1/3 tongue

ÅSwallowing

ÅSalivation (parotid gland)

ÅCarotid body and sinus
ÅChemo- and baroreceptors

ÅStylopharyngeus (elevates pharynx)



Glossopharyngeal (IX)

ÅPalsy
ÅLoss of gag reflex

ÅLoss of taste posterior 1/3 tongue

ÅLoss sensation upper pharynx/tonsils

ÅHemodynamic effects
ÅTricks body into thinking low BP

Åᴻ(2ȟ 6ÁÓÏÃÏÎÓÔÒÉÃÔÉÏÎȟ ᴻ"0



Vagus(X)

ÅMotor, sensory

ÅTaste epiglottis

ÅSwallowing (dysphagia = vagus)

ÅPalate elevation

ÅMidline uvula

ÅTalking

ÅCoughing

ÅAutonomic system
ÅAortic arch chemo/baroreceptors



Vagus(X)

ÅPalsy
ÅHoarseness, dysphagia, dysarthria

ÅLoss of gag reflex

ÅLoss of sensation pharynx and larynx

ÅWeak side of palate collapses (lower) 

ÅUvula deviates AWAY from affected side 

ÅHemodynamic effects
ÅUnopposed sympathetic stim of heart

Å2ÅÓÕÌÔ ÉÓ ᴻ(2



Cranial Nerve Speech Test

ÅȰKuh kuh kuhȱ
ÅCN X

ÅRaise palate

ÅȰ-É mi miȱ
ÅCN VII

ÅMove lips

ÅȰ,Á LaLaȱ
ÅCN XII

ÅMove tongue



Recurrent Laryngeal Nerve

ÅBranch of vagus

ÅAscends towards larynx between trachea/esophagus
Å"tracheoesophagealÇÒÏÏÖÅȱ

ÅRight RL: loops around R subclav
Left RL: loops around aortic arch

ÅCompression Ą hoarseness

ÅDilated left atrium (mitral stenosis)

ÅAortic dissection

Image courtesy of Jkwchui



Vasovagal Syncope

ÅMost common cause of syncope (fainting)

ÅTrigger to vagusnerve
ÅIncreased parasympathetic outflow via vagus

ÅȢ (2 ᴽ"0 Ą fainting

ÅMany triggers
ÅHot weather

ÅProlonged standing

ÅPain

ÅSight of blood



Accessory (XI)

ÅMotor

ÅTurning head

ÅShoulder shrugging 
ÅSternocleidomastoid

ÅTrapezius



Accessory (XI)

ÅPalsy
ÅDifficulty turning head toward normal side (SCM)

ÅShoulder droop (affected side)



Hypoglossal (XII)

ÅMotor

ÅTongue movement

ÅPalsy: 
ÅProtrusion of tongue TOWARD affected side

ÅOpposite side pushes tongue away unopposed



Cranial Nerve Reflexes

ÅCorneal
ÅV1 sense, VII blinking

ÅLacrimation
ÅV1 sense, VII for tearing

ÅCut V1 ĄNo reflex tears, Yes emotional tears

ÅGag
ÅIX sense, X gag



Cranial Nerve Reflexes

ÅJaw Jerk
Å0ÌÁÃÅ ÆÉÎÇÅÒ ÐÁÔÉÅÎÔȭÓ ÃÈÉÎ ÁÎÄ ÔÁÐ ÆÉÎÇÅÒ

ÅJaw will jerk upwards

ÅV3 sense, V3 jerk (Trigeminal nerve test)

ÅPupillary
ÅII senses light

ÅIII constricts pupil



Tongue

ÅMotor: 
ÅHypoglossal (XII)

ÅLesion deviates tongue to affected side

ÅOne exception: palatoglossus(CN X)

ÅGeneral Sensory (pain, pressure, temp, touch)
ÅAnterior 2/3: Mandibular branch (CN V3)

ÅPosterior 1/3: Glossopharyngeal (IX)

ÅTongue root: CN X

ÅTaste
ÅAnterior 2/3: CN VII

ÅPosterior 1/3: Glossopharyngeal (IX)

ÅTongue root, larynx, upper esophagus: CN X

ÅTerminal sulcusseparates ant 2/3 from post 1/3



Cranial Nerve Skull Pathways

ÅCribriform plate ɀCN I

ÅMiddle cranial fossa ɀCN II-VI
ÅCNII: Optic canal

ÅIII, IV, V1, VI: Superior orbital fossa

ÅV2: Foramen rotundum

ÅV3: Foramen Ovale

ÅPosterior cranial fossa ɀCN VII-XII
ÅVII, VIII: Internal auditory meatus

ÅIX, X, XI: Jugular foramen

ÅForamen magnum: XI (also brainstem)

ÅXII: Hypoglossal canal

Image courtesy of Anatomist90



Auditory System
Jason Ryan, MD, MPH



How We Hear

ÅSound waves cause tympanic membrane vibration

ÅMalleus, incus, stapes
ÅTiny bones

ÅAmplify tympanic membrane motion

ÅStapes pushes fluid-filled cochlea

ÅTiny hair cells stimulated
ÅOrgan of Corti

ÅDifferent frequencies of sound move different fibers

ÅNerve (electrical) signal generated



The Inner Ear

Image courtesy of Harshita Yadav



Auditory Pathway

ÅCochlear nerve (CN VIII)

ÅCerebellopontineangle
ÅLateral Pons

ÅWatch for brainstem lesions with hearing loss

ÅConnects with many structures 
ÅSuperior olivary nucleus

ÅTrapezoid body

ÅLateral lemniscus

ÅInferior colliculus

ÅMedial geniculate body

ÅTransverse temporal gyri of Heschl



Types of Hearing Loss

ÅConductive
Å3ÏÕÎÄ ×ÁÖÅÓ ÃÁÎȭÔ ÃÏÎÖÅÒÔ ÔÏ ÎÅÒÖÅ ÓÉÇÎÁÌÓ

ÅObstruction (wax)

ÅInfection (otitis media)

ÅOtosclerosis(bony overgrowth of stapes)

ÅSensorineural
ÅCochlea disease

ÅCochlear nerve failure (acoustic neuroma)

ÅCN damage



Presbycusis

ÅAge-related hearing loss

ÅDegeneration of Organ of Corti

ÅResults in sensorineuralhearing loss

ÅSlow development over time



Weber Test

ÅVibrating tuning fork 

ÅBridge of the forehead, nose, or teeth

ÅShould be equal in both ears



Weber Test

Normal
Signal equal both ears

Conductive
Louder bad ear

No background noise

Sensorineural
Louder good ear

No nerve to sense vibration

If sound goes to one side, tells you there is a hearing defect
Does not tell you which type



RinneTest

ÅTuning fork placed mastoid bone (behind the ear)
ÅTests bone conduction => vibration waves through bone

ÅWait until patient no longer hears

ÅMove tuning fork to just outside ear
ÅTests air conduction only

ÅAsk if patient can still hear



RinneTest

ÅNormal patient can still hear next to ear
ÅAC > BC

ÅConductive Loss
ÅPatient CANNOT hear next to ear

ÅAC<BC

ÅSensorineuralloss
ÅPatient can still hear next to ear

ÅBoth AC and BC reduced

ÅAC still > BC  



Diagnosing Hearing Loss

Test Conductive Sensorineural

Weber Louder bad ear Louder good ear

Rinne AC<BCbad ear AC>BC bad ear

Normal
AC>BC

Weber Equal



Audiometry

Image courtesy of FláviaCosta

Image courtesy of bethfernandezaud



Noise-induced Hearing Loss

ÅSudden after loud noise
ÅTympanic membrane rupture

ÅLong term noise exposure
ÅDamage to ciliated (hair) cells Organ of Corti

ÅHigh-frequency hearing lost first



Vestibular System
Jason Ryan, MD, MPH



The Inner Ear

Image courtesy of Harshita Yadav



Vestibular System

ÅVestibule: Central portion inner ear

ÅFound within temporal bone

ÅContains system for balance, posture, equilibrium

ÅAlso coordinates head and eye movements



Vestibular System

ÅThree semicircular canals (x, y, z planes of motion)
ÅRespond to ROTATION of head

ÅFilled with endolymph

ÅBulges at base (ampulla)

ÅAmpulla have hair cells that bend with rotation

ÅHair cells release neurotransmitters Ą action potential 

ÅMore/less signals based on motion



Vestibular System

ÅUtricle and saccule(otolith organs)
ÅRespond to LINEAR motion 

ÅGravity, moving forward/backward

ÅContain otoliths (Greek word: ear stones)

ÅCalcium carbonate crystals  

ÅSit on top of hair cells

ÅDrag hair cells in response to motion

ÅThis generates vestibular neural activity 



Vestibular Nerve Signals

ÅVestibulocochlearnerve
ÅTwo nerves in 1 sheath: Vestibular & Cochlear

ÅVestibular nerve
ÅSend signals to brainstem (vestibular nuclei)

ÅAlso sends signals to Cerebellum

ÅVestibular nuclei
ÅBeneath floor of 4th ventricle in pons/medulla

ÅReceive input from vestibular nerve

ÅMany outputs: Cerebellum, CNs III, IV, VI, Thalamus



Vestibular Dysfunction

ÅVertigo: Room spinning when head still
ÅContrast with dizzy, lightheaded

ÅNystagmus : Rhythmic oscillation of eyes

ÅNausea/vomiting



Nystagmus

Right Ear Left Ear
CN VIIICN VIII

Ȱ! ÈÕÍÁÎ ÅÙÅȱ ÃÏÕÒÔÅÓÙ ÏÆ ψÔÈÓÔÁÒ ÁÎÄ 7ÉËÉÐÅÄÉÁ



Nystagmus

ÅVestibulo-ocular reflex 

ÅFocuses eyes when body moves

ÅVestibular dysfunction Ą disrupts reflex

ÅEyes move slowly one direction Ą fast correction 

ÅȰ*ÅÒËȱ ÎÙÓÔÁÇÍÕÓ ÎÁÍÅÄ ÆÏÒ ÆÁÓÔ ÄÉÒÅÃÔÉÏÎ
ÅLeft

ÅRight

ÅTorsional/rotational

ÅUpbeat

ÅDownbeat

ÅPendularnystagmus ɀRare, congenital



Nystagmus

ÅLeft, right, torsional/rotational
Å3ÅÅÎ ×ÉÔÈ ȰÐÅÒÉÐÈÅÒÁÌȱ ÖÅÓÔÉÂÕÌÁÒ ÄÙÓÆÕÎÃÔÉÏÎ

ÅUpbeat, downbeat
Å3ÅÅÎ ×ÉÔÈ ȰÃÅÎÔÒÁÌȱ ÖÅÓÔÉÂÕÌÁÒ ÄÙÓÆÕÎÃÔÉÏÎ



Central vs. Peripheral
Nystagmus/Vertigo

ÅPeripheral = Benign (usually)
ÅInner ear problem

ÅBenign positional vertigo (BPV)

ÅVestibular neuritis

ÅMeniere'sdisease

ÅCentral = BAD
ÅBrainstem or cerebellar lesion

ÅVertebrobasilar stroke/TIA

ÅCerebellar infarction/hemorrhage

ÅTumor (posterior fossa)



Clinical Features

ÅCentral Vertigo
ÅPurely vertical nystagmus

ÅNystagmus changes direction with gaze

ÅPositional testing: IMMEDIATE nystagmus

ÅSkew deviation: Vertical misalignment of eyes

ÅDiplopia,  Dysmetria (ataxia)

ÅOther CNS symptoms (weakness, sensory)



Clinical Features

ÅPeripheral Features
ÅMixed horizontal/torsional nystagmus

ÅPositional testing: DELAYED nystagmus

ÅNystagmusmay fatigues with time

ÅNo other symptoms

ÅNormal proprioception, stable Romberg



Dix-Hallpike Maneuver

ÅDone to reproduce vertigo and cause nystagmus

ÅSeated patient

ÅExtend neck, turn head to side

ÅRapidly lie patient down on table

ÅLet head hang over end of table



Dix-Hallpike Maneuver

ÅTypical result in BPV
ÅNo symptoms for 5-10 seconds

ÅVertigo develops

ÅTorsional nystagmusdevelops

ÅSymptoms resolve with sitting up

ÅFewer symptoms with repeated maneuvers



Benign Positional Vertigo

ÅVertigo with head turning/position

ÅDue to calcium debris semicircular canals
ÅCanalithiasis

ÅDiagnosis: Dix Hallpike Maneuver

ÅDeviations from typical result = consider imaging

ÅEpleyManeuver can reposition otoconia



Vestibular Neuronitis
Labyrinthitis

ÅCause of vertigo

ÅNeuropathy of vestibular portion CN VIII

ÅBenign, self-limited

ÅUsually viral or post-inflammatory



-ÅÎÉÅÒÅȭÓDisease

ÅEndolymph fluid accumulation (hydrops)

ÅSwelling of the labyrinthine system



-ÅÎÉÅÒÅȭÓDisease

ÅTinnitus

ÅSensorineuralhearing loss
ÅWeber louder normal ear

ÅRinne: AC>BC

ÅVertigo



-ÅÎÉÅÒÅȭÓDisease

ÅTreatment
ÅAvoid high salt ɀdecrease swelling

ÅAvoid caffeine, nicotineɀÖÁÓÏÃÏÎÓÔÒÉÃÔÏÒÓȟ ᴽÆÌÏ× ÆÒÏÍ ÉÎÎÅÒ ÅÁÒ

ÅDiuretics



Thalamus, 
Hypothalamus, 
Limbic System
Jason Ryan, MD, MPH



SubcorticalStructures

ÅThalamus

ÅHypothalamus

ÅLimbic System

ÅBasal Ganglia
ÅSubstantiaNigra

ÅSubthalamicnucleus

ÅPutamen

ÅCaudate nucleus

ÅGlobuspallidus



Coronal Section

Thalamus



Axial Section

Thalamus



Thalamus

ÅȰ'ÁÔÅ×ÁÙ ÔÏ ÔÈÅ ÃÏÒÔÅØȱ

Å'ÒÅÅË ×ÏÒÄȡ Ȱ)ÎÎÅÒ ÃÈÁÍÂÅÒȱ

ÅSits on top of brainstem

ÅSymmetrical ɀtwo halves

ÅSensory relay Ą cortex
ÅExcept olfaction

ÅConsciousness

ÅSleep

ÅAlertness



Thalamic Nuclei

ÅMany, many thalamic nuclei

ÅMost named by location
ÅAnterior, posterior, ventral, medial

ÅFive nuclei worth knowing
ÅVentral posterorlateral (VPL)

ÅVentral posteromedial (VPM)

ÅLateral geniculatenucleus (LGN)

ÅMedial geniculatenucleus (MGN)

ÅVentral lateral (VL)



Thalamic Nuclei
Nucleus Info Input Output

VPL
All Sensoryɀpain, 
temp, touch, prop, 

vibration

Spinothalamic, 
Postcolumn-

medial 
lemniscus

Somatosensory
cortex

VPM Sensoryface and taste
Trigeminal and 

gustatory

Somatosensory
cortex

LGN Vision CN II CalcarineSulcus

MGN Hearing

Superior olive 
and inferior
colliculus of 

tectum

TempLobe ɀ
Auditory Cortex

VL Motor Basal ganglia Motor Cortex



Thalamic Syndrome

ÅUsually a lacunar stroke

ÅContralateral sensory loss
ÅFace, arms, legs

ÅAll sensory modalities

ÅResolution can lead to long term chronic pain
ÅContralateral side 

ÅSensory exam normal

ÅSevere pain in paroxysms or exacerbated by touch



Hypothalamus

ÅFound below thalamus

ÅLike thalamus, many 
nuclei with different 
functions

Image courtesy of OpenStaxCollege



Hypothalamic Functions

ÅAutonomic control
ÅExcites sympathetic/parasympathetic system

ÅTemperature regulation

ÅWater balance

ÅPituitary control



Hypothalamic Areas

Area Functions Lesion

Lateral Hunger
Anorexia

Failure to thrive in infants

Ventromedial Satiety Hyperphagia, obesity

Anterior Cooling Hyperthermia

Posterior Heating Inability to thermoregulate

Suprachiasmatic 
nucleus

Circadian rhythm --



Fever

ÅTriggered by pyrogens, inflammatory proteins

ÅIL-1, IL-6, and TNF enter brain

ÅStimulate prostaglandin E2 synthesis 
ÅVia arachidonic acid pathway

ÅMediated by PLA2, COX-2, andprostaglandin E2 synthase

ÅIncreases anterior hypothalamus set point

ÅTemp >42C = hyperpyrexia

ÅMay cause permanent brain damage
ÅFacilitate heat loss: cooling blankets, fans

ÅLower set point: NSAIDs, tylenol (block PGE2 synthesis)



Hormones

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

ÅTRH Ą TSH

ÅCRH ĄACTH

ÅGHRH ĄGrowth Hormone (GH)

ÅGNRH Ą FSH, LH



Hormones

ÅSome HT substances shut down hormone release
ÅDopamine (prolactin inhibiting hormone)Ą PȢrolactin

ÅSomatostatin(GHRH inhibiting hormone)Ąᴽ '(

ÅProlactin feedback Ąᴽ GnRH



Hormones

ÅADH and Oxytocinsynthesized by HT

ÅSupraopticnucleus ĄADH

ÅParaventricular nucleus ĄOxytocin

ÅBoth stored/released by posterior pituitary
Å** Post. Pituitary also called neurohypophysis

Å** Ant. Pituitary also called adenohypophysis

ÅLoss of ADH ĄDiabetes Insipidus
ÅPolyuria, polydipsia, dilute urine



Leptin

ÅHormone secreted by adipocytes

ÅInvolved in food intake

ÅRegulation of homeostasis

ÅLateral HT (hunger) Ą inhibited by Leptin

ÅVentromedial (satiety) Ą stimulated by Leptin



Craniopharyngioma

ÅRare tumor from 2ÁÔÈËÅȭÓpouch

ÅPressure on optic chiasm
ÅBitemporal hemianopia

ÅPressure on hypothalamus

ÅHypothalamic syndrome 



Hypothalamic Syndrome

ÅDiabetes insipidus (loss of ADH)

ÅFatigue (loss of CRH Ą low cortisol)

ÅObesity 

ÅLoss of temperature regulation



Limbic System

ÅEmotion 

ÅLong-term memory

ÅSmell

ÅBehavior modulation

ÅAutonomic nervous system function



Limbic System
Key Components

ÅCingulate gyrus

ÅHippocampus

ÅFornix

ÅAmygdala

ÅMammillary bodies

Image courtesy of Anant Rathi



Kluver-BucySyndrome

ÅDamage to bilateral amygdala (temporal lobes)

ÅHyperphagia - Weight gain

ÅHyperorality - tendency to examine with mouth

ÅInappropriate Sexual Behavior
ÅAtypical sexual behavior, mounting inanimate objects

ÅVisual Agnosia
ÅInability to recognize visually presented objects

ÅRare complication of HSV1 encephalitis



Hippocampus Lesion

ÅAnterogradeamnesia

ÅCannot  make new memories

ÅVery sensitive to hypoxic damage

ÅInfarction:
ÅHippocampalbranches PCA

ÅAnterior choroidal arteries  



Wernicke-KorsakoffSyndrome

ÅWernicke: Acute encephalopathy

ÅKorsakoff: Chronic neurologic condition
ÅUsually a consequence of Wernicke

ÅBoth associated with:
ÅThiamine (B1) deficiency

ÅAlcoholism

ÅAtrophy of mammillary bodies common finding
Å80% for both conditions

ÅAssociated with damage to thalamic nuclei



Wernicke-KorsakoffSyndrome

ÅTriad Wernicke:
ÅVisual disturbances/nystagmus

ÅGait ataxia

ÅConfusion

ÅOften reversible with thiamine

ÅKorsakoff: Amnesia
ÅRecent memory affected more than remote

Å#ÁÎȭÔ ÆÏÒÍ ÎÅ× ÍÅÍÏÒÉÅÓ

Å#ÏÎÆÁÂÕÌÁÔÉÏÎȡ #ÁÎȭÔ ÒÅÍÅÍÂÅÒ ÓÏ ÍÁËÅ ÔÈÉÎÇÓ ÕÐ

ÅLack of interest or concern

ÅPersonality changes

ÅUsually permanent



Wernicke-KorsakoffSyndrome

ÅWernicke precipitated by glucose without thiamine
ÅThiamine co-factor glucose metabolism

ÅGlucose will worsen thiamine deficiency

ÅBanana bag
ÅIV infusion to alcoholics

ÅThiamine,folic acid, and magnesium sulfate



Cerebellum
Jason Ryan, MD, MPH



Cerebellum

ÅȰ,ÉÔÔÌÅ ÂÒÁÉÎȱ

ÅPosture/balance

ÅMuscle tone

ÅCoordinates movement



NRETS/Wikipedia

Anatomy



Cerebellar Peduncles
In and Out Pathways

ÅInferior cerebellar peduncle

ÅMiddle cerebellar peduncle

ÅSuperior cerebellar peduncle

Middle

Inferior

SuperiorCerebellum



Inferior Cerebellar Peduncle

ÅMajor pathway INTO cerebellum from spine

ÅNumerous inputs:
ÅSpinocerebellar tract

ÅCuneocerebellartract

ÅOlivocerebellartract

ÅVestibulocerebellartract

ÅIpsilateral spinal cord information: proprioception

Middle

Inferior

Superior
Cerebellum



Middle Cerebellar Peduncle

ÅPontocerebellartract fibers

ÅFibers from contralateralpons

Middle

Inferior

Superior
Cerebellum



Climbing and Mossy Fibers

ÅTwo types of axons that enter cerebellum

ÅClimbing fibers: arise from inferior olivary nucleus

ÅMossy fibers: all other cerebellar inputs

ÅSynapse on Purkinje cells and deep nuclei



Superior Cerebellar Peduncle

ÅMajor pathway OUT of cerebellum

ÅAxons from deep cerebellar nuclei

ÅAll outputs originate from deep nuclei

ÅFibers to red nucleus and thalamus

Middle

Inferior

SuperiorCerebellum



Purkinje Cells

ÅCerebellar neurons

ÅReceive numerous inputs

ÅProject to deep nuclei

ÅInhibitory

ÅRelease GABA

Wikipedia/Public Domain



Deep Nuclei

ÅProjections OUT of cerebellum

ÅDentatenucleus:
ÅContralateralVA/VL nuclei of thalamus 

ÅInterposed nuclei: globose/emboliform
ÅContralateral red nucleus

ÅFastigial: 
ÅVestibular nuclei andreticular formation



Deep Nuclei

Dentate nucleus

Emboliform nucleus

Globosenucleus

Fastigialnucleus

Dr. ManahChandra Changmai



Cerebellar Circuitry

Inputs Outputs

Middle Peduncle
Inferior Peduncle
Climbing Fibers

Mossy Fibers

Deep Nuclei

Purkinje Cells

Deep Nuclei

Cerebellum



Cerebellum Control

ÅIn general, cerebellum controls IPSILATERAL side

ÅCerebellar fibers Ą contralateral cortex

ÅContralateral cortex Ą contralateral arm/leg

ÅCrosses twice

ÅAlso right proprioception Ą right cerebellum

ÅResult:
ÅLeft cerebellar lesion Ą left symptoms

ÅRight cerebellar lesion Ą right symptoms



Clinical Disease

ÅLateral lesions
ÅCerebellar hemispheres

ÅDentate nucleus

ÅAffect extremities

ÅMidline lesions
ÅVermis

ÅEmboliform, globusand fastigialnuclei

ÅFloculonodular lobe

ÅAffect trunk



Lateral Lesions

ÅExtremities

ÅDirection, force, speed, and amplitude of movements

ÅLesions: 
ÅDysmetria

ÅIntention tremor

ÅFall toward injured side



Central Lesions

ÅAffect trunk/midline

ÅCentral (vermis)
ÅTruncal ataxia

Å#ÁÎȭÔ ÓÔÁÎÄ ÉÎÄÅÐÅÎÄÅÎÔÌÙ

ÅFalls over when sitting

ÅFlocculonodular lobe
ÅConnects to vestibular nuclei

ÅLesions: nystagmus, vertigo



Cerebellar Ataxia

ÅLoss of balance

ÅClassically a Ȱ×ÉÄÅ-ÂÁÓÅÄȱ ÇÁÉÔ



Romberg Test

ÅTest for sensory (not cerebellar) ataxia

ÅLoss of proprioception: compensate through vision

ÅFeet together, eyes closed

ÅPositive test: patients will lose balance or fall

ÅIf test positive: ataxia is SENSORY

ÅCerebellar ataxia occurs even with eyes open



Other Cerebellar Symptoms

ÅHypotonia
ÅLoss of muscle resistance to passive manipulation

ÅLoose-jointed, floppy joints

ÅScanning speech
ÅIrregular speech

ÅȰ(Ï× ÁÒÅ ÙÏÕ ÄÏÉÎÇȩȱ

ÅȰ(Ï×ȣÁÒÅȣÙÏÕȣÄÏȣingȱ

ÅDyssynergia



Dyssynergia
Loss of coordinated activity

ÅDysmetria
ÅLoss of movement coordination

ÅUnder or over-shoot intended position of hand

ÅIntention tremor 
Å#ÁÎȭÔ ÇÅÔ ÈÁÎÄ ÔÏ ÔÁÒÇÅÔ

Å#ÏÎÔÒÁÓÔ ×ÉÔÈ ÒÅÓÔÉÎÇ ÔÒÅÍÏÒ ɉ0ÁÒËÉÎÓÏÎȭÓɊ

ÅDysdiadochokinesia
Å#ÁÎȭÔ ÍÁËÅ ÍÏÖÅÍÅÎÔÓ ÅØÈÉÂÉÔÉÎÇ Á ÒÁÐÉÄ ÃÈÁÎÇÅ ÏÆ ÍÏÔÉÏÎ 

Å#ÁÎȭÔ ÆÌÉÐ ÈÁÎÄ ÉÎ ÐÁÌÍ



Other Cerebellar Symptoms

ÅNystagmus
ÅUp/down beat (vertical)

ÅGaze-evoked

ÅNausea/vomiting

ÅVertigo



Cerebellar Strokes

ÅSCA, AICA, PICA

ÅOften has other brainstem stroke signs/symptoms

Wikipedia/Public Domain



Hereditary Ataxias

ÅNumerous hereditary disorders

ÅMotor incoordination related to cerebellum

ÅAtaxia Telangiectasia

ÅFriedreich's Ataxia



Ataxia Telangiectasia

ÅAutosomal recessive

ÅCerebellar atrophy 
ÅAtaxia in 1st year of life

ÅTelangiectasias
ÅDilation of capillary vessels on skin

ÅEars, nose, face, and neck

ÅRepeated sinus/respiratory infections
ÅSevere immunodeficiency

ÅHigh risk of cancer



Ataxia Telangiectasia
Clinical Features

ÅMost children healthy for first year 

ÅBegin walking at normal age but slow development

ÅProgressive motor coordination problems

ÅBy 10 years old, most in wheelchairs

ÅOther symptoms
ÅRecurrent sinus/respiratory infections

ÅTelangiectasias 

ÅHigh risk of cancer



Ataxia Telangiectasia

ÅCause: DNA hypersensitivity to ionizing radiation

ÅDefective ATM gene on chromosome 11
ÅAtaxia Telangiectasia Mutated gene

ÅRepairs double stranded DNA breaks

ÅNonhomologousend-joining (NHEJ)

ÅMutation: Failure to repair DNA mutations



Nonhomologousend-joining 
NHEJ

Double Strand Break
(ionizing radiation)

NHEJ



Ataxia Telangiectasia
Lab Abnormalities

Åᴻ !&0
ÅOften elevated in pregnant women

ÅAlso elevated in ataxia telangiectasia

ÅMost consistent lab finding

ÅDysgammaglobulinemia
ÅLow or absent IgA



&ÒÉÅÄÒÅÉÃÈȭÓ !ÔÁØÉÁ

ÅAutosomal recessive

ÅMutation of frataxin gene chromosome 9
ÅNeeded for normal mitochondrial function

ÅIncreased number of trinucleotide (GAA) repeats present

ÅMore repeats = worse prognosis

ÅLeads to decreased frataxin levels

ÅFrataxin: mitochondrial protein
ÅHigh levels in brain, heart, and pancreas

ÅAbnormal frataxin Ąmitochondrial dysfunction



&ÒÉÅÄÒÅÉÃÈȭÓ !ÔÁØÉÁ

ÅBegins in adolescence with progressive symptoms

ÅCerebellar and spinal cord degeneration

ÅDegeneration of spinocerebellar tract
ÅAtaxia, dysarthria

ÅLoss of spinal cord: dorsal columns
ÅPosition/vibration

ÅLoss of corticospinal tract
ÅUMN weakness in lower extremity



&ÒÉÅÄÒÅÉÃÈȭÓ !ÔÁØÉÁ
Other Features

ÅHypertrophic cardiomyopathy

ÅDiabetes
ÅInsulin resistance and impaired insulin release 

ÅBeta cell dysfunction



&ÒÉÅÄÒÅÉÃÈȭÓ !ÔÁØÉÁ
Other Features

ÅKyphoscoliosis

ÅFoot abnormalities (pes cavus)
ÅHigh arch of foot; does not flatten with weight bearing

ÅSeen in other neuromuscular diseases (Charcot-Marie-Tooth)

Axelrod FB, Gold-von Simson G.
Benefros/Wikipedia



Other Cerebellar Disorders

ÅTumors
ÅPilocytic astrocytoma

ÅMedulloblastoma

ÅEpendymoma

ÅCongenital disease
ÅDandy Walker malformation

ÅChiari malformations



Basal Ganglia
Jason Ryan, MD, MPH



Basal Ganglia

ÅSubstantia Nigra

ÅSubthalamic nucleus

ÅPutamen

ÅCaudate nucleus

ÅGlobus pallidus



Basal Ganglia

Caudate
Nucleus

Substantia
Nigra

Globus
Pallidus

Putamen

Subthalamic
Nucleus

Thalamus



Basal Ganglia Terms

ÅStriatum = Putamen + Caudate
ÅAlso called striate nucleus

ÅPutamen/Caudate divided by internal capsule

ÅMajor INPUT from cortex

ÅLentiform Nucleus = Putamen + Globus Palidus



Function

ÅModifies voluntary movements

ÅReceives cortex input

ÅProvides feedback to cortex to either
Å#1: Stimulate motor activity

Å#2: Inhibit motor activity

ÅCombination stim/inhibition Ą complex movements



Movement Execution

Pre-Motor Cortex 
Decides To Execute a Movement

Basal Ganglia
Activated 

Direct Pathway
ACTIVATES

1°Motor Cortex

Indirect Pathway
INHIBITS

1°Motor Cortex

Complex 
Movement/Action



Basal Ganglia Connections

Striatum

GP ExternusSubthalamic
Nucleus

Thalamus

Cortex Brainstem
Spinal Cord

Substantia Nigra

-
Pars Compacta

Pars Reticulata

GP Internus

GABA

-

GABA



To Stimulate Movement
Direct Pathway

Striatum

Globus pallidus 
internus

Subthalamic
Nucleus

Thalamus

Cortex Brainstem
Spinal Cord

+

GABA

Substantia Nigra

GABA Pars Reticulata

D1 Pars Compacta
Glutamate



To Inhibit Movement
Indirect Pathway

Striatum

GP externus
GP internus

Subthalamic
Nucleus

Thalamus

Cortex Brainstem
Spinal Cord

+GABA

Substantia Nigra

Pars Reticulata

D2 Pars Compacta

+GABA



Key Points

ÅDirect pathway
ÅGoal is to create movement

ÅStriatum inhibits (GABA) GPiand Pars Reticulata

ÅGPiand Pars STOP inhibiting Thalamus

ÅThalamus free to activate cortex

ÅModifier: SN pars compactamodifies striatum via D1



Key Points

ÅIndirect pathway
ÅGoal is to further inhibit movement

ÅStriatum inhibits GPe(GABA)

ÅGPestops inhibiting Subthalamic nucleus

ÅSubthalamic nucleus stimulates GPi

ÅGPifurther inhibits thalamus

ÅModifier: SN pars compactamodifies striatum via D2



Pars Compacta

Striatum
Substantia Nigra

Pars Compacta

Direct Pathway
D1

Indirect Pathway
D2



Movement Disorders

Å0ÁÒËÉÎÓÏÎȭÓ ÄÉÓÅÁÓÅ

ÅHuntington's Disease

ÅHemiballism

Å7ÉÌÓÏÎȭÓ $ÉÓÅÁÓÅ

ÅAll result from damage to part of basal ganglia



Basal Ganglia Connections

Striatum

GP ExternusSubthalamic
Nucleus

Thalamus

Cortex Brainstem
Spinal Cord

Substantia Nigra

-

-

GABA

Pars Compacta

Pars Reticulata

GP Internus

GABA

0ÁÒËÉÎÓÏÎȭÓ 

Hemiballism

(ÕÎÔÉÎÇÔÏÎȭÓ

7ÉÌÓÏÎȭÓ



Ventricles and 
Sinuses
Jason Ryan, MD, MPH



CNS Ventricles

ÅFour structures that contain CSF in brain
ÅTwo lateral ventricles

Å3rd ventricle

Å4th ventricle

ÅContinuous with central canal of spinal cord



Ventricles

Image courtesy of BruceBlaus



Ventricles



Cerebrospinal Fluid

ÅClear, colorless fluid

ÅActs as cushion for brain
ÅMechanical protection

ÅShock absorber

ÅAlso circulates nutrients removes waste



CSF Production

ÅProduction
ÅEpendymal cells of choroid plexus (ventricles)

ÅAbsorption
ÅArachnoid villi 

ÅCSF drained to superior sagittal sinus
ÅThen to venous system 



Choroid Plexus Cysts

ÅCan be detected by ultrasound in utero

ÅA normal finding but associated with chromosome 
abnormalities



Hydrocephalus

Image courtesy of Lucien Monfils



Hydrocephalus

ÅDilation of ventricles

ÅExcessive accumulation of CSF

ÅCommunicating
ÅVentricles CAN communicate

ÅCSF not being absorbed

ÅNon-communicating 
ÅThere is a blockage to flow

Å6ÅÎÔÒÉÃÌÅÓ #!.ȭ4 ÃÏÍÍÕÎÉÃÁÔÅ



Communicating 
Hydrocephalus
ÅȢ  #3& ÁÂÓÏÒÐÔÉÏÎ ÂÙ ÁÒÁÃÈÎÏÉÄȟ ᴻ )#0

ÅHeadache

ÅKey sign: papilledema

ÅCT Hallmark: Dilation ALL ventricles

ÅOften occurs from scarring after meningitis

ÅCan cause herniation

ÅKey clinical scenario
ÅPrior meningitis

ÅHeadache

ÅPapilledema on eye exam

ÅEnlarged ventricles on CT scan



Non-Communicating 
Hydrocephalus
ÅStructural blockage of CSF flow within ventricles

ÅOften congenital 

ÅMany etiologies

ÅThree worth knowing:
ÅAqueductalstenosis

ÅChiari Malformations

ÅDandy Walker malformation



Aqueductal Stenosis

ÅStenosis of cerebral aqueduct

ÅBlocked drainage from 3rd to 4th ventricle

ÅCongenital narrowing
ÅX-linked (boys)

ÅInflammation due to intrauterine infection
ÅRubella, CMV, toxo, syphilis

ÅPresentation: Enlarging head circumference



Chiari II Malformation

Image courtesy of obinno59

Downward displacement of the cerebellar tonsils and medulla



Myelomeningocele
(SpinaBifida)

ÅType of neural tube defect

ÅFailure of spine and meninges to close around cord

ÅMyelomeningocele: cord/meninges outside spine

ÅAlmost always has Chiari II malformation 

ÅHydrocephalus major cause morbidity

ÅObstruction 4th ventricular outflow 

Image courtesy of Matrix61312



Dandy Walker Malformation

ÅDevelopmental anomaly of the fourth ventricle

ÅHypoplasia or agenesis of cerebellar vermis

ÅCysts of 4th ventricle Ą hydrocephalus

ÅMassive 4th ventricle, small cerebellum

ÅMany, many associated symptoms/conditions

ÅAffected children
ÅHydrocephalus (macrocephaly)

ÅDelayed development

ÅMotor dysfunction (crawling, walking)



Dandy Walker Malformation



PseudotumorCerebri

ÅIdiopathic intracranial hypertension

Åᴻ )#0 ÉÎ ÁÂÓÅÎÃÅ ÏÆ ÔÕÍÏÒ ÏÒ ÏÔÈÅÒ ÃÁÕÓÅ

ÅIntractable, disabling headaches

ÅPapilledema, visual loss

ÅPulsatile tinnitus
ÅRushing water or wind sound

ÅTransmission of vascular pulsations

ÅClassic patient: overweight woman, childbearing age

ÅDiagnosis: spinal tap (measure pressure)

ÅMedical treatment: acetazolamide



Normal Pressure 
Hydrocephalus (NPH)
ÅEnlarged ventricles on imaging

ÅCompression of corona radiata

ÅNormal opening pressure on LP

ÅSuspected mechanism: Impaired absorption CSF 

ÅClassic triad: 
ÅUrinary incontinence, gait disturbance, dementia

ÅWet, wobbly, and wacky

ÅTreatment: Ventriculoperitoneal(VP) Shunt
ÅDrains CSF to abdomen



Hydrocephalus ex Vacuo

ÅVentricular enlargement that:
ÅOccurs with age 

Å!Ó ÃÏÒÔÅØ ÁÔÒÏÐÈÉÅÓ ɉ!ÌÚÈÅÉÍÅÒȭÓȟ 0ÉÃËȟ ()6Ɋ

ÅBrain shrinkage

ÅUsually after age 60

ÅIncrease size of ventricles
ÅIN PROPORTION to increase size of sulci

ÅIf out of proportion: hydrocephalus



Dural Sinuses

ÅLarge venous channels

ÅTravel through dura

ÅDrain blood from cerebral veins 

ÅReceive CSF from arachnoidgranulations

ÅEmpty into internal jugular vein



Dural Sinuses



Some Key Sinuses

ÅSagittal ɀSuperior sagittal receives CSF

ÅCavernous



Cavernous Sinus

ÅLarge collection veins

ÅBilateral

ÅBetween temporal/sphenoid bones

ÅCollects blood eye/cortex

ÅDrains into internal jugular vein

ÅMany nerves: 
ÅCN III, IV, V1, V2 , VI, sympathetic fibers 

ÅAll traveling to orbit

ÅAlso portion of internal carotid artery



Cavernous Sinus Syndrome

ÅCompression by tumor, thrombus, fistula

ÅInfections of face, nose, orbits, tonsils, and soft palate 
can spread to cavernous sinus(septic thrombosis)

ÅInternal carotid travels THROUGH venous structure
ÅRupture carotid Ą fistula

ÅSymptoms
ÅHeadache

ÅSwollen eyes

ÅImpairment of ocular motor nerves

ÅHorner's syndrome

ÅSensory loss 1st/2nd divisions trigeminal nerve



AV Malformations

ÅArtery to vein connection Ą no capillary bed

ÅEnlarge over time

ÅCommonly result in Vein of Galen enlargement

ÅUsually occur in utero

ÅMay be asymptomatic until adolescence/adulthood

ÅCause headaches and seizures



AV Malformations

Image courtesy of LearningRadiology.com



Cerebral and 
LacunarStrokes
Jason Ryan, MD, MPH



Etiology

ÅIschemic (80%)
ÅInsufficient blood flow

ÅThrombosis, embolism, hypoperfusion

ÅSymptom onset over hours

ÅHemorrhagic (20%)
ÅBrain bleeding

ÅSudden onset

ÅBest first test: Non-contrast CT of head



CNS Blood Supply 

Main Cerebral Arteries: 
MCA, ACA, PCA



Homunculus

MCA: Upper limb, face
ACA: Lower limb

PCA: Vision

Image courtesy of Wikipiedia and OpenStaxCollege



Thalamus

Caudate

Putamen

Globus
Pallidus

Internal
Capsule



MCA Stroke

ÅA 75-year-old man presents with recent onset loss of 
movement of his right arm. The right side of his face 
also droops and there is drooling from the corner of 
his mouth on the right side. He has difficulty speaking. 



MCA Stroke

ÅMost common site of stroke

ÅContralateral motor/sensory sx

ÅArm>leg, face

ÅSpastic (UMN) paralysis

ÅIf left sided
ÅAphasia

ÅSpeech center is left sided most patients

ÅIf right (nondominant) side 
ÅHemineglect



Lower Facial Droop

Facial Motor Nucleus
Pons



Lower Facial Droop

ÅUpper face: Dual UMN supply; right & left

ÅLower face: Single UMN supply
ÅContralateralMotor Cortex

ÅFibers run in corticobulbar tract

ÅMCA stroke damage ĄUMN damage
ÅUpper face intact (dual supply)

ÅLower face affected



CT Head

Image courtesy of Wikipiedia and Lucien Monfils



ACA Stroke

ÅA 75-year-old man presents with acute loss of ability 
to move his right hip and leg. On exam, he has 
decreased sensation to pinprick and vibration of his 
right leg. 



Anterior Cerebral Artery (ACA)

ÅLeft ACA stroke

ÅLeg>Arm

ÅSecond most common stroke site

ÅMedial cortex (midline portion)

ÅLeg-foot area (motor and sensory)



PCA Stroke

ÅAn 80-year-old man presents with acute visual 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 are no motor or 
sensory deficits. Visual fields are shown below (black 
= no vision). 



PCA Stroke

ÅPosterior portion of brain

ÅVisual cortex

ÅVisual hallucinations

ÅVisual agnosiaɉÓÅÅÉÎÇ ÔÈÉÎÇÓ ÂÕÔ ÃÁÎȭÔ ÒÅÃÏÇÎÉÚÅɊ

ÅContralateral hemianopia with macular sparing



Homonymous Hemianopsia

L Eye R Eye

Left PCA Stroke
Left Optic Tract Lesion

Right visual loss

Right PCA Stroke
Right Optic Tract Lesion

Left visual loss
Left 

Posterior 
Lobe

Right
Posterior 

Lobe



Macular Sparing

ÅMacula: central, high-resolution vision (reading)

ÅDual blood supply: MCA and PCA

ÅPCA strokes often spare the macula



Thalamic Syndrome

ÅPCA Ą lateral thalamus

ÅContralateral sensory loss: face, arms, legs

ÅProprioception deficit: loss of balance, falls

ÅNo motor defects

ÅChronic pain contralateral side

Thalamus



Hypoxic Encephalopathy

ÅLoss of CNS blood flow

ÅLoss of consciousness <10sec

ÅPermanent damage <4min
ÅNeurons: No glycogen storage!

ÅComa, vegetative states common

ÅCauses:
ÅShock

ÅAnemia

ÅRepeated hypoglycemia



Hypoxic Encephalopathy

ÅHippocampus (pyramidal cells) first area damaged

ÅCerebellum (Purkinje cells) also highly susceptible



Watershed Area Infarct

ÅMost distal branches of major arteries vulnerable
ÅȰ7ÁÔÅÒÓÈÅÄ ÉÎÆÒÁÃÔȱ

ÅBorders between MCA/ACA/PCA

ÅClassic scenario: CNS damage after massive MI



Watershed Area

ÅWeakness of the shoulders and thighs 

ÅSparing of the face, hands, and feet 

ÅBilateral symptoms

ÅA "man-in-a-ÂÁÒÒÅÌȰ



Lacunar Strokes

ÅAnatomically small strokes associated with HTN

ÅStroke resolves and leaves lacunae in brain
Å,ÁÃÕÎÁÅ Ѐ ,ÁÔÉÎ ÆÏÒ ȰÅÍÐÔÙ ÓÐÁÃÅȱ

ÅMay not show initial CT

ÅAlso associated with DM, smoking



Lacunar Strokes

ÅNoncortical infarcts

ÅDifferent from ACA, MCA, PCA

Å,ÁÃË ȰÃÏÒÔÉÃÁÌ ÓÉÇÎÓȱ
ÅAphasia, agnosia, or hemianopsia



Common Locations

ÅInternal capsule

ÅThalamus

ÅBasal ganglia

ÅPons



Vessels

ÅLenticulostriate branches (MCA)

ÅAnterior choroidal artery (ICA)

ÅRecurrent artery of Heubner (ACA)

ÅThalamoperforatebranch (PCA)

ÅParamedianbranches (basilar artery)



Lacunar Strokes

ÅSubstrate: arteriolar sclerosis (HTN)

ÅProposed causes:
ÅLipohyalinosis: small vessel destruction, necrosis

ÅMicroatheroma: macrophages in vessel



Lacunar Strokes
Subtype Symptoms Other Details

PureMotor
Paralysis of face, arm 
and leg on one side

Posterior limb 
internal Capsule

Pure Sensory
Numbness,sensory loss 
one side of body: Face, 

arm, and leg
VPL Thalamus

Sensorimotor Paralysis & sensoryloss
Thalamus, internal 

capsule, caudate and 
putamen,and pons

Ataxic Hemiparesis
Weakness, dysarthria, 

ataxia out of proportion 
to weakness

Base pons, internal 
capsule

Dysarthria-Clumsy Hand 
Syndrome

Dysarthria and 
clumsiness (weakness) 

of the hand
Pons, internal capsule



Hemiballism

ÅWild, flinging movements of extremities (ballistic)

ÅDamage to subthalamic nucleus

ÅSeen in rare subtypes of lacunar strokes



Classic Lacunar Stroke 

ÅPatient with uncontrolled hypertension

ÅSymptoms consistent with 1 of 5 lacunar subtypes
ÅPure motor (legs=arms; internal capsule)

ÅPure sensory (thalamus)

ÅNegative initial head CT



Vertebral Basilar 
Stroke Syndromes
Jason Ryan, MD, MPH



Vertebral Artery Anatomy



Midbrain

Pons

Medulla

Lateral Medial

Brainstem Blood Supply

3

4

6

12 9,10,11

5,7,8

PCA

AICA

Basilar

PICA

ASA



SCA Stroke

ÅRarest of all cerebellar (AICA, PICA) strokes

ÅMostly cerebellar symptoms

ÅIpsilateral cerebellar ataxias 

ÅNausea and vomiting 



Basilar Artery Stroke

ÅLocked-in Syndrome

ÅVentral pontine syndrome

ÅLoss of corticospinal and corticobulbar tracts

ÅBilateral paralysis (quadrapalegia)

ÅPatient can blink (upper brainstem intact)

ÅContrast with vegetative state
ÅMotor function intact

ÅCortical dysfunction



Central Pontine Myelinolysis
Ȱ/ÓÍÏÔÉÃ demeyelinationÓÙÎÄÒÏÍÅȱ

ÅDemyelination of central pontine axons

ÅLesion at base of pons

ÅLoss of corticospinal and corticobulbar tracts

Å!ÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÏÖÅÒÌÙ ÒÁÐÉÄ ÃÏÒÒÅÃÔÉÏÎ ᴽ.Á

ÅQuadriplegia

ÅCan be similar to locked-in syndrome



Top of the Basilar Syndrome

ÅVery rare

ÅOcclusion of upper basilar artery (usually embolic)

ÅChanges in the level of consciousness (coma)

ÅVisual symptoms: hallucinations, blindness

ÅEye problems:
Å3rd nerve palsy 

ÅLoss of vertical gaze

ÅProblems with convergence

ÅUsually no significant motor loss



Key VB Stroke Syndromes

ÅAICA

ÅPICA

ÅASA



AICA Stroke

ÅLateral pontine syndrome

ÅVestibular nuclei: nystagmus, vertigo, N/V

ÅSpinothalamictract: Contralateralpain/temp

ÅSpinal V nucleus: ipsilateral face pain/temp

Å3ÙÍÐÁÔÈÅÔÉÃ ÔÒÁÃÔȡ (ÏÒÎÅÒȭÓ ÓÙÎÄÒÏÍÅ

ÅFacial nucleus: 
ÅIpsilateral facial droop

ÅLoss corneal reflex

ÅCochlear nuclei
ÅDeafness

ÅTaste on anterior tongue (VII)



(ÏÒÎÅÒȭÓ 3ÙÎÄÒÏÍÅ

ÅCompression/disruption sympathetic ganglia

ÅHypothalamus Ą T1 Ą Face/eyes

Å,ÅÓÉÏÎ ÁÎÙ×ÈÅÒÅ ÁÌÏÎÇ ÐÁÔÈ×ÁÙ Ѐ (ÏÒÎÅÒȭÓ

ÅMiosis, ptosis, and anhidrosis

ÅSmall/constricted pupil (miosis)
ÅUnequal pupils

ÅAffected side smaller

ÅDrooping eyelid (ptosis)

ÅNo sweat (anhidrosis)



PICA Stroke

ÅLateral medullary (Wallenberg's) syndrome

ÅVestibular nuclei: Nystagmus, vertigo, N/V

Å3ÙÍÐÁÔÈÅÔÉÃ ÔÒÁÃÔȡ (ÏÒÎÅÒȭÓ ÓÙÎÄÒÏÍÅ

ÅSpinothalamictract: Contralateralpain/temp

ÅSpinal V nucleus: ipsilateral face pain/temp

ÅNucleus ambiguus(IX, X)
ÅHoarseness, dysphagiaȟ ᴽÇÁÇ ÒÅÆÌÅØ



ASA Stroke

ÅMidline structures damaged

ÅCan affect medulla or spinal cord



ASA Stroke
Level of Spinal Cord

ÅAnterior spinal artery syndrome

ÅASA supplies anterior 2/3 of spinal cord

ÅLoss of all but posterior columns

ÅOnly vibration, proprioception intact

ÅParalysis below lesion

ASA



ASA Stroke
Level of Medulla

ÅMedial medullary syndrome

ÅCorticospinal, medial lemniscus, CN 12

ÅContralateralHemiparesis

ÅContralateral loss of proprioception /vibration

ÅFlaccid paralysis tongue 
ÅDeviation to side of lesion



Key VB Stroke Syndromes



Cerebral
Aneurysms
Jason Ryan, MD, MPH



Aneurysms

ÅWeak vessel wall

ÅAbnormal dilation



Aneurysms

ÅSaccular or Berry
ÅMore common type

ÅCharcot-Bouchard aneurysms
ÅMicroaneurysm

ÅCause of hemorrhagic stroke in HTN

ÅSevere HTN

ÅSimilar: lacunar strokes



Berry Aneurysms Associations

ÅADPKD

ÅEhlers-Danlos

ÅAortic coarctation

ÅOlder age

ÅHypertension

ÅSmoking

ÅAfrican Americans



Aneurysm Rupture

ÅSubarachnoid hemorrhage (berry)
ÅBleeding into CSF space

ÅNeuro symptoms rare Ąmostly headache

ÅHemorrhagic stroke (micro)
ÅSymptoms based on site of bleeding



Subarachnoid Hemorrhage

ÅBleeding into space b/w 
arachnoid & pia mater

Image courtesy of James Heilman, MD



Subarachnoid Hemorrhage

ÅȰ7ÏÒÓÔ ÈÅÁÄÁÃÈÅ ÏÆ ÍÙ ÌÉÆÅȱ

ÅSudden onset symptoms

ÅFever, nuchal rigidity common

ÅCT scan usually diagnostic

ÅXanthochromia on spinal tap

ÅNo focal deficits!



Subarachnoid Hemorrhage

ÅTreat with clipping or endovascular coiling

ÅRe-bleeding common

ÅVasospasm
ÅTriggered by blood

ÅWorsening neuro symptoms

ÅDays after initial bleed

ÅNimodipine (calcium-channel blocker)
ÅImproves outcome

ÅUnclear mechanism

ÅMay prevent vasospasm



Berry Aneurysm Sites



ACommAneurysm

ÅHeadache

ÅVisual field defects

Bitemporal Hemianopsia
Optic Chiasm Compression
Pituitary Tumor/Aneurysm



PCommAneurysm

ÅUnilateral headache, eye pain

ÅCN III palsy
Å%ÙÅȡ ȰÄÏ×Î ÁÎÄ ÏÕÔͼ 

ÅPtosis 

ÅPupil dilation ɀnonreactive to light



Pupil Sparing

ÅIs pupil normal (not dilated)?

ÅIf yes, pupil is spared Ą lesion not aneurysm

ÅPupillary constrictors easily compressed in 
subarachnoid space

Å)Æ ÐÕÐÉÌ ÉÓ ȰÓÐÁÒÅÄȱ
ÅPalsy often associated with DM 

ÅIschemic neuropathy of CN III (small vessel disease)

ÅSometimes painful

ÅSpontaneously resolves

ÅȰ2ÕÌÅ ÏÆ ÔÈÅ ÐÕÐÉÌȱ



Charcot-Bouchard Aneurysms

ÅMicro-aneurysms

ÅSmall branches lenticulo-striate arteries

ÅBasal ganglia, thalamus

ÅPossible origin of hypertensive ICH



Intracranial 
Bleeding
Jason Ryan, MD, MPH



Raised Intracranial Pressure
ICP

ÅMass lesions (tumors)

ÅCerebral edema (large stroke, severe trauma)

ÅHydrocephalus

ÅObstruction of venous outflow (thrombosis)

ÅIdiopathic intracranial hypertension 

ÅPseudotumor cerebri



Increased Intracranial Pressure
General symptoms

ÅHeadache (pain fibers CN V in dura)

ÅDepressed consciousness 
ÅPressure on midbrain reticular formation

ÅVomiting



Papilledema

ÅOptic disc swelling 

Å$ÕÅ ÔÏ ᴻ)#0
Åi.e. mass effect

ÅAlso seen in severe HTN

ÅUsually bilateral 

ÅBlurred margins optic 
disc on fundoscopy

Images courtesy of Warfieldian 
and OptometrusPrime



#ÕÓÈÉÎÇȭÓ 4ÒÉÁÄ

ÅHypertension

ÅBradycardia

ÅIrregular respiration



Posturing

Image courtesy of Djsilverspoon

Decerebrate (arms extended)
Brainstem Damage

Decorticate (arms flexed)
Cerebral Hemisphere Damage



Glasgow Coma Scale

ÅThree tests:eye,verbal and motor

ÅGCS score: 3 to 15

ÅEye (1-4 points)
ÅDoes not open, opens to painful stimuli, opens to voice, opens 

spontaneously

ÅVerbal (1-5 points)
ÅNo sound, incomprehensible sounds, inappropriate words, 

confused, oriented

ÅMotor (1-6 points)
ÅNo movements, decerebrate posturing, decorticate posturing, 

withdrawal to pain, localizes to pain, obeys commands



Herniation

ÅExpanding volume: blood, tumor

ÅForces brain through weakest points



Where can displaced brain go?

Å Subfalcine
Å Side to side

Å Uncal
Å Side to bottom

Å Transtentorial

Å Central
Å Diencephalon Ąmidbrain

Å Tonsillar
Å #ÅÒÅÂÅÌÌÕÍ ÔÈÒÕ ÔÈÅ ȰÈÏÌÅȱ

Image courtesy of aokianc.com



Subfalcine Herniation

ÅCingulate gyrus

ÅExtends under falx 

ÅDrags ipsilateral ACAwith it

ÅACA compression

ÅContralateral leg paresis



Uncal herniation

ÅUncus = medial temporal lobe

ÅAcross tentorium

ÅMidbrain compression



Uncal herniation

ÅIpsilateral CNIII compression
ÅLoss of parasympathetic innervation

Å$ÉÌÁÔÅÄ ɉȰÂÌÏ×ÎȱɊ ÐÕÐÉÌ

ÅLack of pupillary constriction to light

ÅCollapses ipsilateralposterior cerebral artery
ÅVisual loss ɀcortical blindness

ÅHomonymous hemianopsia

ÅCerebral peduncle compression
ÅCan be on side of lesion (contralateral paresis)

ÅCan also be on opposite side (ipsilateral paresis)

ÅKernohan's notch

ÅDuret hemorrhage of pons and midbrain
ÅPerforating branches basilar arterydraining veins



Uncalherniation

ÅDilated pupil (side of lesion)

ÅVisual loss

ÅHemiparesis or quadriparesis



Transtentorial Herniation

ÅThalamus, hypothalamus, and 
medial parts of both temporal 
lobes forced through tentorium
cerebelli 

ÅSomnolence, LOC

ÅInitially: small, reactive pupils

ÅLater: nonreactive

ÅPosturing



Tonsillar Herniation

ÅCerebellar tonsils herniate 
downward through the 
foramen magnum

ÅMost commonly caused by a 
posterior fossa mass lesion

ÅCompression of medulla results 
in depression centers for 
respiration and cardiac rhythm 
control

ÅCardiorespiratory failure



Types of Intracranial Bleeds

ÅEpidural Hematoma

ÅSubdural Hematoma

ÅSubarachnoid Hemorrhage

ÅHemorrhagic Stroke



The Meninges

Meninges



Epidural Hematoma

ÅRupture of middle 
meningeal artery
ÅBranch of maxillary artery

ÅTraumatic:
ÅOften fracture of temporal 

bone

ÅConvex Shape on CT

ÅDura attached sutures
ÅLesion cant cross suture 

lines

Image courtesy of Dryphi



Midline Shift

Image courtesy of James Heilman, MD



Image courtesy of James Heilman, MD

Maxillary Artery



Image courtesy of James Heilman, MD



Epidural Hematoma
Symptoms

ÅGeneral symptoms: 
ÅHeadache, drowsiness, loss of consciousness

ÅLucid interval



Subdural Hematoma

ÅUsually traumatic

ÅRupture bridging veins

ÅBlood b/w dura and arachnoid space 

ÅSLOW bleeding due to low pressure veins



Subdural Hematoma

ÅCrescent shaped bleed

ÅCrosses suture lines

ÅLimited by dural reflections
Åfalx cerebri

Åtentorium

Åfalx cerebelli

Image courtesy of James Heilman, MD


