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Neurology – Pathophysiology
· Know the cortices/areas of the brain that we covered previously

· Stroke: Ischemic strokes and hemorrhagic strokes 

· “Time is brain”: we don’t get replacement neurons, if they die, they are gone for good 

· Need to correct the problem as fast as possible to prevent additional damage

· Cells that are left can pick up slack to some extent – but more damage ( more disability

· In brain can have ischemic OR hemorrhagic strokes ( 80-90% will be ischemic strokes) 

· Must first determine which type of stroke is occurring – treatments are very different

· get a CT scan and look for presence of blood – indicates hemorrhage (bleeding)
· Longer time that passes the more damage that will occur 

· treat ischemic stroke: restore blood flow, give fibrinolytic drug, e.g. t-PA 

· Hemorrhagic: ruptured blood vessel of some sort, blood leaking out, areas damaged, skull does not give, blood puts pressure on brain 

· don’t want to give fibrinolytic drug for hemorrhagic stroke: will increase bleeding and kill patient 

· Strokes can occur anywhere in the CNS

· Many strokes involve the middle cerebral artery (MCA)
· Circle of Willis: carotids come in here, 

· Anterior cerebral feeding medial part of brain 

· Middle feeds lateral portion of brain 

· Strokes of the frontal and temporal lobes are also very survivable

· Strokes to brain stem are extremely devastating (death, coma or paralysis) 

· Middle cerebral arteries: popular place for strokes, and people survive them

· You will see many stroke patients with MCA strokes
· Language function distribution

· Middle cerebral artery: popular place for strokes ( language deficits 

· If you are right handed you have language areas only on left side 

· If you are left handed: can have all language function on left side, can have only on right side or can have language function on both sides 

· if you have it on both sides and you get a stroke on either side you lose language 

· Hemorrhagic stroke 

· Damage to local tissue and increased pressure to brain: can lead to herniation through foramen magnum 

· Little blood vessels feeding basal ganglia (lenticulostriate arteries) like to rupture: popular site for hemorrhagic stroke 

· if the stroke progresses to internal capsule (all information from body to cortex, and vice versa, is going through capsule) big problem.  if you damage even a small section in this area you can be completely paralyzed or lose sensation from one side of your body
· Language deficits
· Dysphasia: bad language (aphasia – no language)
· Middle cerebral artery (MCA) popular site for stroke 
· If on left side (for righties) you will hit some aspect of language 

· Don’t need language to survive – many stroke victims will survive
· If someone has dysphasia it is very obvious: can be recognize it in few seconds 

· Left side of brain likes to follow rules: language, math, science 
· Right brain is more free-flowing, creative, etc.
· Broca’s area: can’t control muscles of speech that allow you to form sounds, pt left only able to grunt – difficulty speaking  
· Wernicke’s: can formulate words coherently but it is meaningless 
· grammatically correct but bizarre 

· Global: lose everything, frontal temporal; 

· Anomia - no name (can’t name things): 
· angular gyrus: where big senses come together, where we store information about things including name (can’t name the object, but could pick item up if asked to) 

· feel like they know but they can’t say it 
· they know what the object is, they just can’t name it
· Dyslexia: difficulty reading 

· Alexia: can’t read at all 
· Dysgraphia: difficulty writing

· Agraphia: can’t write at all
· In the book, “My Stroke of Insight” a neuroscientist has a stroke and gives a personal account
· Aneurisms: problem: chance of them rupturing 
· Sub-arachnoid hematoma (SAH)

· Typically on circle of Willis
· Clinical sign – severe & sudden headache with eventual loss of CNS function

· Will result in death if not treated promptly

· Any bleed into cranium will increase intracranial pressure

· Very high pressure but poor circulation

· Brain says we need more BP: more blood is NOT going to get to brain
· but it will increase pressure ( increased pressure in brain 

· have to bring BP down, or else BP itself will cause damage
· for some hematomas will have to drill hole in skull to let out pressure 

· A-V malformations: particular risk for rupturing get hemorrhagic stroke 
· Blood goes from arterial side to venous side without going through capillary 

· Very hard to detect
· some people claim they can hear bruits with stethoscope on head 
· CT scan – probably more reliable
· Similar clinical signs as ruptured aneurism, but parenchymal bleed – not SAH

· Treatment: go in and clip off AVM anastomosis 

· Herniation – don’t want to pull out brain through foramen magnum 

· Herniation: lumbar puncture

· If draw too much spinal fluid (CSF), you start sucking out brain 

· Something in brain (tumor) is causing Increased intracranial pressure pushing brain through is more likely: brain goes through foramen magnum 

· First thing hit is medulla oblongata, hits consciousness center (person will go into coma) 

· Potentially risky whenever you have a hematoma in brain 
· Sudden increase in intracranial pressure might push brainstem thru foramen magnum
· Know 3 types 
· Subfalcine

· Uncinate

· Tonsillar

· Hydrocephalus

· Usually occurs slowly 
· Common clinical signs

· Headaches followed by nausea and vomiting 

· Mental deficits, seizures, loss of consciousness, etc.
· High pressure hydrocephalus 

· Noncommunicating hydrocephalus: ventricles can’t communicate with drainage 

· Usually caused by obstruction of outflow, ventricles get bigger and bigger as fluid builds up 

· Treatment: stick a shunt to release the fluid 
· This is most common type in babies & young children

· Can cause expansion of skull in children

· Result ( people with really big skulls

· Usually treated now with shunt, so no more kids with big heads
· In older people causes compression of cortex 

· Communicating: CSF can flow but ventricle still enlarged 
· Usually caused by decrease uptake of CSF by arachnoid granulations
· More common in adults, often result of damage to arachnoid granulations
· Normal pressure hydrocephalus: brain atrophies, ventricles get bigger secondary to cortex getting smaller 

· Common reason in children: ventricle drainage is blocked 

· Brain has lymphatic drainage but NO lymph nodes (uses lymph nodes in neck) 

· Trauma & hematomas – whack someone in head ( can get intracranial bleed

· Middle meningeal artery rupture: epidural hematoma (outside of dura mater) 
· Damage to bridging veins: subdural hematoma
· Treatment: drill hole, blood squirts out and pressure released 

· Chronic subdural: probably lump on person’s head, been there a long time 

· Ruptured aneurysm: subarachnoid hematoma
· Hemorrhagic stroke (blood coming from somewhere in brain): parenchymal bleed 

· Last 2 bleeds are not usually caused by trauma – here for comparison
· Traumatic Brain Injury (TBI)

· Thin layer of CSF cushions the brain from blows to the head 

· When you damage the brain, as you slam your head forward, brain moves forward and then backwards so you damage both ends of brain 

· Spinal cord trauma

· Vertebral fractures can damage spinal cord but not necessarily 

· If no damage to spinal cord it’s just another broken bone 

· Spinal cord trauma: it usually doesn’t repair 

· Original damage ( hemorrhage ( neutrophils bring inflammatory cytokines ( decreased blood flow to spinal cord 

· Get free iron (it is pro-oxidant; greatly increases production of free radical formation) get RBC and platelet aggregation 

· Possible treatment: Therapeutic Hypothermia (~34˚C, mild): greatly decreases inflammatory response to prevent further spinal cord damage from secondary response (inflammation) 

· Severe an axon: can an axon grow back? 

· it can but it usually doesn’t 

· we can’t repair the injury site, we have to regrow the axon 

· we do not make protein in the axon, we make them in the cell body and ship them down the axon 

· these proteins move very slowly (4 mm/day) will take about 250 days for protein to reach finger (will regain some sensation but not all) 

· If axonal tract is perfectly clear and Schwann cells are still there, it is possible for axon to find its target 

· Axons can regrow but in the spinal cord they almost never do 

· CNS: pathway always gone before axon can grow back 

· Spinal cord damage: hemorrhage, break down of RBCs, inflammatory response, secondary damage when cleaning up the mess (causes blocking of pathways so axons don’t regrow) 

· Another source of back pain

· Between vertebra are disks (annulus fibrosus: fibrocartilage - very strong under tension, but not strong under compression) + (nucleus pulposus: gooey stuff) ( put two together and have structure that is strong under compression & bends in all directions

· when gooey stuff leaks out get herniated disk 

· Leak gooey stuff to posterior and it hits spinal cord or spinal rootlet: 
· whatever it impacts (motor/sensory) will be impaired 

· if it hits sensory: you will have numbness or pain or both

· if it hits motor: you will have weakness or paralysis
· can have back pain without spinal stenosis
· Cancer

· Many brain cancers you will see are metastases to brain 

· Metastatic tumors: can come from anywhere; are seen often
· Usually once metastases occur in brain, condition becomes deadly because you can no longer operate – too many sites and brain tissue cannot be removed without disability 

· Can’t get cancer of neurons: neurons don’t replicate
· neuroblastoma is cancer of neuro-precursor cell
· Gliomas

· Brain cancers involve Glial cells: these are not post mitotic: they replicate 

· Mean survival for gliomas is 5 months 

· Glioblastoma: most common brain cancer, poorly differentiated astrocytes

· Very poor survival, ~0% 5-year survival
· -oma (may be benign but we don’t care, we need to get them out to preserve space for our brain function and avoid displacement) 

· Ependymoma: ependyma cells line ventricles 

· Microglial cells are NOT on the list: they don’t cause cancer; they are macrophages (don’t replicate) 

· Clinical presentation of brain cancer: terrible headache that doesn’t go away 

· limited space and you get increased intracranial pressure 

· Pressure builds slowly – don’t usually get herniation 

· Cerebral edema 

· headaches, vomiting and seizure will follow close behind 

· Papilledema: eyes (optic canals) are big opening, brain starts pressing against it, optic disc gets compressed (won’t see bulging eyes) : have to look in the eyes to see this 

· Lose muscle strength + coordination ( lose ability to walk properly 

· Example intracranial tumor: Schwannoma: found in peripheral nervous system 

· 8th cranial nerve Schwannoma, 
· old name “acoustic neuroma”
· Person presents with headaches, compression of cerebral aqueduct, might have N/V, mental deficits, could also present with seizure  

· It is outside of CNS, so easier to cut out (it is a tumor on one of the cranial nerves: schwannoma of 8th cranial nerve
· Hearing and vestibular system of that side are gone 

· Balance problems 

· Prognosis: pretty good; just go in and cut it out
· Patient will be deaf on that side, but alive
· Intracranial infections

· If have infection in brain, don’t get neurons back 

· Any abscess in brain is as good as stroke 

· Axon doesn’t have clear path to find its way back 
· Damage to axons or cell bodies causes irreversible damage

· Meningitis

· CSF: cloudy, high leukocyte counts, low glucose (bacterial cells are using it) 

· Prion: Infectious agent is a protein

· Normal protein (prion precursor protein) is supposed to be square (allows it to function properly) if misshapen it doesn’t work properly; if you get round versions they corrupt the square ones and turn them into round ones as well – this takes a long time however (formerly known as a “slow virus”) aggregates later change their brains into mush

· Mad Cow Disease (Bovine spongiform encephalopathy) – in animals 
· very rare in humans
· can only get it from CNS material

· can’t get it from milk, or steak
· have to eat either brain or spinal cord in order to get prion proteins 

· Only occurs in CNS, if you eat a protein, that protein gets digested in stomach and you absorb it as amino acids, if you eat round proteins your brain would never see it

· would have to take brain matter from mad cow and shove it into your brain 

· you need it introduced into your bloodstream 

· Papa New Guinea: practice cannibalism funeral rites 

· most of the meal prep done by women, women ended up with this (Kuru) 
· Kuru eliminated by abolition of cannibalism 
· Creutzfeldt-Jacob Disease – inherited form: prion precursor protein that is just more likely to fold improperly 

· In case of human “mad cow disease” (vCJD – variant Creutzfeldt-Jacob Disease)
· very rare, ~200 cases worldwide
· cannot get this from milk, will not have prion material in milk

· you have to eat part of CNS in order to get this 

· you eat more cow brain than you think: lunch meat, sausages 

· vCJD is 100% fatal, takes 7-10 years to develop
· most people have familial form (CJD without the ‘v’)
· usually occurs in older patients, typically 70+ years old
· Alzheimer’s disease

· Brain with Alzheimer’s: frontal lobe Sulci are much wide, gyri much skinnier 

· frontal part begins to atrophy 
· loss of memory, intelligence, changes in personality

· rest of brain almost normal

· senses normal, motor is almost normal
· Nothing wrong with motor cortex, spinal cord or brain stem 

· Can ONLY be diagnosed officially with a brain biopsy (see tangles under microscope) 

· However, it has become so common that now it is equivalent to dementia 

· This is not true – there are other forms of dementia 
· Rates increase into the 80s 

· Amyloid precursor protein (APP): has three pieces that we chop it into and everything is fine 

· if not chopped properly have Aβ peptide that is slightly different and we don’t clear

· they form Aβ aggregates ( amyloid fibrils 
· something in this process causes death of neurons in frontal lobe ( loss of function

· memory, personality, etc.

· what we see in brain under microscope; won’t see until a biopsy 
· but wouldn’t do this until after death – don’t do brain biopsies 

· Genetic component: some people clear protein properly and no problem, 
· Increased with insulin resistance (type 2 diabetes)
· 2 types of amnesia 

· Retrograde (loss of old memories – what you normally see in movies)

· Anterograde (trouble making new memories)

· Movies: Memento, 50 First Dates

· In common dementias (e.g. senile dementia): have trouble forming new memories 

· if you ask them what happened in childhood, they can answer just fine; if you ask them what happened an hour ago they CAN’T 

· Alzheimer's: pre-existing memory is lost, ability to form new memories is impaired 

· Have both retrograde & anterograde amnesia

· When considering motor system: Two neurons at play (upper and lower motor neuron) 

· upper motor neuron cell body in primary motor cortex, axon runs down spinal cord and 
· synapses in spinal cord with lower motor neuron whose axon synapses with muscle 

· Upper motor neurons damage: 

· birth injuries 

· neoplasm: any tumor that affects upper area 

· Internal capsule damage is going to cause problems 

· vascular lesions such as strokes

· brainstem 

· demyelinating disease: MS 

· Parkinson’s: degenerative disease of the substantia nigra part of basal ganglia (reticulo and rubrospinal tracts) 

· spinal cord damage
· trauma 

· Lower motor neuron possible damage 

· polio: infects lower motor neuron and kills and causes muscle weakness and paralysis 

· amyotrophic lateral sclerosis (ALS, aka Lou Gehrig’s disease)

· demyelinating disease: Guillain-Barre
· Muscle 

· problems with muscle junction: myasthenia gravis 

· damage to muscle itself: muscular dystrophy 

· Parkinson’s disease

· Affects motor skills but minimal affect on thought processes (intelligence & personality)

· Substantia nigra (“black stuff”): filled w/neuromelanin; byproduct of dopamine synthesis
· DOPA is a precursor eumelanin & pheomelanin, the normal pigments in hair, skin, etc. 

· Neurons not making dopamine, no neuromelanin ( so don’t get black stain in substantia nigra 

· Lewy body: protein aggregate in damaged or dead neuron 

· Basal ganglia: very complicated; series of inhibitory neurons
· end result: greatly decreased output from basal ganglia which is where we start, stop and control our actions (modulates motor control)
· pt will have resting tremor, when they start moving, the movement will be smooth 
· (contrast with cerebellar lesion where patient will be normal at rest but impaired when they are moving) cerebellum: controls fine movement as person is in movement)
· basal ganglia starts and stops movement: once person starts moving, basal ganglia no longer important until they need to stop
· rapid changes in direction very difficult

· Dysdiadochokinesis – trouble with rapid alternating movements

· E.g. inability to turn hand over and back rapidly & smoothly
· Walking becomes difficult because it is the start and stop of lots of movements
· unsteady gait, shuffling 
· bike riding is ok (other than starting & stopping)
· Parkinson's: “masked facies” no facial expressions (bland expression) 

· Normal facial expressions: lots of muscles that are constantly moving 

· Trouble coughing and swallowing is what often eventually kills them 

· respiratory problems, can’t cough to get rid of infections, can’t swallow well 

· Cognitive capacity is near normal until late in progression, then dementia, etc.
· Depression is common, but that might be 2nd to loss of motor skills

· Parkinson’s also affects sympathetic nervous system – impaired dopamine production

· Huntington’s chorea/disease (HD)
· Chorea = dance, e.g. choreography

· Opposite of Parkinson’s – overactive initiation of movements ( lots of jerky motions 

· Basal ganglia damage 

· Looks like hydrocephalus because of atrophy of caudate and putamen
· causes overactive initiation of muscle 

· HD is autosomal dominant

· Involves trinucleotide repeat (CAG) that has too many copies

· About a dozen other trinucleotide repeat diseases

· Every generation gets more copies and starts getting HD earlier and earlier 

· Tardive Dyskinesia: 
· result of drugs, many psychiatric/antipsychotic meds will cause this 

· dopamine supersensitivity
· take drug (high dose or long time) and later get this version of chorea
· often irreversible

· Multiple Sclerosis (MS)

· Autoimmune disease 

· Immune system attacking myelin of central nervous system 

· antibody against myelin – kills oligodendrocytes
· Axon that is supposed to be myelinated that isn’t, won’t function; it is as if the fiber is paralyzed (doesn’t work) 
· Any myelinated neuron in CNS can be effected

· Can cause a very wide range of neurological disorders

· Motor, sensory, cognitive, etc.
· BUT axon hasn’t been damaged and the myelin can grow back 

· chance of myelin growing back is good – we get replacement oligodendrocytes 
· have attacks with periods of remission

· 4 types – based on attacks and progression

· relapsing remitting type

· get worse, get better; (after attacks, almost full recovery)

· progressive relapsing

· get worse, get better; (after attacks, they get worse than before)

· primary progressing
· gets steadily worse without attacks

· secondary progressing

· relapsing remitting ( primary progressing (starts as RR, becomes PP)
· very many theories about environmental triggers
· Denervation & re-innervation

· Example of what would happen with polio 

· Lose neuron because of virus and lose innervations to muscle fibers that the nerve is innervating 
· clinical presentation: Profound weakness

· Leading cause of death: respiratory problems 

· put them in iron lungs: iron cylinder tube would act as a ventilator for the person 

· air pressure in tube would be decreased which would draw air in and then increased which would force air out 

· Quite often patients would recover

· Denervated muscle fibers get connected to surviving lower motor neurons
· would have ~normal strength but not as fine motor control 

· As person loses motor neurons later in life: they get much weaker much faster with age
· Post polio syndrome of people who had polio as kids 
· Polio was eradicated in 1950’s, so most polio survivors are > 70 years old
· ~half of polio survivors will experience PPS later in life
· Demyelination of PNS (Guillain-Barre) 

· Example of Guillain-Barre (demyelinating of peripheral nervous system) 

· Would not be multiple sclerosis because these are peripheral neurons 
· Schwann cells remyelinate axons, immune system attacks it, Schwann cell remyelinates it

· Outer rings: myelin that has been attacked 

· Eyes

· Anatomy: know all various parts of eye 

· Light path: 
· Through cornea ( anterior chamber ( lens (clear bundle of protein) ( vitreous humor ( hits retina ( we can see

· in middle is macula (spot), in the middle of the macula is the fovea (part of macula)
· very high acuity vision, and 

· good color vision

· off to side is optic nerve, optic artery and vein

· We do not have vision at the optic disk/papilla (no rods or cones) 
· This creates “blind spot”

· Blind spot for each eye is in different place, so with both eyes we can see everything
· Optic canal is the next biggest foramen after foramen magnum 

· get papilledema (if person has high chronic intracranial pressure) 

· Rods and cones detect light 

· Rods: see black and white

· Cones: see color,  

· cones are not as light sensitive; everyone becomes color blind at night 

· Light hits rods and cones, then scattered light is absorbed by pigmented epithelial cells 
· pupil of neighbor’s eye is black; reason – light comes in, hits pigmented epithelial and the light doesn’t bounce back

· Albino: light enters but there is no pigmented epithelial so cells bounces off blood and comes back – give pink/red eyes

· light goes in and bounces all over; will have blurry vision, similar to glare
· When light hits rods or cones they hyperpolarize 

· don’t produce action potentials
· Bipolar cells (one of the very few places we find bipolar cells)

· Monitor membrane potential of rods & cones
· Ganglion cells fire action potentials (axons that form optic nerve)

· Form optic nerve, go through optic chiasm and to primary visual cortex 

· Mechanics

· Lens, posterior chamber 

· Iris: shades our eye during lots of light, retract when we have less light 

· Accommodation of the lens: flatter rays converge further back ; allows you to focus on things far away or nearby 

· Fovea: where we have high acuity vision (center of macula)
· primarily made up of cones 

· pixels are not evenly distributed: they are densely packed in the center 

· Have super high acuity in the very center 

· Have about 5 million pixels in each eye 
· Mostly packed in middle
· Peripheral vision is good enough to get our attention
· Binocular vision

· Most of us have 2 eyes that work very well together

· Lateral visual fields from two eyes cross over 

· Primary visual center in Right side of brain: get two left visual fields 
· Primary visual center in Left side of brain: get two right visual fields 

· Convergence: eyes will converge on what you are looking at, if eyes converge on finger, background will be double 

· Parallax: great binocular vision that allows us to judge distances ,

· two things in front of each other lined up, close that eye, open other and no longer lined up 

· Eyes on front of head: poor peripheral vision but good judge of distance

· Typically predators, e.g. dogs, cats, humans, bears

· Eyes on side of head (horse): great peripheral vision but can’t judge distance 
· Typically prey, e.g. horses, deer, cows, rabbits, etc.
· Lesion at number 2 (optic chiasm): would lose peripheral vision; left eye field from left eye, right eye field from right eye 

· Lesion at 1 (pre-chiasmic optic nerve): blind in 1 eye 

· Lesion 3 (post-chiasmic optic nerve): lose part of visual field 

· Extrinsic muscles of the eye

· Levator palpebrae: lifts eyelid

· 3 cranial nerves (3, 4, 6) control muscles of the eye – “SO4, LR6, everything else 3”
· 4: controls superior oblique (trochlear nerve muscle goes through pulley, aka trochlea) pulls down and out 

· 6: controls lateral rectus which is on the side and pulls eye outward

· 3: everything else 

· Muscles in eye are so fast and acurate that when we are running, scenery doesn’t bounce around (have a lot of interactions between balance centers and our eyes) 

· Convergence occurs like magic

· if one eye was moving faster than the other we would have double vision 

· Problems with eye movements
· Strabismus: failure to converge: one eye is looking one way and the other is going the other way (painful for brain, we have neurons in brain that should be seeing the same thing, if aren’t looking the same way then neurons are comparing what they see but it doesn’t make sense) 

· will lead to diplopia: cross-eyed most common cause of diplopia, which leads to 

· Amblyopia: brain can’t handle double vision and so it shuts one of them off (nothing wrong with eye) 

· If this happens as a kid: put eye patch over working eye in order to force brain to turn the other one back on

· Nystagmus: alternating smooth and jerky eye movements 

· normal way we operate: fovea focused and attention moves to next thing fovea moves with it  

· pathological: will see this in patients with vestibular (balance system) problems; damage to this system, ppl with balance problems: eyes trying to stay fixed 

· eyes moving around because the balance center says the head is moving and the eyes are trying to stay fixed 

· Vision problems

· Myopic: can see things close but not at a distance (near sighted) 

· Hyperopic: can see things at a distance but not up close (far sighted)  

· Presbyopia: old eyes; ability of lens to deform is diminished, lens becomes stuck in one position – usually distance vision
· ability to change focal point is lost with age 

· ability to focus in one position but hard time changing focus 
· need “reading glasses” for near vision
· Astigmatism: can’t focus on anything, everything is blurry 
· lens is not symmetrical
· Causes of blindness
· Cataracts

· Like looking through frosted glass 

· Proteins in lens are very long lived; are normally clear, as you age these proteins yellow 

· Greatly accelerated with diabetes 

· Also happens with age gradually 

· Glaucoma
· Aqueous humor in posterior chamber 

· If not reabsorbed properly, pressure builds up and pushes pressure all the way back to optic disk ( damage to optic nerve 

· Air puff test 

· more pressure, the more the air is going to bounce off (like bouncing a basketball) 

· Loss of optic nerve ( completely blind 

· Leading cause of preventable damage 

· Macular degeneration: fovea is in macula; this is a problem it is very important for high acuity vision 

· If we lose the fovea, we lose fine vision – can’t read, recognize faces, etc
· Losing only small part of visual field but that is where we do most of our vision 

· Diabetic retinopathy (DR)
· We can actually visual blood vessels (best place to visualize blood vessels and capillaries) 

· if these are damaged then chances the BVs are damaged elsewhere are greatly increased 

· Great place to do cardiac assessment 
· In DR we see hemorrhage and neovascularization 
· River blindness: not existent in US but one of leading causes worldwide 

· Ears
