Pathophysiology 7:  Neuro, Ophtho, Geriatrics, Psych, Pain, Shock
Functional Neuroanatomy:

· The anatomic segregation of functional systems in the nervous system allows for localization of lesions.  A functional anatomical system is a population of neurons and end organ(s) that serve a specific functional role.  For simple (linear) systems like primary and sensory stuff, the CNS is connected to end organs by the PNS.  For more complex stuff, it may all be in the CNS.  
· Damage to any part of the system usually leads to loss or disruption of the function served by the system.  Sometimes a disease can result in a paradoxical (often temporary) increase in function.  So there are negative (loss of function) and positive (gain of function) symptoms.  

· processing (consciousness includes sleep/wake, paying attention and enjoying, whereas cognition includes communication, memory, interpreting and planning), and motor output (includes voluntary, special - look, chew/swallow/speak, breathing, and coordinating - and visceral).  

· In the grey matter (in the PNS called ganglia, in the spinal cord/brainstem called horns/nuclei, in the cerebrum/cerebellum called cortex, nuclei, or unique names), deficits tend to be profound and lasting.  In white matter (in the PNS called root/plexus/nerve, in the CNS called tract/fascicle/fibers/radiations/capsules/commissures/unique names), deficits recover better.

Simple/linear functional systems:

· Basic sensory paradigm (3 neurons – 1o, 2o, 3o):  Signals originate from sensory end organs, go through 1o neurons to relay nuclei, go through 2o neurons to the thalamus, and go through 3o neurons to the cortex.  They end at a 4th neuron in a sensation-specific part of the cortex.
· Sensory is broken down into general sensory (epicritic touch/position and protopathic pain/temp) and special sensory (smell/see/taste/hear/balance).  

· Visual system:  Rods and cones are the sensory end organs.  They signal to 1o neurons (bipolar cells in the inner plexiform layer of the retina), which send axons through the inner plexiform layer of the retina.  These reach 2o neurons (ganglion cells in the ganglion cell layer of the retina) which send axons through the optic nerve and tract.  These reach the 3o neurons (in the LGN), which send axons though the optic radiations.  They terminate at the primary visual cortex (striate cortex). 

· The thalamus contains cell bodies of all 3rd order sensory neurons, and these terminate in the cortex.  The only exception is smell, which uses only 2 neurons.  
· Each chain of three neurons represents a very small part of the functional system, and many of these chains bundled together for the macroscopic structures that together form a functional unit.  These bundles may vary in density.  

· Basic motor paradigm (2 neurons – Upper/lower motor neurons):  This goes from the primary motor cortex to the muscles.  Upper motor neurons go from cortex to brainstem (corticobulbar tract) or cortex to spinal cord (corticospinal tract).  Lower motor neurons may have cell bodies in the brainstem cranial nerve nuclei or spinal cord ventral horns, and they go to neuromuscular junctions.  
· The corticobulbar tract (cortex to brainstem) controls voluntary face/tongue/neck movements, as wells as swallowing/chewing/speaking.  This doesn’t follow the 2 neuron paradigm, as there are usually two upper motor neurons (one from each hemisphere) that innervate each lower motor neuron (cranial nerves).  Because of this redundancy, unilateral upper motor neuron lesions here don’t cause as much of a deficit.  
· The corticospinal tract (cortex to spine) controls voluntary muscles of the limbs/trunk.  There’s some redundancy here.  LMNs are termed spinal nerves as they exit the spinal cord.  The ventral horns are the axons or LMNs, and there are no synapses between the ventral horns and the neuromuscular junctions.  The combination of a LMNs and an NMJ make up a motor unit.  
· Basic autonomic paradigm (3 neurons – 1st/2nd/3rd order):  These connect the hypothalamus to visceral muscles, largely under involuntary control.  It includes sympathetics and parasympathetics.  The three major visceral motor systems are the pupillomotor system, the exocrine system (tears/saliva), and the vasomotor system.  Other stuff like bowel/bladder/sexual/heart/kidney/etc are more complex or less well defined.

· 1st order neurons go from the hypothalamus to the brainstem or spinal cord.  2nd order neurons go from the brainstem or spinal cord to an autonomic ganglion.  3rd order neurons go from the autonomic ganglion to a NMJ.  

· Abnormalities in the pupillomotor system can produce pupillary paralysis or anisocoria (asymmetric pupils).  

· Parasympathetic pupillomotor system:  1st order neurons have cell bodies in the hypothalamus.  They go to 2nd order neurons in the brainstem (Edinger-Westphal nucleus in the midbrain) and send axons through the 3rd fascicle/nerve.  These go to 3rd order neurons (ganglion cells in ciliary ganglia), which send axons through short ciliary nerves.  These to go the iris sphincter muscles for pupillary constriction and ciliary muscles for lens accommodation.
· Sympathetic pupillomotor systems:  1st order neurons have cell bodies in the hypothalamus.  They go through the lateral brainstem sympathetic tract to 2nd order neurons in the spinal cord (intermediolateral cell column cervical cord), and send axons through the ventral root, rami communicantes, and sympathetic chain.  They reach 3rd order neurons in the stellate ganglia, which send axons through the long and/or short ciliary nerves.  These reach the iris dilator muscle for pupillary dilation.

Complex/non-linear functional systems:

· Diffusely projecting:  Ex:  Dopaminergic reward pathway or brainstem reticular activating system.  These systems are tightly packed at the origin, then project widely.  Small lesions where they are densely packed can produce devastating dysfunction.  
· Reciprocal circuits:  Ex:  Basal ganglia (regulate starting, speed, smoothness, synchrony and stopping of voluntary movement), memory.  Reciprocally innervated parallel loops with excitatory and inhibitory signals are present.  So diseases affecting opposite parts can have opposite effects (Parkinson’s shows to little movement, Huntington’s chornea too much).  
· Distributed networks:  Ex:  Language area, prefrontal motor cortex.  These have networks with neurons in many places.  But, there are also specialized regions that are like hubs where particular types of info coalesce (ex: Wernicke’s area for language).  If the hub is destroyed, it can incapacitate that system.  
Regional-Functional Neuroanatomy:  Brainstem and Cranial Nerves:

· The brainstem includes the midbrain (rostral), pons, and medulla (caudal).  The midbrain is most closely linked to higher motor (basal ganglia) and sensory (thalamus) structures.  The pons is closely associated with the cerebellum (cerebro-ponto-cerebellar circuit) for motor learning.  The medulla is most closely linked to the spinal cord and body (respiratory and CV centers, visceral control of breathing, heart rate, and BP).  
· The optic nerve is enveloped by oligodendrocytes (like the CNS), even though it’s mostly outside of the CNS proper.  

· The brainstem functions as a conduit for ascending/descending paths, is the enrty/exit for cranial nerves, and controls visceral (pain, arousal, cardiorespiratory) and semi-autonomous functions (eye movement, etc).  

· The brainstem acts as a conduit for long tracts that traverse lots of the nervous system from top to bottom.  These include the corticospinal tract (voluntary motor to limbs and trunk), dorsal column-medial lemniscus system (epicritic for touch and position sensing), and the spino-thalamic/anterolateral system (protopathic for pain and temperature).  Other tracts also traverse it, including the corticobulbar tract (voluntary head/neck movement), cerebro-ponto-cerebellar pathway (desecending motor learning), reticulo-, rubro-, tecto-, and vestibulo-spinal tracts (accessory and postural motor), autonomic tracts, spino-cerbellar tracts.  

· The brainstem is where cranial nerves enter/exit the CNS.  Damage to cranial nerves produces diverse symptoms whereas damage to spinal nerves produces weakness for motor functions or numbness/tingling/pain for sensory aspects.  
· The brainstem also houses lots of control centers.  

The midbrain includes vertical gaze and vergence (eyes), peri-aqueductal gray areas for pain/pleasure (visceral), and substantia nigra for motor control.  The PAG is a potential target for treating chronic pain.  The substantia nigra is associated with the basal ganglia and contains dopaminergic neurons which are depleted in Parkinson’s.

The pons includes horizontal gaze centers (eyes) and parts of the reticular activating system for arousal and mood (visceral).  The RAS includes the locus ceruleus (Nepi), raphe nuclei (serotonin), cholinergic basal forebrain/brainstem nuclei (ACh), and ventral tegmental area (dopamine).
The medulla includes horizontal gaze-holding centers (eyes) and respiratory and CV control centers (visceral).  

· Ventro-Dorsal Brainstem Organization:  
· The ventral part (base) of the brainstem includes the long descending motor tracts of the corticospinal tract (cerebral peduncles in the midbrain, basis pontis in the pons, and olives/pyramids in the medulla).  Note that 2/3 of descending motor info goes to the cerebellum, not spinal cord/limb movements. 

· The middle portion (tegmentum) includes long sensory tracts (epicritic, protopathic), cranial nerve nuclei (usually near the ventricular spaces), cerebellar peduncles laterally, and visceral (CV) and special (oculomotor) centers.  The inferior cerebellar peduncle goes from cerebellum to spinal cord, the middle cerebellar peduncle from cerebrum to cerebellum, and superior cerebellar peduncle from the cerebellum to the cerebrum via the red nucleus and basal ganglia.

· The dorsal part (tectum) includes the CSF space (aqueduct of Sylvius in the midbrain, 4th ventricle in the pons, and open sub-arachnoid space in the medulla) and tectum (with superior colliculi for saccades and orienting the eyes/head to visual stimuli, as well as inferior colliculi for auditory processing and orienting the eyes/head to auditory stimuli).
· Rostro-Caudal Brainstem Organization:  2-2-4-4 rule for CNs
· Rostral to the brainstem:  Cranial Nerves 1-2 are attached to the cerebral hemispheres.  The pineal gland plays a role in circadian rhythms, but masses here cause impaired upgaze, failed pupillary light reflexes, eye-lid retraction, and potentially life-threatening obstructive hydrocephalus.  The thalamus is a relay for almost all sensory input, and the LGN (vision) hangs down and often appears in midbrain sections.  Mamillary bodies play a role in memory and are adjacent to the 3rd ventricle; these are damaged in thiamine deficiency and Wernicke(acute confusion)-Korsakoff(post-confusion amnesia) syndrome.  The hypothalamus is a command center for most autonomic function and neuroendocrine functions.  
· Midbrain (rostral):  Cranial Nerves 3-4 exit here.  This controls vertical gaze, and it contains the substantia nigra.

· Pons (middle):  Cranial Nerves 5-8 exit here.  This controls horizontal gaze (signals travel from CN 6 up to the midbrain via the medial longitudinal fasciculus), and it contains the locus ceruleus and raphe nuclei.  
· Medulla (caudal):  Cranial Nerves 9-12 exit here.  This controls gaze holding, and it contains the respiratory and CV control centers.  

· Medial-Lateral Brainstem Organization:  

· Medial:  Motor tracts, including the corticospinal tracts (medial near the medulla), medial longitudinal fasciculus (MLF, oculomotor interneurons), medial lemniscus (epicritic sensory for touch, proprioception), and CN 3/4/6/12.  

· Intermediate:  Visceral tracts (psymp and symp), special motor nuclei, and special sensory nuclei (CN 5/7/9/10/11).

· Lateral:  Sensory tracts, including the inferior cerebellar peduncles (spino-cerebellar), the anterolateral (protopathic sensory for pain/temp), and somatic sensory CN 8.  

· Basically, motor is medial.  So with lateral brainstem strokes, you can get a stroke without weakness (hemiparesis) or paralysis (hemiplegia).  It may only manifest as dizziness, nausea, vomiting, and gait unsteadiness, mimicking an inner ear problem.  

Neuroanatomy/Neuroradiology Discussion:

· Pathology coronal sections are presented as though you’re looking at the patient from behind.  This is the opposite of neurology and radiology.  Likewise, pathology presents visual field pathways as if they’re viewed from above, whereas radiology shows them from the feet.  

· CT is used for a quick look (major mass effect or obstructive hydrocephalus), to look at bone/blood/bullets, or for acutely imaging vessels.  On CT the skull is white and you can look in either a soft tissue or bone window for better detail.  

· MRI is not good for looking at bone, but it is good fro anatomic detail, subtle/small pathology, posterior fossa lesions, imaging vessels, and looking for acute stroke (diffusion weighted imaging).  With all MRI, the skull is black, but the scalp fat and bone marrow are white.

· T1:  The CSF is black, and it’s easy to differentiate gray and white matter.  Here, gray matter is darker than white matter.  If contrast is present, vessels look white.  If the blood brain barrier is compromised, you may see contrast leaking into other places as with a ring enhancing lesion (BBB breakdown and central necrosis).  

· T2:  The CSF white, but here the white matter is darker than the gray matter.  This shows pathology very well.

· FLAIR:  This is a T2, but with the CSF averaged out so that it looks dark.  Often, you see bright areas at the edges of the ventricles.  FLAIR is more sensitive and less specific than T2.  Here, bright is bad…but there can be intraventricular bright artifacts.  

· Diffusion Weighted Images (DWI) can show acute cytotoxic edema (from acute stroke/infarct), confirming that something is not an artifact.  Here, the scalp fat and bone marrow are unapparent.  You can get some artifacts at air/bone or air/tissue interfaces.

· Intracranial hemorrhages may be epidural (from middle meningeal artery branches, often due to trauma), subdural (from bridging veins, often due to trauma), subarachnoid (from cerebral arteries, due to trauma or aneurysm), parenchymal (from small cerebral arteries, from trauma, contusion, HTN or amyloid angiopathy), or intraventricular.  

· Radiographically, epidural hemorrhages are lens shaped because the dura is strongly adherent to the skull at sutures, subdural hemorrhages are more crescent shaped and track along the skull surface, subarachnoid hemorrhage can be seen going into sulci, and parenchymal hemorrhages are seen in the brain parenchyma.  

· Blood on CT is initially white, but if it’s been there for a long time, it may look black.  

· Meningiomas show characteristic ‘dural tails’ where they are attached to the dura.  They show discrete, non-infiltrative growth patterns.

· Hernias of the brain may be sub-Falcian, supra/infratentorial, or out the foramen magnum.
· Monocular blindness is caused by lesions anterior to the optic nerve.  Bitemporal hemianopsia is caused by lesions at the optic chiasm.  Homonymous hemianopsia is caused by lesions posterior to the optic chiasm.  

· The Dorsal column/medial lemniscus pathway (proprioception, touch) crosses the midline at the cervico-medullary junction.  The Anterolateral/Spinothalamic pathway (pain, temp) crosses the midline as soon as axons enter the spinal cord.  Descending motor pathways cross at the cervicomedullary junction.  

· The parasympathetic pupil pathway constricts the pupil and occurs at a well defined level.  The sympathetic pupil pathway dilates the pupil and has a long tract that goes down into the spine and back up to the eyes.  Afferent (sensory) input from the pupils splits and goes to both hemispheres at the optic chiasm, and also in the visual cortex.  So changes in light usually reach sensory centers equally bilaterally, even if there’s an afferent (sensory) lesion.  Anisocoria is asymmetrically sized pupils, which is only caused by efferent problems.  
· The vestibulocerebellum connects the peripheral vestibular system and the flocculonodular lobe (central vestibular system), so dysfunction produces dizziness, vertigo, nystagmus, nausea/vomiting, instability, and ataxia.  The spinocerebellum connects cutaneous and proprioceptive info, so dysfunction produces truncal instability and ataxia.  The cerebrocerebellum is involved in the circuit with the cerebrum and is important in motor planning and learning, so dysfunction produces ataxia or speech and limb ataxia ipsilateral to the cerebellar lesion.

· The anterior circulation of the brain includes 2 carotids, 2 anterior cerebral arteries, 2 middle cerebral arteries, and the anterior communicating artery.  The posterior circulation includes 2 vertebrals (give off posterior inferior cerebellar arteries) which merge to form 1 basilar (gives off anterior inferior cerebellar arteries and a superior cerebellar artery), which then branches to form 2 posterior cerebrals and connects with the anterior circulation via 2 posterior communicating arteries.  

· The middle cerebral artery supplies the lateral frontal and parietal lobes.  The anterior cerebral artery supplies the medial frontal/parietal lobes.  The posterior cerebral artery supplies the occipital and inferior temporal lobes.  
· The spinal cord is organized with the dorsal column being sensory input.  Laterally in the spinal cord you have the Lateral Corticospinal tract (more dorsal) and the Spinothalamic tract (more ventral).  Medially in the spinal cord you have the ventral column with main corticospinal tract.  

· The skin is segmentally innervated.  Landmark include T4 being around the nipples, T10 around the umbilicus, T12 being the lower abdomen, and S5 being perianal.  

· The ulnar nerve goes through the cubital tunnel and supplies the little finger and half of the ring finger…if damaged finger spreading and thumb adduction are weak.  The median nerve goes through the carpal tunnel and supplies the thumb, index, middle, ring finger and palm…weakness and atrophy is most prominent in the thenar eminence.  The radial nerve supplies the rest of the hand and lots of extensors, so if damaged, it produces wrist drop.  

· The peroneal nerve runs behind the head of the fibula just below the knee, and if damaged it produces foot drop and sensory loss in the anterolateral leg and dorsal foot.  The lateral femoral cutaneous nerve supplies the anterolateral thigh, and patients may experience a tingling or burning here with meralgia paresthetica…this may be due to compression where the nerve crosses the inguinal ligament.  

Localization in Neurology I:

· Localization includes locating the lesion in 3D space (pathoanatomy), but we’ll also consider localization to a vascular territory, tissue type, or particular neurochemical imbalance.  

· 2 or 3 neurons in series form a chain, and many of these chains are bundled together into a functional system.  

The 9 Pillars of Nervous System Organization:

· Functional systems are segregated into subsystems, so if you selectively only lose part of a system’s overall function then the lesion is in the subsystem responsible for that part.  When a subset of motor/sensory systems is lost, the more ‘abstract’ the function, the more likely the lesion is located in or near the cortex (ex: astereognosis where you can feel and describe an object, but not interpret what it is).  

· Unilateral cortical lesions don’t produce a loss of brainstem or cranial nerve functions when those functions have redundant innervation.  Partial redundancy produces partial deficits.  CN7 is redundantly innervated for the top half of the face (an upper motor neuron from each cerebral hemisphere innervates the lower motor neuron), so with unilateral lesions of an upper motor neuron for CN7 you see compromised function of the lower face, but intact function of upper facial muscles.  Lesions of the LMN would produce complete facial hemiplegia.  
· Clinical features can help differentiate between UMN and LMN lesions due to different trophic influences.  UMNs exert trophic influences on LMNs.  LMNs maintain the muscle.  

· LMN lesions show weakness plus fasciculations (acute), atrophy (chronic), aberrant regeneration of the lower motor neuron (chronic), normal/low tone (acute/chronic), and loss of reflexes (acute/chronic).  

· UMN lesions show weakness plus an upgoing toe (if acute, Babinski), no atrophy (with enough time disuse atrophy will occur, but it’s not as bad as with LMN lesions), spasticity (if chronic, a velocity and length dependent increase in muscle tone resulting from an exaggerated normal stretch reflex…as opposed to rigidity which is a constant increase in tone), clonus (if chronic, dorsiflex a patient’s foot and it beats rhythmically against your hand), and hyperreflexia (if chronic).  

· Small lesions in densely-packed bundles (ex: internal capsule) can cause big deficits.  Similar lesions in loosely packed bundles (ex: cortex) produce small deficits.  
· Because of magnification of important areas in the cortex, lesions of important areas (hand and face) will produce relatively smaller regions of impairment, while lesions in less important areas will yield large body zones of loss.

· In bundles where chains converge or diverge (ex: visual system), patterns of loss will usually indicate a particular localization.  And, if chains from different parts of the body end up next to each other, lesions can produce discontiguous deficits (ex: face and hand are represented adjacently in the cortex, so may both be affected by 1 lesion).
· The nervous system has segmental systems and long tracts.  Segmental symptoms define a narrow level of the nervous system that is dysfunctional.  But, long tract symptoms/signs only localize the lesion if they fit a particular pattern (so if the arms are weak, the lesion must be at least above the thoracic vertebrae, whereas lesions producing leg weakness could be anywhere).  Segmental systems include cognitive circuitry, cranial nerves and nuclei, spinal horns/roots/nerves.  Long tracts may be sensory (spino-thalamo-cortical), motor (cortico-spinal), coordination (striato-vestibulo-cerebello-spinal), or autonomic (cortico-hypothalamo-spinal). 
· Lesions produce dissociated loss of functions when pathways are not adjacent.  Knowledge of these adjacencies permits accurate localization.  Different levels of crossing leads to adjacencies that vary with segmental level.  With brainstem lesions, cranial nerves have already crossed so you get ipsilateral problems, but spinal nerve stuff hasn’t crossed yet (crossed brainstem syndrome).  In general, UMNs are usually contralateral and LMNs are usually ipsilateral.  

· Reflexes bypass processing steps.  When a function is lost, reflex integrity implies a lesion farther inside the brain ‘beyond’ the reflex arc.  But, a damaged reflex defines a segmental level of dysfunction.  Ex:  If you are blind but still have an intact pupillary light reflex, the lesion can’t be in the optic nerve because your reflex is intact.  So it must be a lesion in the brain.  
Localization in Neurology II:

· Don’t come up with multiple explanations for all of a patient’s symptoms if one will suffice and is reasonable.
To localize a lesion, ask the following three questions:
· What is the level?  Supratentorial (cerebrum or CN1-2), Infratentorial (brainstem, cerebellum, or CN3-12), or Spinal (spinal cord or nerves).

· Supratentorial symptoms involving the cortex include aphasia, amnesia, agnosia (inability to recognize familiar objects), apraxia (inability to carry out purposeful movements), dementia, delirium, or seizure.  Supratentorial symptoms involving the basal ganglia include rigidity (a constant increased tone), bradykinesia/freezing, dystonia (sustained muscle contractions cause repetitive movement or abnormal posture).  Supratentorial symptoms invoving CN1-2 include anosmia, visual loss and photopsia (perceived flashing lights).  These are the ‘attic As.’
· Infratentorial symptoms include stupor/coma, hearing loss, dizziness, nausea/vomiting, anisocoria (asymmetric pupil size), diplopia, nystagmus, dysmetria (undershoot or overshoot movements), dysrhythmia, ataxia (lack of coordination), jaw/tongue/palate or vocal weakness.  These are the ‘downstairs Ds.’

· Spinal symptoms include respiratory/diaphragmatic failure, loss of deep tendon reflexes, bowel and bladder dysfunction.  These are the ‘basement Bs.’

· Level may also be assessed by the symptom pattern, though this doesn’t tell you if it’s intra or extra-axial.  Supratentorial lesions can produce a face and hand (adjacent on cortex) deficit without leg involvement.  Infratentorial lesions can produce effects on one side of the head and the other side of the body (cranial nerves have already crossed, but spinal ones have not).  Spinal lesions can affect a sensory ‘level,’ both legs only, four limbs (but still awake), distal symmetric numb feet/hands, myotome/dermatome patterns, or individual nerve/root patterns.  

· Is it intra-axial (brain or spinal cord) or extra-axial (CN, spinal root/plexus/nerve, NMJ, muscle, sensory end organs, meninges, skull/spine)

· The quality of symptoms may indicate if the lesion is intra or extra-axial.  Intra-axial lesions may produce cognitive or affective dysfunction, stupor/coma, complex motor symptoms (rigidity, dystonia, chorea, ataxia…basically more than just weakness), or UMN signs (spasticity, hyperreflexia, Babinski).  Importantly, UMN symptoms indicate an intra-axial lesion, but LMN symptoms don’t mean that something is extra-axial since LMNs traverse both the CNS and PNS. 
· The pattern of symptoms may also indicate if the lesion is intra or extra axial.  Intra-axial lesions may produce homonymous field cuts (can’t see half of the visual field), UMN facial weakness that spares the forehead, or crossed brainstem syndromes.  

· Extra-axial lesions may produce hearing loss, tenderness, or myotonia (slowed relaxation of muscles).  

· Extra-axial lesions may produce a pattern of symptoms like monocular visual loss, root/plexus/nerve distribution of weakness and/or sensory change, bilateral motor structures involved without sensory involvement, or single cranial nerve defects.  

· Is there more than one lesion?  And if there are multiple, are they in a common vascular territory or tissue type?  If there is more than one lesion, the findings may still be linked in a pathophysiologic way.  
· Multiple lesions may be linked to a vascular territory.  With right hemiparesis and aphasia, plus left eye blindness you could have an internal carotid lesion that affects the ophthalmic and middle cerebral arteries.  In the posterior circulation, a vertebral artery lesion could compromise a PCIA and PCA producing vertigo/nausea/vomiting plus visual field defects.  

· Multiple lesions may also be linked to a pathophysiologic state, such as increased intracranial pressure.  Elevated ICP can produce headache, blurred/obscured vision, diplopia, esophoria/esotropia, 6th nerve palsies, etc.  

· Multiple lesions may also be linked to a tissue/cell type, subcellular compartment or neurotransmitter.  They may involve the meninges, vessels (ex: vasculitis), motor neurons (ex: ALS, SMA), mitochondria, myelin, NMJ (myasthenia gravis, botulism), ion channels, serotonin (depression), etc.  

· If there are multiple lesion not linked by these things, they may be multifocal.  Causes of these conditions include multiple breast cancer mets, multiple strokes from atrial fib, or multiple petechial hemorrhages from trauma.  These things are much less predictable.

In general, the approach to the patient includes:

· Translate the patient’s complain, in terms of quality of symptoms, which functional systems are affected and whether there are pertinent positive and negative symptoms.

· Triangulate the symptoms and signs by answering the three localization questions.  Generate a differential taking into account timing, triggers, and other clinical information.  

Coma, Persistent Vegetative State and Brain Death:

· There’s a pretty high burden of comatose patients, from stuff like cardiac arrest (many survivors are initially comatose), traumatic brain injury, etc.  It’s important because it’s an independent predictor of death and functionality outcomes.  Reversal of coma has significant clinical benefits.  

· Comas are classified along the Glasgow coma scale (GCS) from 1 to 15 (15 is normal).  This correlates pretty closely with mortality.  

· Consciousness includes wakefulness/arousal (alterness, vigilance) and awareness (content of one’s consciousness…attention, memory, perception, executive function, etc).  The wakefulness/arousal centers include the hypothalamus, brainstem and thalamus.  The awareness stuff happens in the cortex.

· Awareness in general allows you to respond and interact with your environment, so it can be assessed by asking a patient for specific responses.  Self-awareness and external-awareness are controlled in different places in the cortex, though both are pretty diffuse.  

· There are lots of disorders of consciousness, including coma, vegetative state, delirium, etc.  The range on a continuum from hypersomnolence to lethargy (decreased alertness or clouded consciousness) to obtundation (decreased alertness or interest with psychomotor slowing) to stupor (behavioral unresponsiveness, and only aroused with vigorous stimulation) to coma.  Really, these things are pretty subjective.

· In approaching the unconscious patient, it’s best to determine the level of consciousness by establishing the best response you can with the least stimulus, assessing arousal (stimulus and response), assess awareness/content (simple to complex) and use standard questions to establish a trend.  

· Examination of the motor system should include observation for spontaneous movements, stimuli needed to induce movement, tone, reflexes, etc.  It’s best to look for trends or asymmetry in movement so you can respond to critical changes.  

· The pupillary responses in the eye are reactions to light and darkness.  With compression of CN 3 you can get a unilateral dilated pupil (loss of contrictor function).  Evaluation of CN 2, 3, 4, and 6 can be done with ocular motility and fundoscopy.  Many of eye reflexes and examinations can still be done on a comatose patient.  Other cranial nerves may be harder to examine, but you can still do a comprehensive neuro exam on a comatose patient.  

· Things that can still be examined in a comatose patient include autonomic functions (heart rate, BP, respiration, temperature) and Cushing’s reflex (brain herniation syndrome due to increased intracranial pressure that causes increased HR, decreased BP and fast breathing).  

· Coma is a state of unarousable unresponsiveness with an absence of voluntary or purposeful motor function (no arousal or awareness).  It is often transitional, lasting less than a month.  It can be expressed quantitatively with the Glasgow coma scale or Full Outline of Unresponsiveness (FOUR) scale.  To get a coma, it basically requires a bilateral hemisphere lesion(s) or brainstem injury.  

· The GCS has pretty good inter-person consistency for measuring how comatose someone is.  But it doesn’t directly assess brainstem function or evaluate respiratory patterns.  Verbal and eye components can’t always be tested, but in general it does a good job with motor capabilities.  

· The FOUR scale is newer and includes more cranial nerve components, respiration, etc.  

· Brain death is when you have complete and irreversible loss of all brain activity.  It’s a bedside diagnosis.  Diagnosis requires exclusion of other confounders.  A lack of motor response to stuff doesn’t mean that a person isn’t there.  Brain death is a prerequisite for cadaveric organ donation.  
· The three cardinal findings in brain death are coma/unresponsiveness, absence of brainstem reflexes and apnea (which can be tested).  Brain death results from extensive hemispheric and/or brainstem injury.

· A vegetative state includes signs of arousal (opening of eyes) but lack of awareness of self or environment.  To be persistent, it has to last over a month.  To be permanent, but must last over 3 months (if non-traumatic) or over 12 months (if traumatic).  A vegetative state results from bilateral cortical/thalamic injury with relative sparing of the hypothalamus and brainstem. 

· A minimally conscious state has the presence of arousal mechanisms and rudimentary elements or awareness.  There can be transient, inconsistent, but unequivocal behaviors that suggest awareness of self or environment (following commands, visual tracking, etc).  This results from cortical and/or thalamic injury.

· Delirium is an acute confusional state.  It includes changes in the level of consciousness, disorganized thinking, and psychomotor agitation/withdrawal.  Delirium can be caused by physiologic/metabolic/endocrine/pharmacologic disturbances or from frontal or right parietal injury.

· Locked-in syndrome isn’t a consciousness disorder, since wakefulness and awareness are preserved.  You just get quadriplegia and anarthria (loss of speech).  This can be due to injury to the pons or midbrain (destroyed corticospinal tracts and caudal corticobulbar tracts, but sparing of the tegmental arousal systems).  

· Some seizures are associated with disruptions in consciousness (generalized tonic-clonic seizures, absence/petit-mal seizures, complex partial seizures).  Non-convulsive seizure activity is detected in 20% of critically ill patients with altered mental status.

· General anesthesia may deactivate certain part of brain depending on the drug.

· To evaluate an unconscious patient, you first assess the ABCs, airway, breathing and circulation.  Then do a coma evaluation (brainstem reflexes, motor responses, breathing pattern), then do some blood studies.  If etiology isn’t evident, do a CT.  
· These conditions may have structural causes, with bilateral or diffuse hemispheric injury (trauma, stroke, hypoxia/ischemia, tumor, infection, inflammation, hydrocephalus) or bilateral paramedian brainstem injury.  There can also be nonstructural causes like toxins, metabolic events/conditions, or endocrine problems (adrenal failure, myedema coma, hypothyroidism).  

· Compliance with guidelines is mediocre for some exam maneuvers and testing.  Even so, there are lots of ethical issues with these situations.  

· Patients in persistent vegetative states for prolonged periods over time (3-6 months) very few survive.  Different grades of symptoms have varying prognosis.  
Cerebrovascular Disease:

· An ischemic stroke (80% of strokes) is a cerebral infarction due to interrupted blood supply with a focal neurologic deficit that lasts more than 24 hours.  
· A transient ischemic attack (TIA) is a neurologic deficit due to ischemia that completely reverses within 24 hours and doesn’t produce an infarct on imaging studies.  

· A hemorrhagic stroke (20% of strokes) may be intracerebral hemorrhage (bleeding into the brain parenchyma) or subarachnoid hemorrhage (on the surface of the brain).

· Stroke is the third most common cause of death in the US.  Risk factors are basically the same as for CAD (old age, male, black, HTN, diabetes, CAD, smoking, high cholesterol, and elevated homocysteine).  

· When approaching a stroke, you want to find out where it is (neuro exam, imaging), what is the vascular anatomy/pathology (imaging), and what caused it (ancillary studies looking for large/small vessel disease, embolism, etc).  

· Vertebral arteries arise from the subclavian arteries and enter the skull through the foramen magnum.  The circle of Willis (posterior circulation with vertebrals, basilar, and posterior cerebral…anterior circulation with internal carotids, middle cerebral and anterior cerebral artiers…joined by posterior and anterior communicating arteries) may be complete and have potential to provide collateral circulation.

· The MCA gives off branches to the basal ganglia called the lenticulostriate arteries.  The PCA gives off branches to the thalamus called the thalamoperforant arteries.  

· Anterior circulation infarcts tend to produce contralateral motor and sensory deficits.  Posterior circulation infarcts may also cause these, but also tend to cause vertigo, ataxia, nystagmus, diplopia, CN defecits, bilateral motor deficits, and crossed sensory syndromes (numbness on one side of the face, but the other side of the body).
· Ischemic stroke can also be classified by etiology, which may be athersclerosis, embolism, small vessel (lacunar stroke), watershed infarcts (usually due to prolonged HTN), vasculopathies (dissection, vasculitis, vasospasm, fibromuscular dysplasia), or hypercoagulable states.  

· Atherosclerosis may develop gradually and produce spells of hypoperfusion.  Or it can occur rapidly due to intra-plaque hemorrhage or in-situ thrombosis.  

· Progressive stenosis of the internal carotids can produce TIAs that tend to be brief, repetitive and stereotyped.  Because the ICA (carotid) also supplies the aphthalmic artery to the retina, carotid TIAs can present with either contralateral hemispheric symptoms (weak, numb) or ipsilateral transient monocular blindness (amaurosis fugax).  
· It can be assessed by ultrasound, MRA, CT angiography or cerebral angiography (gold standard).  It can be treated with carotid endarterectomy in patients who have recent carotid territory TIA or small non-disabling stroke, over 70% occlusion, and are good surgical candidates.  Only modest benefits with 50-70% stenosis, and none with <30% stenosis.  These patients may be better candidates for carotid artery angioplasty and stenting.  These procedures had better results than medical treatment alone.
· Intracranial stenosis can also occur, and this is best treated with aspirin.  
· Cardioembolic strokes are due to thrombi in the heart that go to the brain.  They present suddenly with a maxiamal deficit at onset.  Heart monitoring is important in the work-up of these patients.  The MCA territory is the most common site, and you often see multiple cortical infarcts in differing vascular territories.  

· Associated cardiac lesions include arrythmias (atrial fib is the most common cause overall), MI, valve disease, infection, dilated CM, cardiac myxoma/tumor, etc.

· Anticoagulation (heparin) is important for preventing further strokes in all cases except infective endocarditis, where risk of hemorrhage is too great.  Anticoagulating can cause clot lysis and hemorrhage into the infarct, so it is often not started until a CT is repeated to look for hemorrhage.

· Acute cardioembolic stroke may be treated with thrombolytic agents.  

· Lacunar strokes are due to infarcts in the territory of small penetrating arteries supplying the basal ganglia, thalamus, or brainstem.  Occlusion may occur by atheromatous occlusion or lipohyalnosis of the vessels (or maybe emboli).  HTN and diabetes are common risk factors.  These patients may be treated with anti-platelet drugs.  

· Other conditions that cause infarction include watershed infarctions (w/ global hypoperfusion during surgery, prolonged hypoxia or shock), arterial dissection (spontaneous or associated with minor trauma), cerebral vasculitis (rare…may be systemic or limited to CNS), lupus, hematologic disorders, cancers (Trousseau syndrome), or congenital thrombolytic factor deficiencies.

· When a patient first presents, localization is derived from details of the symptoms and neuro exam.  It’s important to establish handedness, since that may affect where language centers are.  
· MCA infarcts typically cause motor and sensory deficits primarily involving the contralateral face and hand.  If it involves the dominant (usually L) hemisphere, then language is affected with Broca-type (expressive) aphasia for more anteriorly located infarcts (superior division of MCA) and Wernicke-type (receptive) aphasia for posterior infarcts (inferior division of MCA).  Global aphasia will occur with complete MCA strokes.  

· ACA strokes are less common and tend to produce foot and leg weakness/sensory loss more than in the hands or face.  Patients may become sleepy or abulic.

· PCA strokes typically cause homonymous hemianopia, and sometimes memory loss (involve the hippocampus) or delirium.  If they affect the thalamus, they can produce hemisensory loss.  

· Large vessel strokes cause cortical deficits, but occlusion of small penetrating vessels tends to cause lacunar or subcortical strokes.  These can be asymptomatic, but they may also cause major neurologic deficits if they affect critical structures like the internal capsule.  Lesions of the internal capsule can produce pure motor hemiparesis, whereas lesions of the thalamus can produce pure hemisensory loss.

· Brainstem strokes can be very complex.  The most important ones are:

· Wallenberg syndrome:  This is due to occlusion of the vertebral artery.  It produces ataxia, vertigo, nausea, ipsilateral facial and contralateral body sensory loss to pain/temp, ipsilateral Horner’s syndrome (sympathetic defect producing ptosis and constricted pupil on the affected side), palate weakness, hiccups, dysphagia, and no motor weakness.  

· Bilateral pontine stroke (basilar artery thrombosis):  This produces coma, quadriparesis, bilateral Babinski, aphonia, dysphagia, and horizontal oculomotor paralysis.  It can produce locked-in-syndrome.

· Intracerebral hemorrhage only accounts for 10-15% of strokes, and most of these are due to chronic hypertension.  Risk really increases with age.  Other etiologies include alcohol, aneurysm, arteriovenous malformations (in young, non-hypertensive patients), anticoagulant use, amyloid angiopathy (in the elderly, often causing lobar intracerebral hemorrhage), HTN, emboli, clotting disorders, drugs, trauma, tumors, and vasculitis.  

· Amyloid angiopathy is often associated with Alzheimer dementia, but not systemic amyloidosis.  

· Subarachnoid hemorrhage is usually due to rupture of an aneurysm or AVM with bleeding over the surface of the brain.  Berry aneurysms often form at bifurcations of vessels in the circle of Willis.  You can also get dissecting aneurysms (trauma), fusiform aneurysms (atherosclerosis) or mycotic aneurysms (infection).  
· Clinical features include sudden, severe headache, meningismus and decreased level of consciousness.  Patients may have no focal signs, but things like CN3 dysfunction can occur.  Sentinel headaches may precede this event in 10% of cases.  

· CT is good for detecting subarachnoid hemorrhage.  Cerebral angiography can be used to detect aneurysms and plan treatment (coils, clipping) from there.  

Pupils and Eye Movements in Cerebrovascular Disease:

· There are basically two oculomotor systems, one for fast movements and shifting gaze, the other for stopping/slowing movements and stabilizing gaze.  CN3 innervates the inferior oblique and medial/superior/inferior rectus muscles.  CN4 innervates the superior oblique.  CN6 innervates the lateral rectus.  These muscles have different actions on the eye (ab/adduct, elevate/depress, intort/extort) depending on if the eye is located medially or laterally/straight).  

· The anterior brain controls voluntary extra ocular movements, the posterior brain controls reflexive extra-ocular movements that are driven by sensory processes, and the cerebellum is involved with accuracy and sustaining position.  

· Vertical/torsional eye movements and vergence are controlled by the midbrain, horizontal eye movements are controlled by the pons, and holding vision out to the side is controlled by the medulla (gaze-holding center).  The medial longitudinal fasciculus is in the posterior tegmentum near all of the eye nuclei to carry information.

· Saccades (rapid eye movements) are a multi-step process.  They are tested in patients by having them move their eyes while their head is still, but in real life when we look at things our eyes move first, then our head follows and our eyes coordinate with head movement to stay on target.  Saccades are generated with a pulse-step pattern of activity, where a burst of energy is required to quickly move the eyes, then a lower plateau is maintained to keep the eyes there (and resist the elastic forces that pull the eyes back to a resting position looking straight ahead).  The pulse generator is in the pons (the parapontine reticular formation, PPRF, which has excitatory and inhibitor components that coordinate to produce the desired effect).  The cerebellum coordinates termination of the pulse, and the medulla is the ‘neural integrator’ that helps hold gaze at the appropriate location.  
Horizontal Eye Movements:  
· With a cerebral gaze preference or palsy, you get a lesion in the frontal lobe eye fields that prevents you from carrying out voluntary eye movements toward one side.  It may be a little better if you’re trying to track something since this has input from the posterior brain, but really, you can’t move the eyes toward one side at all.  In this example, there’s a patient who can’t look to the left and is always looking towards the right.  There is normally reciprocal innervation of the eyes, so if input coming from one side is obstructed, the input from the other side dominates (so the patient can’t move her eyes left, and also has her eyes always off to the right).  In this case, the eyes are deviated toward the side with the lesion.

· To move the eyes to the left, get a signal from the right frontal eye fields.  This must ultimately go to the left pons (CN6) to abduct the left eye via the lateral rectus, and it must go to the right midbrain (CN3) to adduct the right eye via the medial rectus (CN nuclei are ispilateral because they are lower motor neurons).  
· The signal begins in the right frontal eye fields → right saccade center → cross the midline → left horizontal gaze center (pons) → left CN6 nucleus for abduction of the left eye → cross the midline → up the right medial longitudinal fasciculus (MLF) → right midbrain CN3 nucleus for adducts of the right eye.

· A lesion at the top of this pathway in the right frontal eye field prevents the patient from making this movement and produces a cerebral gaze palsy.
· Internuclear ophthalmoplegia (INO) is when one eye won’t adduct (move medially), but the deficit is overcome by convergence (crossing the eyes).  In this example, the patient can’t adduct the right eye when looking to the left, but his left eye is fine.  
· The horizontal gaze pathway is still:  right frontal eye fields → right saccade center → cross the midline → left horizontal gaze center (pons) → left CN6 nucleus for abduction of the left eye → cross the midline → up the right medial longitudinal fasciculus (MLF) → right midbrain CN3 nucleus for adducts of the right eye.

· Since the left eye is fine, the lesion must be distal to the left pons and left CN6.  And since the right eye is affected, it must be before CN3.  So the lesion is in the right MLF, between the left CN6 and right CN3 (hence internuclear).  

· It is overcome by vergence because vergence doesn’t use the fast saccade pathway.  Rather, it uses the slow gaze-holding or pursuit pathway.  

· The convergence/pursuit pathways is as follows:  Bilateral motion perception areas (medial superior temporal lobe – MST) → bilateral frontal eye fields → bilateral vergence center (midbrain) → bilateral CN3 nuclei to adduct both eyes.

Pupils (PEARL = pupils equal and reactive to light):

· Motor innervation to the pupils includes parasympathetics to constrict the pupils in light and sympathetics to dilate the pupils in the dark.  If there is a motor problem with one eye, you get anisocoria (asymmetric sized pupils).  A defect in parasympathetic constriction produces a big pupil that is poorly responsive to light, and this will be most evident in bright light.  A defect in sympathetic dilation (Horner syndrome) produces a small pupil that is poorly responsive to the dark, and this will be most evident in dim/no light.  

· Parasympathetics run with CN3, and these parasymathetics innervate the levator palpebrae which is responsible for most eye-lid elevation.  If this is lesioned, you get big ptosis.  Sympathetics innervate tarsal muscles in the eyelids and if they are lesioned (Horner syndrome) you see ‘baby’ ptosis, often with bilateral elevation of the eyebrows to try to raise the eyelids and compensate.  

· These autonomics do not cross the midline, so if there’s a problem in the right eye for example, it’s probably due to a right lesion.

· 3rd nerve palsy (psymp damaged) can be due to diabetes or a berry aneurysm (most commonly around the circle of Willis along the inferior aspect of the brain).  CN3 runs very close to the vessels in the circle of Willis.  A 3rd nerve palsy due to an aneurysm may present with a severe headache, sudden onset diplopia, big ptosis in 1 eye, and this affected eye will be dilated, non-reactive to light, and have limited movement other than lateralization (no pupil constriction or extra-ocular movement from the CN3 palsy).  The other eye is normal.  
· Horner syndrome is when you have disruption of the sympathetics that innervate the eyes for pupillary dilation and tarsal muscle activity in opening the eyes.  The sympathetics go from the hypothalamus to the sympathetic chain in the thorax, then come up to the head along vessels.  So, one way to disrupt them is by carotid artery dissection (can also lead to thrombosis and stroke).  In this case, you get baby ptosis and anisocoria in the dark (good eye is dilated, bad eye is not).  Ocular motility should be normal.  
· A relative afferent pupillary defect is a sensory problem with one of the pupils, from something like ischemic optic neuropathy (would show a pale, swollen optic disc).  This does NOT produce anisocoria, because sensory information from both eyes is integrated and both pupils will respond to the same extent.  Anisocoria is only seen with efferent/motor problems.  

· Shining a light in either eye will cause the pupils to constrict bilaterally.  But, the eye with the afferent defect won’t send as strong a signal, effectively sensing ‘less light.’  So when light is shined in this eye, the pupils won’t constrict as much.  Shining a light on either eye alone will cause constriction.  But on the swinging flashlight test, when you move from the light on the good eye to light on the bad eye, there will be relative dilation of the pupils.

Localization Discussion:

· UMN lesions tend to affect muscle groups, not individual muscles.  And they show typical features like hyper-reflexia, Babinski sign, increased tone/spasticity, no fasciculations, and mild atrophy (if any).  

· LMN lesions tend to affect individual muscles and have reduced or absent reflexes.  These lesions tend to result in decreased tone (flaccidity), fasciculations and prominent atrophy.  

· With a spinal cord lesion, you tend to get degeneration distal to neuron cell bodies (so ascending tracts degenerate above a lesion, and descending tracts degenerate below a lesion).  
· In the brainstem, the general organization of fibers is that somatic motor stuff is medial, visceral stuff is intermediate, and somatic sensory info is lateral.  As a result, lateral medullary stroke is the most common brainstem lesion unassociated with hemiparesis, since all of the motor stuff is medial and this lateral lesion ends up missing these fibers.  
· Autonomic and cerebellar findings/abnormalities are usually due to an ipsilateral lesion.  

Demyelinating Diseases w/ Focus on Multiple Sclerosis:
· Demyelination is destruction of previously normal myelin, usually with accompanying inflammation (as seen in MS).  Dysmyelination is when myelin never forms properly, is delayed/arrested in development or isn’t maintained appropriately (leukodystrophy).  

· The critical non-MS demyelinating diseases include:

· Subacute Combined Degeneration as a result of vitamin B12 deficiency.  This includes peripheral neuropathy (burning pain, paresthesias/tingling/pricking/numbness), CNS involvement and hyper-reflexia.

· Central Pontine Myelinosis as a result of rapid changes in [Na].  This is iatrogenic as a result of Na replacement for things like SIADH, which can compromise brainstem function.

· Acute Disseminated Encephalomyelitis (ADEM), which is only a single occurrence, but it’s a fulminant attack like Ms.  It often follows infection or immunization and has highly variable outcomes.

· Progressive Multifocal Leukoencephalopathy (PML) due to JC virus infection of oligodendrocytes.  It’s an opportunistic infection that is very common, but usually remains dormant and only becomes apparent in immunocompromised people. 
Multiple Sclerosis:

· It’s not really known what causes MS, but it’s due to a combination of genes (it’s associated with HLA-DR2, IL-2 receptor alpha, and IL-7 receptor alpha polymorphisms), environment and immune regulation that ultimate result in this autoimmune condition.  Some viruses like EBV have sequence homology with components of myelin (molecular mimicry), and may be important in the development of MS.  
· Following trauma, MS is the most common cause of disability in young adults and affects at least 350,000 people in the US.  These people are often taken out of the work force, leading to a great cost (lost wages plus medical management) for this disease.  It’s more common in women and N. Europeans (in general it’s more common farther from the equator), and onset in the 20s and 30s is most common.  
· MS is presumed to be precipitated by infection (via molecular mimicry) or trauma and release of sequestered antigens, either of which will result in chronic autoimmunity in a predisposed host.  The disease has inflammatory, demyelinating and axonal damage components.  

· Immune modulation is the most successful therapeutic approach to MS, which supports the idea of an immune role in its pathogenesis.  

· MS is most commonly relapsing-remitting with recovery between attacks, but over time the recovery becomes less complete and you have some baseline disability.  Somewhat commonly, you get the relapsing-remitting form followed by secondary progressive MS that breaks this pattern and gradually gets worse and worse.  Rarely, you can get primary progressive MS that just gets gradually worse and worse over time, without remissions between episodes.  
· On MRI, indications of the disease are present before clinical symptoms are apparent.  As MS progresses, brain volume decreases.  

· Symptoms of MS include:  optic neuritis (painful vision loss), inability of eyes to track together due to MLF lesions, nystagmus, monocular vision loss, sensory loss, paresthesias (often painful), fatigue, dizziness, UMN signs (spasticity, weakness, hyper-reflexia, Babinski), impaired coordination and balance, heat sensitivity, fluctuation of symptoms with temperature), burning/electrical pains, motor difficulties, bowel and bladder symptoms, sexual symptoms, cognitive impairment, and very commonly depression and memory loss

· MS can also produce a right afferent pupillary defect (RAPD), detected with a swinging flashlight test.  

· To get these types of neurologic deficits, activates T cells have to cross the BBB and attack myelin and/or nerve fibers, thus disrupting nerve signals.  The evidence for the role of T cells includes their presence at the margins of active MS plaques, activated T cells found in the CSF and brain lesions including ones specific for MBP (myelin basic protein), MHC associations, etc.  

· On microscopy, you can see blood vessels with immune cells extravasating and entering the CSF (perivascular inflammation).  Grossly, you see areas of inflammatory demyelination, largely in the white matter, but possibly in gray matter areas too (very commonly at the gray-white junction).  You can also see areas of partial remyelination (intermediate color…not particularly pale or dark) which indicate that remyelination does occur in the CNS, though it was previously not thought to occur much.  
· Myelin is important for rapid conduction of nerve impulses, protection of nerve fibers and trophic support.  Damaged nerves may still get a signal through, but not as effectively.  Complete conduction block can occur.  Transection of axons results in blunt-ended, bulbous structures on microscopy.  

· Diagnosis of MS requires two neurological events that are disseminated in time and space, and that are attributable to CNS white matter.  MRI may be used to provide evidence of dissemination in space and/or time.  Examination of CSF and evoked potentials may also be useful adjunct tests.  It may be diagnosed if there’s not better explanation based on blood work, CSF and the clinical picture. 

· With CSF examination, you try to exclude causes of symptoms like infection or malignancy.  If you see things like presence of 2 or more oligoclonial IgG bands and an increased IgG index, these may support the diagnosis of MS.  These IgG bands are seen in 85% of MS, but may also be seen in other inflammatory diseases and infections of the CSF.  

· MRI can also help with the diagnosis, prognosis, or monitoring the response to therapy.  Active MS lesions are shown well with contrast.  

· Early in the disease, there is inflammation (on histology seen as perivascular inflammation) and neurodegeneration, and you see relapses of symptoms.  These lesions enhance with gadolinium contrast on MRI.  Later in the disease, you just see increased neurodegeneration and more disability.  This manifests on MRI as less enhancement with contrast, but more dark regions (‘black holes’ correlate with axonal loss on histology) and increased brain atrophy.  Black holes have the strongest correlation with the progression of disability.  

· Diseases that can mimic MS on MRI include ADEM, HTN and small vessel disease, leukodystrophy, etc.  

· The nerve layer in the retina can actually be visualized and used to assess MS.

· Immunotherapy for treating relapsing MS (only relapsing!) includes IFNB-1, Glatiramer acetate, mitoxanthrone, and natlizumab (anti-VLA-4  antibody.  Trials show significant reductions in relapse rates.  Natlizumab seems to be quite effective, well tolerated, and only administered monthly.  But, some patients developed JC viral infections that led to progressive multifocal leukoencephalopathy (PML) which is usually fatal unless immune constitution occurs.  

· MS symptoms include primary (due to demyelination…includes fatigue, tremor, incontinence, spasticity, depression), secondary (due to failure to manage primary symptoms…includes contractures, UTIs, decubitus ulcers, fractures, muscle atrophy), and tertiary symptoms (psychological, social, marital, vocational, personal).

· The future will hopefully provide a better understanding of the disease, more specific immunotherapies, neuroprotective approaches, and remyelinating therapies.  

Infections of the Central Nervous System:
· CNS infections tend to occur in distinct anatomical compartments, like epidural abscesses, subarachnoid meningitis, or encephalitis and abscesses in the brain parenchyma.  

· The CNS is uniquely sequestered from the systemic compartment and has limited regenerative potential.  The BBB excludes most circulating microorganisms, as well as most inflammatory cells, antibodies and some antibiotics.  There are also relatively few immune components in the CSF.  Examining the CSF is important in CNS infections. 

· With viral meningitis (by far the most common, but it’s benign) shows normal CSF pressure, mononuclear cells, normal sugar/protein, and organisms can be identified by PCR, culture or serology;

· Bacterial meningitis (by far the most lethal) shows normal or increased CSF pressure, PMNs, high protein, low sugar, and organisms can be identified with gram stain and culture.

· Subacute meningitis (TB, fungus) shows normal CSF pressure and mononuclear cells.  Here, the protein in the CSF is elevated, while sugar is normal.  Organisms can be identified with culture, India ink or PCR.

· Meningitis is inflammation of the meninges, with organisms typically in the subarachnoid CSF space or inside cells of the brain parenchyma.  In neonates, it’s mostly E. coli, Group B Strep, or Listeria (causes <10% of cases but more than half of meningitis deaths).  In children, H. flu is a common cause despite the vaccine.  In adults, N. meningitidis (common in dorms, can get into skin and cause rash) is common despite there being a vaccine, and Strep pneumo is a common cause in the elderly.  Viral meningitis is common, but benign.  TB may be a cause in the immunocompromised or immigrant populations.
· In most cases, organisms invade the CNS via the blood, particularly organisms with elaborate capsids, resistance to phagocytosis, or capability of living in blood cells.  The lack of immune defense facilitates rapid proliferation.  

· The clinical manifestations include fever, headache, nuchal rigidity, and sometimes a non-blanching rash.  If not treated immediately, you can get pus at the base of the brain (PMNs release pro-inflammatory cytokines) that can lead to obtundation/seizure, cranial nerve (6, 7, 8) palsies, or hydrocephalus.  You can see Kernig’s sign (inability to straighten knee when leg is flexed 90 degree) and Brudzinski’s sign (when patient lays flat and their neck is flexed, their legs raise).  

· Histologically you see PMNs filling the subarachnoid space, sometimes with vessel thrombosis.

· Signs and symptoms predictive of mass effect and herniation risk include patients over 60 years old, immunocompromised, hx of CNS disease/seizure within 1 week, abnormal consciousness, or focal CNS findings.  
· Early diagnosis and treatment of bacterial meningitis (antibiotics, plus ampicillin if immunocompromised to cover Listeria) are key.  The data are also good for using steroids in kids (to suppress the pro-inflammatory response), but there evidence isn’t clear in adults.  If you see mononuclear cells, add acyclovir to treat herpes (which is the only viral infection that would need to be urgently distinguished).  

· Chronic meningitis lasts over 4 weeks, and infectious, neoplastic and non-infectious etiologies must be considered.

· Bacterial brain abscesses are usually encapsulated and develop over weeks mostly from infection spreading from ear or nasopharynx infections, hematogenous spread (often from endocarditis in the heart), or brain trauma/procedures.  These are foci of purulent infection, which may be aerobic, anaerobic or both.  Strep and Staph cause a lot of these infections.  You can also get fungal abscesses.
· Clinical manifestations include headache, focal signs, and seizure, but this triad occurs with less than 50% of brain abscesses.  MRI can verify the presence, showing ring-enhancing lesions with a dense core of pus.  Diagnosis can be made by aspirating the abscess and culturing it.  Treatment includes antibiotics, surgical drainage, anti-convulsants, and avoidance of steroids.  

· Spinal epidural abscesses are also important.  These usually produce local pain and tenderness, but they’re surgical emergencies due to potential for cord compression and irreversible paraplegia.

· Encephalitis is inflammation of the brain, most often widespread and caused by many different viruses.  Most are mild.  Life-threatening viral encephalitidies are mostly due to sporadic infection with Herpes Simplex Virus (HSV) and epidemics caused by arboviruses (such as West Nile and La Crosse viruses).  Rabies is also very fatal, be exceedingly rare.  
· Herpes simplex encephalitis (HSE due to HSV1) is the most common sporadic, acute encephalitis.  The infection is acquired in childhood and remains latent in the trigeminal (CN5) and other ganglia.  It may reactivate cause cold sores, but more importantly spread from cell to cell (neurons and glia) along the base of the brain to affect the orbital frontal and medial temporal lobes.  

Infection leads to focal, hemorrhagic, necrotic brain lesions that can cause swelling, increased cranial pressure and ultimately cause death.  Diagnosis is by CSF analysis (mononuclear cells, etc) and PCR.  Acyclovir is used for treatment and can drastically reduce mortality. 

· Arboviruses spread to the brain after a vector bites you.  Systemic infection causes few symptoms, and the resulting encephalitis is diffuse and mostly affects neurons.  A small fraction of systemic infections reach the CNS.  Elderly and immunocompromised patients may be more susceptible.  West Nile, for example, occurs in epidemics during the summer and its encephalitis has a case fatality of 5-15%.  Treatment includes pooled Igs, ribavirin, and IFN.

· Symptoms of viral encaphlitides include fevere, headache, nausea and changes in mental status.  With HSV, you tend to see focal deficits and seizures.  With Japanses B encephalitis, you see movement disorders.  With West Nile, you see motor weakness.  They can all present fairly similarly though.

· Immunocompromised patients are susceptible to CNS infections.  Impaired humoral immunity makes you susceptible to encapsulated bacteria like H. flu and Strep pneumo.  Impaired T-cell immunity makes you susceptible to T. gondii, C. neoformans, CMV and JCV (causes PML).  Granulocyte deficiency after chemo predisposes to gram (-) bacteria and fungal infections like A. fumigatus, C. albicans, and Mucor species.
· In HIV, opportunistic infections don’t usually develop until CD4<200.  HAART has made most CNS opportunistic processes less common now.  For many of them, treatment is available, so early detection is essential.  
· Cryptococcal Meningitis (C. neoformans) is a yeast that produces a fulminant meningitis with fever, headache, and vomiting, but rarely neck stiffness due to a limited inflammatory response.  These can form cysts, invade parenchyma, or obstruct CSF outflow.  In these cases, the CSF has normally cellular and protein components.  

· Cerebral Toxoplasmosis (T. gondii) is due to an obligate intracellular protozoan that causes multifocal necrotic ring-enhancing abscesses, commonly near the basal ganglia.  It’s due to reactivation of latent organisms in cysts in the brain.  It presents with fever, altered mentation and seizures. 
· EBV infections are associated with primary CNS lymphomas.  Patients present with encephalopathy, focal signs and seizures.

· Progressive Multifocal Leukoencephalopathy (PML) is due to reactivation of JC virus in immunodeficient patients, but is also associated with natluzimab used for treating MS.  JC virus is present in most adults, but is asymptomatic.  It presents with progressive hemiparesis, hemianopsia, aphasia or ataxia, but without headache, fever or change in consciousness.  The virus infects oligodendocytes and causes patchy white matter focal demyelination.  The pathologic hallmarks are inclusion bodies in the deformed oligodendrocytes, demyelination spreading down tracts, and bizarre giant astrocytes.  MRI is pathognomonic, showing multiple asymmetric subcortical white matter lesions without mass effect or prominent enhancement.  Before HAART, this was invariably fatal.

· Listeria can present with subacute onset fever, headache and altered mental status with focal neurological signs.  The CSF shows PMNs and organisms.  
· CMV is an important cause of encephalitis in transplant recipients and HIV patients.  HA, fever, and altered mental status are the presenting features.  CSF cultures may be negative, making diagnosis difficult, but PCR is very useful.  It often produces a necrotizing infection of the subependymal region or brainstem with inflammation, necrosis and cytomegalic cells with inclusions.  CMV can also infect lumbosacral nerve roots.  

· Syphilis is a chronic CNS infection that produces varied symptoms in an unpredictable pattern.  These include meningitis, ocular manifestations, progressive dementia, chronic arachnoiditis, etc.  Standard syphilis serology is reliable for diagnosis, even in the immunocompromised.  

· Lyme disease (infection by Borrelia burgdorferi) can affect the brain when infection is chronic.  It’s much easier to treat early in the disease progression, at which point neurologic symptoms may include meningitis/encephalitis, CN7 neuropathy, and radiculoneuritis (nerve roots).  Later it can be harder to treat, and symptoms may include encephalopathy, polyradiculoneuropathy, and post-lyme disease syndrome of neurocognitive symptoms and fatigue.  

· Imaging studies for lyme disease may mimic MS.  Diagnosis is best done by looking for specific antibodies.  Treatment for neuro-lyme disease (chronic neuro symptoms, history of lyme disease or serology, and CSF abnormalities) is with antibiotics (ceftriaxone, doxycycline).  

· HIV can directly or indirectly involve the nervous system and produce HIV-associated dementia in about 40% of infected patients.  This progressive subcortical dementia is rare when CD4>500.  You can see a decline in cognition, behavioral changes, motor dysfunction, impaired short term memory, imbalance, slow reaction time, apathy, social withdrawal, psychomotor slowing, but sparing of language functions.  You can see deep white matter hyperintensities on FLAIR.  In the brain, HIV infects perivascular macrophages, but not neurons.  Histologically, you can see reactive astrocytosis, microglial nodules, multinucleated giant cells, and perivascular inflammation.  

· Prion diseases produce transmissible spongiform encephalopathies.  TSEs also occur in animals, and there’s concern over cross-species infection as with bovine forms.  Prions are small, proteinaceous infectious particles which resist inactivation by procedures that modify nucleic acids.  Humans are susceptible to Creutzfeld-Jacob Disease and Kurur.  

· CJD is progressive and usually lethal in less than 6 months, but it’s pretty rare.  Most cases are sporadic, but they can be familial or iatrogenic (following transplantation, etc).  You see dementia, myoclonus, and characteristic EEG findings.  There is a specific 14-3-3 protein marker.  New-variant CJD shows behavioral disturbances, paresthesias, ataxis, slower progression, and extensive amyloid plaque in the brain.  
Paraneoplastic Neurological Disorders:

· Secondary effects of cancer on the nervous system include direct invasion via metastasis and remote effects on the CNS, PNS or muscle/NMJ by paraneoplastic syndromes.  These paraneoplastic syndromes occur due to damage to tissues or organs remote from the site of malignancy.  These may be associated with secretion of substances (hormones, proteins) from the tumor, or immune-mediated reactions against the tumor.
· Notable paraneoplastic syndromes include cancer cachexia, hypercalcemia, Cushins’s syndrome, and Trousseau’s syndrome.  

· Paraneoplastic neurological disorders (PNDs) are pretty rare, and they only occur in about 0.01% of cancer patients.  But, there are so many cancer patients that this is still a pretty big concern.  Small cell lung cancer occurs in 3% of patients with Lambert-Eaton myasthenic syndrome, and thymoma occurs in 15% of patients with myasthenia gravis.  So these are associated with neuromuscular disorders.  The symptoms and signs can be quite diverse, and they can involve the PNS or CNS.  Often, the PND appears before the cancer is identified.  

· CNS Paraneoplastic Syndromes:

· Classic syndromes:  encephalomyelitis, limbic encephalitis, subacute cerebellar degeneration, and opsoclonus myoclonus.  

· Limbic encephalitis is a symmetrical inflammation of the hippocampus and other cortical areas associated with small cell lung cancer.  It’s due to immune attacks on the CNS triggered by the tumor.

· Nonclassic syndromes:  brainstem encephalitis, stiff person syndrome, melanoma associated retinopathy, cancer associated retinopathy, necrotizing myelopathy and motor neuron disease.
· PNS Paraneoplastic Syndromes:

· Classic syndromes:  subacute sensory neuronopathy, chronic gastro-intestinal pseudo-obstruction

· Nonclassic syndromes:  brachial neuritis, acute sensory neuropathy, Guillian-Barre syndrome, and autonomic neuropathies

· Neuromuscular Junction and Muscle Paraneoplastic Syndromes:

· Classic syndromes:  Lambert-Eaton myasthenic syndrome, dermatomyositis

· Nonclassic syndromes:  acquired neuromyotonia, acute necrotizing myopathy

· PND results from immune-mediated responses against tumor cells.  The tumor may ectopically express ‘onconeural antigens’ normally restricted to neurons, which the immune system may then recognize.  The anti-tumor immune response not only attacks the tumor, but may also attack neurological structures.  This occurs, for example, with small cell lung cancers.
· There are many antibodies/antigens associated with paraneoplastic neurological disorders:
· Anti-Hu:  This was the first one recognized, and Hu is a neural RNA binding protein.  It exerts effects by disrupting the effects of these proteins.  It’s associated with small cell lung cancer.  It causes ‘anti-Hu’ syndrome, which can include encephalomyelitis, cerebellar degeneration, and limbic encephalitis.

· Anti-Amphiphysin:  Associated with breast cancer and can cause stiff person syndrome and encephalomyelitis. 

· Anti-Ma(Ta):  Associated with testis cancer, and can cause limbic or brainstem encephalitides.

· Anti-NMDA receptor:  Associated with ovary tumors (teratomas can express nervous tissue without a BBB), and you can see encephalitis, cognitive decline, and seizures.  

· Anti-VG Ca channels:  Associated with small cell lung cancer and can cause Lambert-Eaton syndrome or cerebellar degeneration.

· Anti-VG K channels:  Associated with thymoma and can cause neuromyotonia or limbic encephalitis.  

· Anti-AChR:  Associated with thymoma and can cause myasthenia gravis.  

· The anti-ion channel and NT receptor abs provide a clear mechanism for their neurologic effects.

· To assess these cases that present with neurologic problems:  If a patient has a known history of cancer, first identify the neurological involvement, then look for onconeural antibodies.  If the patient doesn’t have a history of cancer, the look for cancer on imaging and if you find it, ID the neuro involvement and look for onconeural abs.  These antibody and imaging studies can be pretty expensive though.
· To establish a diagnosis, you need a clinical syndrome and temporal (within 5 years) association with tumors or detection of auto-antibodies or significant improvement with cancer treatment.  
· For treatment, you can treat the primary malignancy with surgery, chemo, or radiation.  Or you can treat with immune-mediated mechanisms (steroids, plasma exchange, IVIg, etc).  Or you can treat the secondary neurological problems with things like antiepileptics, cognitive therapy, etc.  

Cerebrovascular Discussion:

· Neglect of one side often results from contralateral parietal lesions.  

· CN3 innervates the levator palpebrae to open the eye (if lesioned, you get complete ptosis).  CN7 innervates the orbicularis oculi to close the eye (if lesioned, you get inability to completely open the eye).  

· The trigeminal nucleus gets all of the sensory pain info for the head, including meninges, etc.  So headache often goes to CN5, even though it’s usually an extra-axial problem.  It’s probably extra-axial because the brain parenchyma itself doesn’t have pain receptors.  

· Diabetes is the most common cause of mononeuropathies like a CN3 nerve palsy.  Berry aneurysms can also cause this.  

· In CN3, the fibers controlling the pupil run laterally.  So, if you compress the nerve you lose pupillary function first.  But, if you infarct it the damage first appears in the middle of the nerve and pupillary function is one of the later functions to go.  

· For this course, we’ll consider ‘strokes’ to be ischemic strokes, not hemorrhagic strokes (those well just be called hemorrhages).  

Dangerous Secondary Causes of Headaches:

· Headaches (cephalalgias) are usually episodic and divided into clinical groups depending on what parts of the head/neck they involve.  When evaluating pain for any reason, you should keep in mind PQRST (provocative/palliative factors, quality, region, severity, and temporal features).  In headache, severity is important for how to approach treatment and temporal features are important for diagnosis.
· Headaches may either be primary and due to no other disease (ex: migrane, tension-type, or cluster headaches) but just activation of central pain systems (trigeminal nucleus, PAG, and the thalamus) in the absence of other pathology.  Or headaches may be secondary to other causes that affect peripheral pain receptors (nociceptors), including meningitis, brain tumors aneurysms and other causes.  

· The brain parenchyma is pretty much the only thing in the head that doesn’t hurt because there are no nociceptors on neurons or glia.  Central pain centers (CN5 nucleus, PAG, thalamus) are the things that do hurt.  Because of the large, overlapping regions of pain represented by central pain centers, location of the pain tells you very little about where the pathology is.  

· Headaches are very common, and most are benign.  But, some diseases causing headaches can kill patients, and these are critical to differentiate.  The most important ones can be remembered as DATA:  Dissection (arterial dissection – leading cause of stroke in young adults), Arteritis (giant cell arteritis – the most common vasculitis, can cause permanent blindness if untreated), Thrombosis (dural thrombosis – seen with intracerebral hemorrhage in young women, sometimes just post-partum), and Aneurysm (subarachnoid hemorrhage from intracranial aneurysm is very lethal and disabling).  
· Headaches can be classified clinically by pattern, timing (related to etiology), site, or special features.  Or they can be classified by etiology.  

· There are tons of causes of headache, but the main ones to know are the ones that cause dangerous secondary headaches.  Features of dangerous headaches include SNOOP:  Systemic disease (malignancy, myalgia/arthralgia, fever/sweats/rash/weight loss), Neurologic symptoms (especially confusion, diplopia, or optic nerve edema), Onset that is sudden, Older patients (particularly if the headache is new), or Pattern changes (change in type or quality, new failure to respond to treatment, loss of headache-free periods, or >50% increase in frequency/severity).  

· Basically, persistent HA may be bad, abrupt onset is often bad, w/ fever is usually bad, diplopia or change in mental status is almost always bad.  

· Headache with diplopia is NOT migrane is and bad.  The diplopia may be transient, but in patients with headaches, you absolutely must ask about double vision.  

· Brain tumors can be associated with headaches, but the classic morning headache seen with increased intracranial pressure is uncommon.  But, in systemic cancer patients with headaches, only 32% have mets.  Still, new pattern or new headaches increases the odds ratio of having mets.  In kids with occipital headaches, posterior fossa tumors should be considered, because the only real emergency in brain tumors is an increased intracranial pressure that can lead to herniation.  Most typical brain tumors aren’t really time dependent, so it’s ok if the diagnosis is delayed a little.
· Dangerous headaches to watch out for must be threatening, time-dependent, treatable and tricky. 

· The dangerous types of headaches are DATA C2A2N:

· Dissection (carotid or vertebral) produces a continuous, persistent headache.  This can happen at any age, often with a history of trauma.  Carotid dissection tends to produce frontal headache and can produce Horner syndrome (sympathetics to the eye run along the carotids) is ½ of patients, or sometimes CN9-12 palsy.  Vertebral dissesction produces neck pain and has few findings except TIAs/dizziness because they supply the cerebellum.  The pain is largely from vessel damage.  If untreated patients will often get strokes.  These can be diagnosed with angiography or T1 MRI showing a bright crescent of blood around a vesseland treated with anticoagulation to prevent thrombosis and stroke.  
· Arteritis (giant cell) produces a continuous, persistent headache.  This occurs mostly in patients over 65 years old and leads to ischemic symptoms like jaw claudication or transient monocular blindness.  You get a gradual onset headache with tenderness of the scalp and often the temporal artery.  Systemic symptoms may be present.  There’s a risk of permanent visual loss (you may see pale, swollen optic discs from ischemic optic neuropathy) if untreated.  Diagnosis is best done by temporal artery biopsy, but may be done with ESR/CRP.  Treatment is with corticosteroids.
· Thrombosis (dural venous) produces a continuous, persistent headache.  This occurs at any age, but most often with hypercoagulable or post-partum patients.  The headache can be gradual or abrupt, and it typically worse in the morning or laying flat (since it’s due to increased intracranial pressure).  Some patients get pulsatile tinnitus or some papilledema.  Without treatment, stroke is common.  Diagnosis is by lumbar puncture to look for increased ICP, venography, or coagulation studies.  Treatment is with anticoagulation.
· Aneurysm (leak or expansion) causes an episodic headache.  With aneurysms, you can get leaks (sentinel bleeds) or expansion that causes symptoms.  They can occur at any age, but mostly in people over 40.  They are often abrupt onset and may present with neck stiffness and photophobia.  CN3 runs near the posterior circulation, and aneurysms there often lead to diplopia or CN3 palsy (pupillary response fibers run in the periphery of CN3, so are the first to go with compression, but often spared in ischemia).  With aneurysms of the anterior communicating artery, there are often no neuro symptoms.  These have pretty high short-term mortality.  They are diagnosed with CT, LP, or angiography.  They are treated with surgical clips or endovascular occlusion.  
· Carbon monoxide causes an episodic headache.  This is the number 1 cause of poisoning death in the US.  It often occurs in the winter and goes away with vacation.  It very commonly presents as dizziness, lightheadedness, lethargy, or confusion, and cohabitants (even pets) are often sick tool.  Treatment is removing the CO, and diagnosis can be made by blood levels or CO detectors at home.  If untreated, it’s lethal.
· Colloid cysts cause an episodic headache.  When these cysts occur in the 3rd ventricle, they can occlude CSF flow and cause obstructive hydrocephalus.  Symptoms are intermittent and acute onset, but severe.  They may be relieved by lying down and allowing the cyst to stop obstructing the CSF flow.  Untreated, they can cause death or herniation.  These are the only type of dangerous headache lesion that can be diagnosed on CT.  Treatment is surgical resection.
· Angle closure glaucoma causes an episodic headache.  It occurs most commonly over 40 years old and in Eskimos or Chinese people.  It is typically brought on by darkness and gives blurred vision in 1 eye.  Redness may occur, but often resolves.  If untreated, you go blind.  It’s diagnosed by gonioscopy (look at the angle) and is treated with iridotomy (poke a hole).
· Angina causes an episodic headache.  This is most common over 40 years old in people with the associated risk factors.  It’s often exercise-induced and can be severe.  There may be no associated chest pain, and the headache (or jaw pain) may just be referred pain.  Without treatment, you can get MI.  It’s diagnosed with EKG, stress test, or angiography.  Treament is CABG/stent.  
· Norepi neoplasms (pheochromocytoma) cause episodic headaches.  The peak incidence is around 40 years old.  You see abrupt onset headaches of varying duration.  You often get palpitations, sweating, anxiety, dizziness and tremors or unexplained HTN.  They can cause MI, stroke, or death.  It’s diagnosed by looking at plasma metanephrines, and it’s treated with surgical resection.
· Of all of these causes, only colloid cysts are detected on routine imaging (CT or unenhanced MRI).  

· Basically when you get a headache, you classify it as episodic or continuous, then go from there.  Other than the ones listed above, continuous headache can also be due to infection, increased intracranial pressure, or an infarcted pituitary (all also dangerous headaches).  

· Benign secondary headaches are often misdiagnosed.  Many headaches labeled ‘sinus headaches’ are actually migraines, and headaches due to things like HTN, arthritis, flu, TMJ, eye strain and depression are also misdiagnosed.  Dangerous headaches may be frequently called migraines, and many clinicians label too many headaches as tension headaches.  On the other hand, medication overuse headache, cluster headache, and migraines are often underdiagnosed.

· Medication overuse headache is where you take around the clock Q4-6 hour dosing of analgesics for headache.  The pain increases as you become tolerant to the meds, and eventually your headache is much more severe.  It’s often worst in the morning when you have less meds in you.  

Intermittent, Recurring Primary Headaches:  Migraine, Cluster, and Tension Headaches:
· Tension headaches are the most common, but the least disabling.  Cluster headaches are rare, but extremely disabling.  Migraine has the highest burden due to high prevalence and disability.  There are other types of primary headaches, but these are the most important.
· Acute, recurring headaches tend to not be dangerous.  The 1st or worst (especially if progressive) are red flags.  

· Migraines are common, highly disabling, costly and have lots of co-morbidities (depression, stroke, IBS, lupus, Menierre’s, MS, etc).  They can also escalate without proper treatment, but there is good treatment for them. 

· Migraines affect 13% of the population with a female predominance and a peak onset from 12-14 and peak prevalence from 25-55.  Most haven’t been properly diagnosed (called sinus headaches, though to get a sinus headache you should have a fulminant sinus infection or something).  90% of patients with a chief complaint of primary headaches have migranes.  When physicians diagnose them as non-migraine headaches, they’re most often wrong.  
· Migraines are a chronic problem with intermittent/episodic symptoms.  It’s a disease of hyperexcitable brain function.  Treatment includes maintenance/preventative therapy plus acute management, much like asthma.  

· To be classified as having migraine you need to have at least 5 attacks that last 4-72 hours, HA with 2 of Severe, Unilateral, Throbbing, and Activity makes it worse, and also either nausea or sensitivity to light/sound.  Migraines can cause referred neck/jaw pain and pressure/congestion.  Also, only ¼ of migraineurs experience aura.

· The typical course of a migraine may start with aura (sensory hyperexcitability escalates), then you get headache, followed by a resolution period of declining sensory hyperexcitability

· Internal and external triggers contribute to development of migranes.  For a long time people thought it was due to vasospasm of vessels in the brain, where constriction produced aura and it was followed by dilatation that caused headache.  But this is not correct.

· Animal models for studying migraines have been pretty poor.  Human migraine studies have been inter-ictal (not during headache…things like epidemiology, genetics, EEG, etc) or ictal studies (during induced or spontaneous headaches…blood flow and sampling, imaging, etc).  

· The trigeminal complex (TGC) can be thought of as the headache generator, and it’s also near emesis and vision areas of processing, so that may explain the association of migraines with nausea, aura, etc.  

· People who experience migraines may have hyper-excitable brains.  They get more hangovers, more motion sickness, more chemical/pain induced headaches, etc.  They may get periodic syndromes in childhood of vertigo, vomiting or migraine.  They have more frequent and robust EEG response to light, and they have low intracellular Mg.  They’re basically annoyed by a wide variety of triggers.  
· Additionally all 3 genes associated with Familial Hemiplegic Migraine (FHM) increase neuronal excitability.  Genetics, being Caucasian, low SES and some single gene mutations increase the risk of having migraines.  The genes involved include channelopathies involved with FHM, mitochondrial genes (MELAS), and various others.  

· Aura is a transient, reversible, focal neurological deficit related to migraine.  It’s usually stereotyped (the same every time) within a single patient.  Common manifestations include visual symptoms with a scintillating scotoma, but they can also be unilateral sensory changes or dysphasia.  They may have a gradual and creeping onset, usually taking over 5 minutes but less than 60.  Migraines and auras may occur together, or independently of one another.  Only ¼ of migraine sufferers ever experience aura.
· Auras are often jagged and geometric in shape, which has been described as a fortification spectrum.  

· Karl Spencer Lashley documented the progression of his aura and calculated that it moved across his occipital cortex at 3mm/min.  Future investigators used invasive EEG and tried to induce seizures in people but observed cortical spreading depression (CSD) that occurred at 2-3mm/min.  The changes in blood flow and electrical activity with aura move at 2-3 mm/min over the cortex.

· Cortical Spreading Depression (CSD) is the spread of hyperactivity and hyperemia (vasodilatation), followed by hypoactivity and oligemia.  It’s an intrinsic property of brain tissue mediated by gap junctions and local mediators.  It can be spontaneous or induced.  
· CSD is the mechanism of aura, and is easiest to induce in the occipital lobes (so visual auras are most common).  It’s also been demonstrated to precede migraines without auras.  It may open the BBB and activate the trigminovasular system.  

· The pathogenesis of migraine is that a trigger activates a hyperexcitable brain, you get CSD (which may be perceived as aura), and this activates the trigeminal system in the brainstem.  Activating these neurons on meningeal vessels leads to neurogenic inflammation, vasodilatation, edema and leak of plasma proteins.  This irritates trigeminal nociceptors and signaling goes to the trigeminal system and is perceived as pain.

· Over time, the trigeminal system becomes peripherally sensitized, so you may get pounding with the pulsatile blood flow, and bending over may make it worse.  Eventually, you can get central sensitization and the trigeminal system may fire independently of any input.  You can get referred pain to the face, head and neck (cutaneous allodynia), and activation of other brainstem centers can lead to photo/phonophobia, GI stasis, nausea and parasympathetic activity.  Spread in the brainstem causes multiple symptoms.  
· So, migraine is a process of sequential sensitization from the periphery (primary nociceptors mediate throbbing pain or pain with eye movement) to the central nervous system (trigeminal nucleus mediates cutaneous allodynia, thalamus mediates spread of the pain/allodynia).

· Mechanisms of migraine include a hyperexcitable brain, CSD, neurogenic inflammation, blood vessel reactivity, and activation of multiple neural circuits.  

· Familial hemiplegic migraine is associated with ion channel mutations that make the brain hyperexcitable.  
· Migraines can be treated with avoiding triggers, preventative meds, 5HT agonists (treat escalation and peripheral sensitization), and NSAIDs (treat persistence and central sensitization).  Since much of the migraine process occurs before pain is felt, prevention and early treatment are crucial.  The best treatment likely requires drugs of multiple mechanisms.  

· Common triggers include menstruation, alcohol, lack of sleep, or stress.  In some cases, triggers are easy to identify, but most are pretty loosely correlated and tough to determine.  

· Prevention is accomplished with lifestyle modification to avoid triggers and preventative meds (antihypertensives, antidepressants, and anticonvulsants).  These are useful only after a long duration of treatment.  Such unrelated drugs all work because CSD is a complex mechanism.  

· Acute treatment includes triptans (5Ht agonists).  They block vasodilatation and neurogenic inflammation.  These are the most effective migraine meds available and they have an excellent safety profile.  

· CGRP is a vasodilator and mast-cell activator released from trigeminal nerve terminals.  Release from the nerve terminal is blocked by triptans.  New drugs under investigation are CGRP antagonists.  

· Most drugs would be too slow to stop an aura, and there’s some publicity about devices that can halt the CSD.  It’s not particularly practical though.  

Other types of primary headaches:

· Cluster headaches are rapid onset and short duration (45-90 minutes).  They intermittently increase in frequency, stay for a few weeks, then fade and remit.  They often involve lacrimation, agitation/restlessness, and autonomic features like conjunctival injection, nasal stuffiness/rhinorrhea, ptosis and eyelid edema.  Nausea and photo/phonophobia may or may not be present.  
· Cluster headaches are excruciatingly painful…worse than childbirth or kidney stones.  

· These ‘cluster periods’ with lots of headaches may remit for months, or they may occur in correlation with circadian or cirannual patterns.  Over time, they can become chronic and never remit.  

· Cluster headaches affect men more than women most commonly in the teens-30s, and to diagnose this you have to rule out other causes.  Smoking is a risk factor, and alcohol consumption can be a trigger.  

· On imagine, you see changes in the hypothalamus, which has neuro-anatomical ties to the biological clock and autonomic nervous system.  

· The pathogenesis of cluster headaches has similarities to migraine, in that it may be trigeminovascular (involving CGRP), but here cranial parasympathetics like VIP may play a role.  Internal carotid artery swelling affects sympathetic outflow, and you can get partial Horner’s syndrome (small pupil, small ptosis).  

· Acute treatment of cluster headaches includes oxygen and 5HT agonists.  Preventative treatment includes verapamil, anti-convulsants, Li, and melatonin.  Steroids and invasive procedures (trigeminal nerve/ganglion destruction, brain stimulators, occipital nerve stimulators) may be used.  

· Tension-type headaches are highly prevalent, but pretty mild and rarely disabling.  They can be treated with NSAIDs or acetaminophen.  They can last from 30 minutes to day, and they are often bilateral, pressing, and rarely sensitive to activity.  It’s basically defined by a lack of other features.  

· Notably, there is no associated muscle tension with these, it’s just called that.  There is no nausea, vomiting, and at most only one of photo/phonophobia.  

Inflammatory and Infectious Diseases Discussion:

· A swollen disc seen on an eye exam can indicate inflammation/edema (optic neuritis), ischemia (ischemic optic neuropathy, as seen with giant cell arteritis), or increased pressure (usually increased ICP shows a bilateral swollen disc).  

· A scotoma is a dark spot in the visual field.

· OS = left eye, OD = right eye.

· With eye movement abnormalities, if convergence is normal you know it’s not a problem with the muscle or lower motor neurons.  

· The optic nerve is ensheathed in myelin by oligodendrocytes (like the CNS), so it’s susceptible to diseases that affect the CNS. 

· On myelin stain, normal dark-staining regions and demyelinated light-staining regions may be separated by a shadow (grey) region that represents partial remyelination.  
· MS can produce progressive atrophy over time.  The hydrocephalus observed in MS is ‘ex vacuo’ (due to loss of brain parenchyma), which can be confirmed by the presence of wide sulci.

· For brain lesions to cause lethargy or coma, they need to be on both sides of the hemispheres or brainstem.  

· In CNS lymphoma, the lymphocytes are often around vessels.  

· Cryptococcus lesions grossly look like glistening cysts in the basal ganglia.  On microscopy, you see encapsulated organisms.  

· HSV encephalitis tends to affect the medial temporal lobe and also the inferior frontal lobe.  It may be unilateral or bilateral.  

· JC virus infection of the brain shows enlarged oligodendrocytes and a lack of myelin.  

Seizures and Epilepsy:

· Seizures and seizure disorders are extremely common.  A seizure is a temporary abnormal synchronus discharge of a large group of neurons.  Epilepsy is when seizures are recurrent and not the result of a simple, reversible acute cause (alcohol, metabolic stuff like low glucose, meds like tramadol, fever, etc).  

· 10% of people will have 1 seizure in their life.  3-4% of people will be diagnosed with epilepsy.  Kids and the elderly make up most of the people with new epilepsy.  
· If you see a stereotyped neurological entity that lasts 1-2 minutes, think seizure.  

· Etiology:  It may be self-limited or provoked, in which case it doesn’t require treatment.   Kids are more likely to get “idiopathic” epilepsy (the elderly almost never do), which is the type most likely to go into remission or be well controlled.  Seizures starting in people over 60-65 are always due to a CNS disorder or lesion (“symptomatic”), and even if you can’t find it (“cryptogenic” epilepsy) you still presume it’s there. 

· The most common causes for seizures in kids are idiopathic, birth injury, developmental abnormalities, toxic causes, meningitis, and encephalitis.  In young adults it’s trauma.  In later adulthood, blood-vessel abnormalities.  And, in the elderly, cerebrovascular disease and dementia.

· In kids, seizures can be confused with breath holding, nocturnal myoclonus, hyperventilation, vasovagal events, migraines, daydreaming, tics, panic attacks, etc.  

· Seizure classification is based on the clinical seizure type (EEG and patient behavior during the event).  Epileptic syndromes take into account the seizure type but also etiology, genetic factors and response to treatment.  Understanding seizure types allows appropriate diagnosis and treatment for the majority of patients with seizures.  

· Partial seizures are ones that begin focally in one portion of the brain.  These tend to last minutes and may show post-ictal (following the seizure) altered consciousness.  Most partial seizures are symptomatic (due to a CNS disorder or lesion)
· Simple partial seizures do not have alteration or loss of consciousness, and the symptoms reflect the region of the brain that is involved.  So if the motor or sensory cortex is involved, you may get a focal jerking or sensory symptoms.  All simple partial seizures can potentially spread, and if they spread to involve more and more motor areas it’s called a Jacksonian march.   These seizures can also secondarily generalize (spread to both sides of the brain) and produce a convulsion (tonic-clonic seizure).  
· Complex partial seizures originate from a focal brain region but show either alteration or loss of consciousness, often associated with automatisms like lip-smacking, hand picking, etc.  These most commonly start in the temporal lobes, but they also arise in the frontal and parietal lobes, and occasionally in the occipital lobe.  Manifestations are very diverse.  70-80% begin with an aura, which may be a sensation of nausea, depersonalization, déjà vu, visual alterations, premonitions, etc.  Aura is not just a warning, but a simple partial seizure that affects the hippocampus (mesial temporal lobe).  These can also secondarily generalize.

· Primary generalized seizures appear to begin on both sides of the brain at the same time.  Most idiopathic seizures are primary generalized seizures, and these are well controlled.
· Absence seizures (aka petit mal seizures) are brief (only a few seconds) staring episodes associated with total unawareness/unresponsiveness, but with prompt return to full awareness.  EEG shows typical 3-per-second bilateral spikes.  These usually begin in adolescence, and may go into permanent remission in teenagers.  These may be mistaken for partial seizures, but absence seizures have no warning, last seconds, show childhood onset, have a generalized pattern, and show a post-ictal return to full awareness.
· Myoclonic seizures are brief muscle jerks with only brief interruptions in awareness.  The juvenile myoclonic epilepsy form is readily controlled.  Others (the progressive myoclonus epilepsies) may be very difficult to treat.  

· Generalized tonic-clonic (aka grand mal) seizures are the most common.  They show a loss of consciousness and bilateral tonic and clonic arm and leg movement.  

· Atonic seizures are where the patient loses consciousness and body tone, and they fall.  These are the most likely to injure someone.  Atonic seizures may actually be partial seizures, just with rapid spread.  

· The basic mechanism of epilepsy is an imbalance between excitation and inhibition (focal or bilateral) that correlates with paroxysmal depolarizing shift in cells (hyperexcitability, abrupt depolarization with stimulus, and repetitive firing of APs).  During prolonged depolarization, NMDA receptors are activated (as opposed to just AMPAR activation).  Damage to GABAergic neurons/interneurons may play a role.  But, seizures do not cause neuron sprouting and further excitation.  

· In evaluating patients with seizure disorders, the history is the most important part of the assessment.  Often, the patient may not be the best person to provide it, as they may have altered consciousness during the episodes.  PE should focus on other systemic illness, neurologic abnormalities, and you should consider contributing factors on review of systems.  If infection is suspected, lumbar puncture and blood work may be done.  
· EEG is also useful in evaluating seizure patients.  It records the summed activity of large groups of neurons (primarily pyramidal cells), and waveforms on EEG are produced by synchronous activity of groups of neurons.  Spikes seen in epileptic patients reflect abnormal, temporary, synchronous activity.  

· Even when patients aren’t having actual seizures, epileptic patients often show some interictal (between seizures) abnormality.  But, a normal EEG doesn’t rule out epilepsy.  CT and MRI are useful in looking for a cause, with MRI being preferable for imagine the brain and CT more useful in emergencies.  Normal EEG and imagine is good for prognosis.
· Treatment is indicated if seizures are recurrent or likely to recur.  Treatment includes anti-epileptic drugs (AEDs), surgery, a ketogenic diet and brain stimulation.  80% of people with primary generalized seizures can be controlled with meds.  Partial seizures only 50% of the time.  Some specific syndromes are harder to control, whereas others almost always to into remission.  

· If you fail 2 AEDs, you chance of being seizure-free on a third is very low.  In these cases, surgery may be considered.  The newer drugs don’t stop seizure more, but they are much better tolerated by patients.  

· Surgery requires localization the seizures.  If it’s from the temporal lobe, many patients can be effectively treated with an anterior temporal lobectomy with low morbidity.  Surgery is most successful if there’s an identifiable lesions or scar.  

· A ketogenic diet is useful in kids who don’t respond to AEDs and aren’t candidates for surgery (ex: have bilateral, multifocal or non-localizable seizures, or if they’re in the eloquent parts of the cortex).  

· Vagal nerve stimulators are also approved for treatment of epilepsy.  Other means of brain stimulation are under investigation.  
Vertigo and the Pathophysiology of Bedside Vestibular Eye Signs:

· The vestibular (balance) system is a key sensory system involving the balance organs in the inner ear and the connections to the brainstem and cerebellum.  It sends signals to the cerebrum and spinal cord for stuff like walking, and also for extra-ocular movements to keep vision stable.  

· The vestibular system keeps us aware of which way is up, maintains postural tone and vasculature while we’re standing, and (most useful for evaluating at the bedside) it keeps vision steady while we move our head. 

· The vestibule-ocular reflex (VOR) is the connection between balance organs and eye movement that keeps vision steady when we move (eyes roll opposite head movement).  Without VOR, head movement would make the visible world appear to move.  You can use cortical vision processing to track slow movements, but this is too slow for rapid, transient head movements with walking/jogging.  

· The vestibular system is in the inner ear, and it includes the otolith organs (sense linear movements for linear VOR) and the three semicircular canals (sense rotation/angular movement for angular VOR).  This system connects to CN8, which runs to the vestibular nuclei (CN8 nuclei).  

· The vestibulocerebellum is anatomically next to the CN8 nucleus, and it is related to CN8 in function.  Also nearby are the gaze holding centers for keeping eyes somewhere when you move them from the resting position.  These gaze-holding structures aren’t ‘vestibular’, but they are located in the same region.  
· For angular VOR (aVOR), the vestibular nuclei are connected to the oculomotor nuclei to move the eyes horizontally and vertically to keep vision stable.  When you move your head, the aVOR rolls your eyes in the opposite direction to keep them pointed at the same target.  

· This system works by increasing signaling from a canal when you turn the head toward it (there is some tonic firing at rest, but it changes with head motion).  So turning towards a canal is ‘on’ for that canal.  This is due to a delay in the movement of the endolymph (inertia) when you move the head that displaces hair bundles.  
· The horizontal canals are basically parallel to the ground and sense rotation of the head to the left and right.  The anterior canal on each side is rotated 45 degrees anterior from the coronal plane and the posterior canal on each side is rotated 45 degrees posterior from the coronal plane, and these sense bending the head forward/backward and tilting it left/right.  
· When you rotate your head to the right, the right 8th nerve fires more and the left 8th nerve fires less, and this asymmetry in signaling is interpreted as head motion.  

· Planes of rotation:  around the body’s long axis (axial, horizontal), bending forward or backward (sagittal, vertical), tilting to the left or right (coronal, torsional).

· VOR can be tested with a head impulse test (HIT).  You rapidly rotate the head to elicit a VOR while the patient tries to keep looking at the examiner’s nose.  If VOR is intact, the eyes will stay on target.  If not, they slip off and the patient has to adjust them.  

· There is an otolith-ocular reflex designed to control vertical and torsional eye movement with lateral tilt (coronal) of the head.  The reflex is from when our ancestors had laterally placed eyes.  Cerebellum and brainstem (medulla, midbrain) input suppresses the reflex, and in disease it may be uncovered.  

· Gaze holding centers in the medulla and cerebellum (vestibulocerebellum) overcome the elastic forces that return the eye to its resting position (straight ahead).  To keep eyes in an eccentric position, gaze holding force is generated in the medulla and calibrated in the cerebellum.  So disease in the medulla causes gaze holding to fail completely, while disease in the cerebellum causes it to fail partially.  
· Abnormal vestibular function may manifest as dizziness, vertigo, motion intolerance, nausea/vomiting, oscillopsia (bouncing vision), diplopia, unsteady walking/standing, abnormal VOR, nystagmus, and/or ocular misalignment.

· Dizziness occurs when your ears tell you one thing and the rest of your brain tells you something else.  It supposedly comes in 4 types:  vertigo (spinning), presyncope (near fainting), disequilibrium (unsteady walking), and other non-specific lightheadedness.  

· Non-vestibular causes (don’t memorize for exam) include intoxication, orthostatic, cardiac, post-concussive, and panic-attack related causes.

· Vestbular causes of dizziness (know for exam) include BPPV (benign paroxysmal positioning vertigo), migraine and Meniere disease, bilateral vestibulopathy (ototoxic, idiopathic), vestibular neuritis (labyrinthitis), brainstem/cereballar stroke or TIA, and other central lesions.  

· Dizziness is common, but has a complex differential and potentially confusing H&P.  In the outpatient setting it’s rarely serious, but in urgent care settings, many patients over 50 with new isolated vertigo have cerebellar stroke.  

· Vertigo is the hallucination of angular motion where there is none.  It implies an asymmetry (usually between the right and left sides) in vestibular inputs.  This may be CNS or PNS.  

· Nystagmus may very rarely be pendular nystagmus with slow movement in both directions.  Jerk nystagmus is still rare in the general population but is very common in dizzy patients, and it shows slow movements in 1 direction and fast movements in the other.  It is associated with dizziness/balance problems and results from vestibular (peripheral or central) or gaze-holding (central) lesions.  

· Vestibular nystagmus is due to a lesion-related asymmetry in the vestibular system that produces a spontaneous jerk nystagmus.  The nystagmus is named for the direction of the quick phase, although it is the slow phase that is the pathologic manifestation (the quick phase is just the correction that you make) of vestibular asymmetry that drives the eyes like a normal VOR.  This shows a tonic asymmetry and a perpetual slow phase drift.

· Gaze-holding nystagmus is due to a failure in the gaze-holding mechanisms.  The slow phase is the pathologic manifestation of failure of the gaze-holding centers in the medulla or the calibrating mechanisms in the cerebellum.  This only shows asymmetry when the eye is in an eccentric position (centripetal drift).  

· Traditionally, people say that the symptom quality (vertigo, presyncope, disequilivrium, or non-specific dizziness) implies a pathophysiologic mechanism, but that’s probably not true.  Timing can be helpful in distinguishing causes.  When the dizziness lasts a long time (hours to days), it may be caused by benign neuritis/labyrinthitis or stroke, and differentiating these two is extremely important. 
· Vestibular Neuritis vs. Stroke:  Many strokes/TIAs are missed in dizzy ED patients, which results in a lot of costs and malpractice.  Vestibular neuritis (CN8 or vestibular nucleus) usually can’t be detected on imaging, so imaging may be done to look for strokes that can be detected this way.  Small brainstem (medulla) or big cerebellar strokes can produce this.  The big cerebellar ones can swell and cause herniation/death.  

· Inferior cerebellar (vestibulocerebellar) strokes can produce only a vestibular syndrome.  This is supplied by PICA and AICA.  PICA lesions are more commonly unassociated with auditory symptoms, whereas AICA is more common associated with them.  

· Triggers, duration, nausea/vomiting, and auditory symptoms may all be the same for stroke and vestibular neuritis.  But, vestibular neuritis (benign) presents with unidirectional nystagmus and abnormal HIT, with mild unsteadiness.  In contrast, stroke presents with direction changing nystagmus and severe unsteadiness (often can’t even sit).  Stroke patients also often present with postural nausea/vomiting more than dizziness
· The 3 most reliable things for distinguishing vestibular neuritis from stroke are:  Integrity of the VOR response on HIT, Vertical ocular alignment, and the nature of nystagmus.  

· 1.  In vestibular neuritis, the VOR pathway is interrupted and the response is abnormal.  But, in cerebellar strok the pathway is intact and the response is usually normal.  But, this test isn’t perfect, because brainstem strokes can also lesion this pathway and produce abnormal VOR.  

· 2.  Vestigial otolith-ocular reflexes are suppressed by the cerebellum and brainstem (lateral medulla and midbrain).  Strokes there will bring out these reflexes, causing vertical deviation (horizontal eye movements are normal, but vertical movements are 
· 3.  Nystagmus - With unilateral vestibular damage you get spontaneous vestibular nystagmus.  Looking straight ahead you have less input from the damaged CN8, so the head thinks you’re turning the other way and the eyes slowly roll toward the lesion.  Then you correct.  When you move your eyes away from the lesion, there is still an imbalance telling to move your eyes toward the lesion, and this conflict of input produces a more severe nystagmus.  When you move your eyes toward the lesion, the imbalance of signaling is telling you move your eyes in that direction, so there is no conflict in the signals and the nystagmus goes away.   

With bilateral or unilateral gaze-holding center damage (lateral cerebellum or medial medulla damage), you get gaze-holding nystagmus in which there’s no beating at rest, but whenever you look toward the side the eyes slowly move back toward the center.  Then you make a quick adjustment back out toward the periphery.  Normally the cerebellum would calibrate extra-ocular muscles to cancel the elastic forces. 
With damage to both pathways, you get a mixed nystagmus.  This is when you have the spontaneous vestibular nystagmus at rest.  And as with vestibular nystagmus, if you move the eyes away from the damaged side the nystagmus is exaggerated.  But, if you move the eyes toward the side with vestibular damage, you still get nystagmus, but in the opposite direction (toward the periphery) due to the gaze-holding center damage.  
Tumors and Headaches Discussion:

· A clonic motion is a jerking, whereas tonic motion is a constant contraction.  
· In general, seizures are supratentorial events.  

· Half-body weakness can’t really be explained by extra-axial causes.  Anything ‘hemi’ tends to be intra-axial.  

· HSV encephalitis will be on the exam one way or another.
· With an uncal (under the tentorium) you can get compression of CN3 and loss of pupil activity.  When a pupil is dilated and doesn’t repond to light (a ‘blown’ pupil) a patient’s brain needs to be decompressed emergently.  

· Increased intracranial pressure in general can pull on CN6 and lead to diplopia.  So headache with diplopia is pretty bad.  

· On fundoscopic exam, pale disc, blurry edges and flare hemorrhages (look like vessels leading to nowhere) are bad.  

· Dysdiadochokinesis is the failure of rapid rhythmic movements (a cerebellar sign).  

· Blindness in 1 eye is an extra-axial problem.  

Spectrum of Neuromuscular Disease in Adults:

· A motor unit consists of a motor neuron, nerve root, peripheral nerve, neuromuscular junction and muscle.  Diseases at any point can lead to neuromuscular disorders.  
Motor neuron disorders:  

· Amyotrophic Lateral Sclerosis (Lou Gehrig’s Disease):  asymmetric, distal weakness with marked early atrophy, no sensory involvement and variable reflex involvement.
· 90% of cases are sporadic, due to unknown causes (though many have been postulated).  10% of cases are familial, associated with a toxic SOD1 gene mutation in an autosomal dominant pattern.  

· Clinically, ALS presents as an asymmetric weakness of the distal muscles.  It shows asymmetric upper motor neuron signs (brisk jaw/gag reflexes, emotional lability, hyperreflexia, Babinski sign, spasticity) and lower motor neuron signs (weakness, atrophy especially in the hands, and fasciculations – which are only worrisome when associated with atrophy/weakness).  With ALS, you may see bilateral tongue atrophy and fasciculations.  
· Sensation is normal in ALS, and autonomic (bladder, bowel) and visual functions are spared.  So really, it’s mostly just motor nerves that are compromised.  

· ALS is also progressive, over a period of at least 6 months.  

· Electromyography shows a combination of acute denervation (indicating that the process is still actively occurring) and chronic denervation (large, polyphasic motor units because as some motor neurons die, their target muscles are innervated by adjacent neurons which accumulate large motor units)

· Poliomyelitis:  This is a lower motor neuron disease that follows infection with polio virus.  Half of these patients with clinical manifestations will develop paralysis.  Post-polio syndrome includes progressive weakness in a limb previously affected by polio, and this syndrome occurs years after stable disease is established.  

· Spinal Muscular Atrophy:  This is a lower motor neuron disease seen mostly in infants.

· It’s due to an autosomal recessive allele in chromosome 5q (mutated SMN1 gene, which may play a role in RNA splicing).  It comes in three phenotypes.

· SMA I:  This phenotype is due to a deletion of the SMN1 gene.  It’s associated with infant weakness (floppy baby, or Werdnig-Hoffman).  You see severe, diffuse weakness with poor feeding, respiratory insufficiency with paradoxical respirations, but sparing of the facial and extra-ocular movements.  There is hypotonia, reduced reflexes and normal intellect with alert faces.  ½ of these kids will die of respiratory failure by 7 months, 95% by 17 months.
· SMA II and III are show other phenotypes.

Radiculopathy:  compression of a nerve root by a herniated disk.  Focal, nerve root distribution with mild atrophy, painful sensory stimulus and decreased reflexes.  
· Radiculopathy occurs when the inner core (nucleus pulposus) of the intervertebral disc bulges through the annulus fibrosis (aka a slipped disc, stinger, sciatica).  

· Clinically, the features include focal neurological symptoms related to the distribution of the nerve root.  You may see sensory symptoms (pain, numbness) and/or motor symptoms (weakness).  The most common radiculopathies are C6/7, L4/5, and L5/S1.  

Disorders of the Peripheral Nerve:  produce moderate atrophy, no sensory symptoms and decreased reflexes.
· Axon degeneration – more sensory and distal, with absent ankle jerk reflexes.  Shows normal velocity of conduction but decreased amplitude.

· Demyelination - Guillain Barre Syndrome, chronic inflammatory demyelinating polyneuropathy.  Shows more motor and proximal effects, and all reflexes are absent.  Nerve conduction is normal amplitude but reduced velocity.

· Neuronopathy - death/dysfunction of the neurons in the DRG.  This can be mediated by paraneoplastic disorders (anti-Hu or small cell lung cancer), Sjogren’s syndrome (inflammatory exocrinopathy of the salivary and lacrimal glands), Herpes zoster, or idiopathic.  Shows pure sensory manifestations and is often equally distal and proximal.  All reflexes are absent, and there is decreased sensory amplitude.  
Disorders of the Neuromuscular Junction:  These present with symmetric, proximal weakness and ocular or bulbar findings (ex: dysphagia).  They rarely have atrophy, have no sensory systems, and show normal reflexes.
· Myasthenia gravis – This is an autoimmune disease resulting from antibodies against the ACh receptor, and it causes receptor loss or dysfunction.  You see that the usual post-junctional folds at the NMJ are simplified and there are fewer AChRs.  Possible mechanisms for this include antibodies cross-linking receptors leading to their endocytosis, or complement mediated destruction of post-synaptic membranes.  

· Clinical manifestations include fatigue following exertion (worse later in the day), diplopia, dysarthria (voice abnormalities), dysphagia, dyspnea (respiratory failure may kill you in the end), and proximal weakness.  Other features may include bifacial weakness in which you can’t do tasks like use a straw or blow into a balloon, nasal speech, and limbs that are weak with sustained action.  

· Diagnostic studies include looking for anti-AChR antibodies, a tensilon test (give an AChesterase inhibitor and look for symptom improvement), repetitive nerve stimulation (should fatigue muscles), etc.  

· MG is very treatable.  Steroids can work in days to weeks.  Immunosuppressants work in months.  Thymectomy (in patients age 10-55 with generalized MG or a thymoma) takes years to show an effect.  AChesterase inhibitors work in minutes to hours.  IVIG works within days, and is usually reserved for severe symptoms due to the expense and side effects.  Plasmapheresis works in days and is reserved for severe symptoms due to risks of treatment.  
Myopathies (disorders of the muscle):  These show proximal weakness, but here the eye muscles are spared.  They also show mild atrophy, infrequent sensory symptoms and normal reflexes. 
· Myopathies are diseases of the muscle.  Myositis is inflammation of the muscle.  

· Myopathies may be due to inflammation, genetic disorders (muscular dystrophies), toxins, metabolic disorders, endocrine abnormalities, mitochondrial problems, ion channelopathies, etc.  

· Generally, these manifest as symmetric proximal weakness, with normal reflexes and infrequent sensory systems.  

· Dermatomyositis and polymyositis respond well to steroids, in contrast with inclusion body myositis.

· Dermatomyositis:  This is a vasculitis.  It’s a humoral and cell-mediated (mostly CD8) inflammation of the muscle.  B-cells are commonly seen perivascularly, and complement deposits on the capillaries.  

· The clinical features of dermatomyositis include a heliotrope rash (on the eyelids), Grotron’s papules (warts on the knuckles), proximal weakness, elevated CK, associated malignancy, interstitial lung disease, and other rashes.  

· The atrophy you see in DM is peri-fascicular, and fibers in the middle of a muscle are largely spared.   

· Polymyositis is mostly cell mediated (CD8), and very rarely are B-cells seen.  It rarely occurs in people under 20, and its features include dysphagia, elevated CK, small but definite increase in malignancy, interstitial lung disease, and other autoimmune disease.  In polymyositis, the inflammatory infiltrate surrounds individual muscle fibers, particularly near vessels.  There’s also a lot more variation in myofiber size.  

· Inclusion body myositis is most common in older males.  These patients show weakness of wrist flexors and quadricepts.  And, they’re refractory to treatment with steroids.

· Steroid induced myopathy occurs with prolonged steroid use and causes more proximal weakness.  It’s often seen in immunosuppressed patients.  You see muscle fiber atrophy on biopsy.  

· Acute quadriplegic myopathy occurs rapidly and may result in severe paralysis, but patients can recover from this over time.  It occurs mostly in the ICU with high corticosteroid doses and maybe paralyzing agents too.  A loss of myosin staining on muscle biopsy can also be seen. 

Pathology:  The pathology of denervation (motor neuron disease, neuropathy) shows fiber atrophy, fiber type grouping (due to denervation and re-innervation), and grouped atrophy (denervation again).  The pathology of myopathy (dystrophies, inflammatory myopathies) shows necrosis, phagocytosis, fiber atrophy, proliferation of CT and central nuclei.  
Pathology and Pathophysiology of Peripheral Neuropathy:

· Peripheral neuropathy is pretty common, seen in 5% of medicare patients as a primary diagnosis.  It’s more common with age, and diabetes is the most common cause.  It really affects quality of life and it’s often accompanied by severe pain.

· Symptoms include a burning, sharp pain, numbness, dull sensation, falls, loss of flexibility and loss of distal reflexes.  

· Patterns of neuropathy may be focal (radicular in a nerve-root distribution as seen with varicella, root compression or radiculitis…or in a named-nerve pattern as seen with diabetic amyotrophy, compressive neuropathy, vasculitis, or multifocal motor neuropathy) of diffuse (stocking/glove pattern as seen with diabetes, HIV, chemo, toxincs, genetic causes, leprosy, and idiopathic peripheral neuropathies).  
· Causes of focal peripheral neuropathy include physical injury, metabolic causes (diabetes), infectious, immune, and genetic causes.  Causes of diffuse peripheral neuropathy include metabolic (diabetes, renal), infectious, immune, toxicity/deficiency, genetic and idiopathic mechanisms.  

· A peripheral nerve includes axons, Schwann cells (myelinating or non-myelinating), macrophages (resident and hematogenous), fibroblasts, mast cells and endothelial cells.  There are there layers in a peripheral nerve, the endoneurium (axons, Schwann cells, etc), perineurium (forms blood-nerve barrier), and the epineurium (includes vessels and fat, which may be lacking in really skinny people, making them susceptible to nerve damage).  Most nuclei in the peripheral nerves are Schwann cell nuclei, because the axons most have their cell bodies in ganglia or ventral horns.  
· The major categories of pathology include Wallerian degeneration (axonal degeneration), demyelination (Schwann cell loss), vasculitis (endothelial dysfunction), immune-mediated (macrophages, abs), CT disorders (fibroblasts lay down collagen), and metabolic disorders with systemic side effects.

· Wallerian degeneration:  This is the time-delayed, actively mediated axonal degradation distal to a nerve injury.  It’s not patchy.  Early, there’s little visible change.  After 48-96 hours, neurofilaments and microtubules that make up the axon quickly dissolve and myelin ovoids form.  Responder cells like macrophages and Schwann cells show DNA synthesis, and the unmyelinated axons vanish.  Later, macrophages proliferate and digest the myelin (macrophages become foamy), Schwann cells proliferate and migrate, and new axons can sprout.  Even though axons sprout, they can’t reconnect because of how far they’d have to grow.  
· Neuromas may form where damaged axons try to regrow, and they get bulbs on the nerve that can be very sensitive and painful.  They can often be detected just by tapping on the patient.  

· Nerves are always trying to regrow in the PNS, which may be good or bad depending on if appropriate connections are made.  There is potential for them to grow about 1 inch per month, and this holds promise for future advances and therapeutic interventions.

· Demyelination is segmental in nature, showing demyelinated patches or segments.  Specifically, one or more Schwann cells and their associated internodes may degenerate.  

· Acute phase demyelination is when immune-targeted macrophages invade and begin to auto-digest myelin.  Subacute phase demyelination is when you can find ‘naked’ axons with no myelin or thinly myelinated axons (normally you should never see large axons without myelin).  

· Repeated cycles of demyelination and re-myelinenion can produce ‘onion bulbs’ (layers of Schwann cells around the nerve that may cause nerves to be visible from the exteriore). 
· The typical appearance of biopsies with demyelination shows acute phase demyelination (macrophages, naken axons) for acquired diseases, and chronic phase demyelination (onion bulbs, fibrosis) for acquired or inherited diseases.

· Vasculitis is an inflammation and occlusion of vessels, and its damage is often patchy, but may become confluent.  

· First phase vasculitis shows perivascular inflammation and increased macropahges inside the cell.  Second phase vasculitis shows fibrinoid necrosis and invasion of all layers of the vessel wall.  Third phase vasculitis shows vessel occlusion (an ischemic state).  

· The nerve appearance with vasculitis characteristically shows centro-fascicular axon loss (loss of axons in the middle of the fascicle, but not the periphery), and fascicle-to-fascicle variation.  

· Amyloid occurs with deposition of amyloid in vessel walls.  It distorts the vessel wall, and it’s visualized best with congo red stain and shows apple-green with polarized light.  Amyloid can also deplete small myelinated axons which may be quite painful.  But, large axons are preserved.  Amyloid may be acquired or inherited.  

· Immune mediated attack disorders include:

· Acute/chronic inflammatory demyelinating polyneuropathies (AIDP/CIDP), such as variants of Guillain-Barre syndrome (auto-antibodies against gangliosides, which are particularly prominent in the nodes of Ranvier).  The AMAN variant (motor variant) is associated with anti-GM1 IgG.  The Miller-Fisher variant is associated with eye findings (ophthalmoplegia) and is associated with anti-GQ1b antibodies.  
· Anti-MAG (myelin associated glycoprotein) shows sensory symptoms.

· Multifocal motor neuropathy (MMN) is anti-GM1 IgM…same antigen as Guillain-Barre but a different immunoglobulin isotype.

· Anti-Hu antibodies produce a pure sensory neuropathy.  It may be paraneoplastic, and Hu is a neuronal antigen.  

· CT disorders and peripheral neuropathy may occur when collagen disorders result in nerve injury.  One such example is Ehlers-Danlos.

· Metabolic forms of peripheral neuropathy include diabetes (multiple forms of peripheral neuropathy) and renal (painful burning, cold, and numbness which is less common in the US now that EPO – a nerve trophic factor – can be supplemented).  

· To assess peripheral neuropathy, the pattern will really help you figure out what’s going on.  You can do nerve conduction studies or electromyography (good for motor stuff…not so much sensory) to test large fibers, but not small ones effectively.  You can do skin biopsy to test small nerve fibers.  You can also do lab studies (metabolic and endocrine, autoimmune, CSF sampling) to look for disease markers, or nerve biopsy to look at vessels and inflammation (only useful for vasculitis, amyloid, leprosy, and sarcoid).  

· For treatment of neuropathic pain, NSAIDs are NOT effective.

· Pharmacological treatment includes anti-depressants (TCAs, SSRIs), narcotic combinations, anticonvulsants (gabapentin, pregabalin) and topical agents. 

Muscular Dystrophy:
· Muscular dystrophy is a hereditary disease of progressive weakening and wasting of the muscles.

· Proteins (ex: dystrophin) link the cytoskeletal elements to the basal lamina outside of the muscle cell, and this link may contribute to structural stability of the cell membrane as it changes length, or also to signal transduction of growth factors in the basal lamina.  

· Most muscular dystrophies are due to the absence or altered function of a structural component of the muscle fiber.  So, the muscle undergoes ‘dystrophic’ changes that include necrosis and degeneration/regeneration that result in remodeling of muscle tissue with fibrosis and fatty infiltration.  Basically, muscle fibers are replaced by fat and fibrosis.  

· A normal muscle on histology shows fibers with polygonal shapes, all fibers of pretty uniform size, little space between the fibers and peripheral nuclei.  Dystrophic muscle shows heterogeneity in the size of muscle fibers, fibrosis and fat between muscle cells, rounded cells (now that they’re not as tightly packed), necrosis (ghosts of cells remain) and regeneration.  

· Muscular dystrophies are a heterogeneous group of about 40 disorders.  They have variable muscle group involvement, onset, progression, severity, and also variable involvement of other organs.  

· Duchenne MD:  Shows a proximal, symmetrical pattern of weakness.  This disorder is due to a frame-shift mutation in dystrophin (resulting in no dystrophin expression), a large protein that interacts with and stabilizes a membrane associated protein complex (the DGC) for linking the cytoskeleton to the extracellular basal lamina.  Loss of dystrophin compromises the basal lamina-cytoskeletal link and leads to sarcolemma damage.  

· The histology is Duchenne MD is as described above, with variable fiber size, fibrosis, etc.  Immunohistochemistry shows an absence of dystrophin staining.  Some fibers may occasionally stain, due to a rare revertant mutation.  

· DMD is the most common cause of hip weakness in pediatrics, and may required a Gower’s maneuver (basically pushing/pulling yourself up with your arms) to get up from the ground.  It is x-linked, often diagnosed before the age of 5, and commonly results in a loss of ambulation before age 13.  Death in early adulthood occurs due to cardiac or respiratory weakness (from the muscle problems).  

· Becker MD:  Shows a pattern of weakness that affects the face and proximal arms.  It is due to mutations in dystrophin that preserve the reading frame and the domains necessary for its protein-protein interactions (there’s a middle hinge region in the protein that you can lose lots of and still be ok).  The Becker MD phenotype has a later onset and milder course than Duchenne.  
· Other muscular dystrophies:

· Limb Girdle Muscular Dystrophies have many forms, but they all have weakness of the hip and shoulders.  Most are secondary to mutations in structural proteins of the muscle fiber.  Mutations are mostly autosomal recessive (type II), though some are autosomal dominant.  

· Ex: Sarcoglycanopathies (LGMD2c/d/e/f are autosomal recessive loss of sarcoglycans, which are transmembrane proteins associated with the dystrophin-glycoprotein complex.  The loss of one leads to loss of function of the whole group of proteins.  These are characterized by early childhood onset, rapid progression, and severe (Duchenne-like) manifestations.  It’s associated with cardiomyopathy.

· Ex: Mutations in FKRP (Fukutin related protein…LGMD2I) prevent it from performing its usual function of glycosylating alpha-dystroglycan.  In the absence of this glycosylation, the linkage of sarcoglycans to laminins is disrupted and you lose the basal lamina-cytoskeleton link.  Histologically, these share the same features of all muscular dystrophies.  On immunohistochemistry, you may see a loss of glycosylated alpha-dystroglycan.  This form has an onset from early to late adulthood and is slowly progressive.  It presents with difficulty standing (may require a modified Gower maneuver to get up from a chair), and people may lose the ability to ambulate.  

· Congenital muscular dystrophy 1C:  This shows as neonatal hypotonia, and it’s rapidly progressive which results in a loss of ambulation before adulthood.  

· Fascioscapulohumeral muscular dystrophy is autosomal dominant and due to deletion in the telemetric region of chromosome 4q (exact genes not known).  It can present with a wide variety of severities.  
· Myotonic muscular dystrophy is autosomal dominant, and it’s the most common adult muscular dystrophy.  It has cognitive, ophthalmologic, cardiac, GI, and endocrine involvement.  It also shows anticipation, where the more of a particular trinucleotide repeat you have the worse the disease manifestations are, and it tends to get worse with subsequent generations.  

· With Duchenne and Becker muscular dystrophies, there’s a very good correlation between genotype and phenotype.  With some of the others, there can be lots of heterogeneity (LGMD2I and congenital muscular dystrophy 1C have the same mutation in FKRP, but different manifestations).  
· Neurologic treatment of muscular dystrophy seeks to preserve muscle strength and reduce contractures.  For these patients, a neurologist often serves as the coordinator of care.  

· Regular exercise can increase strength and permit more activity.  That activity should minimize eccentric contractions (where you contract a muscle as it lengthens), because these can be damaging and make things worse.  In Duchenne, prednisone has a significant benefit on muscle strength.  
· Cardiomyopathy may be avoided in cases of dystrophinopathies or sarcoglycanopathies by treatment with ACE-Is, ARBs, or beta-blockers.  The cardiac conduction defects seen in myotonic muscular dystrophy, laminopathies (LGMD1B), and Emery-Dreifuss can be treated with pacemakers or inmpantable cardio-defibrillators. 

· Better management of pulmonary symptoms has really increased survival in muscular dystrophy patients.  This may include positive pressure ventilation, cough assist, vaccinations, etc.  

· Orthopedic management may include contracture reduction, scoliosis surgery (scoliosis may become painful if you’re too bent over), or scapular fixation.  

· Future treatments may include gene therapy (AAV vector), cell-based therapy (utilize satellite cells and other adult stem cells), growth factor modulation (stimulate satellite cells, block negative regulators of muscle growth like myostatin, or stimulate positive regulators of muscle growth), or combinations of those things.  Other genetic modulations may include chimeric oligonucleotides to correct mutations at the DNA level, antisense oligonucleotides (to modify pre-mRNA splicing), or nonsense suppression if there’s a premature stop codon (lets you read through a stop codon and you may still be able to express the gene).  

· There is a myostatin inhibitor (blocks a negative regulator of muscle growth, shown to result in increased muscle in animals) currently in trial for MD. 

Neuromuscular Disorders Discussion:

· Patterns for peripheral nerve problems:  

· 1 named nerve – mononeuropathy, mostly due to trauma or mechanical stuff.

· Multiple nerves:  May be diffuse (distal, symmetrical peripheral polyneuropathy), or multiple individual asymmetric nerves (mononeuropathy multiplex, typical of vasculitis).  

· Sensory loss without weakness can be caused by diseases affecting the sensory ganglia only (paraneoplastic syndromes), sensory nerves (early-mid diabetic neuropathy), in the spinal cord (myelitis) focal demyelination of dorsal columns, or in the brain a stroke in the sensory regions.  

· Motor impairment (weakness) without sensory loss can be caused by diseases affecting muscle (dystrophy, polymyositis), NMJ (myasthenia), motor neurons (ALS…classically asymmetric), or spinal cord/brain pure motor strokes (corticospinal tract or internal capsule or motor cortex).  

· Weakness plus sensory loss can be caused by diseases affecting the nerve roots (Guillain-Barre Syndrome), the peripheral nerves (late diabetic neuropathy), cord (compression, myelitis), or brain (motor/sensory stroke).  

· Bilateral finger/feet involvement can’t really be caused by intra-axial lesions.  It’s likely due to something like diabetic neuropathy (in which case you would lose both large and small myelinated axons).  Skin biopsy can be used to visualize unmyelinated fibers.  

· Slow pain and temperature nerve fibers are more often unmyelinated.  Faster things like vibration, and high threshold pressure receptors are more often myelianted.  

TNDs, TIAs, and Neuro-Electrical Auras – Pathogenesis of Episodic Neurologic Symptoms:

· Transient neurological deficits (TNDs) are among the most common neuro problems, but among the least likely to be assessed by a neurologist.  Patients are often normal when they come in, and there may be no obvious clinical findings during a visit. 

· TNDs may be mechanical (due to fluid dynamics like BPPV or colloid cysts that block CSF with positional triggers, or they may be due to local nerve compression), ischemic (due to global problems like MI or focal problems like TIA) or neuro-electrical (channelopathies that produce seizure or migraine, or ephaptic symptoms – brief, shock-like episodes due to demyelination – as in trigeminal neuralgia or MS).

· Transient neurologic symptoms may last from seconds up to days.  Some are triggered, some aren’t, and they can be really any quality of symptom.  Most spontaneous TNDs indicate TIA (characterized by sensory and motor symptoms, and more negative symptoms), seizure (motor symptoms, and more positive symptoms), or migraine (sensory symptoms, positive and negative symptoms).  

· TIA and migraine often present very similarly.  Migraines are usually not acutely dangerous whereas TIAs may precede catastrophic events, so distinguishing them is key.

· Some symptoms like dizziness, nystagmus and confusion can’t readily be labeled as positive (too much function) or negative (loss of some function).  These may be due to loss or some parts of a system, or hyperactivity of other parts.  Some symptoms are misleading, such as hemiballismus in which 1 side of the body flails wildly but it’s due to a destruction of inhibitory pathways.  Release hallucinations are similar.

· Mechanical TND:  Ex: Benign Paroxysmal Positioning Vertigo (BPPV).  For these, there is often a positional or mechanical trigger that indicates the pathophysiology.  In this case, you see an intermittent clinical syndrome (brief vertigo, mild nausea triggered by certain head movements) caused by a single semicircular canal (usually the posterior) being excited by rocks in the canal.  This canalolithiasis is due to crystals in the inner ear that get knocked loose and fall into the posterior canal.  When this happens, head movements cause them to slide around, stimulating the canal and producing vertigo.  It shows a characteristic nystagmus with vertical and torsional eye movement, which is diagnostic.  

· BPPV is the most common cause of dizziness in the outpatient setting in patients over 50.  It’s not painful, just uncomfortable.  

· The Dix-Hallpike test is used to induce the characteristic vertical/torsional nystagmus.  You turn the patient’s head 45 degrees toward the affected side and lay the patient back so that the rocks slide in the affected posterior canal.  This induces the nystagmus, but it fatigues quickly and reverses on sitting up.  

· Treatment is with Epley canalith repositioning, which just rotates the patient’s head 270 degrees around the body’s long axis (starting with the affected ear down) to move the stones back into the appropriate compartment.  It has an 80-95% cure rate.  Refractory cases may require surgery.

· Ischemic TND:  Ex: Transient Ischemic Attack (TIA).  TIAs generally come on quickly (in seconds) and last usually less than an hour (and technically less than 24 hours).  Their different mechanisms produce different clinical pictures.  Cardiac emboli may go to different places and produce varying symptoms.  Thrombo/athero emboli may go to similar places and produce similar symptoms with each spell.  Low flow/stenotic causes produce stereotyped, characteristic symptoms each time.  

· When a TIA occurs, the risk for stroke is highest within the first days or weeks.  Stroke occurs in maybe 10% of people with TIA, and this is a really significant number if you can intervene and prevent these events (which lead to lots of M&M).  

· High risk diseases involve the larger vessels, because these are more likely to go on to a disabling stroke.  These include things like carotid/vertebral/basilar stenosis or dissection (dissection is the leading cause of stroke in young people without risk factors) and vasculitis like giant cell arteritis (particularly ones that affect blood flow to the eyes).  Basically, big blood vessel diseases are bad for the brain.

· Neuro-electrical TNDs:  Ex: Migraine aura.  This is when you have reversible focal neurologic symptoms that develop gradually and last less than an hour.  They are commonly followed by a migranous headache, but this can be absent.  The classic migraine includes visual aura, but you can also have ‘common’ migraines without aura, or even ‘acephalgic migraines’ which have the aura alone with no headache.  The migraine syndrome includes episodic pain, autonomic changes like GI stuff, polysensory hypersensitivity, and neurologic dysfunction.

· Patients often have a predisposition to migraine, and symptoms may be triggered by different stimuli.  You then get a prodrome period (irritability, dysphoria), followed by a classical visual aura.  Then you get headache, anorexia, vomiting, photophobia, and phonophobia.  

· Visual auras often move or flicker (scintillating).  They very commonly expand across the visual field (starting in half of the visual field) and show a ‘fortification spectrum’ with an arc-shaped geometric pattern.  They often have a negative wake of blurring/scotoma.  These develop and recede gradually, whereas TIAs tend to come on all at once.  

· Migraine auras can be somatosensory, vestibular (dizziness) or auditory.  And these are often triggered by the sensory modality in which they manifest (so visual auras are often triggered by flashing lights, while vestibular auras may be triggered by things that make you feel dizzy).  Less commonly, you can get cognitive auras (aphasia, confusion, memory loss/transient global amnesia) or very rarely motor auras (hemiplegia or quadriplegia).

· Motor auras (rare) may be familial, as in familial hemiplegic migraine (FHM), which is a pretty severe form of the disease.  Their auras tend to be prolonged.  Auras tend to progress from visual, then somatosensory (most don’t go beyond this), then motor, then cognitive.  FHM is the only condition where the spreading depression of auras routinely reaches motor and cognitive regions.  

· FHM is due to known mutations in ion channels (channelopathies) and transient electrical dysfunction.  Depending on the types of channels affected, you can get different clinical manifestations.  But in general, the channelopathies show episodic neurologic dysfunction on a short time scale (minutes to hours…but some dysfunction may be persistent and progressive, even between events).  

· Migraine, seizures and other more common diseases with transient neurologic disturbances may have similar molecular mechanisms as the channelopathies.  People used to think aura was due to vasospastic ischemia.  Lashley plotted the expansion of his own auras over time, and found them to move over the visual cortex at 3mm/min.  Leao promoted the idea of spreading depression, with a wave of excitation followed by a wake of depression (spreads contiguously but not by synaptic transmission like a seizure).  Imaging shows evidence of this cortical spreading depression.

· The pathophysiology according to the spreading depression hypothesis involves an excitable/irritated cortex in which a trigger causes a depolarizing wave (positive aura with lights) followed by a hyperpolarizing wake (negative aura with scotoma).  There may be decreased metabolic demand, decreased caliber of vessels (spasm).  Headaches may be caused by semi-independent mechanisms.  

· This model explains the characteristics of aura and the fact that there’s an absence of ischemic tissue during aura.  It is also consistent with the observations of regional decreases in cerebral blood flow after aura has begun and that persist long after it’s gone.  It also could explain modality-specific triggers, why many of these patients are hypersensitive to stimuli, and fits well with the channelopathy findings in FHM.  

· There is excessive excitability (from lots of excitatory and inhibitory inputs) above a normal threshold that predisposes people to getting migraines.  You can get spreading depression from abnormalities of Ca channels or Na/K ATPases so that ions accumulate in abnormal concentrations and contribute to spreading of an extracellular wave.  Stimuli like pain could trigger this.

· Both auras and TIAs last 5-30 minutes, whereas seizures are shorter.  Auras can present with a wide variety of sensory (visual, vestibular, somatosensory, auditory), cognitive, or motor symptoms that have lots of overlap with manifestations of TIA.  So TIA and aura are commonly confused, while seizures are a little easier to distinguish.  

· Occipital seizures may mimic an aura, but their visual manifestations tend to be more round and with more vibrant colors.  

· To distinguish migraines from TIAs:  Migraines tend to spread over space in 5-60 minutes (the longer the onset the more likely it is to be a migraine), they are only sensory, show a mix of positive and negative symptoms, and manifest with transient episodic head/neck pain (<72hrs).  TIAs tend to start all at once, involve motor stuff, often have only negative symptoms, and may produce persistent head or neck pain (>72 hours).  But, migraine can mimic TIA in all respects.  

Gait Disorders and Ataxia:

· Everybody’s gait is unique.  Abnormalities in gait can be due to neuro, muscular or orthopedic problem, or a compensatory response to a deficit (real or perceived).  This compensation may actually be maladaptive.  Many neurologic disorders compromise balance and gait.  

· Fall prevention is very important, especially in older populations due to the high M&M associated with falls.  Interventiosn in at-risk populations can have a significant I mpact.  Impairment in gait or balance is a risk factor for falls.

· The physics of gait includes keeping the center of mass over the base of support when you’re at equilibrium.  When you’re walking, it’s like a series of controlled falls where your center of gravity is displaced forward beyond the base of support.  And, have to coordinate your steps so that your base keeps up.  

· Much of the gait cycle is build into our bodies and occurs passively, and an important job of the nervous system is to modify the parameters so that it functions correctly.  The gait cycle includes double/single support times, heel contact, toe-off, movements of the swing leg and stance leg, etc.  

· Really all parts of the nervous system are involved in gait, from the muscles to peripheral nerves to CNS to sensory systems.  So you have to consider all of these when evaluating gait.

· Gait syndromes can be classified by their level.  Low level syndromes involve peripheral skeletal muscle, joints and sensory abnormalities.  Middle level syndromes include hemiplegic, paraplegic, cerebellar, Parkinsonian, etc problems.  High level syndromes include cautious, subcortical/frontal equilibrium, gait ignition failure and frontal gait disorder.

· Gait syndromes may also be classified as disorders of sensory systems, perception/orientation, motor systems, locomotor and balance synergy systems, force scaling (loss of fine motor skill), or adaptation and deployment strategies (cortical mechanisms).

· When evaluating gait, you should look for symmetry, arm swing, signs of pain/discomfort, the base (distance between medial malleoli), and deviation in gait toward one side.  

· UMN dysfunction in cervical myelopathy (cervical spine problems) can cause gait abnormalities, and it would show UMN signs like stiffness/heaviness/slowness, neck pain, incontinence, sensory loss, spasticity, hyperreflexia, no jaw jerk (the lesion is below the level of this reflex) and decreased certical range of motion.

· In the myelopathic gait, both legs circumduct due to a plantarflexed foot, and steps are short with reduced height (shuffling and scuffing).  You see hip adduction with the knees crossed in a scissoring gait.  The increased muscle tone may be needed to lock the leg for weight bearing given the paraparesis (weakness of the lower extremities).  

· With hemiparesis (half of the body is weak), you may lose the swing of one arm, and the affected foot may drag or scrape the ground.  

· In a hemiplegic (half of the body paralyzed) gait, the affected leg swings outward in a semi-circle from the hip (circumduction).  The knee may hyperextend and the ankle may excessively plantar flex and invert.  

· With a neuropathic gait, you see excessive knee flexion and increased step height so that the foot will clear the ground (steppage/marching gait, because they can’t keep the foot dorsiflexed).  But, you see hyperextension of the knee in the stance leg.  The feet are dropped to the ground rather than placed there, and initial contact with the ground is with the front of the foot (foot slap).  Patients may require visual feedback for foot placement if there’s loss of sensory info.  

· Normal pressure hydrocephalus on imaging shows enlarged ventricles out of proportion to atrophy.  It shows a classical clinical triad of gait disorder, subsortical dementia, and urinary incontinence.  Draining CSF can really help.

· A cerebellar ataxic gait is wide-based and shows increased trunk sway with irregular stepping and foot placement (looks intoxicated).  Inferior cerebellar infarction can cause acute vertigo, vomiting, nystagmus (eye findings), and severe gait instability.

· Ataxia is an incoordination of the limbs, imbalance, dysarthria, dysphagia, and impaired sensation (vestibular and proprioceptive).  It can be inherited, toxic (iron, copper), metabolic (hypothyroidism), nutritional (vitamin E or thiamine deficiency, gluten sensitivity), paraneoplastic (look for abs, cerebellar folia enhancement on imaging), autoimmune, prions (CJD, which is untreatable), or neurodegenerative.  

· In cases of cerebellar ataxia, you should screen for reversible causes (vitamin E, gluten sensitivity, paraneoplastic syndrome, etc), try to establish a cellular diagnosis, and use supportive/symptomatic treatment (amantidine, bupropion). 

· It may be due to something like inherited spinocerebellar atrophy (autosomal dominant), and some variants (SCA6) produce a pure cerebellar syndrome.  SCA6 shows a mutation in the same Ca channel that is mutated in familial hemiplegic migraine (FHM).  Other forms of spinocerebellar atrophy show anticipation (SCA7…causes pontine and cerebellar atrophy), with earlier onset and more DNA repeats with subsequent generations.  DNA testing can be done for this.
Vestibular and Balance Disorders Discussion:

· Severe balance disorders (so bad you can’t sit or stand, and also nausea disproportionate to dizziness) are more typical of cerebellar problems than inner ear issues.  

· Drowsiness is usually cause for serious concern, indicating an intra-axial, bilateral problem.  

· Cerebellar signs are seen ipsilateral to the lesion.  

· In contrast with AVMs, cavernous hemangiomas are collections of blood in an area of low flow, leading to a relatively solid lesion.  

· Patients with bilateral vestibular lesions won’t feel any discomfort with head movements, because there’s no input at all from the vestibular system.  

· Gentamycin is ototoxic.

Clinical Spectrum of Movement Disorders:

· Movement disorders affect the ability to produce and control movement.  They may be hyperkinesias (excessive movement), dyskinesias (unnatural or abnormal movements), hypokinseias (decreased amplitude of movement), bradykinesias (slow movement), or akinesias (loss of movement.  

· Hypokinesias include akinesia/bradykinesia, apraxia (inability to carry out learned, purposeful movements), and rigidity (increased muscle contraction that is NOT velocity dependent and does not represent deep tendon hyperreflexia).  

· Hyperkinesias include ballism, chorea, myoclonus, tics and tremors (involuntary, rhythmic oscillations of a body part)

· Definitions: 

· Chorea is involuntary, fluent, irregular movements of variable speed that tend to travel from one part of the body to another (resembling dancing)

· Ballismus includes involuntary, rapid, large amplitude flinging movements that tend to affect proximal body parts (resembles throwing a baseball)

· Parkinsonism is a syndrome of akinesia (reduced spontaneous movement), bradykinesia (slow movements), rigidity and resting tremor…or any combination of these. 

· Parkinson’s disease is a specific disease process, which is the most common cause of the constellation of symptoms that make up Parkinsonism.  

· Tics are sudden movements or sounds that are unwanted, often preceded by a premonition and only transiently voluntarily suppressible.  

· Myoclonus is involuntary, sudden, brief, shock-like movements cause by muscular contraction or inhibition.  

· Athetosis is a really slow, involuntary, small amplitude, continuous movement of the distal extremities.  

· When you observe someone with a movement disorder, you should look for things like rhythmic vs. arrhytmical movement, paroxysmal vs. continual vs. continuous movement, if it’s present at rest (as in Parkinson’s disease) or with action (as in essential tremor), presence while asleep vs. awake, if movements are slow vs. fast, etc.  Additional observations like vocalizations, self-mutilation, sensory symptoms, complex movements, and ocular movements may help distinguish one movement disorder from another.  

· The cardinal features of Parkinsonism are resting tremor (which may be re-emergent with postural muscle activity), bradykinesia/akinesia, rigidity and loss of postural reflexes.  For Parkinson’s disease, medical intervention is needed and helps quite a bit.

· Parkinsonism may be primary (as in idiopathic Parkinson’s Disease), secondary due to vascular/drug-related/hydrocephalus/post-viral/Wilson’s dz/toxic causes, or additionally due to Parkinson’s Plus syndromes (neurodegenerative disorders like Progressive Supranuclear Palsy that cause the parkinsonism syndrome, but not Parkinson’s disease).  

· Examples of drugs that cause Parkinsonism include anti-psychotics, anti-emetics, and others like SSRIs, Li, valproic acid, Ca blockers, and amphotericin B.

· Examples of Parkinson’s plus syndromes include PSP, multiple systems atrophy in which there’s striatonigral degeneration, corticobasal degeneration, Lewy Body Dementia, and spinocerebellar degeneration.  

· Parkinson’s disease is a clinical diagnosis and doesn’t have any definitive markers.  So the diagnosis is somewhat subjective and misdiagnosis (especially early in the disease_ is common.  Parkinson’s disease is classically idiopathic and largely sporadic, but it can also be genetic due to mutations in PARK1 or PARK2.  For clinical purposes, these are basically the same and respond well to treatment with L-DOPA.  

· Parkinson’s disease shows the classic manifestations of resting tremor, bradykinesia/akinesia, rigidity and loss of postural reflexes.  Non-motor features include neuro stuff like depression, dementia (preceded by bradyphrenia), anxiety, panic attacks and autonomic stuff like orthostatic hypotension, gastroparesis/constipation, skin and sexual dysfunction.  

· In the workup for Parkinsonism, you should rule out secondary causes and consider genetic testing for Parkinson’s disease.  It’s diagnosed by looking for the cardinal features of the disease on neuro exam, possibly with imaging, and suspicion may be supported by observing a good response to dopamine replacement therapy. 

· Parkinson’s disease affects 1 million people, with a mean age of onset of 62 years.  Age can be a good clue about whether something is due to Parkinson’s disease or a secondary cause of Parkinsonism.  

· The gross pathology of Parkinson’s disease shows loss of dopaminergic cells in the substantia nigra.  To get symptoms from Parkinson’s disease, you need to lose about 80% of dopaminergic neurons in the substantia nigra.  Histologically, the pathologic hallmark of Parkinson’s disease is Lewy Bodies (spherical protein aggregates that displace other cell contents, often with a halo).  

· The dopaminergic nerves in the substantia nigra synapse on neurons in the striatum.  With a lack of dopaminergic stimulation, striatal neurons upregulate dopamine receptors.  Fluoro-Dopa uptake imaging on PET scan can show reduced activity pre-symptomatic Parkinson’s disease patients, symptomatic PD patients, and also in some Parkinson’s plus syndromes.

· The substantia nigra stimulates the striatum.  This then signals via the globus pallidus, thalamus, etc to increase thalamic stimulation of the brain.  With loss of the substantia nigra, signaling is altered to decrease thalamic stimulation of the brain, and you see bradykinsia, akinesia, etc.  

· Parkinson’s disease is also progressive, with the disease becoming increasingly severe over time.  The disease process can actually be detected on imaging before any symptoms are present.  

· Parkinson’s disease is caused by a combo of genes and environment.  On the extremes of either side of the spectrum, you have some genes that will almost certainly give you PD, and there are some chemicals like MPTP.  Risk factors for Parkinson’s disease include age, family history, and environmental factors (rural, pesticides).  Protective factors include smoking and coffee drinking.  

· To treat Parkinson’s disease, you first try non-pharmacologic approaches like PT, OT, exercise, etc.  Then you go to drugs, and if those fail, surgery or deep brain stimulation.  Drugs are easily used but may have side effects, ablative surgery is a one-time experience but is irreversible and carries a lot of risk, and DBS is adjustable/reversible but it’s expensive and there’s some risk to the surgery involved in placing the stimulator.  Brain surgery (ablative or DBS) strategies for PD include ablating the internal globus pallidus and DBS (to inhibit) the subthalamic nuclei.  

· DBS has a proven effect on most of the symptoms of Parkinson’s disease.  It also has a relatively good safety profile.  The most important thing for successful DBS is patient selection.  Candidates are 30-70 years old, have at least two cardinal features of PD and have a good response to L-DOPA.  The maximum benefit achieved by DBS is comparable to that achieved by L-DOPA, it’s just that DBS has fewer side effects.  

· Exclusion criteria for DBS include psych illness, cognitive impairment, substantial medical problems, pacemakers, previous intracranial surgery, and over 70 years of age.  

· In addition to PD, surgery (including DBS) is also useful for essential tremor, dyskinesia, bradykinesia, and dystonia.  Different interventions target different symptoms.  DBS stimulates the sub-thalamic nuclei, thalamus or pallidum.  It may block the signals in the brain that cause PD.  It’s not quite known how DBS works, but it may disrupt overactive areas by activating inhibitory interneurons.  

· Transplantation therapy (of autologous/allogeneic/xenogeneic cells) and gene therapy (to increase activation of L-DOPA or make more GABA) are in trials.  

· Vascular Parkinsonism (in patients with cerebrovascular disease) shows ischemic changes on MRI and typically produces a “lower body” parkinsonism pattern.  Hydrocephalic Parkinsonism may show urinary incontinence, and it also shows hydrocephalus on MRI.  

· A tremor is a rhythmic oscillation of a body part.  Tremors may be essential tremors, exaggerated physiological tremors, or Parkinsonian tremors.  

· Essential tremor is the most common movement disorder, affecting a million Americans.  And it is a cause of significant disability (though not as much as PD).  Its cause is unknown and the average age of onset is 45 years.  Essential tremor includes postural tremor (holding a fixed position) and action tremor (with voluntary movement).  The symptoms are most often confined to the hands, head and sometimes the voice. 

· ET is diagnosed by having a bilateral postural or action tremor in the absence of other neurological signs.  It must occur for at least three years.  A family history is common, as is alcohol use.  But, there are no markers, so diagnosis may be difficult. 

· An exaggerated physiological tremor is indistinguishable from an essential tremor on a clinical basis.  But, EMG can distinguish the two.  

· Therapy for tremor includes meds (beta blockers, etc), surgery (DBS, cortical stimulation, thalamotomy), or transcranial magnetic stimulation (TMS).  

· Dystonia is a movement disorder characterized by sustained involuntary muscle contraction causing abnormal twisting and repetitive movements/posturing that tend to have a directional predominance.  

Movement Disorders Discussion:

· Rigidity is commonly due to basal ganglia pathology, which may be referred to as extra-pyramidal (higher order motor system above UMNs in the corticospinal tract).  You see increased tone all of the time.  It may be detected as cogwheeling, which is a superimposition of tremor on top of rigidity.  

· Spasticity is due to UMN pathology.  Lesions of UMN in the corticospinal tract are often called ‘pyramidal.’  Spasticity is increased tone that is velocity and length dependent.  It’s a type of hyper-reflexia in which small movements produce a reflexive contraction (spastic catch on clinical exam).  The faster you move someone’s extremities, the more reflex you get.  It’s due to a lack of descending inhibition of reflexes.  At rest, you see arm flexion and leg extension, and the increased tone may lad to imbalance.

· Dystonia is episodic increases in tone when you try to maintain a certain posture.  It’s due to increased tone in both parts of an antagonistic pair of muscles.

· Tremor can be divided into resting tremor and action tremor.  Resting tremors occur when there’s no muscle activation (as seen in Parkinson’s) and may go away with activity.  Action tremors may be postural (tremor when you’re trying to stay steady, typical of benign essential tremor) or intention (tremor when reaching or moving, typical of cerebellar problems).  

· The onset of Parkinson’s is often asymmetric.  Brainstem Lewy bodies (Parkinson’s) tend to be round with a halo.  Cortical Lewy bodies (dementia) tend to be more irregular in shape and lack halos.  

· Prominent dysarthria is usually an infratentorial problem.  It can be due to problems with CN7 (lips), CN12 (tongue) or CN10 (oropharynx).  Oropharyngeal stuff requires the most coordination from the cerebellum.  

· Bilateral effects on hands or extremities is probably not due to 1 lesion.  

Memory Loss and Alzheimer Disease:

· Cognitive functions include learning/memory, language, orientation, calculation, recognizing faces/objects, executive functions and abstract reasoning.  So even if memory is impaired, if other cognitive functions are overall good then that’s still pretty good brain function.  

· Short term memory is mostly mediated by the hippocampus and long term memory by the cortex.  Memory loss may be categorized as:

· Age-associated memory impairment:  Each 10 years of life you lose about 2% of memory function and speed.  This is normal, and you may forget little things, but other stuff is fine.

· Mild cognitive impairment (MCI):  MCI is where you have significant memory loss, but you are still functional in terms of everyday stuff.  It’s a sign that something is wrong, but you’re still mostly ok.  It’s like angina, where you’re ok, but something is going bad.

· Dementia:  This is where you have memory loss and loss of at least one other cognitive ability.  You also lose function in daily life.  A good way to get a sense is by asking if there are things the patient has stopped doing.  Dementias include Alzheimer disease, vascular dementia, Lewy body disease, frontotemporal dementia, AIDS or alcoholism.

· Alzheimer disease (AD) is most commonly late-onset (especially over the age of 80, and very common over 90).  Early onset AD affects people in their 40s-60s and is pretty rare (1% of cases).  Having APO-E4 is a risk factor for AD that is associated with earlier age of onset (having two alleles is even worse than having 1).  
· People with AD don’t think they have a problem with memory or dementia!!!!
· We don’t really know what causes AD, but plaques and tangles are seen pathologically in AD.  Plaques are gum-like collection of extracellular amyloid, often in synapses.  Tangles are intracellular aggregation of tau protein due to abnormal phosphorylation.  Both plaques and tangles cause cell death, inflammation and brain atrophy.  

· With different cleaving of beta-amyloid by beta-secretase, you may get toxic or non-toxic products.  The toxic products lead to plaques/tangles.  

· Vascular disease can play a role in obstructive sleep apnea (OSA), contributing to brain injury and AD.  OSA is associated with silent brain infarcts and increased markers of inflammation.  People with OSA show more platelet activation, higher epinephrine levels, and more severe hypertension.  They also have more vascular disease (MI, stroke, CHF, pulmonary HTN) resulting from a combination of hypercoagulability, chronic hypoxia, inflammation and endothelial injury, and increased sympathetic responses.  
· OSA patients have reduced grey matter and overall more cognitive impairment.  So in these patients you basically get inflammation, vascular disease, diabetes/metabolic syndrome, and AD all contributing to harming the brain and producing cognitive impairment.  It’s unclear if the plaques and tangles of AD are a cause of injury, result of injury, or if they are unrelated to it.  

· Alzheimer disease causes atrophy of the hippocampus and cortical areas.  This can occur together with strokes, in which case it will lead to worse outcomes.  So the combination of AD and stroke is worse (in terms of dementia) than for either alone.  You can have lots of the AD pathology (plaques, tangles, atrophy) with no dementia, or little AD pathology and strokes with lots of dementia.  Basically, if you have lacunar strokes, it takes less AD pathology to manifest clinically as dementia. 
· You don’t even need the actual stroke to be at increased risk for AD.  High cholesterol and hypertension (risk factors for stroke) lead to a higher risk of AD.  Multiple risk factors (heart disease, HTN, smoking, diabetes) can make you 6x more likely to get AD and to get it at an earlier age.  Along the same lines, metabolic syndrome increases the risk of cognitive decline.  

· Following a stroke, patients are also much more likely to get dementia.  Silent brain infarcts also increased the risk of developing dementia (or cognitive decline or decreased psychomotor speed).  So silent brain infarcts are definitely not benign.  Cognitive decline was even faster in patients with white matter lesions.
· To assess AD/dementia patients, you should look at activities of daily living, behavior and cognition (ABCs).  It’s often useful to get a history both from the patient and their family.  

· Activities of daily living include things like keeping appointments, using the phone, getting food, traveling alone (very good sign if present), using appliances, finding belongings, selecting appropriate clothes, grooming, dressing, maintaining hobbies, clearing tables, walking, personal hygiene, etc.

· Behavioral issues in AD are often a challenge for care-givers.  These may include delirium, agitation, apathy, irritability, aggression, disinhibition (hypersexuality, for example) and anxiety.  

· Cognitive issues may be difficulty with simple calculations, getting lost in one’s own neighborhood, an inability to recognize family or friends, or confusion with date or time of day.  These are often minor compared to behavioral problems or impairment in activities of daily living.

· With MCI, you see a very slow decline in scores on a mini-mental.  But, with dementia, there’s a rapid change.  Drugs like beta-blockers, ambien and Benadryl can contribute to this and make it worse.  

· To make a diagnosis, you first need to look for other causes of dementia like renal failure, CHF, drugs, etc.  Then, a history and mini-mental check is done.  Blood work and clock drawing tests may also be informative.  If borderline, referral to a memory clinic may be necessary.  They can do neurocognitive tests and occasionally brain imaging.  AD patients can show hypoactivity in selected areas on PET.  PET with ligands for amyloid show lots of amyloid in AD too (but some people have lots of amyloid and no dementia).  
· Remember that AD is progressive, and patients with more severe AD are increasingly likely to require institutionalization.  

· Meds for AD include cholinesterase inhibitors, and in more severe cases NMDA antagonists (memantine) can be added.  Other psychiatric drugs can also be added (especially for behavioral symptoms), but many have been shown to increase mortality (though the benefits may be worth it).  

· Cholinesterase inhibitors may improve symptoms for the first couple months, but their main goal is to slow the decline.  

· NSAIDs may reduce the risk of developing AD, but there’s no good evidence for it.  Vitamins E and C may also help, as seen in observational studies.  

· Protective factors may include high anti-oxidant diets, regular fish consumption, 1-2 glasses of wine, exercise, leisure activity, and education/cognitive stimulation.  Basically taking good care of your health and your brain will maintain your brain reserves.  

Focal Cognitive Syndromes:

· Cognitive disorders may be in distributed functions (in both hemispheres, like attention, executive function, memory) or localized/unilateral functions (where focal damage to a particular area affects a given function).  To some extent, all cognitive processes are distributed.  
Attention is what allows us to selectively focus on a subset of the available sensory input and thoughts.  This is required for normal cognitive functioning, and if impaired it can mimic memory or language disorders.  Impaired attention is associated with closed head injury, delirium (waxing/waning consciousness or attention), right hemisphere stroke (often spatial attention and neglect, whereas left hemisphere is more language), diffuse brain injury, and dementia.  

· Delirium is often subacute in onset and is a fluctuating level of attention.  You often see confusion and disorientation to place and time (but not person).  Patients may get hallucinations and preservation (repetition of a response to a previous question).  It can be tested with things like digit span/recall and working memory tests.  

· Delirium can occur in normal people when they’re really sick, or dementia patients who are slightly sick.  It’s often the result of systemic or metabolic disease, meds (benzodiazepines, anticholinergics, or polypharmacy), drug/alcohol withdrawal (often manifests with hospitalization) and just in hospitalized elderly people.  

· Focal attention deficits:  Impaired attention may be seen with poor performance on tests like digit span, or also with behavioral clues like fidgeting, restlessness, distraction, or inappropriate behaviors.
· Unilateral spatial neglect:  This is typically associated with R hemisphere lesions.  That patient ignores the left half of space (viewer centered…associated with frontal or parietal lobe lesions that affect the right dorsal stream, which is part of realizing where things are visually), or the left half of individual stimuli on both sides of space (stimulus centered…associated with temporal lobe lesions that affect the ventral stream, which is part of interpreting what things are).  It’s often tested on line-crossing tests or clock-drawing.  
· HIV dementia:  This is a subcortical disease characterized by motor slowing, memory impairment (often can’t think of the right answer to a question, but can identify it if given choices), visuo-contructional impairment, and fluctuating attention (as in all dementias).  Language and other cortical functions are preserved.  

Aphasia is an acquired deficit of language secondary to brain dysfunction.  It’s most commonly a multi-modal disturbance, affecting all modalities of language input/output.  But, it can be modality specific as in pure alexia (only problems with understanding written language), pure agraphia (only a deficit in producing written language), or pure word deafness (impaired understanding of spoken words, but written comprehension is normal).

· Aphasia is a symptom of brain injury, not a disease.  Acute onset aphasia is most commonly due to stroke.  Gradual onset aphasia is commonly due to degenerative disorders like primary progressive aphasia (seen with frontotemporal lobar degeneration) or Creutzfeldt-Jacob disease.  

· Broca’s area is involved with motor articulation and fluent, grammatical speech production.  Wenicke’s area is involved with word comprehension and using appropriate words.  The angular gyrus is associated with reading.  The arcuate fasciculus connects there three.  The basal temporal language area is involved with the meanings of words and identification of objects.  

· Speech disorders are problems in the motor production of language.  In speech disorders, writing, reading and other parts of language are intact.  These include dysarthria (impaired articulation), apraxia of speech (no weakness, but trouble planning/producing speech), dysphonia (change in tone of voice), and stuttering.  Mutism may be behavioral (can speak, but doesn’t) or anarthria (can’t speak).  

· Most (95%) of right-handed people have the majority of language located in the left hemisphere.  The 5% with right-hemisphere language localization can get ‘crossed aphasia.’  70% of left-handed people have language in the left hemisphere.  In them, left vs. right may be related to family history or degree of left-handedness.  Following stroke, some language function may recover if the other side of the brain takes over those functions.  When the left hemisphere recovers function like this, patients tend to have better language functions.
· Global aphasia is characterized by severe impairment of all modalities of language (reading, writing, repetition).  There’s no usable speech or comprehension, but you can get stereotyped, recurrent utterances.  It’s the most severe type of aphasia.  The associated lesions are typically large and take out Broca’s and Wernicke’s areas.  
· Mixed transcortical aphasia is just like global aphasia, but repetition is spared.  Echolalia (repeating what someone else has just said) is usually due to dementia, not stroke.  

· Broca’s aphasia (non-fluent, impaired repetition, intact comprehension) is characterized by effortful speech with poor articulation and sparse output.  It’s often telegraphic, omitting function words and sometimes agrammatic.  Writing is impaired much like speech is.  But, comprehension is relatively preserved, except for syntactically complex sentences.  These patients are often aware of the deficit and it can be very frustrating for them.

· The associated lesion is in the posterior, inferior frontal lone (Brodman’s areas 44, 45) which is supplied by the superior division of the left MCA.  

· Transcortical motor aphasia (non-fluent, repetition is spared).  Basically like Broca’s, except repetition is intact.  

· Wernicke’s aphasia (fluent, impaired repetition, impaired comprehension) is a fluent, paraphasic (substitution of words, sounds) speech.  Patients have normal articulation are rhythm (prosody) to their speech.  But, it’s like word salad, in which the words lack content or they make up words (neologisms).  Auditory comprehension is markedly impaired, as is repetition.  Over-learned phrases may be preserved though.  Patients may have some sense that there’s a problem with communication, but it doesn’t really bother them that much.  
· The associated lesion is in the posterior, superior temporal lobe (Brodman’s area 22), which is supplied by the inferior division of the left MCA.

· Transcortical sensory aphasia (fluent, repetition spared).  Like Wernicke’s, but repetition is spared.  

· Conduction aphasia (fluent, impaired repetition) shows disproportionate difficulty with repetition, due to impaired working memory.  Most other aspects of speech are pretty good.  They have fluent speech, but it may be paraphasic (mispronunciation of words, or using the wrong words).  Comprehension is preserved.  The arcuate fasciculus may be involved, though the evidence for this is poor.  

· The associated lesion is in the left, inferior parietal lobe.

Apraxia is an acquired deficit in purposeful movements that is NOT explained by impaired strength/rate/range/coordination of muscles, sensory loss, poor language comprehension, lack of cooperation or confusion/delirium.  Patients with apraxia rarely recognize their inability to perform skilled movements.  

· Apraxia is associated with stroke, cortical dementia syndromes (fronto-temporal dementia) and cortico-basal degeneration.  

· These patients may be slow to organize movement, sometimes a delayed response, and sometimes they produce the wrong movement.  They know what movement they’re trying to produce, they just can’t do it.  

· Limb apraxia is associated with lesions of the parietal lobe or supplementary motor area, or lesions contralateral to the dominant hand.  Apraxia of speech is associated with anterior lesions, like Broca’s aphasia.  

Agnosia is a disorder of recognition.  It’s not caused by deficits of sensory processing or dysnomia (which is just a problem with naming, not recognition).  Agnosia is often modality specific, so you can’t recognize things via sight or sound or 1 other specific modality.  Visual agnosia is the most commonly studied form, and it’s a dramatic, but pretty rare disorder.
· Visual agnosia may be agnosia to objects, colors, faces (prosopagnosia), etc.  With visual object agnosia, for example, you could describe the features of an object, but not recognize what it is and what it’s for.  With visual associative agnosia, patients may even be able to copy a drawing without recognizing the object.  

· Visual agnosia is associated with stroke (bilateral temporo-occipital or basilar), degenerative conditions (AD, posterior cotical atrophy), trauma, and cardiac arrest.  

Amnesia is a clinical syndrome characterized by memory impairment.  

· Global amnestic syndrome is the most severe form of memory impairment and it includes severe anterograde amnesia (forming new memories) and variable retrograde amnesia (recalling old knowledge).  Other aspects of cognition are preserved, including consciousness, intellect and language, attention, semantic memory (what things are), and procedural/implicit memory.  These patients may learn to do new things, but they may not even realize that they’ve learned them.  

· Etiologies include herpes simplex encephalitis (acyclovir has really reduced this), Korsakoff’s syndrome (from alcohol), iatrogenic (surgical lesions), advanced AD, and hypoxia/ischemia (cardiopulmonary arrest).  

· Herpes simplex encephalitis is an uncommon condition caused by a common virus.  You see a subacute onset of symptoms (severe headache, fever, confusion, memory loss or aphasia depending on if the lesion is on the R or L).  

· Wernicke-Korsakoff syndrome is alcohol associated amnesia.  Acutely, you see Wernicke’s encephalopathy, with eye-movement abnormalities, ataxia and a confused state.  Chronically, you see Korsakoff’s amnesia (anterograde amnesia with disorientation and often confabulation).  This may be related to thiamine (B1) deficiency more than toxic effects of alcohol.  

· You can also get Wernicke-Korsakoff of non-alcoholic origin with malnutrition or GI disease (diet/anorexia, Crohn’s, gastric restrictive surgery), and it often responds to thiamine replacement.  It’s much less common with food fortification, and it’s uncommon in places with lots of alcohol use but good nutrition.  

· Transient Global Amnesia is a benign, acute onset memory loss (mostly anterograde, but sometimes a mild retrograde component).  Patients experience preserved consciousness and self-awareness, and there’s usually a self-limiting course that lasts less than 12 hours.  The etiology is unknown, but it’s likely due to TIA.  These patients often show subtle hippocampal lesions.  

· Memory loss can also occur with general medical conditions like vitamin deficiencies (B12, folate, thiamine), hormonal (thyroid) abnormalities, sleep disorders (apnea), chronic pain, or liver disease.  

· New learning is impaired with attention disorders, delayed recall with hippocampal lesions, retrieval with dementia/execute dysfunction, and working memory with fronto-subcortical disease.  

· Retrograde amnesia in the absence of anterograde amnesia (Hollywood amnesia) doesn’t really happen.  

Anosognosia is an unawareness of one’s illness.  It’s commonly seen with severe forms of diffuse brain injury (like dementia – esp. AD).  It can also be seen with focal right parietal lobe injuries.  

Executive functions like abstract reasoning, problem solving, multi-tasking, motivation, response inhibition and planning are ‘frontal lobe’ functions.  They’re often tough to quantify, but may be detected with a Luria hand-sequencing test.  Patients also often show utilization behavior, where they try to use whatever is in front of them.  

PET and fMRI show that we use most of our brains, in contrast to some popular misperceptions.  

Developmental Disorders in Childhood:
Test Questions:

· Meningoceles are associated with malformation in neural tube closure.  Holoprosencephaly is with malformation in segmentation/diverticulation.  Anencephaly with neural tube closure.  Lisencephaly with neuronal migration.  

· A patient with a posterior lumbosacral meningomyelocele has an Arnold-Chiari malformation, bowel and bladder dysfunction, paralysis of leg flexor muscles, but NOT normal amniotic fluid alphafetoprotein (it should be elevated).

· Storages diseases may be divided into those that affect gray matter and those that affect white matter (primarily).  Ataxia is an early gray matter sign.  Seizure is an early gray matter sign.  A retinal cherry red spot is an early matter sign.  Spasticity is an early white matter sign.  
Lecture Material:

· Alterations in structural development result in alterations in function (mental retardation, cerebral palsy, autism, etc).  This is quite important, as mental retardation alone affects 3% of kids.  
· The relevant stages of development we’ll discuss include induction, neurulation and cell proliferation/migration.  

· Neurulation:  In neurulation, you get an infolding above the notochord that pinches off to form the neural tube.  Initially it’s open at both ends, but over time this closes.  Neural tube defects occur when the neural tube fails to close dorsally.  If closure is defective, you can get overlying skeletal defects, as well as chemical and mechanical trauma.  There’s a wide range of defects that can result, but 1 in 1000 pregnancies is affected.  

· Anencephaly results from anterior neural tube defects.  It is incompatible with life, and you see brain/skeletal/skin defects (although facial features are intact).  

· Encaphaloceles are cranial outpouchings, with the majority being occipital.  Anterior encephaloceles have better prognosis.  They are associated with micocephaly, mental retardation, visual problems and hydrocephalus.  

· A caudal neural tube defect can result in spina bifida.  This can manifest as spina bifida occulta, where there’s no opening of the back.  But, there is a failure of vertebrae to fuse posteriorly.  Where this occurs, you can see things like a hairy patch, a lipoma that causes a dimple in the skin, or a tethered cord.
· Caudal neural tube defects (spina bifida) can also cause a meningocele, where the spinal cord itself is fine but the meninges form an outpouching through a vertebrae that has failed to close.  

· Caudal neural tube defects (spina bifida) can also cause a myelomeningocele, where the spinal cord neural elements also bulge out.  

· Neural tube defects may have a genetic component, and there’s definitely some environmental role (folate, infants of insulin-dependent moms, valproate exposure).  But most cases don’t show a clear cause or family history. 
· Folate deficiency contributes, and nutritional factors may explain the higher incidence in lower SES populations.  Supplementing folic acid reduces the incidence of neural tube defects, so all women capable of becoming pregnant should take .4 mg folate daily.  Because this can be difficult in people unaware of recommendations or with unplanned pregnancy, there’s been a push to fortify foods, and there’s been a resulting decrease in spina bifida and other neural tube defects (NTDs).  

· NTDs can be detected prenatally.  Alpha-fetoprotein (AFP) is secreted by the fetal liver, so when there’s compromise of the baby’s skin as in spina bifida, levels in the child and mother will increase.  Seeing increased maternal serum AFP or amniotic fluid AFP is one marker.  Ultrasound may also show these defects or markers (like an elongated skull).  

· With spinal cord lesions, you get impairment at a given level.  You can see motor weakness, a lack of sensation and loss of bowel and bladder control (because these are controlled in the lumbo-sacral spinal cord).  

· Spina bifida can cause Arnold-Chiari malformations that obstruct CSF flow and lead to hydrocephalus.  The spinal cord and cerebellum get pulled down, which obstructs CSF flow and pulls on axons that have yet to be myelinated.  

· Spina bifida is associated with cognitive impairment, scoliosis, clubfeet, urologic infections/stones, renal failure, and pressure ulcers and osteomyelitis due to lack of sensation and mobility.  

· Segmentation and Diverticulation of the Neural Tube:  This is the process in which the brain divides into the tel/di/mes/met/myelencephalon and forms outpouchings for the hemispheres, eyes and ventricles.  

· Defects can lead to holoprosencephaly (incomplete midline cleavage of the developing forebrain), varying amounts of lobar segmentation (alobar, semilobar, lobar), facial anomalies, and endocrine abnormalities.  

· Holoprosencephaly can be due to chromosomal or genetic (sonic hedgehog, etc) abnormalities.  If you have one child with HPE, the recurrence risk is 6-10% in the next.  
· Neuronal proliferation and migration:  

· Microcephaly vera is a disorder of proliferation.  It’s present at birth and shows pretty normal early development.  But you start to see variable mental retardation, a sloping forehead and prominent ears.  There is an overall decrease in the number of neurons.  It’s due to autosomal recessive mutations in MCPH genes, many of which affect cell division
· Neurons migrate to their final locations along the ventricular structures and along fibers of radial glial cells.  Lissencephaly (smooth brain or agyria/pachygyria) is the absence of gyration on the cortical surface resulting from failure of appropriate neuronal migration.  There are multiple types, including Miller-Dieker Syndrome, isolated loss of Lis1, and X-linked doublecortin.  You see a smooth brain, with abnormalities in the cortex, olives, etc.  
· With Doublecortin, because it’s X-linked you see smooth brains in males, but because of x-inactivation you get bands of heterotopia and often seizure disorder in females.  

· Pediatric neurodevelopmental disorders include cerebral palsy, mental retardation, autism, and epilepsy syndromes.  

· Cerebral palsy is abnormal control of movement and posture.  Voluntary movements become limited, stereotypic and uncoordinated.  The term ‘cerebral palsy’ doesn’t imply a cause, it only describes the motor difficulties.  If affects 1.5-2.5 births per thousand, more commonly in premature, low birth weight, and twin pregnancies.  

· CP is a non-progressive abnormality of the developing brain.  Both prenatal and postnatal events can contribute, and CP may coexist with other manifestations of brain injury (mental retardation, seizure, autism, vision/hearing abnormalities).  

· Motor dysfunctions like CP can be spastic (hemiplegic, diplegic, quadriplegic…these are the most common), dyskinetic (extrapyramidal or choreathertoid), ataxic or mixed.  
· Periventricular Leukomalacia can damage tracts that will become myelinated, resulting in spastic diplegia (symmetrical paralysis).  

· Injury to the basal ganglia from hypoxic/ischemic encephalopathy, infection or kernicterus (injury from hyperbilirubinemia) can cause lots of adventitious movements.  

· Pediatric neurodegenerative disorders are characterized by the loss of previously acquired skills, in contrast with things like mental retardation, CP and autism where they may have never had them.  These are quite common, and they are a large, heterogeneous group.  They include lysosomal storage disorders, mitochondrial/peroxisomal disorders, copper metabolism abnormalities, amino/organic acid problems, vascular disease, etc.  

· Lysosomal storage disorders aren’t a really big public health menace, and things like Tay Sachs and metachromatic leukodystrophy are among the more common.

· These may be tough to distinguish, because assessing progressive vs. static diseases can be difficult early in the course.  There are also tons of these disorders, and findings don’t appear all at once.

· Degenerative diseases may be classified as ones that affect gray matter, and those that affect white matter.  Gray matter early signs include delayed psychomotor development, intellectual deterioration, seizures, retinal involvement and ataxia.  White matter early signs include spasticity, Babinski signs, hyper-reflexia, optic atrophy, and ataxia.  

· Tay Sachs is typified by kids being normal at birth, but perhaps showing exaggerated startle to sounds.  At about 6 months, they show deterioration of motor abilities (hypotonia, spasticity, seizure, blindness, pendular nystagmus, cherry red spot over the macula due to cell death there).  Later, they may show megalencephaly.  Ashkenazi Jews and French Canadians are particularly at risk.  

· Tay Sachs is due to an accumulation of GM2 gangliosides in neurons (so it’s a gray matter disease).  Lysosomes fail to break down the gangliosides, because they lack hexosaminidase A for breaking down the alpha-beta subunits of gangliosides.  

· Carrier detection, prenatal diagnosis and symptomatic treatment are different approaches to the disease, with the first two really only being applicable in populations known to be at risk. 

· Metachromatic Leukodystrophy is a progressive demyelinating disease (white matter disease).  It’s due to a defect in arylsulfatase A, and it may present in infants or adults.  They show spasticity, ataxia, vision loss, areflexia, etc.  So kids first look clumsy and unsteady, then they progress to seizure, lack of eating, vision loss, etc.  As the myelin is destroyed, death usually occurs within a couple years of the onset of symptoms.  Treatment may include bone marrow transplant, symptomatic therapy, and maybe in the future, gene therapy or stem cells.  
Posterior Segment of the Eye:

· The posterior eye includes the virteous and the retina.  The inner retina gets its blood supply from the central retinal artery.  The outer retina gets its blood supply from the choriocapillaris (just outside of the retina pigment epithelium).  

· Most basically, the common causes of severe vision loss resulting from pathology of the posterior segment are diabetic retinopathy (affects inner retinal capillaries) and age-related macular degeneration (affects outer retinal basement membrane).  

Diabetic Retinopathy:
· About 8000 people become blind annually from diabetic retinopathy, most of which are preventable.  Vision loss can be prevented by intensive blood sugar control to prevent the retinal pathology or laser photocoagulation to prevent damage from the pathology.  

· In diabetes, vision loss is a late symptom, and there are lots of pathological changes before the patient experiences visual symptoms.  So screening and treating before this is key.

· High blood sugar levels affect retinal capillaries (mechanisms unknown) resulting in the loss of pericytes (cells that support the capillary endothelium) and thickening of the basement membrane of endothelial cells.  The pathologic consequences of this are leakage of blood vessels (due to pericyte loss) and closure of retinal capillaries (due to BM thickening).  

· The consequence of loss of pericytes and leakage of capillaries is macular edema.  You see a thickening of the macula due to intercellular fluid accumulation in the retina.  Fluid leaks from microaneurysms and telangiectasia (dilation and tortuosity of pre-existing capillaries).  These consequences are particularly bad if they occur in the macula where high acuity vision occurs.  

· This can be detected by injecting fluorescein into veins and visualizing the circulation in the retina.  You can pretty clearly see microaneurysms associated with leaky vessels and later in the process you can see leaked fluorescein.  
· If the retina is distorted/swollen for a long time due to fluid leakage, you can get structural damage and atrophy.  Lipids can also precipitate from the lipoproteins that leak out, causing damage and leading to scarring. 
· Chronic edema is associated with loss of retina tissue (atrophy or scar) and subsequent vision loss.  Focal laser photocoagulation to reduce leakage can reduce the risk of vision loss by 50%.  This isn’t great, but it’s better than nothing.  

· The consequence of thickening of the basement membrane and closure of retinal capillaries is retina ischemia.  Closure of retinal capillaries can lead to extensive hemorrhage and microaneurysms, venous bleeding (veins look like sausage links), and/or intraretinal microvascular abnormalities (IRMA).  IRMA is detected by seeing more than 3 branchings of the arteries.  This is due to new vessels proliferating in the substance of the retina.  

· Retinal ischemia then leads to retinal neovascularization, and new vessels grow on the surface of the retina.  There’s a 50% risk per year of retinal neovascularization, which may affect the optic disc (NVD) or elsewhere (NVE).  With the neovascularization of the surface of the retina, you get fibrous tissue deposition that leads to a traction detachment of the retina (the retina gets pulled off of the back of the eye).  These vessels can also bleed into the vitreous (vitreous hemorrhage) and impair vision.  In these caess, you lose vision pretty quickly, and if the macula is affected you can lose fine vision.  
· Some vision loss can occur from retinal ischemia (from capillary closure), but this usually isn’t that extensive.  

· Laser photocoagulation scattered to the retina outside the macula can reduce risk of vision loss from neovascularization by 50%.  This reduces VEGF production and limits neovascularization.
Age-Related Macular Degeneration:

· This condition is very common.  In AMD, the basement membrane thickens (for unknown reasons) and extensive drusen (yellow spots that may get calcific deposits) become apparent.  The basement membrane is outside the photoreceptor layer, so often doesn’t affect vision much early in the disease.

· Geographic atrophy form (contiguous atrophy):  In advanced disease, the basement membrane thickening can become associated with atrophy of the retinal pigment epithelium and loss of photoreceptors and vision.  This is only responsible for about 10% of vision loss.  

· Choroidal neovascularization form:  New abnormal blood vessels can proliferate in the choroid and penetrate the basement membrane in the setting of extensive drusen.  There, they can bleed, lead fluid or lead to scarring.  Unlike blood and fluid which can be reversible, scarring can result in permanent loss of central vision.  Together, these cause 90% of the vision loss seen in age-related macular degeneration.  
· For some reason the basement membrane thickening only affects the macula.  If one eye goes bad, you might not notice it, so it’s helpful to have patients check vision in each eye independently.  Also, if one eye is affected, it’s very likely that the second eye will become involved.  When both are impaired, it has a big impact on quality of life.  

· Patients with advanced AMD typically have difficulty with visual tasks like reading, telling time, recognizing faces and driving.  AMD can have a very big influence on quality of life.  

· Treatment AMD includes antioxidants (vitamins C, E and beta-carotene) and zinc, which can decrease the rates of progression from just having drusen to symptomatic AMD.  

· The symptoms of choroidal neovascularization in AMD include reduced central vision, central scotoma, distortion, decreased contrast sensitivity and decreased color vision.  If you detect these, promptly contact an ophthalmologist who can manage choroidal neovascularization (CNV).  
· Fluorescein angiography can help image CNV.  If under the center of the retina, consider ranibizumab (anti-VEGF) injections to reduce the risk of additional vision loss and increase the likelihood of improvement.  VEGF is also a permeability factor, so anti-VEGF can reduce fluid leak too.  People with drusen need to be caught early, because treatment can make a big difference.  

· Treatment with laser to the non-central CNV can prevent the neovascularization from expanding to the macula if it’s not there yet.  

Anterior Segment of the Eye:

· Cataract is the most common cause of severe visual impairment in the world.
· Open angle glaucoma is an optic neuropathy with insidious onset characterized by loss of peripheral vision due to retinal ganglion cell death.  Risk factors include age, family hx, and sub-Saharan African ancestry.  Screening is very important.  

· Angle closure glaucoma is an optic neuropathy with more rapid onset, resulting from anatomic predisposition to blockage of the angle.  Risk factors include small eyes, age, female gender, and Asian ancestry.

Cataracts:

· The lens helps focus vision.  Presbyopia is the loss of accommodative power that occurs with age in 100% of the population (lens hardens and muscles/fibers don’t get any stronger).  Cataracts are clouding of the lens.  Cataracts are the most common reversible cause of blindness in the world.  

· The lens is supported by zonules attached to the ciliary body.  It has a crystalline structure of water and soluble crystalline protein with some insoluble albuminoids.  It becomes increasingly yellow-brown with age.  

· In development, the lens is surrounded by vessels (tunica vasculosa lentis), and these normally atrophy by birth so that the adult lens is avascular.  The aqueous humor supplies it, and its metabolism is largely anaerobic.  In some abnormal developmental situations, the fetals vasculature around the lens can persist, leading to profound maldevelopment of the eye.  
· Cataracts are a clouding of the normally clear lens.  Surgical treatment is highly successful and is the most commonly performed operation in the US medicare population.  Cataract can be present without impairing vision, in which case surgery may not be indicated.  

· Risk factors for cataracts include age, uveitis, UV light exposure, radiation, smoking, alcohol, diabetes, prolonged steroid treatment, and genetic factors.  

· Congenital cataracts are among the possible causes of Leukocoria (a white pupil).  But, many other important things cause leukocoria, like ocular toxocara/toxoplasmosis, retinopathy of prematurity, or retinoblastoma.  Posterior polar cataract is a congenital opacity of the lens with a dense white posterior capsule.  The opacity may extend into the posterior cortex of the lens.  

· To detect a cataract, you can dilate the pupil and maybe see a darker area on a lens.  Symptoms include blurred vision, increased myopia (or decreased hyperopia), glare, sensitivity to light, decreased night vision, and difficulty reading.  
· Cataracts may be nuclear, cortical (look like spokes peripherally), posterior subcapsular, or anterior subcapsular, depending on their position in the lens.  They’re all associated with age, diabetes, and radiation.

· Nuclear sclerosis is the most common type of cataract, and it’s associated with drugs, trauma, congenital syndromes (Down), ocular ischemia, and ocular disease.  

· Cortical cataracts are associated with congenital syndromes (Down, myotonic dystrophy), inflammatory disease (eczema, atopic dermatitis), and hypocalcemia.

· Posterior subcapsular cataracts are associated with electric shock, vitreoretinal surgery, drugs (steroids, anti-metabolites, hydroxychloroquine), and trauma.

· Anterior capsule cataracts can be associated with treatment with amiodarone, gold, phenothiazine or miotic agents.  

· No pharmacologic therapy has been shown to prevent or retard cataract development.  Non-surgical treatment would have enormous implications in reducing blindness worldwide.  

· Cataract surgery is the most common operation in the world, and it’s highly successful.  Indications are cataracts that never cause pain/redness/discharge/external symptoms, but decreased vision that has affected activity and quality of life.  Surgery may also be indicated if it prevents you from seeing a retina and compromises patient care in a diabetic, if they cause increased IOP, or if they cause strabismus (crossed eyes).  The surgery is based on functional impairment, not appearance or visual acuity.   

· After surgery where the lens is removed, focusing power is replaced with intraocular lenses (most commonly) placed in the natural lens’ capsule.  The lens often has haptic parts to hold it in place, and optic parts for focusing.  Surgery may be intracapsular (remove the whole lens), extracapsular (deliver the lens nucleus), or phacoemulsification (emulsify the nucleus via ultrasound, remove it and replace it).  There is no laser surgery for lenses.  

· Post-op care is just to shield and patch them overnight, treat with drops and resume normal activity in a week.  Vision may be blurred for a while.  In some cases (~20%), the capsule behind the lens may become opaque (the anterior capsule is often removed completely) and require laser capsulotomy.  

Open-Angle Glaucoma (OAG):

· OAG is an optic nerve disease characterized by excavation in the optic nerve head and a loss of visual function in side vision (due to retinal ganglion cell death).  This is not necessarily due to increased IOP.  
· Initially, open-angle glaucoma is asymptomatic (no pain, redness, glare or decreased central vision).  OAG reduces peripheral vision, but early in the disease patients are asymptomatic.  Computerized visual fields and stereoscopic analysis of the optic discs (looking for increased IOP) are the best ways to screen.  High risk patients (African Americans over 60 with a positive family history) should be evaluated annually.  
· OAG affects 1-2% of white people over 40, and it’s 3-4 times more common in blacks.  Risk factors for open-angle glaucoma include elevated IOP, age, family hx and African descent.  A thin cornea is also a risk factor for OAG, and it can yield falsely low measurements of IOP.  Steroid eye drop treatment is also a risk factor, particularly in kids.  

· OAG can be due to increased intraocular pressure, poor vascular supply to the optic nerve, defective CT support at the nerve head, or premature apoptotic retinal ganglion cell death.  The pathophysiology includes irreversible loss (thinning) of the retinal nerve fiber layer, irreversible loss of retinal ganglion cells, morphologic changes in the optic nerve, and morphologic changes in the nerve fiber layer.  
· To assess, look at the cup to disc ratio and the height of the cup.  Glaucoma is suggested when the cup to disc ratio is different by 0.2 or more between the eyes.  
· The evaluation for glaucoma includes IOP measurement, gonioscopy to look at the anterior chamber angle, pachymetry to measure corneal thickness, ophthalmoscopy to look at the optic nerve, visual field examination, and optical coherence tomography (measures nerve fiber layer thickness).  

· Early glaucoma damage often shows decreased visual field sensitivity in the nasal area just above the middle of the visual field.  With moderate damage, this impairment spreads through the lower nasal visual field.  Severe glaucoma damage spreads everywhere except the center (this is involved last) and far temporal field.  If you see a visual field with general loss, but also some focal visual field impairment, it may be due to glaucoma with cataracts. 

· Increased IOP is an important risk factor for open angle glaucoma, but it’s not required.  Lowering pressure is clinically protective in trials.  20% of glaucoma cases have normal pressure in their eyes.  
· Pharmacologic therapy for OAG includes beta blockers, carbonic anhydrase inhibitors, alpha2 agonists, prostaglandin analogs, and pilocarpine.  Non-pharmacologic treatment includes laser treatment to open/stretch/drain aqueous (trabeculoplasty), or surgery to create a new way for fluid to drain (since OAG is often due to closed canals of Schlemm).  

Angle-Closure Glaucoma (ACG):

· ACG is an acute or chronic blockage of aqueous humor movement out of the trabecular meshwork by the iris.  It’s most often caused by prevention of aqueous passage through the pupil from the posterior chamber to the anterior chamber.  Higher than normal eye pressure is associated with damage to the optic nerve and loss of side vision similar to OAG.  

· Angle-closure glaucoma is associated with a rapid onset of symptoms including pain, redness, light sensitivity, headache, nausea and blurred vision.  

· ACG is not that common (0.1% of the US population) and is uncommon in African Americans.  It’s more common in Inuit and Chinese populations (smaller eyes).  In smaller eyes, there’s a tendency for the anterior ocular structures to press themselves forward in the eye.  This intensifies the block of aqueous at the pupil, causing the iris to bow forward and obstruct the outflow of the aqueous humor.  This can be detected by shining a light across the iris, and if it’s bowed it’ll cast a shadow on the far side.  
· 20% of ACG cases are acute onset, whereas 80% are chronic onset like open angle.  Risk factors include small eyes, old age, female gender, ethnicity, pharmacologic (sympathomimetics – common in OTC cold preparations – cause partial pupillary dilation and increase lens-iris contact), and family history.  Sympathomimetics and anti-cholinergics are contraindicated in patients at risk for narrow angle glaucoma (ACG) but not open-angle glaucoma.  

· Medical treatment includes pilocarpine to pull the peripheral iris away from the trabecular meshwork where fluid drains, as well as suppressants of aqueous production.  

· Definitive therapy includes emergent laser iridotomy, and possibly prophylactic iridotomy in the other eye (40-80% risk of getting it in the other eye in 5-10 years if you already have it in 1 eye).  
· When the iris has pressed against the trabecular meshwork (where fluid drains) for some time, it can scar and form a permanent adhesion (peripheral anterior synechiae).  This can be seen via gonioscopy.  The aim of early treatment with iridotomy is to avoid these permanent effects.  
Corena: 

· A tear film coats the cornea and provides nutrition to the anterior cornea.  There’s a lipid layer from the oil glands, aqueous layer from the lacrimal glands, and mucous layer from the goblet cells in the conjunctiva.  

· The cornea is transparent and avascular.  It is 500-600 microns thick, and it has 5 layers.  There is an endothelial ‘waterproof’ layer that is 1 cell thick, which helps keep the cornea clear.  The endothelial cell density (lateral density) decreases with time, so as you lose cells the other spread out to fill in the gaps.  If you lose enough, the cornea can start to absorb fluid and you may need a corneal transplant. 

· Indications for corneal transplant include loss of corneal integrity, opacification, abnormal curvature, infectious keratitis, or graft failure.  Transplants must be from donors, though they don’t need to be matched.  Factors like host vascularity, integrity of tear film, adequacy of lid closure, and patient compliance affect success rates.  

· Refractive surgery can be done to correct refractive errors and eliminate the need for contacts or glasses.  Surgical techniques include excimer laser and intraocular lenses.  Myopia is nearsightedness (too much focusing power), hyperopia is farsightedness (too little focusing power), astigmatism is a non-uniform curvature that produces blurry vision and presbyopia is the age related hardening of the lens that impairs accommodation.  
· Laser treatment is approved for correction of pretty severe myopia and moderate hyperopia (it’s better at flattening the cornea than making it more curved).  

· Surgical uses of the excimer laser include photorefractive keratectomy (PRK - surface ablation), LASEK (laser subepithelial keratomileusis) and LASIK (laser assisted intrastromal keratomileusis).  LASEK and LASIK involve the cutting of a flap of cornea so you can access and treat the corneal stroma.   Surface ablation alone without the flap was much more uncomfortable.  

The Orbit:

· The orbit is made of seven bones:  Zygoma, sphenoid, frontal, lacrimal, maxillary, ethmoid and palatine.

· The lateral wall is made of the zygoma and greater wing of the sphenoid.  There’s not much there that can be damaged in surgery, so it’s a common way to access the orbit.  The sutures between bones are commonly used as landmarks, and are good places to enter because they are weaker.  

· The roof of the orbit is made of the frontal bone and the lesser wing of the sphenoid.  There are many things in this area that can be damaged, including the lacrimal gland, trochlea, superior oblique, supraorbital nerve and the brain.  

· The medial wall of the orbit is made of the maxillary, lacrimal, ethmoid and lesser wing of the sphenoid bone.  The optic nerve runs through the lesser wing of the sphenoid, and the lacrimal gland and ethmoidal arteries (from the orbit into the ethmoid bone/sinuses) are here.  The ethmoidal arteries are good anatomic landmarks.  
· The floor of the orbit is made of the maxillary, zygoma, and palatine bones.  The intraorbital nerve and inferior oblique muscle are located here.  

· Lots of nerves are present in the orbit, including many sensory nerves (supra and infra-orbital nerves) and the optic nerve in the ring of muscles that comes out of the posterior orbit.  The extraocular muscles are present here as well.  Also, there are lots of blood vessels here, from both the ECA and ICA.  This is good so that stuff generally heals well in this area.  

· The lacrimal system includes the lacrimal glands (superolateral in the orbit) where tears are made, and the lacrimal sac and duct which drain from the eye into the nose.  

· The orbital septum is the last line of defense in the eye.  It is a layer of tough CT that is continuous with the periosteum of the bones of the orbit.  It divides the orbit from the outside world.  

Infectious processes:  

· Preseptal cellulitis is an infection of the skin of the eyelids and the periorbital tissues anterior to the orbital septum.  The globe is uninvolved, so vision, pupils, and color vision are normal.  There’s also no pain with eye movement.  Infections are common from styes, bug bites, trauma or Staph in adults.  In kids, they’re common from sinus disease, Staph or Strep.  So, kids should be treated aggressively and admitted for IV antibiotics so that the infection from the sinuses doesn’t get out of hand.

· Orbital cellulitis is infection posterior to the orbital septum.  The globe is involved, and you’ll see inflamed conjunctiva, affected vision/pupils, and sometime proptosis (esp. in kids).  Patients get pain with eye movement.  Here, the source of infection is usually the sinuses.  CT with contrast can help look for sinusitis and possible orbital abscesses.  Patients should be admitted for IV abx and regular ophthalmic exams.  Surgery may be necessary for abscesses.  

· If you see a swollen eye, you need to open it and look at it.  

Inflammatory processes:

· Thyroid eye disease (TED) is an autoimmune inflammatory disorder.  Of patients with TED, most have Graves’ hyperthyroidism, and a few have Hashimoto’s.  But, only 30% of patients with Graves’ will develop TED.  The pathognomonic sign is lid retraction (lower and upper lids).  Other signs include proptosis, restrictive ophthalmopathy, chemosis, lid swelling, and optic neuropathy.  It’s the most common cause of proptosis in adults.  If fulminant, there can be lots of redness, swelling, pain, etc.  If there’s lots of inflammation, it should be treated aggressively and it may be necessary to open up the orbit to provide more room to accommodate the inflammation.  Diagnosis is often aided by ultrasound.

On imaging you tend to see large muscle bellies, with normal sized insertions.  A typical pattern is for the inferior rectus to be affected first, then the medial, then superior, and rarely the lateral rectus.  Treatment includes orbital decompression, strabismus surgery to realign eyes, and even eyelid surgery.  Endocrine management must be stable for 6 months before surgery, unless there’s lots of inflammation or its rapidly progressive (then you give steroid, decompress, etc).  Decompression is done if there’s compressive optic neuropathy, globe subluxation, lagophthalmos and corneal exposure or cosmetics.  

· Idiopathic orbital inflammation also occurs due to unknown causes.  It can affect all structures of the orbit, most commonly the lacrimal gland.  Its hallmark is sudden onset pain, particularly with eye movement. Other signs include restrictive ophthalmopathy, chemosis (swollen conjunctiva), lid swelling and proptosis.  Ultrasound is helpful in distinguishing this from TED (in idiopathic inflammation, both muscle bellies and tendons are thickened).  

Idiopathic orbital inflammation is best treated by steroids.  These should be tapered slowly, since the disease may rebound with steroid withdrawal.  Biopsy may be necessary for cases that are unresponsive to steroids.  Bilateral processes may raise concern for an underlying vasculitis.  If steroids are contraindicated, treatment may require poisons like methotrexate, cyclophosphamide or radiation.
Tumors:
· Cavernous hemangiomas are the most common benign orbital tumors in adults.  They are tumors in the large cavernous spaces filled with blood.  The lesion is usually intraconal (inside the muscle cone) and can cause optic nerve compression.  It’s diagnosed by CT showing homogenously enhancing, well-encapsulated lesions.  They’re usually slow to progress, so they can be followed until they begin to impact vision of cause proptosis.  Once the lesion is removed, the patients do well.

· Orbital lymphoma is pretty rare overall, but represents 20% of orbital malignancies in adults.  It presents as a slowly progressive, painless mass, classically with a salmon-patch lesion (big orange lesion bulging out of the eye from the conjunctiva).  It’s most commonly in the lacrimal fossa, but can occur anywhere.  MALT is the most common type of orbital lymphoma.  The rate of systemic disease at 10 years is 50%.  The gold standard treatment is radiation therapy.  Doxycycline, monoclonal ab therapy, and chemo are other treatments.  
· Due to involvement of the lacrimal fossa, you often see bilateral lacrimal gland enlargement, which may require removal of the glands.  

· Dermoid tumors grow where bones fuse (ex: frontozygomatic suture), and they are the most common benign pediatric orbital tumor.  They are filled with keratin and dermal appendages (hair, sebaceous glands).  These tumors present as slowly enlarging, palpable, smooth, painless masses.  Sometimes deeper tumors can present later in life.  If the contents of the tumor leak out, they can cause severe inflammation and pain.  With surgical removal, keeping the capsule intact and reducing inflammation is key.

· Rhabdomyosarcoma is not actually related to trauma, but it’s the most common malignant pediatric orbital tumor.  It typically presents around 8-10 years old.  The classic picture is a history of trauma with rapid growth of a mass and unilateral proptosis.  It can show bruising, swelling or ptosis.  Workup should include imaging, particularly CT for looking for bony erosions indicative of malignant lesions.  Biopsy is needed to make the diagnosis.  Treatment is with chemo and radiation, not surgery.  Prognosis is good if it’s within the orbit.  

Refractive Surgery Discussion:

· LASIK ablates the corneal stroma beneath a flap to change refraction.  PRK (photorefractive keratectomy) ablates the corneal stroma without a flap (more painful) to change refraction.  PTK (phototherapeutic keratectomy) ablates scarred corneal stroma without a flap.  

· A big benefit is laser treatment is that it’s non-thermal and doesn’t leave scars around the edges of the burn.  

· Based on the thickness of a cornea, you’ll only ablate a certain amount.  For myopia, you flatten the cornea.  For hyperopia, you remove a donut-shaped ring to make the cornea more round.  

· Exclusion criteria include being under 21, having unstable vision, pregnancy/nursing, keratoconus, accutane/amiodarone, active autoimmunity/collagen vascular disease, diabetes, ocular pathology (glaucoma, herpes, dry eye, lid disease, corneal scar, thin cornea).  

· After surgery you treat with steroids, abx and artificial tears.  Enhancement surgery may be needed in about 5% of cases.  

· LASIK won’t prevent age-related loss of accommodation.  So some people will chose to be left a little near-sighted to help with this (even keeping 1 eye like this can help a lot).  

What Is Aging and Why Do We Do It?

· Aging resembles being sedentary in that you get a decrease in bone mass, muscle strength, cardiovascular reserve, and worse glucose/lipid profiles.  But, there’s a lot more to it.

· Aging is heavily confounded by disease, and it’s a powerful risk factor for vascular disease, cancers and death.  It’s tough to study how these things interact and what the effects of just aging are.  

· Normal is a difficult term to apply here.  It can refer to the average for a population or to what occurs in the absence of disease.  These are very different in older populations.  A heart changes with age to become stiffer and have frayed valves, but it remains highly functional.  

· There are confounding features in both cross-sectional (differences among generations) and longitudinal (changes with periods in time) studies.  In general, you see a decline in cardiac function, GFR, vital capacity, etc. with age.  

· Different theories attribute these changes to programmed effects (to make room for younger, more productive generations) or just accumulation of errors. 

· Alzheimer noted cognitive impairment and dementia occurring in people in their early 50s, which contrasted with his observations of senility.  This helped establish that cognitive impairment isn’t a normal part of aging. Other things we associate with aging like frailty may have components of disease like this that we have yet to appreciate.  

· Time is lethal, and species have a limited life span (even with caloric restriction, etc).  The death rates in relation to age show that time has a dose-response curve that looks just like a toxic drug.  The chance of dying (even under stressful situations) increases logarithmically with age.  

· With the demographics of the current population, most specialties in medicine will be dealing primarily with elderly patients.  Older people in good health often have much longer life expectancies than we’d guess.  Preservation of activities of daily living (eat, bathe, dress, toilet, transport oneself) has a big effect on survival.  

· Remember that elderly patients are more likely to die soon, depend on others, be chronically ill, be harmed by medical intervention and be under-represented in clinical trials.  They are the most vulnerable patients we’ll care for, and it takes good judgment to treat them well.

· The elderly have decreased homeostatic reserve, even if they look normal at baseline.   It usually takes less stress (meds, etc) to provoke an adverse event.

Pearls for Caring for Older Patients:

· The hospital gown adds 10 years.  People exist outside of the hospital, and they may be much better off at home than they appear when they’re with you.  Additionally, remember that hospitals can be a threat to patient well being (infection, stress, etc).  

· Occam’s razor gets dull with age.  Medical models apply to less than half of older adults with presenting symptoms.  Alternate models of synergistic factors may be more applicable.

· Older people also tend to have muted or atypical presentations.  You can see depression without sadness, MI without angina, infection without fever, etc.  Also, pretty much anything can cause delirium, falls and fatigue.  So these minor symptoms may be quite serious.  

· These patients are quite heterogeneous.  Goals of care should be patient centered, trying to determine which diseases/symptoms to focus on rather than manage every abnormality according to guidelines.  Older patients are increasingly vulnerable to over and under treatment.  

· The stress of hospitalization can exhaust an old person’s low reserves.  Many patients may have their acute medical condition cured, but may leave the hospital more disabled from confusion/weakness/DVT/decubitus ulcer/infection/injury/etc.  Many patients won’t recover the functions they lose while in the hospital.  

· Delirium, immobility, falls and infections are hazards more commonly seen in elderly patients.  
· Delirium is characterized by acute onset fluctuating symptoms including inattention, along with either disorganized thinking or altered level of consciousness.  Its pathophysiology is poorly understood.  6-56% of hospitalized older adults will experience delirium.  Patients with visual impairment, severe illness or cognitive impairment are vulnerable, and precipitating factors like restraints (catheters, IV poles), dehydration, meds or infections may push them over the edge.  Delirium can lead to functional decline (often cognitive function doesn’t return to baseline), dementia, falls/injuries, and even death.  Med students often have the most time on the wards to observe/assess delirium.
· Meds are involved implicated in 40% of delirium cases.  Most commonly medications with psychoactive effects are the problem, including sedative/hypnotics (benzodiazepines, sleeping meds), narcotics (Demerol is particularly bad), antihistamines, heterocyclic antidepressants, neuroleptics, digoxin and NSAIDs.  The problem may also be polypharmacy.  
· Facilitating sensory input (getting the patient their glasses or hearing aid) can make a big difference in preventing delirium.  Other strategies to recognize and prevent it include knowing the patient’s baseline and rechecking it daily with the same test, paying attention to drugs that may not be necessary, monitoring pain control, frequent reorientation, sleep at night and activity during the day, minimize room transfer, and have family around.  

· Deconditioning is probably the most common complication of hospitalization, largely resulting from bedrest.  72% of hospital patients don’t ambulate at all, and low mobility can be pretty harmful.  The efficacy of bedrest hasn’t been proven, and if anything patients seem to do worse when this is ordered.  So patients should really get out of bed and move around.  You can lose as much as 5% of your strength per day and .9% of bone mass per week.  Leg strength goes particularly fast.  
· Prolonged recumbency combined with the decreased baroreceptor activity in the elderly can lead to frequent falls in the elderly, particularly when they stand up.  Many result in injuries.  To prevent falls, assess environmental hazards, provide appropriate assistive devices, avoid deconditioning, avoid delirium, avoid restraints (like a Foley catheter), and don’t encourage elimination at night.  
· The most common places for pressure sores are over bony prominences, so it’s important to look there and catch them early.  

· UTIs are probably the most common acquired infection in the hospital, mostly occurring secondary to catheters being present for over 72 hours.  Wound infections and pneumonia are the next most common.  Prevent pneumonia by encouraging deep breathing, getting out of bed and avoiding H2 blockers or oversedation.  More people die of hospital acquired infections than auto accidents or homicide combined.  

· The main indications for catheter use are inability to void, incontinence w/ open wounds that need protection or terminal illness, need to monitor urine output and patient can’t comply, and after anesthesia.  Catheters should not be used for incontinence alone or patient convenience.  

Pathophysiology of Pain:
· Pain strongly influences people’s sense of well being.  It includes objective sensory information and also an affective component.  At birth, the brain is largely unmyelinated and babies have reduced transmission of nervous signals.  Even if pain signals don’t get to the cortex of an infant, the signaling can still influence plasticity and increase sensitivity to pain later in life.  

· Rubbing can lead to fast-conducting pressure sensations that attenuate the pain response.  Parents often do this to kids when they’re hurt, and some docs now use an electric stimulator to help dull pain sensation by a similar mechanism.  

· Pain is an unpleasant sensory and emotional experience which we primarily associate with tissue damage, describe in terms of tissue damage or both.  Pain serves an important protective function.  

· Pain can come from normal sensation of painful stimuli, sensitized responses due to inflammation (ex: sunburn), or neuropathic pain from an abnormality in the pain system (peripheral neuropathy, radiculopathy, MS, stroke, etc).  So the three main types of pain are nociceptive, inflammatory, and neuropathic.  This distinction is important because treatment strategies vary with pain type (though they may overlap…back pain for example can include components of all 3).  

· Pain can be quantified with a visual analog scale (where the patient puts a mark on a line), a numerical rating scale (rated 1-10…widely used with lots of external validation of reliability, reproducibility, etc), behavioral scales for babies, or happy-faces scales for peds.  On the numerical pain scale, a change in 2 points is reported as a minimal clinically significant difference.  

· Abnormalities in pain perception include allodynia (pain in response to non-painful stimuli) and hyperalgesia (increased pain in response to painful stimuli).  

· To be consciously perceived, pain must go through 4 main processing steps: transduction, transmission, modulation, and perception.  
· Transduction starts in target organs with sensation that produces a graded generator potential.  Nociceptors respond to multiple stimulus modalities.  C-fibers account for dull, poorly localized heat and mechanical pain.  A-fibers signal sharp, localized pain to punctate stimulation.  Peripheral nerve terminals can be sensitized by inflammatory mediators.

· Transmission starts at the peripheral nerve, goes into the sensory ganglia (DRG), enters the CNS in the dorsal horn and continues up the CNS. In the dorsal horn it is modulated by various inputs, so you can get inhibition of pain sensitization.  All nociceptors use glutamate, but some are peptidergic and co-NTs like substance P and CGRP.  Others are non-peptidergic and use purinergic receptors.  Anatomy is very important to understanding disorders of the transmission system.
· Modulation occurs at the dorsal horn and higher levels.  The dorsal horn is crucial for modulation and transmission of pain.  Nociceptive primary afferents converge there, and the secondary neurons are under descending inhibition.  Local interneurons also use GABA, enkephalin and other NTs to modulate these second order neurons.  

· Perception occurs in the cortex (S1 or the limbic system).  Strokes can produce central pain syndromes.  

· The peripheral nervous system can be injured in ways that it produces pain.  Distal peripheral nerves are injured in carpal tunnel syndrome, proximal peripheral nerves in sciatica, nerve plexuses in brachial neuritis, nerve roots in herniated disc/radiculopathy, etc.  Neuropathic pain does not respond to NSAIDs.  

· The pain pathway:  Input enters the spinal cord at the dorsal horns.  This sends projections to the thalamus.  The thalamus sends output to both the rostral anterior cingulate cortex and the primary sensory cortex.  From the primary sensory cortex, signals go back down to the PAG, then to the nucleus raphe magnus (NRM) at the pontomedullary junction.  From there, the signals can either inhibit or facilitate pain sensation at the dorsal horn.  

· The lateral pain pathway goes to the primary sensory cortex and carries information about the detailed characteristics of a painful stimulus.  The medial pain pathway goes to the limbic cortex and results in the emotional effects of pain.  Other pain pathways may involve the basal ganglia and play a role in motor/postural manifestations of pain.  

· If you see a strange pain pattern, think about different biological bases, including dermatomes, named nerves, myotomes, sclerotomes (deeper somatic sensory tracts), viscerotomes, and diffuse patterns of neuropaty/myopathy.  

· The spectrum of care should include patient centered approaches that consider the quality of symptoms and diagnosis-centered approaches that consider the nature of the disease. 

Shock:

· Shock is a critical decrease in global tissue perfusion resulting in diffuse cellular hypoxia and organ dysfunction.  It is not localized ischemia or just hypotension.  
· Shock may be hypovolemic (hemorrhage, dehydration), cardiogenic (myocardial disease, valvular disease, arrhythmia), obstructive (PE, aortic aneurysm, tamponade), or distributive (sepsis, anaphylaxis).  Septic shock is characterized by decreased systemic vascular resistance and increased cardiac output (so you’re warm in the extremities), whereas the others all show decreased CO and increased SVR in an attempt to maintain blood pressure (so extremities are cold and clammy)
· Systemic Inflammatory Response Syndrome (SIRS) is two or more of:  abnormal temperature, tachycardia, tachypnea, altered WBC count.  Sepsis is when you have SIRS secondary to infection.  Severe sepsis is when you get associated organ dysfunction.  And septic shock is when you have severe sepsis with hypotension despite fluid resuscitation.  These distinctions aren’t that useful clinically.  Just note that you can have SIRS without infection and infection without SIRS.  

· Sepsis causes lots of deaths annually, and it’s increasing due to increased use of immunosuppressive agents, an aging population with more co-morbidities, and more invasive devices being used.  

· There are lots of mediators of septic shock, and it can be thought of as an imbalance between SIRS and compensatory anti-inflammatory response syndrome (CARS) that leads more towards the pro-inflammatory side.  

· TNF-alpha is a likely mediator of shock, and there’s lots of evidence for it.  But it’s not the whole story.  NO and ceramide (a second messenger downstream of TNF-alpha) are also mediators of shock.  

· There’s evidence against this cytokine and hyperinflammatory perspective on shock.  Some work suggests that there may be defective immune function in septic patients, with some anti-inflammatory cytokines (IL-10) predicting mortality well.  You may get some increased inflammation, but a bigger factor may be a decline in immune function that follows it and is particularly exaggerated in sepsis patients with poor outcomes.  

· The markers of infection and injury have lots of complex interactions with potential for imbalance between pro-inflammatory and anti-inflammatory mediators.  

· Cardiovascular effects are a big part of shock, since they affect tissue perfusion.  The primary defects in septic shock are changes in vascular tone, permeability, and intravascular volume.  A marked reduction in systemic vascular resistance is a hallmark of septic shock.  In septic shock patients with poor outcomes, systemic vascular resistance often doesn’t revocer

· Normally as oxygen delivery decreases, you just extract more so that you don’t get a change in oxygen consumption until delivery becomes really low.  But with shock, tissues become very dependent on oxygen delivery, in part due to increased oxygen consumption and/or decreased transport or extraction (less reserve function).  Things like altered microvascular vasomotor regulation and vascular plugging can contribute to this.  With less oxygen, more lactate is produced and higher lactate levels correlate with decreased survival.  

· Factors that affect stroke volume (preload, afterload and contractility) are all altered in septic shock.  Myocardial contractility decreases (likely due to exposure to inflammatory mediators), but overall cardiac output increases because there’s such a big decreased in SVR/afterload.  

· Shock results from inadequate blood flow to vital organs, and these organs are changed due to anoxic/hypoxic injury.  None of the organ changes are specific for shock since they just look like normal hypoxia, but the constellation of changes in multiple organs is highly characteristic.

· The organs most often affected in shock are the lungs and kidneys.  The liver and intestines are also involved, and in severe cases the heart, brain, adrenals, pancreas, and hematologic systems can be affected.  
· So the cardiovascular effects of shock are basically a decreased vascular tone and increased permeability that leads to decrease perfusion, though decreased SVR also increases cardiac output.  This combined with decreased oxygen extraction lead to cellular hypoxia and shock.  

· In the lungs, the increased oxygen consumption and CO2 production of septic shock require increased minute ventilation.  You also get increased vessel permeability and interstitial edema which makes the lungs stiffer.  These make it harder to breathe, so you get more blood diverted to respiratory muscles (decreasing global tissue perfusion) and you can ultimately get decreased respiratory muscle function.  
· With shock, you see hypoxemia (due to V/Q mismatch and shunt…contributes to global hypoxemia), modest pulmonary HTN (not a big effect on CO), and ARDS.  Sepsis is the leading cause of acute respiratory distress syndrome, which is characterized by diffuse infiltrates, hypoxemia, and non-cardiogenic pulmonary edema).  WBCs are required to help resolve the injuries of shock.
· In the kidneys, you get decreased urine output (oligouria) and accumulation of nitrogen containing compounds in the blood (azotemia).  

· Pre-renal acute renal failure is frequent in early sepsis.  It’s due to low arterial pressure, impaired autoregulation, and possibly vasoconstriction.  This can be exacerbated by NSAIDs, endotoxin, or radiocontrast given for imaging.  When renal arterial pressure falls below a certain point, autoregulation just can’t make up for it any more.  
· Acute renal failure and tubular damage results from sepsis (also nephrotoxins, ischemia, etc).  This results in disordered transport from ATP depletion and loss of epithelial polarity.  This can lead to obstruction, increased tubular pressure, and decreased GFR.  The consequences of low GFR include decreased urine output, uremia and acidosis (affects cardiovascular and pulmonary function).  

· In the brain, you often get altered mental status in shock.  CNS disturbances can be due to hypoperfusion or metabolic abnormalities.  
· Delirium and changes in mental status are associated with longer hospital stays and increased mortality.  They also show long term problems with psychiatric problems and strength.  So sedation may have a high price in these patients.  

· CNS changes may contribute to respiratory alkalosis, and sepsis is one of the few situations where you’ll see metabolic acidosis and respiratory alkalosis.

· The GI tract has a limited ability to increase oxygen extraction, so can be affected in shock.  If the GI mucosal barrier is compromised, you can get penetration by pathogens and an inflammatory response that can exacerbate the problem and lead to multi-system failure.  Also, if motility is impaired, ileus can complicate fluid balance and contribute to acidosis.  
· The liver has diminished reticuloendothelial clearance, which also increases susceptibility to infection.  Intrahepatic cholestasis is also common.  The liver also shows decreased production of acute phase reactants, cytokines and coagulation factors.  

· In the blood, you can see increased or decreased WBC, often thrombocytopenia, and altered balance of clotting/fibrinolysis factors.  TNF-alpha (a mediator or shock) is a pro-coagulation factor.  You see DIC with widespread thrombosis that consumes coagulation factors and leads to bleeding.  
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