	Location
	Sensory Signs
	Motor Signs
	Special Features

	Cortical
	Asterognosis, agraphesthesia, visual spatial disorder
	Variable
	Language and intellectual function deficits

Pathologic reflexes

	Subcortical
	Loss of primary sensory modalities

Visible disturbances
	Hemiparesis or U/L motor disturbances
	

	Cerebellar
	Incoordination and clumsiness
	Intention tremor, dysmetria (finger to nose)
Dysdiadochokinesia
	Brainstem involvement

	Brainstem
	Sensory changes involving CN territories
Long tract signs
	Motor changes in CN innervated structures
Long tract signs
	Ipsilateral facial changes and contralateral body affected
CN signs + long tract signs = brainstem

	Spinal Cord
	Well demarcated level below where there is sensory loss
	Spastic weakness and hyperreflexia
	Bowel/bladder dysfunction
Babinski and clonus

Absence of fasciculations and atrophy

	Nerve Root
	Dermatomal distribution of sensory loss
Asymmetric distribution (distal or proximal)
	Flaccid weakness
Weakness
	Pain
Atrophy and fasciculations

	Peripheral Nerve
	Territorial distribution of sensory loss

Distal asymmetric 
	Flaccid weakness
Hyporeflexia
	Atrophy and fasciculations
Trophic changes

	NM junction
	NONE
	Proximal symmetric weakness worse with exercise

Normal tone and reflexes
	Muscles of face, eyes, and jaw
Test by sustained upward gaze

	Myopathy
	NONE
	Proximal symmetric weakness
No atrophy or fasciculations

Normal to decreased tone/reflexes
	Family history clues to diagnosis

	Entrapment Syndrome
	Nerve
	Entrapment Site
	Primary Clinical Findings

	Carpal Tunnel
	Median
	Wrist
	Sensory dysfunction in radial 3.5 digits; wasting/weakness of thenar muscles

	Pronator
	Median
	Proximal forearm
	Pain and tenderness in proximal forearm; paresthesia in radial 3.5 digits; weakness in flex pol longus and abd pol brevis

	Gyon’s Canal
	Ulnar
	Wrist
	Sensory loss in ulnar 1.5 digits; wasting/weakness of ulnar intrinsic muscles

	Cubital Tunnel
	Ulnar
	Elbow
	Sensory loss in ulnar 1.5 digits and ulnar side of hand; wasting/weakness of ulnar-supplied intrinsic muscles and flex dig profundus

	Postcondylar Groove
	Ulnar
	Elbow
	Elbow joint deformity; sensory loss in ulnar 1.5 fingers and ulnar side of hand; wasting/weakness of ulnar supplied intrinsics, flex carpi ulnaris and flex digi profundus

	Radial Nerve in spiral groove
	Radial
	Midarm
	Wrist drop; sensory loss over radial side of dorsum of hand

	Radial Nerve in axilla
	Radial
	Axilla
	Wrist drop; sensory loss over radial side of dorsum of hand

	Femoral Nerve
	Femoral
	Inguinal region or pelvis
	Weakness/wasting of quads; sensory loss over AM thigh

	Common peroneal nerve
	Common peroneal 
	Fibular neck
	Foot drop; steppage gait; sensory loss over dorsum of foot


	CN
	Nucleus Location

	I – Olfactory
	Brain

	II – Optic
	Brain

	III – Occulomotor
	Midbrain

	IV – Trochlear
	Midbrain

	V – Trigeminal
	Midbrain, pons, medulla

	VI – Abducens
	Pons

	VII – Facial
	Pons

	VIII – Vestbulocochlear
	Pons, medulla

	IX – Glossopharyngeal
	Medulla

	X – Vagus
	Medulla

	XI – Spinal accessory
	Medulla

	XII – Glossopharyngeal
	Medulla


CN V – Midbrain (proprioceptive), pons (motor), medulla (dorsal column functions), C/S (pain and temperature)

Motor Nuclei – situated medially

Spinothalamic – dorsal aspect of brainstem (pain and temperature)
Corticospinal – ventral portion of brainstem (motor)
Dorsal Column – dorsal aspect of spinal cord (vibration, position sense)

pA > pNerves > pFuniculus > pVein > pTunnel (IVF)

The pressure in the artery has to be high enough to feed the subsequent locations.  When pressure is higher in the distal segments, blood becomes distended and begins to back up towards the artery.  When a capillary becomes distended, capillary endothelium can’t extract blood and nutrients, so it becomes weak and ruptures (bleeds/hemorrhage).  Blood leaks into the nerve, and the subsequent scarring of the nerve can cause sensory paresthesias.  Vascular supply can be shut down by: poor effusion, tumor, edema, compression, and brain shift.
Normal perfusion to neural tissue: 55mL/100 g/min

Tissue functionally but metabolically active (decreased EEG): 23mL/100 g/min

Isoelectric (with no membrane potential) alive but not sustainable: 12mL/100 g/min

Cell Death: 6-8mL/100 g/min

Vascular territories and Strokes

· Anterior cerebral – medial aspects of hemispheres and anterior limb of internal capsule

· Middle cerebral – lateral aspects of the hemispheres, anterior temporal lobes, and posterior limb of internal capsule
· Posterior cerebral – occipital pole/lobe and inferior aspect of temporal lobe

· Vertebrobasilar – cerebellum and brainstem
· Anterior circulatory from carotids – hemispheres – trouble with intellect, cognition

· Profusion above tentorium cerebelli

· Posterior circulatory from vertebrobasilar – cerebellum and brainstem – trouble with walking, sensory

· Profusion below tentorium cerebelli

· Most strokes occur in the posterior limb

· Stroke is used when focal neurologic deficits being abruptly and are caused by cerebrovascular disease

· Caused by: ischemia (thrombosis and embolism) and hemorrhage

· CVA risk factors and vascular/cardiac conditions that contribute to strokes:

· Atherosclerosis, TIA, Hypertension, diabetes, oral contraceptives, smoking, ischemic/valve disease, cardiac arrhythmia

Motor Systems and Deficits

· See above chart for: UMN/LMN lesions, cerebellum, NM junction, myopathies, spinal cord disorders

· Demyelinating disease

· Multiple Sclerosis - CNS
· Focal demyelinating and possible axon damage

· Lesions occur in white matter of the brain (lateral ventricles), spinal cord (cervical), and optic nerve and thought to be an immune response against myelin antigens

· Symptoms include focal weakness, numbness, tingling, unsteady limbs, blurry vision U/L

· Symptoms are often transient

· IgG may be elevated, inflammatory cells present, MRI – imaging choice

· Loss of conduction velocity ( asynchronous firing at end organ

· Guillain-Barre Syndrome - PNS
· Acute or subactue polyneuropathy that can follow minor infective illnesses, inoculations or surgical procedures

· Cell-mediated inflammatory polyneuropathy (immune response to P2 – peripheral myelin protein)

· Association with preceding Campylobacter jejuni infection – resp or GI flu-like disorders
· Progressive weakness of more than one limb (usually the legs)
· Muscle wasting due to axonal degeneration

· Distal areflexia with proximal areflexia or hyporeflexia

· Progression for up to 4 weeks

· Symmetric deficits

· Mild sensory involvement

· CN (especially VII) involvement

· Autonomic dysfunction

· Increased CSF protein after 1 week

· CSF WBC < 10/microL

· Nerve conduction slowing or block by several weeks

· No virus identified but seen with HIV and Epstein Barr

Vascular Myelopathy

· Infarction of spinal cord

· Anterior spinal artery – supplies anterior 2/3 of cord; interruption from feeding vessel
· Trauma, dissecting aortic aneurysm, aortography, polyarteritis nodosa, hypotensive crisis

· Acute onset of flaccid, areflexic paraparesis that evolves into spastic paraparesis with brisk tendon reflexes and extensor plantar responses after a few days, dissociated sensory impairment (pain and temp lost, vibration and position sense sparred)

· Hematomyelia
· Hemorrhage into spinal cord caused by trauma, vascular anomaly, bleeding disorder, or anticoagulant therapy

· Severe cord syndrome develops acutely and associated with blood CSF

· Epidural or subdural hemorrhage

· Caused by trauma, tumor, complication of anticoagulation, aspirin therapy, thrombocytopenia, coagulopathy, epidural catheters, or L/S puncture

· Spontaneous

· Back pain that radiates in distribution of one or more spinal nerve roots; paraparesis or quadriparesis, sensory disturbances in lower limbs, and bowel/bladder dysfunction

· CT/MRI/myelography or surgical evacuation

· Arteriovenous Malformation (AVM) or Fistula

· May present with subarachnoid hemorrhage or with myelopathy

· Motor and sensory disturbances in legs and disorders of sphincter function

· Pain in legs or back, upper/lower/mixed motor deficit

· Bruit may be heard over spine and there may be a cutaneous angioma

· Lesions are extramedullary and posterior to cord

Cervical Spondylosis

· Pain and stiffness in neck, pain in arms (w/ or w/o segmental motor or sensory deficit in arms), and upper motor neuron deficit in legs; m/c C5 and C6

· Restricted lateral flexion and rotation of neck

· Segmental pattern of weakness or dermatomal sensory loss in one or both arms, along with decreased tendon reflexes

· Due to chronic cervical disk degeneration with herniation, secondary calcification, and associated osteophytic outgrowth

· CSF protein may be increased, especially with a block in subarachnoid space

Movement Disorders
· Intention vs. rest tremor

· Intention – occurs during activity

· From lesion affecting superior cerebellar peduncle or manifestation of toxicity of certain sedative or anticonvulsant drugs or alcohol
· Stereotactic surgery of contralateral ventrolateral nucleus of thalamus or high-frequency thalamic stimulation through implanted device
· Rest – occurs at rest

· 4 – 6 Hz

· characteristic of parkinsonism

· “pill rolling” – rhythmic, opposing circular movements of thumb and index finger; alternating flexion/extension of fingers or hand, along with pronation/supination of forearm

· Chorea

· Rapid irregular muscle jerks that occur involuntarily and unpredictably in different parts of the body
· Facial grimacing and tongue movements

· Voluntary movements may be distorted by superimposed involuntary ones

· Milkman grasp – difficulty in maintaining muscular contraction with hand grip is relaxed intermittently
· Dancing gait – irregular and unsteady and lurching side to side

· Disappears during Christmas

· Cell loss in caudate nucleus and putamen

· Hemiballismus

· U/L chorea that is especially violent b/c proximal muscles of limbs are involved

· Due to vascular disease in contralateral subthalamic nucleus

· Dystonia and Athetosis

· Athetosis – abnormal movements that are slow, sinuous, and writhing

· When movements are so sustained that they are better regarded as abnormal postures ( dystonia
· Segmental dystonia – one or more of limbs affected

· Focal dystonia – disturbance may be restricted to localized muscle groups

· Do not happen in sleep, enhanced by emotional stress and voluntary activity

· Parkinsonism

· Idiopathic, encephalitis lethargica, drug/toxic induced, association with other neurologic diseases, familial
· Loss of pigmentation and cells in substantia nigra, cell loss in globus pallidus, and putamen

· Lewy bodies

· Dopamine deletion within in basal ganglia

· Resting Tremor

· Rigidity – increased tone (increased resistance to passive movement) due to flexed posture

· Cogwheel rigidity – ratchetlike interruptions of passive movement

· Hypokinesia – slowness of voluntary muscles and reduction in automatic movement

· Mashlike faces – widened palpebral fissures, infrequent blinking, certain fixity of facial expression
· Hypophonia – low volume voice

Seizures

· Transient disturbance of cerebral function caused by abnormal neuronal discharge
· Primary Neurologic Disorders

· Benign febrile convulsions – seizures on first day of febrile illness and absence of CNS infection

· Last less than 15 minutes

· Idiopathic epilepsy

· Associated with strokes, tumors, trauma, and systemic/metabolic disorders

· Head trauma

· When it occurs perinatally or associated with depressed skull fracture, intracerebral or subdural hematoma

· Stroke

· When affecting cerebral cortex following thrombotic or embolic infarction

· Mass lesions

· Meningitis or encephalitis

· Systemic Disorders

· Hypoglycemia, Hyponatremia, Hyperosmolar states, Hypocalcemia, Uremia, Hepatic encephalopathy, Porphyria, Drug overdose

· Generalized Tonic-cloning

· Consciousness is lost and usually w/o aura

· Tonic phase – unconsciousness and tonic contractions of limb muscles for 10-30 seconds, producing extension of extremities and arching of the body; tonic contraction of respiration muscles ( cry or moan and cyanosis
· Clonic phase – symmetric limb jerking that persists for additional 30-60 seconds; ventilatory efforts return and cyanosis clears; jerking becomes less frequent until movements stop and muscles become flaccid

· Recovery phase – postical confusion and headache; orientation occurs 10-30 minutes

· Status epilepticus – seizures lasting longer than 30 minutes w/o ceasing spontaneously

· Myoclonic – sudden, brief, shocklike contractions that are localized to a few muscles or one or more extremities

· Atonic – from loss of postural tone followed by myoclonic jerk leading to a fall or drop attack

· Petit Mal (absence)

· Genetically transmitted beginning childhood

· Brief loss of consciousness w/o loss of postural tone

· Eye blinking or slight head turning are common

Head Trauma

· Concussion – transient loss of consciousness for seconds to minutes w/o demonstrating structural defects
· Normal pupillary and ocular reflexes, flaccidity, and extensor plantar responses

· Headache, dizziness, or mild cognitive impairment may persist for weeks

· Optimal condition is a change in the momentum of the head (acceleration/deceleration)
· The immediate loss of consciousness is the result of shear stresses set up by rotational forces

· Maximal shear stress occurs where the hemispheres most easily rotate on the brainstem (midbrain/subthalamic level)
· For the patient, the period of unconsciousness extends from a point prior to the injury (retrograde amnesia) until consecutive memories can be formed again. (anterograde amnesia)
· Duration of amnesia period – most reliable indicator for severity of injury

· Contusion – bruising of cerebral tissue w/o interruption of architecture

· Effects of head trauma include:

· Loss of consciousness

· Suppression of reflexes

· Fall down

· Transient respiration arrest

· Brief bradycardia

· Temporary drop in BP, followed by a brief rise

· 1500 mL of fluid, if things swell ( increased cranial pressure

· RAS – wakes up cortex; in concussion, it’s shut off

· Herniations – increase in intracranial pressure that causes the brain to shift in cranial vault
· Uncal – Temporal lobe/middle fossa

· Medial and downward displacement of basal uncal edge and hippocampal gyrus over the margin of tentorium cerebelli and into post fossa

· Affects midbrain in transverse plane

· Cingulate – anterior hemispheric masses

· Compresses pericallosal or callosomarginal arteries
· Asymptomatic but may contribute to early behavioral or cognitive changes

· Cerebellar Tonsillar – infratentorial

· Tonsils of cerebellum hernited through foramen magnum

· Obstructive hydrocephalus ( ICP ( increases herniation

· May progress to medullary compression w/ sudden cardiorespiratory collapse

For rest of Head Traumas, see lecture from DR Bub.  If you need it, let me know

