Neuropathology

Slide 1 – Epidural Hematoma Gross

A college baseball player was struck forcefully with a baseball bat on the right temporal area. He was dazed momentarily but continued to play through the duration of the game.  Later that evening, approximately five hours after the incident, he vomited and was confused.  Two hours thereafter, he was found unconscious in the locker room of the gym.  Death occurred while in transit to the hospital.

Questions:

1.  Identify the anatomic location of the lesion:  characterize it from appearance and

provide a diagnosis.

The lesion is located on the right temporal lobe.  Epidural hematoma is the diagnosis. 

2.  Recount the temporal aspects that characterize the pathogenesis of this lesion.

The temporal lobe lies below the lateral fissure and is supplied by the middle cerebral artery.  Venous drainage consists of bridging veins that cross the subarachnoid space and empty into large venous sinuses located within the dura mater.  The meninges consist of the dura mater, arachnoid and the pia matter.  The dura matter is the outermost covering which is adherent to the surface of the bone.  Beneath the dura mater is the arachnoid and the innermost layer is the pia mater, which is attached to the brain.  (FYI, the trigeminal nerve and C1-C3 are sensory nerves to the dura)

3.  What was the mechanism of death?

There is only so much space within the cranium producing an intracranial pressure. If more material is put into the skull, then the pressure will rise.  This provides a risk of transtentorial herniation, and death would subsequently follow due to compression of the brain stem.  
4.  What vessel was the origin of the hemorrhage?

The middle meningial artery was the origin of hemorrhage.
5.  After the interval following inquiry does this lesion customarily become symptomatic?

Yes, the lesion does become symptomatic within a few hours, due to the arterial origin of the blood and the rapidly expanding lesion
6.  What was the initial meaningful symptom?

The initial meaningful symptom was the vomiting and confusion.  This indicates that there was an alteration of mental status and possible neurological abnormalities.

7.  Would the Cushing reflex antedate the confusion?

The finding of the Cushing Reflex is a final warning that the intercranial pressure (ICP) is dangerously high, and that there is impending herniation. Urgent measures are needed to diagnose and treat the raised ICP, medically and/or surgically. 
8.  Should a skull x-ray have been ordered at the onset of confusion?

An x-ray probably would not have been much help with diagnosis, but other imaging studies would have been beneficial (CT scan or MRI).  A fractured temporal bone may have been visualized on X ray, which would have given the immediate diagnosis of an epidural hematoma.  
Cushing reflex:  hypertension, bradycardia, and impaired respiratory effort secondary to elevated intercranial pressure.  The mechanism is believed to be sympathetic outflow inducing hypertension (to maintain cerebral perfusion pressure) with a reflex bradycardia. 
Notes on epidural hematoma:

· Thin temporal bone

· Ruptured middle meningeal artery caused by skull fracture

· Mechanism of death:  space occupying hemorrhage that leads to transtentorial (uncus) herniation ( away from side of lesion

· Hematoma:  over 60 cc cause herniation

· Expanding rapidly, needs surgical intervention

· Known CUSHING REFLEX:  compensatory mechanism for cerebral ishcemia, pulserate drops and blood pressure rises leading to increased diastole, increased contractility and increased stroke volume.  This shunts blood to the brain.

· Symptomatic phases

· 1st phase:  lucent period 5-6 hours, slow bleed

· 2nd phase:  vomiting and contusion 30-50 ml

· 3rd phase:  more than 60ml and transtentorial herniation

TUTOR:
Epidural:  active people, and people who play ( athletes and Children.  Longer prodrome 4-5 hrs.  fracture of temporal bone.  Middle meningial artery.  No signs and symptoms due to Cushing’s reflex.  If feel the pulse, it will look different:  bradycardia, stronger high volume pulse.  Venous congestion takes place due to the compression of veins.  Will get ischemia, and then transtentorial herniation and death.  Once patient goes into trauma, will get problems.  Will never see an infarct.  The site of injury is very important.  Well oriented, but gradually gets stuporous.  
Subdural:  venous due to trauma, fall.  It is seen in elderly people.  No history.  Road traffic accidents, fall, sports, diverse causes.  60 yr old woman falls in the washroom.  Gets progressive dementia.  Venous plexus is torn off and get slow blood formation.  Patient can live like this for 3 months.  See slight changes of mental status.  This is not good.  
Can by chance get bilateral, as the age progresses, the brain shrinks, the pia and arachnoid (on brain) shrink and get closer to brain.  The dura sticks to the skull.  The subdural space is widened, and the veins begin to get stiffer.  Brain gets traumatized, and when the brain moves, it ruptures the veins.
In elderly, the bleeding may stop because the brain is atrophied.  When get 60-70cc, the pressure build up could be enough to stop it.  

Subarachnoid:  Severe headache and loss of consciousness in a normal person.  Rupture causes severe headache followed by loss of consciouness.  
What happens before transtentorial herniation:

6th nerve gets compressed, and get diplopia before your brain gets herniated transtentorially. 

Pupils get blurry and wide.  

Slide 2 GSW to the head gross
A 35-year-old policeman had recently experienced a stressful divorce.  He was found lying supine in his back yard with his 32 caliber pistol a few feet away.

Questions:

1. What was the trajectory of the bullet?

The bullet trajectory was oblique.  It entered the skull in the area of the right temporal lobe, traveled through the mid-line of the brain, and exited out the left parietal lobe.

2. The policeman was right handed; weigh the evidence favoring suicide versus homicide.

Since the bullet entered the skull through the right side of the brain, as can be seen by the increase in damage as the bullet moved superiorly, it is possible that the policeman committed suicide.  However, it is more likely that this lesion was due to homicide because of the oblique angle.  If it was suicide, the lesion would have been going up in direction.  Because it is homicide, the lesion points down in direction.  If there are powder burns at the wound entry site, then this would provide further evidence of suicide.

3. What was the probable duration of the posttraumatic survival and what was the mechanism of death.  

Posttraumatic survival would probably be minutes to hours.  The mechanism of death would be due to herniation of the brain (uncus) through the tentorium.

4. What was the survival period?

Blast effect would create a severe edema.  Edema would have given a transtentorial herniation and death almost immediately due to the compression of the midbrain.  Everything gets pushed down immediately.  
Notes on slide:

· Entry: left side (on pic) right side on patient

· Most probably a suicide case (actually it was made to look like a suicide case.  The wife of a drunken man killed him as shown by the angle of the wound)
· A low velocity bullet, non immediate death, lots of bleeding and cause death by transtentorial herniation

· If it was a high velocity bullet, 

· death will occur due to the blast effect which will result in immediate increase in intracranial pressure

· the immediate pressure increase will result in tonsilar herniation which will compress the medulla and its vital respiratory centers, causing death.

· Blast effect:  increased velocity (low caliber projectiles)

· When they impact the brain, they send a shockwave through the brain parenchyma

· Shock effectively increases the volume of the brain tissue instantly, resulting in transtentorial and cerebellar herniation.  This causes compression of the deep centers in the medulla
· No blast effect because decreased velocity of the bullet causing instantaneous death

Slide 3  CVA brain gross

A 72 year old man abruptly lost motor control and slumped to the floor, while standing in a subway station.  He died 18 hours later in a regional hospital.  

Etiology:  

Hypertension or atherosclerosis may be the cause.  

Pathogenesis: 

Space occupying hemorrhage, mass effect, leading to intraventricular hemorrhage and transtentorial herniation.  

Morphology:  

Hemorrhage is seen with coagulative necrosis.

Questions:  

1.  Identify the location of the lesion relative to the major cerebral arteries.  

The lesion is in the thalamus/basal ganglia region (65% of all cerebral hemorrhages), supplied by the middle cerebral arteries.  It ruptured into the lateral ventricle leading to an intraventricular hemorrhage.  

2.  What medical problems probably antedated the occurrence of the lesion and what structural alterations were probably present in the cerebral vasculature?  

Hypertension or atherosclerosis antedated the occurrence of the lesion.  A Charcot-Bouchard aneurysm was probably present in the cerebral vasculature.  These aneurysms are small, fusiform aneurysms located on the trunk of the vessel rather than at a bifurcation (berry aneurysm).

3.  What was the mechanism of death?  

Intraventricular hemorrhage distends the ventricle.  The blood in the ventricular system causes death by causing a transtentorial herniation.  The hemorrhage may bleed into the ventricles but the blood does not get out of the foramen of Luschka and Magendie; rather it distends the 4th ventricle.  

4.  What medical problem probably antedated the hemorrhage?  

The Charcot-Bouchard aneurysms antedate the hemorrhage.

5.  Which vessels are the sources of hemorrhage?  

The middle cerebral artery was the source of bleeding.  The branches off the middle cerebral artery that are responsible are the lenticulostriates, which are long and relatively unbranched in their course into the ganglia.  

6. Where else are hypertensive hemorrhages prone to occur?  

Hypertensive hemorrhages are prone to occur in the thalamus/basal ganglia 65%, pons 15%, and cerebellum 8% of the time.  

Notes on slide:

· In the thalamus/basal ganglia.  65% of the time.  Spontaneous hemorrhage
· 65% of hypertensive intracerebral hemorrhage occurs at basal ganglia/thalamus

· due to hypertension – get decreased integrity of arterioles b/c of lipid and hyaline deposited in walls, lipohyalinosis

· It is an old patient (72 y/o) and might be hypertensive and atherosclerosis

· Charcot-Bouhared aneurysm is most likely to be in this location and it is caused by hypertension.  It is located at the front of vessels (not at the bifurcation) and prone to rupture due to hypertension.  
· Cause of death:  space occupying hemorrhage, mass effect leading to intraventricular hemorrhage and transtentorial herniation

· Transtentorial herniation

· Massive intraventricular hemorrhage ( blood gets into the 4th ventricle and compresses the medulla.  

· May also bleed into ventricles but does not get out of the foramen of Luschka and Magendie, rather it distends the 4th ventricle.  

· Symptoms:  abrupt weakness

This slide is more of a hemorrhage than an infarct.  It could be caused by a CVA.  A branch of the MCA can rupture and cause the CVA ( straite branches of the MCA.  
Patient will have history of headache and loss of consciousness.  Weakness is seen…the patient just falls over.  The cells are dying due to ischemia.  The blood sits there.  It is hypoxia in a sea of plenty.  Blood is an irritant.  The bleed goes into the lateral ventricles.  Blood is an irritant.  This goes into the foramen of luschka and magendie.  Occlusion occurs.  Irritation leads to convulsions or seizures.  Lateralizing signs (such as falling over) and seizures can be seen in these patients.  This will give edema, as well, and therefore transtentorial herniation.  Treat to decrease the edema.  
Slide 4-5 

Slide 4 Cerebral Infarct
Infarcts are caused by local circulatory disturbances.  Such lesions represent the most common form of cerebrovascular disease, accounting for roughly 80% of all strokes.  They occur most often in the 7th decade of life and are more common in males.  Cerebral atherosclerosis is the most common cause of brain infarcts, and factors that predispose individuals to atherosclerosis; like hypertension, diabetes mellitus, and smoking.  The most severe atherosclerosis typically affects the larger vessels such as the internal carotid arteries, the proximal middle cerebral arteries, and the basilar artery.  

Etiology

An important cause of vascular occlusion in patients with cerebral atherosclerosis is thrombosis of an atherosclerotic artery segment, occurring most commonly near the carotid bifurcation or in the basilar artery.  Other causes of vascular occlusion include emboli, often originating from the heart and proximal segments of the carotid arteries.  With the exception of the basilar artery system, embolic occlusion most frequently affects intracranial blood vessels, especially the middle cerebral artery.  Vasculitis and trauma are less common causes of cerebrovascular occlusion. 

The location and distribution of cerebral infarcts is influenced by a number of factors, including the site of arterial occlusion, the time over which an occlusive event develops, the presence or absence of arterial anastomosis, and systemic perfusion pressure.  

Morphological Changes:

Although cell death occurs within minutes of arterial occlusion, the gross and histological appearance of the brain is normal for the first 8 to 12 hours.  The first alterations are apparent microscopically and consist of ischemic neuronal changes and a neutrophil inflammatory reaction.  By 36 to 48 hours, the necrotic area becomes swollen and softer than the surrounding tissue.  Demarcation between gray and white matter becomes blurred owing to the interstitial and intracaelluar edema.  Areas of hemorrhage may be seen, particularly in infarcts involving arterial border zones or those resulting from transient occlusion by emboli or by external compressionof the vessel.  Over the next several days macrophages infiltrate the lesion and phagocytize necrotic parenchyma, resulting in progressively sharper demarcation of the infarct.  By 1 month, extensive phagocytosis of necrotic parenchyma results in further softening and liquefaction of the infarct, with cavitation.  By about 6 months infarcts are completely cavitated.  In the case of infarcts involving cerebral cortex a thin rim of subpial parenchyma, supplied by small superficial leptomengial blood vessels, is preserved over the infarct.  This is a feature that is helpful in distinguishing between old and new infarcts.  

Pathology:

The infarct is a result of a lack of blood flow, the lack of blood flow decreases the oxygen and nutrient content, as well as prevents removal of metabolites.  These factors combine to cause the death of the cells and tissue that are supplied by the occluded artery.  The dead tissue is then removed by inflammatory cells that results in the appearance of the gross changes on the brain.  

Signs and symptoms:

There is a sudden onset of symptoms, but can be and is often preceded by transient episodes of neurologic dysfunction lasting minutes to hours, these are called transient ischemic attacks and are self limited.  The symptoms are related to the areas of the brain affected.  Infarcts occur most commonly in areas supplied by branches of the middle cerebral artery.  They result in most cases from embolic occlusion and are manifested by contralateral hemiparesis and spasicity; loss of sensation on the side of the body opposite of the infarct; visual field abnormalitiesl and in the case of infarcts involving the dominant cerebral hemispheres, speech abnormalities.  Occlusion of the internal carotid artery is less common, and is usually a result form thrombosis.  In extreme cases internal carotid occlusion may result in massive infarction of ipsilateral cerebral hemisphere, accompanied by monocular blindness secondary to the loss of flow to the ophthalmic artery.  In most cases arterial anastomosis continue to supply blood to the internal carotid territory, and hence the resultant deficits are smaller than might be expected.  Branches of the vertebrobasilar system are also affected, and occlusion of these may produce lesions ranging from large rapidly fatal infarcts involving the brian stem, to small  clinically silent infarcts. 

Complications:

Loss of function, of the affected areas, death

Diagnosis: 

CT, MRI, clinical presentation.  

The slide is showing cerebral necrosis that is just lateral to and inferior to the lateral ventricles.  
A 68 year old professor of physiology with mild, long standing hypertension awoke with right hemiparesis.  
Questions

1) What is your estimate of the duration of the lesion at the time of death?

My estimation is that the lesion is between more than 1 month and less than 6 months old.  The reasoning for this is that there is no hemorrhage present showing a new infarct, there is no compression of the ventricle from edema of the new lesion.  There is expansion of the ventricle showing that there may be constriction of the parachyma pulling the ventricle toward the lesion.  There is no complete cavitation of the lesion and thus less than 6 months.  

2) Did embolus or thrombosis in situ cause the lesion?

Most likely this is a result of thrombosis.  The reason is based on the location of the lesion.  Emboli would most likely occlude the middle cerebral artery causing an increase in the affected area.  Plus the patient has long standing hypertension which is a risk factor for atherosclerosis, which is a precursor to thrombi formation.

3) Which vascular conduits were occluded?

This is an example of a striate artery occlusion with infarction of the internal capsule.

4) Were the professor’s cognitive functions impaired?

Based on the picture, I would guess that they were not impaired and the reason is that the gray matter was not affected by the occlusion.  

Notes on slide:

· Striate artery infarct with loss of tissue that causes contraction, infarction of the internal capsule.  
· The ventricle appear enlarged because of the contraction action

· Two possible mechanisms

· Thrombosis in situ

Thrombosis causes ischemia; the time frame is slow; occlusion causes ischemia with liquefactive necrosis
· Embolism

Embolus causes hemorrhage because the time frame is immediate

· Thrombosis is more likely because emboli come directly out of the middle cerebral artery and rarely go into anterior or posterior cerebral artery

· Duration at least 3 months

· Clinical:  contralateral weakness (hemiparesis and hemiplegia.  No cognitive defect)

· This is a permanent cyst because there is NO fibroblast repair.

· Recent infarct of brain transforms the cerebral tissue ( necrotic putty like debris.  The debris is phagocytized by macrophages.  Within months the necrotic area is evacuated ( permanent cyst formed.  

There is an infarct in internal capsule, and one can see problems on the opposite side. 

This is very similar to CVA and is very hard to diagnose.  Once in the ventricle, the blood, it looks as though as the blood is in the CSF.  It has a characteristic orangey tinge (orange water).  This is thrombus in situ.  It looks like there is some scar tissue.  Scar tissue is pulling, and the ventricle is expanded.  If it was acute, the ventricle would be compressed due to an expanding lesion.  Loss of axons can cause seizures.  
Slide 5 Berry Aneurysm 
Berry aneurysms are present in approximately 1% of the population.  Their incidence is higher in patients with certain disorders including polycystic kidney disease, fibromuscular dysplasia, coarctation of the aorta, and arteriovenous malformations of the brain.  Most saccular aneurysms (80%) arise at arterial bifurcations in the territory of the internal carotid artery.  Common sites include branches of the middle cerebral artery, intracrainal branches of the internal carotid, and the junction between the anterior cerebral and anterior communicating arteries.  Approximately 15% to 20% occur within the posterior (veterbrobasilar) circulation.  

Etiology:

Are a result of congential defects in the media of arteries at branch points. 

Pathology:

The defect in the media allows the part of the blood vessel to enlarge over time due to the lack of resistance to the pressure applied at those points.  They enlarge with time and age and are at greatest risk of rupture once they reach diameters of 4 to 7 mm.  Beyond this size the likelihood of rupture decreases, but symptoms due to their size impinging on surrounding tissues predominate.  

Morphology:

Asymptomatic saccular aneurysms are usually small, with diameters of less than 3 mm.  They appear as rounded bulges in the arterial wall usually at the bifurcations.  The wall of the saccular aneurysm is composed of dense, collagen rich tissue derived from the intima and adventitia of the parent vessel. The media typically ends abruptly at the neck of the aneurysm.  The lumen of the aneurysm may contain a laminated thrombi.  Rupture of a saccular aneurysm usually occurs at the thinned walled fundus.  Depending on its location rupture may result in bleeding into the subarrachnoid space and in many cases into adjacent brain parenchyma.  

Symptoms:

Most are asymptomatic, but if there is rupture subarrachnoid hemorrhage results.  It is an abrupt with a severe headache, vomiting, and loss of consciousness.  No obvious precipitating factor is usually apparent.  Meningeal signs, including neck rigidity, are usually present and the CSF is grossly bloody.  Roughly 50% of patients with this typr of lesion that ruptured die with in several days of the onset of the symptoms. 

Complications:

Infarcts of the brain parenchyma may develop as a result of arterial spasm.  Other acute complications include cerebral infarcts, usually within 4-9 days after the onset of the symptoms, acute hydrocephalus, and herniation.  Chronic hydrocephalus may occur in patients surviving the acute insult, owing to organization of blood in the leptomengies and/or arachnoid granulations with resultant obstruction of CSF flow. 

Diagnosis:

Angiogram, CT, MRI

This is an incidental post-mortem finding in a 45 year old man who died of carcinoma of the stomach
Questions:

1) Locate and identify the lesion. What is the lesion?

The lesion is a berry aneurysm.  

2) What is the genesis?

Berry aneurysms are a result of a congenital defect in the media of the arteries at the branch points.  Other possibilities include bacterial infection, hypertension, trauma, and atherosclerosis. 

3) What systemic disorders are associated with an increased incidence of this entity?

Some systemic diseases that are associated with these lesions include hypertension, bacterial infections, atherosclerosis.  

4) Are there any associations with other medical problems?

The other medical problems that are associated with berry aneurysms are polycystic kidney disease, fibromuscular dysplasia, coarctation of the aorta, and arteriovenous malformations of the brain.

5) Approximately what percentage of these lesions will be in the location?

· 80% arise at the bifurcations in the territory of the internal carotid

· 15%-20% occur in the posterior (vertebrobasilar) circulation
· With in the internal carotid circulation the breakdown is:

1. 40% in the anterior communicating artery anterior cerebral artery juncton

2. 20% at the internal carotid artery posterior communicating junction

3. 34% at the branch points in the middle cerebral 

4. 4% at the branch point of the posterior cerebral arteries

Notes on slide:
· caused by a defect in the circumferential muscular layer at the Y shaped branch point arteries.  Bifurcation failure
· progressive defect/weakening of internal elastic lamina

· muscular bands in arterial wall not coherent

· Congenital defect.  But could be caused by trauma, bacteria, HTN, and atherosclerosis.  

1. trifurcation of MCA

· Most likely locations are 95% in carotid system

1. 30% anterior communicating a. and anterior cerebral artery

2. 30% trifurcation of middle cerebral artery

3. 35% trifurcation of internal carotid

a. internal carotid, posterior communicating, anterior cerebral, anterior choridal
4. other 5% in vertebral artery.  

· Berry aneurysms bleed into the subarachnoid space, producing massive bleeding with sudden severe headache and coma.  

· Death due to transtentorial herniation

· 3 outcomes of rupture:

1. subarachnoid hemorrhage -  2/3

2. intracerebral hemorrhage 

3. intraventricular hemorrhage

· Causes

1. congenital

2. PKD

3. hypertension

4. coarctation of aorta

5. syphilis (tertiary)

Berry aneurysms: common site: occur in subarachnoid:  severe headaches and unconsciousness.

Slide 6 Hydrocephalus gross

Hydrocephalus, which may be congenital or acquired, refers to an excessive amount of CSF, with consequent dilatation of the ventricular system (vogel).  It is the most common cause of enlarged heads in newborns. CSF is normally produced in the lateral and fourth ventricles, circulates through the ventricular system, enters the cisterna magna via the foramen of Luschka and Magendie, and bathes the cerebral convexities where it is absorbed by the arachnoid granulations.  

Etiology: 

Caused by decreased absorption or overproduction of CSF. Usually due to obstruction of aqueduct of sylvius, but may be due to obstruction of the outlets of the 4th ventricle. Called noncommunicating when the obstruction occurs within the ventricular system, and communicating when the obstruction occurs outside the ventricular system (subarachnoid space or arachnoid granulations) it is termed communicating (often secondary to meningeal inflammation from infection or blood in the subarachnoid space). Associated with Dandy-Walker cysts (developmental malformation in which the 4th ventricle is cystic) and Arnold-Chiari malformation (malformation in the formation of the brainstem). 

.Pathology: 

Increase in CSF within the ventricles causes increased intracranial pressure. If this develops before closure of the cranial suture, there is an increase in head circumference.  After closure of the sutures, hydrocephalus if manifested by expanding ventricles and increased ICP, but no change in head circumference. 

Diagnosis: 

Skull x-ray, cranial ultrasound, CT or MRI. Plain x-ray may show a “beaten metal” appearance to the bone indicating a prolonged period of increased ICP. CT and MRI shoe ventricular size and possibly the site of obstruction. All imaging may show separation of cranial sutures, areas of thinning bone, or intracranial calcifications. Ultrasound is valuable after intraventricular hemorrhage, since dilation may be transient and require only medical treatment. If infection suspected, serology should be done for Toxoplasma, rubella, Treponema pallidium, herpes, and CMV.

Note: Hydrocephalus ex vacuo refers to dilation of the ventricles with a compensatory increase in CSF volume 2o to loss of brain parenchyma. There is no increase in the rate of production and the flow is normal.
As first noted at age 3 months, this 9 month old child shows gradual enlargement of his cranial circumference.
Questions:

1) What is your differential diagnosis and where is the probable causation located?

DDx include intra-cranial space-occupying lesions such as subdural hematomas, porencephalic cysts, and tumors. These can all be identified by CT. Megalencephaly can also occur.

2) Evaluate the therapeutic options.

Depends on etiology. Use of acetozolamide and glycerol or lumbar puncture to reduce the pressure helps temporarily. Progressive hydrocephalus, especially with a rapidly increasing head circumference, requires a shunt. Ventriculoperitoneal shunts are preferred to ventriculoatrial shunts because there are fewer complications. Some don’t require the shunt once they get older, but shunts are rarely removed. Fetal surgery to repair hydrocephalus hasn’t been successful.

3) What is the probable site of ventricular obstruction?

The Aqueduct of sylvius and possibly the outlet of the 4th ventricle (foramen of Luschka and Magendie).

4) What is the therapy?

see above

Notes on slide:

· Hydrocephalus

· Most common cause is congenital atresia of the Aqueduct of Sylvius

· The aqueduct is not patent

· Treatment:  relieving the pressure, with a shunt into the venous system to decrease the ICP.  

· Other causes are trauma, neoplasia (choroids plexus ( increased CSF), infection (ependyma), or hemorrhage blockages

· Tela choroidea ( choriod plexus

· Communicating hydrocephalus

· Impaired CSF absorption
· Noncommunicating hydrocephalus

· Obstruction within ventricular system

· Aqueduct of Sylvius is most common place

· Viral ( cause scarring and stenosis

· Ependyma is sensitive to virus infection

· Ependymitis can cause congential aqueductal stenosis

· Best indicator of hydrocephalus:  attenuation of cortex with separation of the sutures; therefore, there is anterior fontanelle bulging.  

· In Child = increased ICP absent, convulsions are common.  There is optic atrophy, which can lead to blindness.  

· In Adult = increased ICP, headache, vomiting, papilledema

Slide 7 Brain Abscess Gross
Over a 5 day period, a 62 year old diabetic man became febrile, showed confusion, and complained of headache.  An MRI disclosed a “ring enhancement” lesion in the deep white matter of the right hemisphere.
DESCRIPTION: 
Gross specimen of a brain showing an abscess in the right cerebral hemisphere.

ETIOLOGY/PATHOGENESIS: 
Brain abscesses are caused by a wide variety of bacteria, including staphylococci, streptococci and several anaerobic organisms. They can also be caused by fungi (aspergilli), protozoa (Toxoplasma gondii) and parasites (cysticerci). Spread can be either hematogenous, contiguous or by direct implantation (trauma). 

MORPHOLOGICAL CHANGES: 
Brain abscesses may occur anywhere in the brain, however they are most common in the cerebral hemispheres. They are frequently solitary, however may be multiple, especially when caused by hematogenous spread. The temporal and frontal lobes are particularly common sites when abscesses arise via contiguous spread from middle ear or sinus infections, respectively. The offending organisms replicate in the parenchyma and elicit an acute inflammatory reaction and regional edema, causing an area of softening (cerebritis), which gradually liquefies and the resultant cavity usually contains yellow-green pus. This liquefaction necrosis converts the lesion to an expanding abscess, which threatens life either by transtentorial herniation or by rupture into a ventricle. The abscess is contained by fibroblasts, which create a capsule around the abscess. Astrocytes also multiply around the margin; however they contribute to encapsulation only minimally. If the abscess is not drained or excised, or if it is not restrained by antibiotics, pressure builds within the cavity. The underlying white matter is prone to developing edema as well as being predisposed to ischemia due to the compression of the circulation by the abscess itself. Frequently a “daughter” abscess will form below, due to organisms that escape from the “mother” abscess. If this occurs several times, the inflammatory process is carried inward and the threat of intraventricular rupture is increased. Purulent material that is released into the ventricle passes through the chambers, through the foramina of Magende and Luschka and onto the meninges. This event is promptly fatal, presumably due to the absorption of toxic products. 

CLINICAL FEATURES: 
Headache, nausea, vomiting, papilledema, lethargy, seizures, personality/mood changes and focal neurologic effects (all symptoms associated with increased intracranial pressure) are the most frequent symptoms associated with brain abscesses. 

1. Differential diagnosis of a ‘ring enhancing lesion’ includes glioblastoma and brain abscess. 

Notes on slide:

· Ring enhancing lesion:  abscess
· Normally astrocytes will proliferate to repair damage but with abscess, have fibroblast proliferation and get a capsule of fibrous tissue.  This is to wall off the organism

· Ring enhancing ( inject gadolinium into blood stream, accumulate here where excessive numbers of blasts or leukoblasts occur.  
· See multiple areas of necrosis ( will not enhance with gadolinium

· DDX

· Glioblastoma ( does not enhance with gadolinium

· Cerebritis ( abscess

· There are more

· Grey white matter junction has the largest capillary area and offending organisms are most likely to enter here because they are the largest

· Abscess is due to staph or strep and other anaerobes. The age of the lesion is days

· Need for fine needle biopsy to distinguish

· Mechanisms of death:

· Rupture into the lateral ventricle causing

· Blood and pus in the CSF (sepsis)

· Toxic and irritate to the cortex

· Increase ventricular pressure

· Transtentorial herniation

· With rupture of the ventricular wall, intraventricular rupture( purulent material passes in and gets absorbed into the ependyma.  It goes through the foramen of magendie and onto meninges, and irritates the cortex

· The increased vascularity at the periphery is why gadolinium is used to stain and get a ring lesion

· Abscess impinges on vasculature and compresses it causing coagulative necrosis.  Get daughter lesions to compressed vessels (little areas of necrosis).  The lesions work their way inward, and bacteria spreads inward.  
Abscesses occur at the white/gray matter junction.  Ring enhancement seen on contrast.  The stuff in the middle is dead.  This may be an acute lesion because the ventricle appears compressed.  It is probably expanding.  Although, abscesses can be acute, there is no swelling present in this brain, so we cannot consider the lesion acute.  Portion of the ventricle is missing, and there is a perforation.  The bacteria can get into the CSF, and the patient will die due to the toxins and irritants.  
Never see as much fibrosis in the brain like in the rest of the body.  You get gliosis, and there is never as much proliferation as in the rest of the body.  Dissemination is probably the cause of death due to this lesion.  It is not a space occupying lesion because there is no edema to cause transtentorial herniation.  
Slide 8: Alzheimer’s (gross)

Alzheimer’s is the most common cause of dementia in the elderly.  

Etiology: Unknown.

Pathogenesis: Uncertain, but the following are characteristic of AD:

1) Genetic factors: abnormalities in chromosomes 21, 19, 14, and 1.  Most familial cases are linked to a mutation on chromosome 14.

2) Deposition of amyloid Beta protein in the neuritic plaques is a constant feature of AD.  Amyloid precursor protein (APP)( Beta-amyloid protein.

3) Expression of specific alleles of apoprotein E (apoE) has been demonstrated in both sporadic and familial AD.  ApoE promotes amyloid fiber formation.

4) Neurofibrillary Tangles: There is a microtubule-associated protein, which is termed tau.  It is thought that tau stabilizes neuronal microtubules.  In patients with AD, phosphorylation of tau results in a protein that does not associate with microtubules, but instead aggregates in the form of paired helical filaments, which are termed neurofibrillary tangles. 

5) Presenilin: mutations of the gene presenilin 1 (chromosome 14) and presenilin 2 (chromosome 1) occur in half of all cases of inherited AD.  By altering the processing of Beta Amyloid Protein, these mutant proteins favor increased production and deposition of amyloid Beta peptides.

Morphology: The pathology of AD is dominated by the presence of:

1) Neuritic Plaques: The most conspicuous histologic lesion, it is a discrete, spherical area that may occupy as much as half the volume of the gray matter of the cerebral cortex.  These plaques contain abundant glial processes as well as deposits that stain positively for amyloid.

2) Neurofibrillary Tangles: Course filamentous aggregates that appear in the cytoplasm of pyramidal cells.  

3) Granulovacuolar Degeneration: Circular clear zones in the cytoplasm of affected neurons within the hippocampus. 

Note that identical morphologic alterations are also present, though in lesser intensity, in the cerebrum of a large proportion of elderly persons with symptoms as minor as forgetfulness.  

Clinical: 
Gradual loss of memory and cognitive functions, difficulty with language, and changes in behavior.  This is a progressive disease that eventually leads to complete disorientation and loss of language and other higher cortical functions.  

Questions
1) What is the normal weight of the brain?

The weight of a normal brain is about 1350 grams.  This 68 year-old woman’s brain weighed 1120 grams.  During the course of AD, neurons and neuritic processes are lost.  Gyri narrow, sulci widen, and cortical atrophy becomes apparent.  The brain looses about 200 g over a period of 3-8 years.  The atrophy is bilateral and targets both the frontal and hippocampal cortex.

1) What is your differential diagnosis?

Lobar Sclerosis (Pick Disease), which is symptomatically indistinguishable from AD.  This is a very rare disease and is unlike AD in that it is unilateral and localized to the frontal and temporal lobes.

2) How would you establish the diagnosis?  What criteria will you use?

Diagnosis is usually based on patient history, physical examination, laboratory tests, and exclusion of other causes of dementia.  The Folstein Mini Mental Status Examination is the most commonly used formal mental status exam.  For about 85% of patients with AD, a correct diagnosis can be made on the basis of a thorough history and results of a standard neurologic physical examination.

3) What were the probable clinical manifestations of this entity, citing probable age of onset and duration of symptoms?

Four clinical stages: The course of time from the 1st to last stage usually runs between 5-15 years.

Early Stage: characterized by loss of recent memory, inability to learn and retain new information, language problems, mood swings, and personality changes.

Intermediate Stage: Progressive from early stage

Severe Stage: Progressive from intermediate stage

End Stage: Coma and death, usually from infection.  Incidence of seizures is somewhat increased at all stages.

Notes on slides:

· Loss of about 200 grams of brain in about 10 years (normal 1350 grams) because of decrease brain mass
· Increased susceptibility to subdural hemorrhage because more space for anterior-posterior movement

· Bilateral and symmetrical atrophy of brain

· Does NOT involve the cerebellum

· Memory and cognitive function impairment.  

· Death usually due to intercurrent bronchopneumonia.  5-15 years post DX.

· DDX:  dementia, tertiary syphilis, senile depression

· Dominated by: neuritic plaques (amyloid containing), neurofibrillary tangles and granulovescular degeneration ( pyramidal cell degeneration of hippocampus
· The gyri are narrow and sulci widen ( especially frontal lobe atrophy

· DDX:  Pick’s disease – indistinguishable from AD also called lobar sclerosis

· Very rare disease

· Unlike AD atrophy is unilateral and localized to frontal and temporal lobes

· Neuritic plaques ( biggest histological lesion with abundant glial cell processes and amyloid deposits

· Neurofibrillary tangles ( cytoplasm of pyramidal cells

· Granulovacular degeneration ( clear zones in cytoplasm of pyramidal cells of hippocampus) affected neurons with stainable granules.  

Small brain. Histo:  plaques and neurofibrillary tangles of both.  Must use silver stain to reveal the histology.  
Tangles are INside the cytoplasm.  Plaques are OUTside the cytoplasm.  Do not do a biopsy.  It is 

Apo protein E, some amyloid 

Most are due to age:  85 years of age, always related to Alzheimer’s.  Progressive loss of cognitive function.  

Downs syndrome can cause us to see this earlier 4th decade.  

Involves temporal lobe and hippocampus.  

DDx can be senile dementia.  Do not have tangles and plaques.  

MRI:  temporal lobes will be smaller.  

Contrast dye is used for the plaques.  

Slide 9 EPENDYOMA gross
A 28 year old Korean veteran complained of severe headache, double vision, and vomiting.

THIS SLIDE IS NOT AN ASTROCYTOMA, BUT HERE’S THE WRITE UP ON THEM:

Astrocytoma

Definition: 

The brain is made up of a number of supporting cells called glial cells. A tumour of these cells is known as a glioma. Astrocytoma is the commonest type of glioma and develops from a group of star-shaped cells called astrocytes. Astrocytomas can occur in most parts of the brain and occasionally in the spinal cord. 

Astrocytomas represent the most common group of primary CNS tumors.  They are quite variable, and can range from slow-growing and relativily benign to highly malignant, infiltrating astrocytic neoplasms.

Etiology Unknown
Incidence

Low-grade astrocytomas are usually localized and grow slowly over a long period of time. High-grade tumors are much more aggressive and require very intensive therapy. The majority of astrocytic tumors in children are low-grade, whereas the majority in adults are high-grade. These tumors can occur anywhere in the brain and spinal cord. Common sites in children are the cerebellum, cerebral hemispheres, and the thalamus or hypothalamus.
Astrocytomas account for the majority of pediatric brain tumors. About 700 children are diagnosed with low-grade astrocytomas each year. In children, more than 80% of astrocytomas are low-grade; nearly 20% are high-grade.  Astrocytomas in the cerebellum are more common in children or young people. Glioblastoma multiforme is the commonest type of primary brain tumour in adults. 

Types of tumour 

Different types of astrocytoma include: 

· low grade astrocytomas - which may occur in either the cerebrum in both adults and children, or in the cerebellum of children. 

· Anaplastic astrocytoma - a mid grade tumour which commonly spreads to surrounding brain tissue. 

· Glioblastoma multiforme - or grade 4 astrocytoma is the most malignant type of astrocytoma and usually spreads quite quickly to other parts of the brain. For this reason it is a difficult tumour to treat. It is not uncommon for it to come back after initial treatment and further treatment will probably be necessary. 

Signs and symptoms 

The first symptoms of any type of brain tumour are usually due to increased pressure within the skull (raised intracranial pressure). This may be due to a blockage in the ventricles (fluid filled spaces in the brain) which leads to a build-up of cerebrospinal fluid (CSF) or by swelling around the tumour itself. CSF is the fluid which surrounds the brain and spinal cord. Raised intracranial pressure can cause headaches, vomiting and visual problems. Seizures or Fits (seizures) and changes in behaviour and personality can also be signs of a brain tumour. Weakness or lack of co-ordination of one side of the body may also be a sign that a brain tumour is present. 

Astrocytomas can grow in different parts of the brain and symptoms may relate to the area of the brain which is affected. 

A tumour of the frontal lobe of the brain may cause gradual changes in mood and personality. There may also be paralysis on one side of the body. A tumour in the temporal lobe of the brain may cause problems with co-ordination and speech and may affect the patients memory. If the parietal lobe of the brain is affected, writing and other such tasks may be difficult. An astrocytoma in the cerebellum may lead to problems with co-ordination and balance. 

Tests and investigations 

Treatment is dependent upon the type, position and size of the tumour. This is done by having a number of tests and investigations.   The first basic test will be a neurological examination to assess any effect the tumour has had on the patients nervous system. A CAT scan or MRI scan will be done to find the exact position and size of the tumour. An angiogram might also be used show the blood supply to the tumour. To confirm the exact type of tumour a biopsy (sample of cells) is taken from the tumour and examined under a microscope. 

Differential Diagnosis

Oligodendroglioma is usually heterogeneous with nodular or clumped calcifications and mild to moderate enhancement. Ganglioglioma appears as a well-delineated cyst (lower T1 signal than this case) with a partially calcified mural nodule. Lymphoma and abscess would be clinical considerations, but the lack of contrast enhancement excludes them.

Surgery
Where possible, surgery is the first form of treatment for astrocytoma. The aim of surgery is to remove as much of the tumour as possible without damaging the surrounding brain tissue. Depending on the size, position and spread of the tumour it may not be possible to remove it completely and further treatment may be given as a follow up to surgery. Astrocytomas in the cerebellum are easier to treat than those in the cerebrum and they can sometimes be removed completely by surgery. High grade tumours, because of their tendency to spread, are the most difficult tumours to treat and surgery is always followed by radiotherapy and/or chemotherapy. 

Questions:  
1) Radiographic findings & DDx.  A) Radiographic studies are usually especially useful in distinguishing Anaplastic astrocytomas from their better differentiated counterparts.  Radiographic studies may show proliferation of blood vessels within the tumor.  Such vessels are abnormally permeable, permitting injected contrast media to leak out of the vasculature, which is manifest as Contrast enhancement.  Glioblastoma mulitforme is shown radiologically as irregular, contrast-enhancing lesions, usually associated with considerable edema.
B) DDx: Oligodendroglioma is usually heterogeneous with nodular or clumped calcifications and mild to moderate enhancement. Ganglioglioma appears as a well-delineated cyst with a partially calcified mural nodule. Lymphoma and abscess would be clinical considerations, but the lack of contrast enhancement excludes them.

2) Will it metastasize outside cranium or seed spinal meninges? This question is difficult to answer, because I don’t know which type of astrocytoma this is.  I would imagine that the high-grade astrocytomas would be most likely to metastasize outside the cranium, while the low-grade would lack both the growth potential, as well as the cellular metastic ability.  If you were to contrast outside cranium vs spinal menings, this would be more likely to spread to the spinal meninges b/c it has a direct route.
3) Famous Neoplasms of the 20th century (of posterior fossa), and the doctors who loved them—compare and contrast.  
Ependymoma: Found in the 4th ventricle.
Glioma: brain stem and optic nerve

Astrocytoma: Mainly brain stem supposedly, but other sources say they can be found anywhere in the brain.

Medullablastoma: cerebellar hemispheres in adults and cerebellar vermis in kids.
4) Other lesions of the posterior fossa.

Lymphoma and abscess, as well as those listed in question #3.  Anything that would interfere with CSF circulation and cause symptoms of increased Intercranial pressure with early onset: ataxic gait, intention tremor, and other signs of cerebellar dysfunction.

Notes from slide (ependyoma):

· Most common in childhood and adolescence
· Most common site in the 4th ventricle – intramedullary

· May result in papillary growth that obstruct flow of CSF and lead to hydrocephalus

· May also seed in the spinal cord via the CSF

· Form of glioma (no Metastasis)  
· Astrocytoma long tract signs (goes thru cord and brainstem)
· Ependymoma – don’t infiltrate increasingly, no long tract signs

· Oligodendrocytoma

· Patient has double vision, headaches and vomiting

· Vomiting center: area postrema

· DDx: neurofibromatosis (von Recklinghausen’s, schwanoma)

· The slide shows the fleshy, and lobulated.  

· Intramedullary tumors ( 

· Primary = astrotoma

· Secondary = ependyoma
Any ICP will compress and stimulate the vomiting centers. Also pH changes can cause vomiting.  

When take antiemitic drugs, there are different pathways.  Even nystagmus can give vomiting.  

Commonest site:  this is an ependyoma.  Astrocytomas are in the white matter.  
This slide is an EPENDYOMA
Slide 10  Meningioma gross

This lesion was an incidental post-mortem finding in a 52 year old woman who died as a result of drug intoxication.

Meningiomas are the second most common primary intracranial neoplasm, and represents benign, slow growing tumors.  They originate in the arachnoid cells of the meninges; the tumor is external to the brain and can often be successfully removed surgically.  It occurs most frequently in the convexities of the cerebral hemispheres and the parasagittal region; other common locations include the falx cerebri, sphenoid ridge, olfactory area, and suprasellar region.  Histologically it is characterized by a whorled pattern of concentrically arranged spindle cells and laminated calcified psammoma bodies.  They most often occur after age 30.  

Questions

1. List a differential diagnosis in order of probabilities

Meningiomas occur more commonly in females.  Tumor mass or space occupying lesion is the DDX.  Parasagital thrombosis can give seizures as well.  
Seizures are the presenting symptom from this mass.  
2. What is the probable growth tempo of this lesion?

They have an indolent growth, which creates a symptomatic interval that lasts for years.  

3. What is the geographic distribution of this entity, as scaled by incidence?

Parasagital (sagittal sinus) ( seizures, convexities of cerebral hemispheres, olfactory groove, lateral wing of sphenoid

Notes on slide:

· Second most common primary intracranial neoplasm (20%)

· Incidental finding

· Can infiltrate into dura and bone, the cranial vault.  DX( barbers

· Derived from arachnoid villi

· Produces symptoms by compressing adjacent brain structures, meninges ( headache

i. Compresses, but doesn’t infiltrate tissue of brain.

· Peak in 4th decade of life

· Common locations include falx cerebri parasagittal region and spinal cord ( seizures
i. Parasagital location, where areachnoid granulations are

1. duret hemorrhage in midbrain is associated with this

· Females > males, presence of progesterone receptors

· Slow growth, doubles in size every 2 years

· Because it is a mass lesion, see increased intracranial pressure, vomiting, seizures

CNS Path slide 11 – Multiple Sclerosis gross
The slide depicts the brain of a 32-year-old female who experienced visual impairment in the right eye. It is noted that this lesion is enhanced with gadolinium (An element of the lanthanide group, atomic no. 64, atomic wt. 157.25. The pramagnetic properties of this element are used in contrast media for magnetic resonance imaging.)

Differential Diagnosis

1. Acute disseminated encephalitis

2. Central Pontine myelinolysis

3. Infections:

· PML=Progressive Multifocal Leukoenchephalopathy

· Herpes Zoster Encephalitis

· CMV Encephalitis

Multiple Sclerosis is the most common demyelinating disease of the CNS.

· Multiple exacerbations and remissions

· Affects both sensory and motor

· Occurs in temperate climates

· Occurs more in females at the mean age of 30

· Plaque=hallmark, these are areas of demyelination in white matter of the brain and the spinal cord

· The visual system and the paraventricular area are vulnerable while the peripheral system is spared

· Clinical – visual problems, abnormal gait, dementia, incontinence, death occurs from respiratory paralysis or from Urinary Tract Infections in patients in terminal coma.

Notes from slide:
· The most common chronic demyelination disease of the CNS (seen horizontal plane)
· Female > male between 15-40 years old.  

· Unknown etiology but immune (genetic) or viral (environmental) factors are suspected which make it multifactorial in origin

· Has predilection for optic nerves and chiasm (geniculate) as well as paraventricular white matter of the Corona radiate, otherwise the distribution is random

· JC virus suspected, replicates in oligodendrocytes

· Plaques are well demarcated, with use of gadolinium (radio-opaque dye, shows increase in permeability.)
· MRI (+) 95% definite cases

· CD4 and CD8 T cells macs infiltrate the plaques.  Can see the accumulation of T cells at margins of plaque lesions, especially CD4+.  
DDx:  old infarct, space occupying lesion.  
Symptoms are diagnostic.  

Starts 3rd to 4th decade

Females > males. 

Progressive, chronic illness

Die of respiratory suppression.  
