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In human beings and other complex organisms, life itself depends on homeostasis, the maintenance of a constant internal milieu.  Nowhere is this dependence more pronounced than in the brain.  Elsewhere in the body, the extracellular concentrations of hormones, amino acids and ions, such as Potassium, undergo frequent small fluctuations, particularly after meals or bouts of exercise.  If the brain were exposed to such fluctuations, the result might be uncontrolled nervous activity, because some hormones and amino acids serve as neurotransmitters and potassium ion influences the threshold for the firing of nerve cells.  Hence the brain must be kept rigorously isolated from transient changes in the composition of the blood.  What separates the two major compartments of the central nervous system (the brain and cerebrospinal fluid) from the third compartment, the blood, is the blood‑brain barrier.  The brain capillaries are uniquely structured.  They are lined by endothelial cells which, unlike those of other capillaries, form a continuous wall that prevents substances from entering the brain.  This uninterrupted capillary wall provides the basis of the blood‑brain barrier, whose existence was first demonstrated conclusively in the 1960's.  At that time, electron microscopy revealed that the endothelial cells forming the tube of a capillary are joined by tight junctions and thus form a continuous cell layer, which has permeability properties of an extended plasma membrane.  At the site of the tight junction, the outer leaflets of two adjoining cells merge, so that the cells are physically joined.  When a protein tracer, such as horseradish peroxidase is injected into the general circulation, it is stopped from entering the brain by the tight junctions between the capillary endothelial cells of the brain.  On the other hand, when the same protein tracer is injected into the cerebral ventricles, it permeates the cerebrospinal fluid in the ventricles and flows into the extracellular spaces of the brain, but is prevented from leaving the brain by the tightly joined endothelial cells.  In addition to the presence of tight junctions, pinocytotic vesicles are rare or absent in endothelium of cerebral capillaries and venules and therefore substances do not get carried across the barrier by vesicular transport.  It is now known that microvessels with the above distinctive features are not present everywhere in the brain.  In six or seven small regions, gaps or channels extend through the endothelium, enabling substances in the blood to reach the extracellular fluid of the brain, or the neurons themselves.  Among the areas without the blood‑brain barrier are the pituitary gland, the pineal gland, the area postrema and some parts of the hypothalamus.  It would seem that the lack of a barrier in these zones opens the way for hormones, circulating in the blood, to reach secretory neurons in the brain, thereby closing the loop that underlines the feedback regulation of neuro‑endocrine systems.

Compounds that are highly soluble in water tend not to be taken up into the brain and that finding applies across a range of molecules extending from proteins as large as albumin to ions as small as sodium.  However,  lipid‑soluble molecules readily breach the blood‑brain barrier and enter the brain.  Among such substances are nicotine, ethanol and heroin.  The reason lipid‑soluble substances are able to penetrate the blood‑brain barrier is that the leaflets of the cell membrane, including those of the capillary endothelium, are composed of lipid molecules and therefore substances capable of dissolving in lipids can diffuse through the cell membrane, traverse the membranes of endothelial cells and enter the brain.

Yet, in order to function, the brain also needs substances that are not lipid‑soluble, such as glucose, the main source of energy for brain cells, and certain amino acids that the cells of the brain cannot manufacture for themselves.  A highly specific transport system, resembling the one present in the red blood cells, carries D‑glucose to the brain.  A specific transport system also exists for large neutral amino acids.  The carriers for glucose and large neutral amino acids are present in both the luminal and the anti‑luminal membranes of the endothelium.

CEREBRAL EDEMA
Cerebral edema is an increase in brain volume, due to an increased tissue water content.  The pathological basis for edema is centered about the function of the brain capillary, or the metabolism of the gray matter.  Pathologic processes commonly associated with cerebral edema are primary or secondary neoplasms, physical injury, inflammatory diseases, hypoxia, ischemia, drugs and chemicals.  "Vasogenic edema" is the most common type of edema and occurs mostly in the white matter as the result of damage to the blood‑brain barrier, due to many causes, such as infarcts, tumors, infections or trauma.  Cytotoxic edema is rare and secondary to metabolic insults that damage the cell membranes and permit fluids to enter the cell cytoplasm.  It is seen mostly in the gray matter.

INCREASED INTRACRANIAL PRESSURE
Once the fontanelles and sutures have closed, the intracranial contents consist of incompressible brain, blood and cerebrospinal fluid within a rigid, unyielding skull.  Ischemia, associated with cardiac arrest, followed by resuscitation, oxygen deprivation, head injuries, severe hypertension, cerebral hemorrhage of various origins, infections, abscesses, cytotoxic conditions and expanding brain tumors, are often severe enough to cause edema, leading to compression and eventual death, by damaging vital centres.  This is because rising intracranial pressure, that occurs in all these conditions, may reach levels where cerebral blood flow is essentially halted.

In severe blows to the head, for example, innumerable vessels are directly damaged ‑ a bruise results ‑ and shock waves are sufficient to produce widespread vasomotor paralysis at a distance from the bruise.  Ischemia leads to edema and the vicious cycle progresses with more impairment of blood flow, greater ischemia and pressure from edema.  Virtually complete loss of vascular controls compounds the disaster at some point.

Under increased intracranial pressure, the brain expands into the cerebrospinal fluid space, reducing the size of ventricles and subarachnoid space.  The cerebrospinal fluid pressure is raised.

As a generalization, the more slowly a focal lesion expands, the more likely it is to produce displacement of the brain, without an early increase in intracranial pressure (I.C.P.), since intrinsic compensatory mechanisms ‑ particularly a reduction in the volume of C.S.F. ‑ can operate at their maximum efficiency and it is in such cases that distortion and herniation of the brain are most pronounced.  In contrast, if the focal lesion is expanding rapidly, the more likely it is that distortion of the brain will be accompanied by a high I.C.P. and it is in such cases that brain death not infrequently supervenes before much distortion and herniation can occur.  The age of the patient is an important modifying factor.  If there is pre‑existing cerebral atrophy, and a corresponding increase in the volume of C.S.F. as is seen in elderly patients, compensatory capacity is potentially greater than in younger individuals.  Furthermore, in an infant, the skull may expand.

Herniations
Subfalcine Herniation.  Complicates large unilateral hemispheric lesions.  The ipsilateral cingulate gyrus herniates under the free edge of the falx and produces selective displacement of the anterior cerebral arteries towards the compressed site.

Uncal, or Lateral Transtentorial, Herniation.  The uncus and the medial part of the parahippocampal gyrus herniate medially and downwards through the incisura of the tentorium.  As the parahippocampal gyrus herniates, the mid‑brain is narrowed in its transverse axis, the aqueduct is compressed and the contralateral cerebral peduncle is pushed against the opposite free edge of the tentorium.  The ipsilateral oculomotor nerve becomes compressed between the free edge of the tentorium and the posterior cerebral artery or between the posterior cerebral and posterior cerebellar arteries.  The resulting paralysis of the nerve III produces ptosis, dilatation of the pupil on the side of the lesion, and loss of upward and medial movements of the eye.  This is an important and fairly early sign of tentorial herniation.  Compression of the contralateral cerebral peduncle against the free edge of the tentorium (Kernohan's notch) may lead to infarction, leading to paradoxical ipsilateral hemiplegia.  The posterior cerebral artery is displaced backwards and its branches compressed against the free edge of the tentorium, leading to infarction on the medial and inferior surfaces of the occipital lobe (calcarine cortex).  Hemorrhage and infarction in the brain stem (Duret hemorrhage) is a common and often terminal event in patients with supratentorial expanding lesions, a high I.C.P. and tentorial herniation.  The pathogenesis of these lesions is somewhat controversial.  It is most likely related to caudal displacement and antero‑posterior elongation of the rostral brain stem and relative immobility of the basilar artery.  As the displacement continues, basilar artery branches are stretched, leading to spasm and infarction, or hemorrhage.  Another possible mechanism is obstruction of the midline venous outflow, leading to stasis and venous infarction.

Tonsilar Herniation.  Downward displacement of the cerebellar tonsils, through the foramen magnum, may occur in association with a supra‑tentorial space‑occupying lesion, but more commonly tonsillar herniation is the result of a mass lesion in the posterior fossa.  The herniated tonsils lead to distortion of the spinal medullary junction.  Compression of cerebellar tonsils against the foramen magnum may interfere with local vascular perfusion and branches of the posterior inferior cerebellar artery may become obstructed, leading to infarction of the tonsils and/or parts of the medulla.

The superior vermis may herniate upward through the tentorial opening (upward transtentorial herniation).  A less common complication of cerebellar mass lesions.

BRAIN DEATH, 'RESPIRATOR' BRAIN
Several disease processes may cause disruption of the blood‑brain barrier and/or interfere with the brain's supply of oxygen or glucose directly or indirectly, leading to a major and substantial rise in intracranial pressure that exceeds first venous and then arterial perfusion pressure with resulting loss of perfusion of the brain.  Once cerebral flow ceases, the nerve cells and the capillary bed are damaged irreversibly.  When the capillary bed is irreversibly damaged, reperfusion of the brain cannot take place ("no reflow phenomenon").  The brain begins to undergo necrosis (in vivo autolysis).  On gross examination, the brain is edematous, dusky gray, congested, very soft, almost liquid‑like.  There is evidence of herniations.

HYDROCEPHALUS
An increased volume of the cerebrospinal fluid within the cranial cavity.

Obstructive Hydrocephalus is caused by a block in the cerebrospinal fluid pathway due to congenital stenosis or atresia, obstruction by blood clot, inflammatory exudate, scarring or intraventricular neoplasm.

Hydrocephalus ex vacuo, or compensatory hydrocephalus, is characterized by an increase in the volume of C.S.F. under normal pressure, that is compensatory to loss of brain tissue.

Internal hydrocephalus means the increased volume of C.S.F. within the ventricles, external hydrocephalus means excess C.S.F. in the subarachnoid space over the surface of the brain.  Hydrocephalus may be communicating if C.S.F. can flow freely from the ventricles to the subarachnoid space, or non‑communicating if it cannot.

TRAUMATIC INJURIES OF THE NERVOUS SYSTEM
In head injuries, with or without skull fracture, the brain is commonly bruised and torn by the movements of the brain within the skull.  High speed movies of experimental animals with clear plastic skulls reveal that a sharp blow to the skull makes the brain wriggle, twist and become contorted in unbelievable ways, all in a brief moment.  The brain is not only injured directly beneath the site of the blow ("coup" contusions), but the commotion of the brain moving around produces tears and bruises as far away as the other side ("contre coup" contusions).  Bruises are also regularly seen on the ventral surfaces of the frontal and temporal lobes ("gliding" contusions).  This is partially due to the rough contour of the skull there.

It is common in head injuries for cerebral veins to be torn at the sides where they bridge from the brain, which is movable, to the superior sagittal sinus, which is enclosed in the dura and immovably fixed to the skull.

Extradural hematoma is usually associated with fracture of the skull, which may damage the middle meningeal artery, causing very rapid extradural hemorrhage.

Subdural hematoma
A.
Acute subdural hematomas are almost always caused by significant head trauma.  Most commonly found over temporal and frontal lobes.  They evolve rapidly and produce severe pressure changes in the brain.  Bleeding is due to tearing of a bridging vein during movement of the brain against the skull and dura during impact.  They are fatal in 40% to 60% of cases if not quickly evacuated.

B.
Chronic subdural hematomas may present weeks or months after head injury that seemed at the time minor.  The hematoma becomes encapsulated in a membrane and slowly increases in size, possibly as a result of repeated small hemorrhages into it, until it becomes large enough to produce symptoms attributed to increased I.C.P. or distortion of the brain.  Chronic subdural hematomas are particularly common in older age groups, in whom there may already be some cerebral atrophy and because the hematoma expands fairly slowly, the period of special compensation may be so long, that the cerebral hemispheres may be severely distorted before there is any significant increase in intracranial pressure.

Traumatic cerebral hemorrhages occr in continuity with coup or contra coup lesions, or by themselves within the brain.

Penetrating injuries of brain include stab and gunshot wounds.  High velocity bullets expand the tract and can cause secondary pressure injury to the brain.  Low velocity bullets remain in the brain.

Diffuse brain damage may be the major cause of death.  In addition to rapidly developing and often fatal edema, and ischemia following a head injury, shearing of axons by direct trauma may be widespread and lead to death, or in case the patient survives, to persistent neurological deficits.  The condition, often referred to as the punch‑drunk syndrome may come on years after the last injury, affects amateur as well as professional boxers and is more likely to develop in boxers with long careers, who have been dazed, if not knocked out, on many occasions.  In addition to evidence of old trauma, examination of the brains of these individuals shows the presence of numerous neurofibrillary tangles, diffusedly throughout the cerebral cortex and the brain stem.

INFECTIOUS DISEASES OF THE NERVOUS SYSTEM
A)
MENINGITIS AND MENINGOENCEPHALITIS

1.
Acute Bacterial Meningitis.  The term meningitis usually means acute purulent bacterial meningitis, an inflammatory reaction in the subarachnoid space characterized by an exudate of polymorphonuclear and mononuclear leukocytes, with deposition of fibrin.  There is always acute inflammation of the walls of veins and arteries (vasculitis) in the leptomeninges.  This commonly extends along vessels as they penetrate into the brain and necrosis of the vessel walls and thrombosis may result.  The vascular changes may lead to small or large infarctions, especial^ if the disease progresses for several days or more.  Ependymitis, inflammation of the lining of the ventricles, is frequent.  The organisms that commonly cause meningitis are the Pneumococcus, Hemophilus influenzae and Meningococcus, but a variety of other bacteria may also be the causes.  In Sporadic Meningitis in infants and children, Pneumococcus and Hemophilus are the common organisms and Pneumococcus is the common agent in adults.  Meningococcus is the organism in epidemic meningitis.

These three organisms are frequently found among the normal flora of the naso‑pharynx, but in some individuals they invade the blood stream and cause infection.  Naso‑pharyngitis and, in the case of Pneumococcus and Hemophilus, middle ear infection, may precede the meningitis.  Meningococcal disease frequently takes the form of bloodstream infection, with a fulminant course of vascular damage, intravascular coagulation and death.  People so affected seem to lack serum bactericidal activity and the disease in them does not progress to the more localized expression of the disease, purulent meningitis.  Acute death in the affected patient must result from blockage of cerebrospinal fluid flow and brain swelling resulting in intolerable elevation of intracranial pressure.  In more protracted courses, these latter conditions may also develop, but certain immune reactions themselves may contribute.  Fatal secondary disease, such as pneumonia and circulatory failure, may occur.  In any persistent meningitis, there is brain damage from vasculitis, direct infection of the brain, fibrosis in the subarachnoid space, damage to cranial nerves and obstruction of the cerebrospinal fluid spaces.  Abscesses of the brain may be a complication.

2.
Meningoencephalitis of Tuberculosis, Fungus infections and Syphilis.  Tuberculous and syphilitic infections of the central nervous system used to be common, but are only occasionally seen now in this country.  Various fungus infections occur sporadically, although in immunosuppressed individuals, or the ones dying of disseminated leukemias or lymphomas, involvement of the brain is common (opportunistic infections).

Tuberculous Meningoencephalitis is characterized by meningitis, severe vasculitis and inflammation of the brain and cerebrospinal nerves.  The vasculitis is distinctive in showing almost simultaneously a proliferation of connective tissue in the adventitia and media of the vessel wall and patchy to extensive necrosis of the vessel wall with deposition of fibrin.  The cellular exudate is mononuclear (macrophages, lymphocytes and epithelioid cells), but multinucleate giant cells may appear singly, or several may be associated with the necrotic regions of vessel walls.  The immune responses in tuberculosis are destructive to tissues, but the mechanisms by which the blood vessels are especially singled out are not clear.  Occasionally, grossly visible localized tuberculous lesions (tuberculomas), may develop in the brain.

A number of fungi may affect the brain, commonly as a part of generalized infection.  Granulomatous inflammation histologically often characterizes the response, but a simultaneous acute inflammatory cell exudate and production of granulation tissue may be present.  Occasionally, multiple acute abscesses occur in the brain.  In mucormycosis, the fungus shows a predilection for propagating in the walls of brain vessels, leading to occlusion of their luminae mechanically by thrombosis.  In cryptococcosis, the organism may elicit a granulomatous cellular reaction, the organisms appearing in mononuclear and giant cells in the brain and meninges.  It may also excite no cellular inflammatory response at all, with the cryptococci widely disseminated in the subarachnoid space and in small cavities in the brain.   Patient exhibiting this "non‑inflammatory" histologic picture usually have an underlying immune deficiency, such as that caused by immunosuppressive treatment or the presence of lymphoreticular disease.

Syphilitic brain disease, which is uncommon now, takes three forms, all of which may be regarded as tertiary (late) manifestations of syphilis,  a)  paretic neurosyphilis is syphilitic encephalitis, which results in progressive dementia and death if not successfully treated.  Treponema can be demonstrated in the brain tissue and although the organisms themselves are not visibly involved in the cellular reaction, there is destruction of nerve cells, proliferation of microglia and a mononuclear cellular inflammatory response in the leptomeninges and perivascular regions.  b)  in tabetic neurosyphilis (tabes dorsalis), the infection damages the spinal and cranial nerves rather exclusively.  The posterior roots of the lumbar region are especially vulnerable, leading to degeneration of the posterior columns.   c)  in meningovascular neurosyphilis, the infection is manifested as vasculitis, with chronic meningitis, sometimes granulomatous.  Focal endothelial proliferation may occlude large or small cerebral vessels, with consequent infarction.

B.
INTRACRANIAL INFECTIONS SECONDARY TO SYSTEMIC BACTERIAL INFECTIONS AND TRAUMATIC INJURY
Infectious agents can gain entrance into the brain and spinal cord through penetrations of the skull and spine in automobile accidents and other violence.  They may arise by direct extension of infections in surrounding tissue, such as those of the middle ears and nasal sinuses and organisms may be introduced directly during surgery.  Intracranial infections, by whatever route they are introduced, may take the form of epidural and subdural abscesses.  Abscesses may form also in the brain.  These are only relatively local infections and they are never truly walled off.  The connective tissue "wall" that does form around them is thin, relatively ineffective and surrounded by a wide zone of smoldering cellular reaction and often satellite abscesses.  When they heal, which may be in response to surgical drainage and specific therapy for the organism involved, the result is a defect in the brain, with residual fibrous tissue and gliosis.

C.
VIRAL INFECTIONS OF THE NERVOUS SYSTEM
Viral diseases can be grouped into two broad groups:  acute infections, in which immunity and elimination of the virus results (provided the host survives) and latent chronic and slow infections, in which the viruses persist, often in spite of immune defence mechanisms, to induce many forms of disease.

1.
The majority of acute viral infections, of which poliomyelitis and smallpox are representative, elicit a cellular inflammatory response, the virus is eliminated in the course of the disease and persistent solid immunity results from having the disease, or vaccination to prevent it.  Recovery is common.  The clinical attack rate is high in smallpox, but few people who contract poliomyelitis virus develop clinical neurologic disease.  There are innumerable viruses that can cause acute encephalitis and meningitis.  Probably the arthropod borne ("arbor") viruses of St. Louis equine and California forms belong in this first group as may the picoRNA Coxsackie and ECHO virus diseases.  Mumps involvement of the brain may also belong here.  There may be distinctive pathologic features in epidemics of some of these encephalitides, as seen at autopsy, but in a sporadic "virus encephalitis", the pathologist is usually confronted with a more or less obviously destructive, inflammatory brain disease with microglial and mononuclear cell response, the lymphocytes and other mononuclear cells being concentrated in perivascular spaces.  Gliosis may have developed if the course before death was long enough.  Definitive diagnosis rests on identification of the virus.

2.
Chronic, latent and slow virus infections.

a)  Herpes simplex and Varicella zoster infections are characterized by acute or subacute primary infection followed by recovery.  Then, after a period of latency, the infection may become clinically evident again, only to remit and relapse further.  The viruses may be held in abeyance, but are not destroyed by immune responses.  Probably most of us harbor simplex virus with little clinical discomfort.  Herpes simplex encephalitis, a comparatively uncommon expression of the infection, may nevertheless constitute the most frequent form of sporadic fatal encephalitides.  It is caused by the Herpes simplex virus type I, a DNA virus of the herpes group.  It is destructive, especially of the temporal and usually fatal.  Intranuclear inclusions in nerve cells, a specific fluorescent antibody or immunoperoxidase staining of nerve cells and isolation of the virus in culture help in establishing the diagnosis.  There is usually mononuclear cell inflammatory response, but polymorphonuclear leukocytes may be present early on.  In infants it may be part of a generalized herpes simplex virus type II infection.  Subjects who do not die are likely to have severe residual brain damage.  Herpes simplex virus may opportunistically produce clinically active disease with various expressions including encephalitis when depression of immune functions occurs.

b)  Herpes zoster is characterized by spinal and cranial nerve root and spinal ganglia inflammation and skin eruptions along the course of the corresponding peripheral nerves.  It runs a protracted and remittent course.  The cellular response is chiefly mononuclear.

c)  Diseases that may develop prenatally are represented by cytomegalic inclusion disease and congenital rubella infection.  They are characterized by persistent pathogenic activity of the virus over long periods of time, in spite of the host immune defences.

Rubella acquired in childhood and adulthood is a mild disease clinically, but when it has its onset in fetal life it can be devastating.  In very early life, malformation of the brain results.  Since the virus is not checked by immune responses, continuing damage may occur well into childhood.  The infant with this continuing disease may show meningoencephalitis, with a mononuclear cell response and evidence of continued brain destruction.  There may be chronic vasculitis with microscopic perivascular calcification.

Cytomegalic inclusion disease is a fairly common condition, but it is usually asymptomatic.  As part of a systemic infection in the adult, it can occasionally produce encephalitis characterized morphologically by disseminated collections of microglia and the presence of neurons or other cells made large by intranuclear and cytoplasmic inclusions.  Immunoperoxidase staining confirms the identity of the inclusion bodies.  Infection in adults is especially brought to surface by immunosuppression procedures, as in kidney transplantation and AIDS.  The outcome of fetal disease is a brain malformation, including multiple small cortical gyri, with distorted cyto‑architecture (polymicrogyria) and calcific deposits in the subependymal matrix and large ventricles.

d)
Atypical and Unconventional Agents.  A group of transmissible degenerative diseases of the central nervous system in humans and animals:

i)
Scrapie in sheep and goats;

ii)
Transmissible mink encephalopathy;

iii)
Chronic wasting disease of mull deer and elk;

iv)
Bovine spongiform encephalopathy;

v)
Kuru;

vi)
Creutzfeldt‑Jakob disease in Humans
These diseases and their agents have many characteristics of viral infections, but are very different from them in that:  (1) incubation periods may be very long; (2) there is no immunological or inflammatory response; and (3) their agents have eluded persistent attempts at isolation and characterization.  The particles implicated in the pathogenesis of these diseases are called PRIONS and are composed largely, if not entirely, of an abnormal isoform of the prion protein of low molecular weight (60,000 to 100,000) and very small size.  Unlike viruses, which contain nucleic acid genomes that encode progeny viruses, prions contain little or no nucleic acid and prion protein is encoded by a cellular gene.

Kuru is a progressive, degenerative disease of the nervous system, limited to the Fore people of Papua ‑ New Guinea, transmitted through the practice of ritual cannibalism to the mourners, mostly women and children.

Creutzfeldt‑Jakob disease (CJD) is a spongiform encephalopathy, which leads to progressive destruction of the brain with loss of function, a vegetative state and death.  Usually occurs in middle aged individuals of either sex.  10‑15% of cases are familial.  Mode of transmission is unknown, but it may be by several forms of contact with infected individuals.  Transmissible to chimpanzees and rodents via intracerebral inoculation.  The incubation period in both Kuru and CJD may be years.  Symptoms include dementia and myotonic jerking.  Death usually within 12 months of the onset.  Pathology:  variable degree of cortical atrophy and ventricular dilatation.  Neuronal loss, gliosis, status spongiosus of cerebral cortex (intraneuronal clear vacuoles, 2‑10m in diam.), absence of an inflammatory response.  Changes seen in cerebral cortex, basal ganglia, brain stem, cerebellum, spinal cord.

Subacute Sclerosing panencephalitis (SSPE) is a relatively rare chronic destructive disease of the brain of infants and children, leading to a vegetative state and death in months to a year or more.  It is caused by the measles virus, which excites pathologic response, rather like that of "acute" encephalitides caused by other conventional viruses.  However, the course is lengthy and so far as is known the virus always wins.  In brain biopsies examined in early stages of the disease, there is mononuclear cell response, microglial profileration and formation of intranuclear inclusions in neurons and neuroglia.  Later, there is substantial brain destruction with gliosis, but inclusions in neurons and glial cells are present in better preserved parts of the brain, evidence of the relentless progress of the disease.  SSPE patients have high titres of antibodies to measles virus in their blood and CSF.  Measles specific immunoglobulins M and G are present and formed in the brain.  Whether there is alteration of cell mediated immunity is not clear, but the immune defence in patients with SSPE is incapable of eliminating the virus.  An excessive number of SSPE patients, compared to the rest of the population, contracted their measles early, when their immune systems were relatively young.

e)
Progressive multifocal leukoencephalopathy (PML).  This rare chronic but progressive disease occurs especially in debilitated patients with some form of immunosuppression.  It is characterized at autopsy by patchy destructive lesions of grey and white matter, some of which are demyelinating with spearing of axis cylinders.  There is minimal mononuclear cell response.  The distinguishing histological features of the disorder are the semi‑neoplastic transformation of neuroglial cells and the presence of intranuclear inclusions in oligodendrocytes.  The disease has been attributed to two papova viruses JC and SV40.  Though rare, the disease is of special interest because of its combined characteristics of inflammatory and semi‑neoplastic responses.

D.
NERVOUS SYSTEM INVOLVEMENT IN HIV‑1 INFECTION
The acquired immune deficiency syndrome (AIDS) is characterized by a severe ideopathic deficiency in T‑cell mediated immunity.  The population at risk for developing AIDS includes, primarily, young homosexual and bisexual men, intravenous drug users, and Haitians.  Hemophiliacs, treated with Factor VIII, recipients of blood and blood products, female sexual partners of men at risk and children exposed to adults at risk, are also reported as having developed AIDS.  A significant number of patients with AIDS show central nervous system involvement.

The nervous system complications of HIV‑1 infection and AIDS are common and diverse.

1)
These complications may involve all levels of the neuraxis.

2)
Distinct neurological complications may occur at all stages of HIV‑1 infection.

3)
Neurological dysfunction can result from several types of disease process:

‑
Opportunistic infections (CMV, PML, toxoplasmosis, fungal infections);

‑
Opportunistic neoplasms (lymphomas);

‑
Toxic/metabolic sequellae of systemic disease;

‑
Psychiatric disorders;

‑
AIDS dementia complex, which may relate to direct effect of HIV‑1 on the nervous system;

‑
Myopathy, neuropathy.

Neuropathology of the AIDS dementia complex
Brain:

Multinucleated‑cell encephalitis, white matter pallor, reactive gliosis, vacuolation, scant inflammation.

Spinal Cord:
Vacuolation of white matter.
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