Infections of Central Nervous System:

· Meningitis refers to an inflammatory process of the leptomeninges and CSF within the subarachnoid space. 

· Meningoencephalitis refers to inflammation of the meninges and brain parenchyma. 

· Encephalitis refers to inflammation of the brain parenchyma. 
There are four principal routes by which infectious microbes enter the nervous system:
1. Hematogenous spread 

· the most common means of entry

· infectious agents ordinarily enter through the arterial circulation

· retrograde venous spread can occur through anastomotic connections between veins of the face and cerebral circulation. 

2. Direct implantation of microorganisms: 

· is almost invariably traumatic or in congenital CNS malformation (Neural tube defect)

3. Local extension

· occurs secondary to an established infection in an air sinus, most often the mastoid or frontal, an infected tooth or middle ear

4.  Through the peripheral nervous system into the CNS:

· as occurs with certain viruses, such as rabies and herpes zoster. 

Infections of Central Nervous System:

· Viral

· Bacterial

· Fungal 

· (including Candida albicans, Mucor, Aspergillus fumigatus, and Cryptococcus neoformans. In endemic areas, pathogens such as Histoplasma capsulatum, Coccidioides immitis, and Blastomyces dermatitidis 

· Protozoal diseases 

· (including malaria, toxoplasmosis, amebiasis, and trypanosomiasis), 

· Prion Diseases (Transmissible spongiform encephalopathy)

INFECTIOUS MENINGITIS
· Acute Pyogenic (Bacterial) Meningitis

· Acute Lymphocytic (VIRAL) Meningitis

· Chronic Meningitis.

· Infectious meningitis is broadly classified on the basis of the characteristics of inflammatory exudates on CSF examination and the clinical evolution of the illness into:

·  acute pyogenic (usually bacterial meningitis) 

·  aseptic (usually acute viral meningitis) 

· chronic (usually tuberculous, spirochetal, or cryptococcal)

· Acute Pyogenic (Bacterial) Meningitis: 

· Important cause of morbidity and mortality at any age (medical emergency) 

· Pathogen reach CNS via blood after colonizing the nasopharynx

· The microorganisms that cause acute pyogenic meningitis vary with the age of the patient:

· Neonates and infants: the organisms include Escherichia coli, Listeria and the group B streptococci 

· Older infants ,children's, adolescents and in young adults : Streptococcus pneumoniae ,Neisseria meningitidis (Meningococcal meningitis) and Haemophilus influenzae , immunization against Haemophilus influenzae has markedly reduced the incidence of meningitis associated with this organism 

· S. aureus and gram negative rods are common after placement of surgical shunts.

Morphology:

· In acute meningitis, an exudates is evident within the leptomeninges over the surface of the brain 
· In untreated meningitis, Gram stain reveals varying numbers of the causative organism, although they are frequently not demonstrable in treated cases. 

CSF  Findings in spinal tap 

· A spinal tap yields cloudy or frankly purulent CSF, 

· as many as 90,000 neutrophils /mm, 

· a raised protein level,

· a markedly reduced glucose content

· Bacteria may be seen on a Gram stained smear or can be cultured, sometimes a few hours before the neutrophils appear. 

Clinical Features

· Patients typically show systemic signs of infection with meningeal irritation and neurologic impairment,

· Headache, photophobia, irritability, clouding of consciousness, and neck stiffness. 

· Untreated, pyogenic meningitis can be fatal.

· Effective antimicrobial agents markedly reduce mortality associated with meningitis.  

Complications:

· Phlebitis may also lead to venous occlusion and hemorrhagic infarction of the underlying brain

· Leptomeningeal fibrosis and consequent hydrocephalus may follow pyogenic meningitis 

· Meningitis-associated septicemia with hemorrhagic infarction of the adrenal glands and cutaneous petechiae (known as Waterhouse-Friderichsen syndrome). It is particularly common with meningococcal and pneumococcal meningitis.

· Focal cerebritis & seizures
· Cognitive deficit.

· Deafness.
· ACUTE LYMPHOCYTIC (VIRAL) MENINGITIS
· Aseptic meningitis is a misnomer, but it is a clinical term referring to the absence of recognizable organisms in an illness with meningeal irritation, fever, and alterations of consciousness of relatively acute onset.

· 70% of the infections occur in children under the age of 5. 

· Most viral meningitis is associated with enteroviruses, which are viruses that commonly cause intestinal illness. 

· disease is caused by virus Echovirus, coxsackievirus, mumps virus and HIV.

· It may be associated with encephalitis.

· The clinical course is less fulminant than that of pyogenic meningitis, and the CSF findings also differ between the two conditions. 

· CSF findings in aseptic meningitis:

· predominant cells are  lymphocte

· the protein elevation is only moderate

· the sugar content is nearly always normal 
· The viral meningitides are usually self-limiting and are treated symptomatically. 

· Morphology 

· Mild to moderate infiltration of the leptomeninges with lymphocytes.  

· There are no distinctive macroscopic characteristics except for brain swelling, seen in some instances

· Chronic Meningitis

Bacterial: Tuberculosis 

Fungal: Cryptococcus neoformans (in HIV Pt.)

· Chronic meningitis is defined as meningitis lasting for four weeks or more.

· Patients with chronic meningitis usually have a subacute onset of symptoms including fever, headache, and vomiting. The symptoms can remain static, fluctuate, and/or slowly worsen. 

· Infectious cause includes Bacterial: Tuberculosis, Fungal: Cryptococcus neoformans (in HIV Pt.)
· Usually associated with encephalitis

	Test 
	Bacterial 
	Viral 
	Fungal 
	Tubercular 

	Opening pressure 
	Elevated 
	Usually normal 
	Variable 
	Variable 

	White blood cell count 
	>=1,000 per mm3 
	<100 per mm3 
	Variable 
	Variable 

	Cell differential 
	PMNs 
	lymphocytes 
	lymphocytes 
	lymphocytes 

	Protein
	Mild to marked elevation 
	Normal to elevated 
	Elevated 
	Elevated 

	CSF-to-serum glucose ratio 
	marked decrease 
	Usually normal 
	Low 
	Low 


INFECTION OF BRAIN PARENCHYMA

· Brain Abscess

· Tuberculosis 

· Toxoplasmosis

· Viral Encephalitis

· Spongiform Encephalitis
Infections of Central Nervous System

· Bacterial

· VIRAL

· FUNGAL (including Candida albicans, Mucor, Aspergillus fumigatus, and Cryptococcus neoformans. In endemic areas, pathogens such as Histoplasma capsulatum, Coccidioides immitis, and Blastomyces dermatitidis 

· Protozoal diseases (including malaria, toxoplasmosis, amebiasis, and trypanosomiasis), rickettsial infections (such as typhus and Rocky Mountain spotted fever), and metazoal diseases (especially cysticercosis and echinococcosis) 
· Prion Diseases
ACUTE FOCAL SUPPURATIVE INFECTIONS:

Brain Abscess:
· Complication of untreated menigitis 
· May arise by direct implantation of organisms, local extension from adjacent foci (mastoiditis, paranasal sinusitis), or hematogenous spread (usually from a primary site in the heart, lungs, or distal bones or after tooth extraction)

· Streptococci and staphylococci are the most common organisms identified in non immunosuppressed populations

· Predisposing conditions: 

· acute bacterial endocarditis ( usually give multiple microabscess)

· cyanotic congenital heart disease in which there is a right-to-left shunt 

· loss of pulmonary filtration of organisms ( e.g. chronic pulmonary sepsis, bronchiectasis)

· Most common on cerebral hemispheres

· Liquefactive necrosis

· present clinically with progressive focal deficits in addition to the general signs of raised intracranial pressure

Complications of Brain abscess:


· Herniation 

· Rupture of abscess into subarachnoid space or ventricle 

Tuberculosis:
· Tuberculoma well-circumscribed intraparenchymal mass 

· May be associated with meningitis.

· A tuberculoma may be up to several centimeters in diameter, causing significant mass effect.

· On microscopic examination, there is usually a central core of caseous necrosis surrounded by a typical tuberculous granulomatous reaction 

Toxoplasmosis
· Infection of the brain by Toxoplasma gondii is one of the most common causes of neurologic symptoms and morbidity in patients with AIDS.
· The clinical symptoms are subacute, evolving during a 1- or 2-week period, and may be both focal and diffuse.  
· Ingestion of raw or partly cooked meat, especially pork, lamb, and Ingestion of contaminated cat faeces 

· Transplacental transmission :severe brain injury in neonate (Neonatal hydrocephalus, microcephaly, intracranial calcifications, chorioretinitis, blindness, epilepsy, psychomotor or mental retardation, Rare classic triad - Chorioretinitis, hydrocephalus, cerebral calcifications)

·  Most common causes of neurologic symptoms and morbidity in patients with AIDS (40%) -Necrotizing encephalitis-and in  immunocompromised Pt.
· Ocular toxoplasmosis (chorioretinitis) 

VIRAL ENCEPHALITIS
· Herpes Simplex Virus Type 1 (HSV-1) 

· HIV encephalitis

HIV encephalitis (Subacute Encephalitis):
· Patients affected with this remarkable neurologic disorder with dementia referred to as AIDS-dementia complex (ADC)

· The dementia begins insidiously, with mental slowing, memory loss, and mood disturbances, such as apathy and depression. 

· Motor abnormalities, ataxia, bladder and bowel incontinence, and seizures can also be present. 
·  Morphology : On macroscopic examination:the meninges are clear, and there is some ventricular dilation with sulcal widening but normal cortical thickness. ,Microscopically: a chronic inflammatory reaction with widely distributed infiltrates of microglial nodules, sometimes with associated foci of tissue necrosis and reactive gliosis .multinucleated giant cell the hallmark of HIV encephalitis 

Transmissible Spongiform Encephalopathies(TSE) 
(Prion Diseases) 
· Prion diseases comprise a group of neurodegenerative conditions characterized clinically by slowly progressive ataxia and dementia and pathologically by accumulations of fibrillar or insoluble prion proteins, degeneration of neurons, and vacuolization, termed spongiform degeneration 
· Group of diseases includes in humans:

                  Creutzfeldt-Jakob disease (CJD), Gerstmann-Sträussler-Scheinker syndrome     (GSS), fatal familial insomnia, bovine spongiform encephalopathy (BSE)
· They are all associated with abnormal forms of a specific protein, termed prion protein (PrP), 

· Pathogenesis and of Prion Diseases :
· TSEs are unique diseases can be genetic, sporadic or infectious 

· Misfolding or conformational change of the normal prion protein (PrPc) converts it to an insoluble, protease resistant isoform PrPsc.which precipitates as amyloid. 

· Loss of function of (PrPc) or toxicity of PrPsc.cause neuronal degeneration and loss by unknown mechanism. 

· Transmitted via ingestion of infected foodstuffs and via iatrogenic means (e.g. blood transfusion, Instrument ,GH). 
· Creutzfeldt-Jakob Disease/Sub acute Spongiform Encephalopathies:
· A rare but well-characterized disease that have long incubation period and manifests clinically as a rapidly progressive dementia and diffuse atrophy of the brain. 

· It is primarily sporadic (about 85% of cases) in its occurrence, with a worldwide annual incidence of about 1 per million 

· familial forms also exist 

· The disease has a peak incidence in the seventh decade. 

· There are well-established cases of iatrogenic transmission, notably by corneal transplantation, deep implantation of neural electrodes, and contaminated preparations of human growth hormone.

· The disease is uniformly fatal, with an average duration of only 7 months 

Central Nervous System

TUMOURS OF THE CNS- Key facts:
· Metastases to the brain is more frequent than primary tumors e.g. melanoma, lung cancer, renal cancer, thyroid cancer, breast cancer and gastrointestinal cancer.

· Most CNS tumors are intracranial, and less frequent in spinal cord

· 20% of childhood cancers are brain tumors (second to leukemia).

· Most brain tumors of childhood arise in the posterior cranial fossa (bellow tentorium cerebelli)

· Brain tumours in children tend to be located in median axis of the body (midbrain) – wheras adults tumors are located in brain hemispheres

· Most brain tumors in adults arise above the tentorium cerebelli.

· Benign brain tumors may be lethal because of their location (e.g. cause hydrocephalus and raised intracranial pressure).

· Malignant brain tumors are locally aggressive but do not metastasize (except following surgery, although this is very unusual).

· Common brain tumors in children are low grade cerebellar  astrocytomas and high grade medulloblastomas.

· Common brain tumors in adults are high grade astrocytomas (GBM) ,benign meningiomas and acoustic neuroma.

CNS tumors:

· Gliomas 
· Tumors derived from the "glial" cells of the brain. 

· Tumors include:

· astrocytoma 

· oligodendroglioma 

· ependymoma 

· Astrocytic tumors:
· Non infiltrating:

· Pilocytic astrocytoma (PA) (WHO grade I)

· Diffusely infiltrating :(Fibrillary astrocytic neoplasm)

· Astrocytoma (WHO grade II) fibrillary.

· Anaplastic (malignant) astrocytoma (WHO grade III)

· Glioblastoma multiforme (WHO grade IV) 

· Grading of astrocytic tumors - criteria for malignancy :

· Nuclear atypia 

· Mitoses

· Necrosis

· Blood vessel proliferation

· Grade I :(No atypia, mitosis, necrosis & no vessels proliferation) 

·  Seen in the cerebellum, brainstem and optic nerves of children.

· Pilocytic astrocytoma 

· Grade II (nuclear atypia)

· are seen in the cerebral hemispheres of 20-40 year old individuals 
· Diffusely infiltrating :(Fibrillary astrocytic neoplasm)
· Grade III (atypia & mitosis): Anaplastic (malignant) astrocytoma
· Grade IV (atypia & mitosis & necrosis & vessels proliferation): Glioblastoma multiforme
· High grade infiltrating astrocytomas (III & IV) which are most malignant in their course are seen in patients in their 50's and 60's. 

· Lower grade tumors have the best prognosis.

Pilocytic astrocytoma: 

· Common in children

· Common site : cerebellum, third ventricle and optic nerve

· Usually well defined lesion

· Astrocytes with elongated cytoplasmic processes

· Excellent  prognosis if surgically accessible.

Glioblastoma multiforme: astrocytoma grade IV

· Glioblastomas are common primary brain tumor ( account for 50% of all gliomas also the most malignant.

· arise after age 50 in most patients 

·  Younger patients tend to have a better prognosis than the elderly. 

·  The average life span after diagnosis is 6 months to 1 year.

·  Radiation and chemotherapy appear to extend the life of the patient. 

Oligodendroglioma
· oligodendroglioma infiltrates the surrounding tissue

· tumor cells have perinuclear halo surrounding central, regular and round nuclei (resemble fried egg); 

· There are fine capillary network resembles chicken wire and has focal calcification. 
· Classified into:

· Oligodendroglioma (WHO grade II) 

· Anaplastic (malignant) oligodendroglioma (WHO grade III) 
Ependymoma
· Peak incidance in childhood and adolescence

· Most friquently occure in ventricles -4th because they arise from ependymal cells.

· Ependymal cell tumors 

· Ependymoma (WHO grade II) 

· Anaplastic ependymoma (WHO grade III) 

· Myxopapillary ependymoma (WHO grade I)

· Subependymoma (WHO grade I) 

·  Histologyic characteristics include tubules or rosettes with ependymal cells encircling vessels or pointing toward a central lumen cell

· There can be solid or papillary growth that obstruct the flow of CSF and lead to hydrocephalus. 

Primitive neuroepithelial tumor:
 Medulloblastoma
· Occur predominantly in children (#2 after pilocytic astrocytoma of cerebellum)  

· Highly malignant tumor (most common malignant solid neoplasm)

·  very fast growing 

· In children: cerebellar vermis 

· In older pt. originate in cerebellar hemispheres

· radio- and chemo- sensitive 5 year survival is 75% with surgery/radiation 

· can disseminate in the CSF

Neuroblastoma

· Closely related to the adrenal medulla tumor but less common

· There is amplification of N-myc oncogene

· Micro: small round blue cell tumor composed of sheets of undifferentiated cells with minimal cytoplasm, hyperchromatic and anaplastic nuclei, frequent mitotic figures 

Meningiomas

· Second most common primary intra cranial tumors make up 15 - 20% of all intracranial tumors. 

· They are more common in women than men, (their tendency to have estrogen and progesterone receptors. 

· Meningiomas are benign and slow growing. 

· Originate from "meningeal" cells that line the outer surface of the brain. 

· Grow along external surface of brain 

· More aggressive tumors of this type include the atypical meningioma and the malignant meningioma.

· Micro:whorled clusters of spindle cells, which may secrete collagen, can have calcifications and form psammoma bodies (varies by tumor); intranuclear pseudoinclusions common; 

Tumors of Cranial and Spinal Nerves 
· Schwannoma: (neurinoma, neurilemoma, acoustic neuroma VIII CN)
· 3ed most common primary intracranial neoplasm 

· Encapsulated benign nerve sheath tumor

· Derived from Schwann cells 

· Biphasic cellular component (Antoni A) that palisades (Verocay bodies), plus myxoid component (Antoni B)
· Neurofibroma 
· Will circumscribed, Non-encapsulated solitary tumor 

· Multiple in neurofibromatosis type 1,can under go malignant change.

· proliferation of all elements of peripheral nerves; Schwann cells with wire like collagen fibrils ,stromal mucosubstances, mast cells, axons

· Hemangioblastoma
· slow growing and indolent, but symptoms due to mass effect 

· Occur most friquent in cerebellar ; also spinal cord, meninges 

· Either part of von Hippel-Lindau disease ( dominant, hemangioblastomas of cerebellum and retina, cysts of liver and pancreas, pheochromocytoma, kidney tumors) or sporadic 

· production erythropoietin 
· Micr:proliferation of capillaries with variable sized, closely packed, thin walled vessels and large neoplastic stromal cells with pink to clear foamy cytoplasm with fine vacuoles it have great resemblance to renal cell carcinoma. 
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