CEREBROSPINAL FLUID

Composition and formation of CSF


CSF is a clear colourless fluid with a specific gravity (1.004-1.007 g/cm3) slightly greater than water. It normally contains little protein and has a lower pH, and lower concentrations of glucose, potassium, calcium, bicarbonate and amino acid than blood plasma. In man, the total volume of CSF contained within the ventricular system and the subarachnoid space is estimated to be 80-150 ml and The Ventricular system alone is believed to contain from 15-40 ml of CSF and 70 ml surrounds the spinal cord. 


The rate of formation is approximately 0.35 ml/min or 500ml/day; a rate which replaces the total volume of CSF approximately 2-3 times over in 24 hours. The normal pressure of CSF as measured in the recumbent position by lumber puncture varies from 25-70 mm H2O in infants and from 65-195mmH2O in adults. Although elevation of this CSF pressure may be an indication of some neural pathology like a tumour, it may also reflect elevated systemic venous pressure or an obstructed extracranial venous return. 

Circulation of CSF

CSF is formed by the choroid plexus present within the four cerebral ventricles with those of the lateral ventricles producing the most. From the lateral ventricles the CSF passes into the third ventricle through the interventricular foramen and from here travels to the fourth ventricle via the narrow cerebral aqueduct. The CSF leaves the ventricular system at the level of the medulla oblongata via three apertures: the midline foramen of Magendie and the paired lateral foramina of Lushka. These three apertures open into the cisterna magna and the cisterna pontis respectively which are enlargements of the subarachnoid space. From the midline foramen of Magendie and cisterna magna CSF flows forward over the cerebellar hemispheres toward the tentorial incisure and also downward into the subarachnoid space surrounding the spinal cord. 

CSF from its intracranial and spinal course will ultimately drain into venous channels via arachnoid villi. The circulation of CSF through the ventricular system and arachnoid space in this manner has been attributed to:

· Pressure waves generated by pulsatile arterial blood flow and brain expansion, 
· Pressure gradients produced by the production and absorption of CSF and,

· Currents induced by ependymal cilia. However, it is likely that ciliary currents contribute only to local movements of CSF rather than to bulk flow.

Functions of the CSF

1. The brain and spinal cord are rendered buoyant by the cerebrospinal fluid in which they are suspended. This provides the nervous system with support and protection against rapid movements and trauma.

2. The CSF is nutritive for both neurons and glial cells

3. The CSF provides a vehicle for removing waste products of cellular metabolism from the nervous system. 

4. The CSF plays a role in maintaining the constancy of the ionic composition of the local microenvironment of the cells of the nervous system. The extracellular space of the brain freely communicates with the CSF compartment and therefore the composition of the two fluid compartments is similar.
5. The presence of a number of biologically active factors including hormones, neurotransmitters and metabolites within the CSF suggests that it may function as a transport system.

6. As the CSF and the brain extracellular space are in continuity analysis of the composition of the CSF provides diagnostic information about the normal and pathological state of the nervous system. 
Meningitis

Meningitis is an infection or the cerebral and/or spinal meninges, usually the arachnoid and pia. In 80-90% of cases it is caused by one of three bacteria, 


Neisseria mengitidis,


Diplococcus pneumoniae,


Haemophilius influenzae,
With the latter being the most frequent pathogen in children. In infants under 1 year old the most common organism is Escherichia Coli.


The triad of fever, headache and stiff neck should immediately alert the physician to the possibility of the disease and a spinal tap/lumbar puncture should be performed at once. A lumbar puncture will be performed to obtain a sample of CSF for microscopic and bacteriological examination. Early diagnosis is very important as is identification of the type of bacteria responsible for selection of the correct antibiotics. A lumbar puncture for CSF studies should be performed unless cardiorespiratory instability, increased intracranial pressure, or local infection over the lumbar puncture site is present.
Oterrhea


CSF leakage through the ear is termed oterrhea. The majority of such leaks are postoperative and are a recognised complication of acoustic neuroma surgery. Some occur due to middle ear surgery, sometimes many years later. You should always ask your patient about any such operations. Some leaks may also be the result of congenital abnormalities in the formation of the inner ear, mastoid or temporal one although such defects usually present in childhood.

Middle ear disease, such as cholestealoma can erode the tegmen plate allowing herniation of dura or brain to occur over time, thus otorrhea.


Trauma to the head is the second most common cause of CSF leaks, most notably temporal bone fractures. Leaks occurring following trauma or resent skull base surgery can often be treated using a pressure dressing and a lumbar drain. Although if this fails surgery is recommended.
Hydrocephalus 

The term hydrocephalus is derived from the Greek word “hydro” meaning water and “cephalus” meaning head. As its name suggests it is a condition in which the primary characteristic is excessive accumulation of fluid, in this case CSF, in the brain. This excessive accumulation of CSF results in an abnormal dilation of the brains ventricles, causing potentially fatal pressure damage to the tissues of the brain. Hydrocephalus may be congenital or acquired. Congenital hydrocephalus is present at birth, and may be caused by either environmental influence during foetal development or genetic predisposition. Acquired hydrocephalus develops at the time of birth or at some point afterwards. This type of hydrocephalus can affect individuals of all ages and may be caused by injury or disease.

Hydrocephalus can also be communicating or non-communicating. Communicating hydrocephalus occurs when the flow of CSF is blocked after it exits from the ventricles. This form is called communicating because the CSF can still flow between the ventricles. Non-communicating hydrocephalus, also know as obstructive, occurs when the flow of CSF is blocked along one or more of the narrow pathways connecting the ventricles. One of the most common causes of hydrocephalus is “Aqueductal Stenosis”. In this case, hydrocephalus results from a narrowing of the Aqueduct of Sylvius, a small passageway between the 3rd and 4th ventricles in the middle of the brain.


There are two further forms of hydrocephalus that primarily affect adults: Hydrocephalus ex-vacuo and normal pressure hydrocephalus. Hydrocephalus ex-vacuo occurs when there is damage to the brain caused by stroke or trauma injury. In these cases there is actual atrophy of brain tissue. Normal pressure hydrocephalus commonly occurs in the elderly and is characterised by many of the same symptoms associated with other conditions that occur more often in the elderly, such as memory loss, dementia, gait disorder, urinary incontinence, and a general slowing of activity.

The causes of hydrocephalus are not well understood and the incidence and prevalence data are difficult to establish. However, hydrocephalus is thought to affect approximately 1 in every 500 children, with most being diagnosed prenatally, at time of delivery, or in early childhood.

Hydrocephalus is diagnosed through clinical neurological evaluation and by using cranial imaging techniques such as ultrasonography, computed tomography (CT), magnetic imaging (MRI) and pressure monitoring techniques.
