


Cerebrospinal Fluid: An Overview

· The cerebrospinal fluid (CSF) is produced from arterial blood by the choroid plexuses of the lateral and fourth ventricles by a combined process of diffusion, pinocytosis and active transfer. A small amount is also produced by ependymal cells.
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· The total volume of CSF in the adult is about 140 ml. The volume of the ventricles is about 25 ml. CSF is produced at a rate of 0.2 - 0.7 ml per minute or around 600 ml per day. The circulation of CSF is aided by the pulsations of the choroid plexus and by the motion of the cilia of ependymal cells. CSF is absorbed across the arachnoid villi into the venous circulation. The foramina in the fourth ventricle connect to the subarachnoid space around the spinal cord.

· The Functions of the CSF

· Buoyancy effect: Because brain weight is effectively reduced by more than 95%, shearing and tearing forces on neural tissue are greatly minimized.
· Intracranial volume adjustment CSF volume can be adjusted, increasing or decreasing acutely in response to blood volume changes or chronically in response to tissue atrophy or tumour growth.
· Micronutrient transport: Nucleosides, pyrimidines, vitamin C, and other nutrients are transported by the choroid plexus to CSF and eventually to brain cells. 
· Protein and peptide supply Macromolecules like transthyretin, insulin-like growth factor, and thyroxine are transported by the choroid plexus into CSF for carriage to target cells in brain.
· Buffer reservoir:  When brain interstitial tissue fluid concentrations of H+, K+, and glucose are altered, the ventricular fluid can help to buffer the extracellular fluid changes. 


· Sink or drainage action: Metabolites of neurotransmitters, and protein products of catabolism or tissue breakdown are cleared from the CNS by active transporters in the choroid plexus or by bulk CSF drainage pathways to venous blood and the lymphatics. 
· Immune system mediation: Cells adjacent to ventricles have antigen-presenting capabilities. Some CSF proteins drain into cervical lymphatics, with the potential for inducing antibody reactions.
· Information transfer: Neurotransmitter agents like amino acids and peptides may be transported by CSF over distances to bind to receptors in the parasynaptic mode.
· Drug delivery:  Some drugs do not readily cross the blood-brain barrier but can be transported into the CSF by endogenous proteins in choroid plexus epithelial membranes. 

· Normal CSF characteristics:  Crystal clear, opening pressure of 80-180 mmH2O (in patients with high BMI slightly higher pressures can be normal). Up to 5 mononuclear cells, 0-5 red blood cells,  Glucose level 60-70% of plasma values, protein =<0.4 g/L, lower in the ventricles.
 
· Abnormalities in CSF Pressure

· Hydrocephalus: 

· Communicating: Impairment of CSF absorption (e.g. blockage of arachnoid villi after a subarachnoid haemorrhage).
· Non-Communicating: Obstruction of CSF circulation (e.g. Fourth ventricle tumour)
· “Normal Pressure Hydrocephalus” which mainly occurs in the elderly with mental confusion, gait abnormalities and urinary incontinence, is a misnomer as plateaus of high pressure have been demonstrated despite “normal” spot readings.
· Idiopathic Intracranial Hypertension: Occurs predominantly in overweight young females presenting with headaches, and visual loss. Optic nerves are at risk without treatment. Similar presentation can occur following taking tetracyclines, Vitamin A supplements.
· Space occupying lesions/cerebral oedema/haemorrhage: Leading to a general increase in CSF pressure.
· Dural venous sinus thrombosis: Impairment of CSF drainage.
· CSF hypotension: Iatrogenic (e.g. after lumbar puncture) or spontaneous, due to dural leak.

· Abnormalities in CSF constituents

· Elevated White blood cells: Infection (meningitis,encephalitis)-Neutrophils prevalent in bacterial meningitis, Lymphocytes prevalent in viral and tuberculous meningitis, Reactive to neoplastic involvement, Autoimmune disorders, Sarcoidosis.
· Elevated Red blood cells: Traumatic tap, Subarachnoid haemorrhage; Xanthochromia screen looking at the RBC breakdown products (bilirubin and oxyhaemoglobin) can be diagnostic. 
· Low Glucose: Hypoglycaemia; Bacterial, Fungal, or Tuberculous meningitis, Mumps and lymphocytic choriomeningitis infections (otherwise unusual in viral meningitis), Subarachnoid haemorrhage, Sarcoidosis.
· Elevated protein: Inflammatory conditions, Infection, CSF block, Neoplasms.
· Neoplastic cells: Primary or metastatic CNS involvement, up to 3 attempts at lumbar puncture might be required to detect the abnormal cells.
· Oligoclonal bands: CNS demyelination.
· [bookmark: _GoBack]Specific tests: Positive TPPA in syphilis, Positive 14-3-3  protein in Sporadic or Variant CJD, Positive Viral PCR in meningitis.
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