Examination of the Cerebrospinal Fluid: Lumbar Puncture
· Lumbar Puncture (LP) is the technique used for the examination of the Cerebrospinal Fluid (CSF) and is primarily indicated for the evaluation and diagnosis of patients who present with symptoms consistent with: 
· Infections of the Central nervous System: Meningitis or Encephalitis secondary to Bacterial (including TB), Viral, Fungal, Protozoal, and Helminthic pathogens.
· Subarachnoid Haemorrhage (SAH).
· Inflammatory/Demyelinating CNS diseases: Multiple Sclerosis, Sarcoidosis
· Inflammatory Neuropathies: Guillain-Barre Syndrome, Chronic Inflammatory Demyelinating Polyneuropathy (CIDP).
· Idiopathic Intracranial Hypertension.
· Unexplained Pyrexia with neurological symptoms (particularly in children).
· Malignant infiltration of the meninges: Leukaemia, Metastatic Melanoma.
· Certain Metabolic or Degenerative diseases of the brain or the spinal cord; Inborn errors of metabolism.
· Other indications
· Management of patients with Idiopathic Intracranial Hypertension.
· Administration of intrathecal chemotherapeutic agents/antibiotic therapy.
· Measurement of pressure or lumbar infusion testing in Hydrocephalus.
· Monitoring the CSF pressure in patients with Dural Venous Sinus Thrombosis
Brain imaging is indicated before LP in patients with who have symptoms (e.g. reduced level of consciousness) or signs (e.g. optic disc swelling), suggestive of significantly increased intracranial pressure, or focal neurological findings. 
· Contraindications
· Evidence of raised intracranial pressure, or focal neurological findings unless the risk of brain herniation has been excluded by cerebral imaging. Note that not all focal lesions automatically contraindicate a lumbar puncture.
· Soft tissue infection over the lumbar spine area.
· [bookmark: _GoBack]Coagulopathy (INR>1.5), or Thrombocytopenia (Platelet count <50000/mm3); if patient on Clopidogrel or anticoagulants, and urgent LP is required, advice should be sought from haematology team. For patients on Clopidogrel requiring an elective LP, stopping the drug for 7 days would be advisable; any potential risk should be weighed against the benefit of the LP.
· [bookmark: section~lumbar_puncture_technique]Preparation of the Patient
· Explain the procedure to the patient, obtaining a written consent where appropriate.
· Positioning the patient is the most important determinant in successfully obtaining a CSF specimen. This may require the assistance of a nurse and/or other paramedical personnel. Sedative medication may be required in children or in the confused, combative, or anxious patients. 
· The bed should be flat, and the patient should be lying on his/her side (horizontal lateral decubitus position). The patient's body needs to be perfectly perpendicular to the bed. The patient should assume the foetal position (i.e., head/neck, arms, legs flexed as much as possible). The apex of the pelvic bone should be identified and a direct line should be visualized to the spine. 

· Anatomical considerations
· The spinal cord ends at the L1 and L2 vertebral bodies. The desired sites for lumbar puncture are the interspaces between the posterior elements of L3 and L4 or L4 and L5. You can locate these spaces by palpating the iliac crest. Follow an imaginary line from the iliac crest to the spine (diagram below).

· Equipment 
· One dressing pack, Sterile gloves, preferably atraumatic Spinal needle (25 to 20G; smaller needles preferred; normal needles can be associated with higher incidence of complications, mainly post-LP headaches and nerve damage (latter still rare); antiseptic solution, 1 or 2% Lignocaine and 25 gauge needle for local anaesthesia, Sterile 4 x 4 gauze, 4-5 sterile specimen tubes, 2 fluoride tubes for paired CSF/plasma glucose, CSF manometer including  a 3 way stopcock. If very high pressure suspected please ensure extra manometer is available.

· Consent
A conscious patient with capacity should be consented for the procedure using the standard consent form. The purpose of the test should be explained and potential complications including unsuccessful attempt, focal pain, post LP headache (5 percent incidence with atraumatic needle, up to 30 percent with normal needle), and the rare occurrence of infection and nerve damage should be mentioned (please note other rarer complications below). If the patient cannot consent, the procedure can be done in his/her best interests after explaining the indication to the next of kin; this should be documented.
· Technique
· After cleaning the area with the antiseptic solution, it should be carefully draped and local anaesthetic should be infiltrated. The spinal needle then is positioned between the 2 spinous processes already identified and introduced into the skin with the bevel of the needle facing up. The needle should be advanced slowly at a slightly upward angle (i.e., toward the patient's head). 
· Accurate placement of the needle is rewarded by a slight "give" and flow of fluid, which normally is clear and colourless. Some resistance may be noted, usually in patients who have some thickening of the dura (e.g., elderly patient), but if a feeling of hitting bone is noted, this is probably what is occurring. As with any procedure, experience improves the success rate. 
· A measurement of opening pressure should be attempted with a manometer unless the patient is so uncooperative as to invalidate the reading. CSF pressure should be measured with the subject in the horizontal lateral decubitus position (as described previously) and relaxed as much as possible. Normal range is 80-180 mm H2O, with small, visible excursions related to respiration and pulse.
· Following determination of CSF pressure, CSF samples should be obtained. This should be ideally done in pre-numbered/labelled specimen tubes. Only 0.5-1.0 ml is needed for basic studies (e.g., protein, glucose). Specialised tests that require concentration of the CSF (e.g., cytology, specific antibody studies) require more CSF. 
· If the opening pressure is high, the specimens still should be collected, because any change in intracranial dynamics caused by the LP has occurred already. Premature needle removal without collecting CSF will not change this.  When sufficient fluid is obtained, after measuring the closing pressure if indicated, the needle is withdrawn and a dry sterile dressing applied to the puncture site. The patient is advised to stay in bed for one hour and drink plenty of fluids. The procedure should be documented in the patient’s notes.
· Complications
· Apart from the post-lumbar puncture headache, the other complications are very uncommon in experienced hands. Post-lumbar puncture headache is characterised by pulsatile head pain, with or without nausea, relieved by lying down and aggravated by standing and Valsalva manoeuvre. It is usually self-limited but may last up to a week (or rarely longer). Liberal intake of fluids and bed rest usually resolves the problem. Increasing caffeine intake can be helpful and intravenous caffeine infusions have been shown to be beneficial in some cases. The placement of an epidural blood patch using the patient's own venous blood often corrects this problem. However, the need for a blood patch is uncommon. Other Complications include: 
Local pain or backache, rare occurrence of: epidermoid tumours, subarachnoid epidermal cyst, epidural haematomas, subdural or subarachnoid haemorrhage, spinal cord bleeding, cerebral herniation, introduction of infection with resultant bacterial meningitis, epidural abscess, diskitis or osteomyelitis, nerve root trauma, and transient extra-ocular muscle palsy. 
· Special considerations
· [bookmark: section~csf_analysis]Occasionally, when locating the appropriate space is difficult, it becomes necessary to do the procedure in a sitting position. The pressure measured in this position is not representative of the CSF pressure, and an accurate reading can only be done if the patient is then put in the “routine” position. This is discouraged as there is a chance that the needle might move in an uncontrolled fashion or bend between the bony planes.
· The best way to distinguish RBC’s related to subarachnoid intracranial bleeding is examination of the centrifuged supernatant CSF for xanthochromia.  This is identified and quantified accurately by spectrophotometry. This is based on the measurement of RBC breakdown products (bilirubin). Lumbar puncture should be performed at least 12 hours after the onset of symptoms. Elevated serum bilirubin or CSF protein make interpretation of the results difficult.
· Significant decrement of the red cell count in sequential bottles (traditionally between the 1st and 3rd bottles), although suggestive of a traumatic tap is not a reliable method of differentiating this from a subarachnoid haemorrhage. Having a similar WBC/RBC ratio (i.e. one WBC for 1000 RBC’s) to the blood in the CSF is again not a reliable tool for this purpose.
· Always ask your senior colleagues or the relevant laboratory about the appropriate container for the CSF specimen if in doubt about specialised tests which might require containers other than universal sterile tubes.
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