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Workshop Structure

 Identify Learning Objectives

 Introduction: Power Point Presentation providing important information

 Demonstration of Lumbar Puncture (using simulation model)

 Brief Q&A Session

 Student Group Practice (using simulation model and checklist – Appendix B)

 Interactive Q&A Session (Appendix A)

Workshop Structure
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Aims & Outcomes

The aim of this workshop and linked non-contact learning is to provide students with the 
theoretical knowledge and support required for them to carry out a lumbar puncture in a safe 
and competent manner.

Learning Outcomes

By the end of this workshop and linked non-contact learning the student should be able to:

 Describe the lumbar spine anatomy in relation to the spinal cord and the spinal nerve roots;

 Describe the major indications and contraindications for lumbar puncture;

 Describe the potential complications and side effects of lumbar puncture;

 Describe the make-up & physiological functions of cerebrospinal fluid (CSF);

 Explain the difference between obstructive and communicating hydrocephalus;

 Demonstrate the ability to gain informed consent for lumbar puncture;

 Demonstrate performing a lumbar puncture using correct aseptic technique;

 Demonstrate correct measurement of the CSF opening pressure;

 Display professionalism and good communication during procedure;

 Reflect on learning progress including suggestions for further development

Aims & Outcomes
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Introduction

Lumbar Puncture is…

 A procedure whereby a needle is passed through the dura at the level of lumbar spine

 Frequently performed in routine clinical practice

 Can be used for diagnostic and therapeutic purposes

 Generally safe, but has potential for serious adverse complications

Introduction
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Anatomy (1 of 4)

• In adults, the spinal cord ends at L1/2

(although there is some variation!)

• Therefore, L3/4 and L4/5 interspaces are used
to allow safety margin

• Easiest route of access to dural space is via
the midline

Anatomy
Important Vertebral Levels

Sagittal Section of L-Spine
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Anatomy (2 of 4)

Anatomy

• 3 main ligaments to penetrate

• Supraspinous ligament

• Interspinous ligament

• Ligamentum flavum(yellow ligament)

• Below the ligamentum flavum is the spinal canal

Spinal Ligaments

Sagittal Section of L-Spine
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Anatomy (3 of 4)

Anatomy

Epidural Space

Sagittal Section of L-Spine

Below the ligamentum flavum is the Epidural Space. 
This surrounds the spinal core and is where drugs can 
be introduced for anaesthetic purposes.  

Subarachnoid Space

Below the epidural space is the Subarachnoid Space 
(or Dural Sac), this contains Cerebrospinal Fluid
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Anatomy (4 of 4)

• The spinous processes protrude superficially

• They can be palpated on examination

• The needle must traverse the space between these processes

• This space between the spinal processes increases when the
spine is flexed

Anatomy
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• Meningitis

• Encephalitis

• CJD

• Subarachnoid Haemorrhage

• Idiopathic Intracranial Hypertension 
(measuring opening CSF pressure)

• Multiple Sclerosis (and other 
neuroinflammatory conditions)

• Certain Neoplastic Diseases

Indications

Indications

Diagnostic

• Administration of drugs

• Anaesthetic Purposes

• Antibiotics

• Cytotoxic Drugs

• Relieving raised intracranial pressure 
(e.g. in Idiopathic Intracranial 
Hypertension)

Therapeutic
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Contraindications

Raised intracranial pressure

• Intracranial space-occupying lesion (e.g. tumour, abscess, bleeding)

• Obstructive hydrocephalus

• Cerebral oedema

Contraindications

These conditions can cause a pressure gradient:

• high intracranial pressure, and (relatively) low intraspinal pressures

Lumbar puncture can decrease the intraspinal pressure, increasing the gradient:

• This can lead to “coning” (brain herniation). “Coning” is where the lower part of the brain is forced down 
towards the foramen magnum. It is extremely dangerous and can be fatal

All patients undergoing lumbar puncture should be assessed to exclude raised intracranial pressure

• History

• Fundoscopy

• CT head

If you have concerns about raised ICP, do not proceed to lumbar puncture
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Hydrocephalus

Hydrocephalus

Obstruction in ventricular system 
before lateral & median apertures

CSF flow interrupted

CSF cannot reach the sub-arachnoid 
space to be reabsorbed

CSF accumulates in ventricles causing 
elevated IC pressure (relative to 
intraspinal pressure)

Obstructive Hydrocephalus

Impaired CSF reabsorption

CSF flows freely and pressure is 
distributed equally throughout the 
system

Intrancranial pressure is elevated, but 
so is intraspinal pressure, so gradient 
is unchanged

Lumbar puncture is safe and may 
even be a useful treatment to relieve 
high pressure

Communicating Hydrocephalus
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CSF Anatomy

CSF Anatomy

Hydrocephalus

Pathway of CSF Flow
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Contraindications

• Spinal cord compression

• Local skin / soft tissue infection at site of needle entry

• Coagulopathy = risk of epidural haematoma

• thrombocytopenia

• prolonged PT / APTT

• haemophilia

• anticoagulant / antiplatelet medication

Contraindications
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Potential Complications

Potential Complications

“Coning” / Cerebral Herniation

Infection 
• skin / soft tissue / meningitis / epidural abscess

Bleeding 
• Including epidural haematoma

Pain at site lumbar puncture was performed

Paraesthesia
• Due to spinal needle contact with spinal nerve roots
• Damage to spinal nerves (rare!)

Neurotoxicity
• Great care is required when administering medications
• The medications used must be preservative-free, for example
• Administration of medications should only be done by experiences individuals in specific 

environments
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Headache

 Commonest side effect of lumbar puncture affecting around 30% of patients

 Headaches are due to CSF leaking from the punctured dura after the procedure

 Headaches typically improves on lying and worsen when upright.

 They are usually mild and resolve spontaneously but can be severe and prolonged

Headache

To Minimise Risk:

 Hydration and caffeine intake

 Use of narrow gauge needles

 Use of “non-traumatic” needles

 No evidence to support prolonged 
bed-rest

Treatments Include:

 Effective Hydration (even IV)

 Caffeine intake

 Intravenous caffeine!

 Blood patch
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Performing a Lumbar Puncture

Performing a Lumbar Puncture

Consent

– written consent preferred

– explain what procedure involves, including the benefits and risks

– providing a leaflet about the procedure would be good practice
– as ever, if patient refuses you cannot perform the procedure

Communication

– patients are often anxious about the prospect of a lumbar puncture
– good communication reduces anxiety & makes the procedure easier

Environment

– Ideally a calm quiet environment away from the business of the ward

– procedure rooms and theatres are best

– the operator should not be interrupted – e.g. hand bleep to someone else
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Performing a Lumbar Puncture

• Check the patient’s identity and indication for LP

• Gather the equipment

• Check for history of allergy to local anaesthetic / iodine solution

• Enlist the help of an assistant

Performing a Lumbar Puncture
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Equipment

• Sterile towel

• Cleaning solutions

• Some swabs 

• A manometer

• A spinal needle

• Local anaesthetic solution (double wrapped), needles for infiltration

• Syringes

• Sterile bottles for culture and cell and biochemical analysis.

Equipment
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Performing a Lumbar Puncture

• Position the patient in the left lateral position with the
neck and spine flexed and with the knees raised up
towards the chest

– ask the patient to “curl up into a ball”

• An alternative (and often easier technically) is the sitting
position

– but CSF pressure measurements are meaningless in
this position

Performing a Lumbar Puncture

Positioning the Patient

Spinous Process

Iliac Crest
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Performing a Lumbar Puncture

• Wash hands

• Palpate the spinous processes and identify the L3/4
interspace

– typically below the posterior superior iliac spine

• Mark the intended point of entry with a pen if
required

• Perform a full surgical scrub

• Put on the surgical gown and sterile gloves

• Clean the skin with anti-septic solution

• Deploy disposable fenestrated drape to maintain
sterile field

Performing a Lumbar Puncture
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Performing a Lumbar Puncture

• Local anaesthetic

– check it is the correct drug

– check concentration

– check volume (with assistant)

• Draw the LA into syringe

• Warn patient to expect a sharp scratch

• Infiltrate small amount of LA subcutaneously using small 
“orange” needle to create a “bleb”

• Wait 2 minutes for anaesthetic effect

Performing a Lumbar Puncture
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Performing a Lumbar Puncture

• Assemble manometer

• Now that initial anaesthetic is in effect, infiltrate LA
deeper using larger “blue” & “green” needles

• Wait further 2 minutes

• Pass spinal needle into skin at 90◦ angle

• Progress needle through the anatomical layers

• At ligamentum flavum, resistance is felt

• Exiting the ligametum flavum, a “give” can be felt – the
tip is now in the space!

• Significant resistance implies contact with bone; simply
withdraw & reconsider entry point and/or angle or
entry

Performing a Lumbar Puncture

Spinal Ligaments

Sagittal Section of L-Spine
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Performing a Lumbar Puncture

• Remove steret from needle

• CSF visible at near end of needle confirms tip is positioned
correctly

• Attach manometer & measure CSF opening pressure

• Collect required CSF samples in sterile collection pots

Performing a Lumbar Puncture
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Performing a Lumbar Puncture

• If required, measure the CSF closing pressure

• Remove manometer

• Replace steret into bevel

• Fully withdraw spinal needle

• Place pressure over skin with sterile swab to prevent 
bleeding

• Apply sterile plaster or dressing

Performing a Lumbar Puncture
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Post-Procedure Care

• Instruct the patient to remain supine for 30 
minutes

• Dispose of sharps and other equipment 
appropriately

• Wash hands

• Inspect the CSF’s appearance

• Label and send samples for the required 
tests

• Send paired blood samples

• Document procedure in patient’s notes

Post-Procedure Care
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Cerebrospinal Fluid

• Clear colourless fluid

• Produced mainly by the choroid plexuses within the lateral ventricles

• 500 ml produced daily

– but constantly reabsorbed so only 160 ml present at any one time

– is replaced 3-4 times daily

• Circulates within the ventricles

– (see earlier image regarding hydrocephalus)

• Reabsorbed via the arachnoid granulations into the dural venous sinuses

• Contains water, glucose, electrolytes, small amounts of protein and small numbers of white blood cells

• Does not contain any red blood cells

• CSF pressure in the lying position is considered equal to the intracranial pressure

– typically 10 – 20 cmH2O

Cerebrospinal Fluid
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Cerebrospinal Fluid: What does it do?

Cerebrospinal Fluid: What does it do?

• Provides buoyancy to the brain itself

• Acts as a buffer, protecting the brain

• Homeostasis, by removing metabolic waste products and toxins
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Cerebrospinal Fluid: Analysis

Cerebrospinal Fluid: Analysis

NORMAL BACTERIAL MENINGITIS VIRAL MENINGITIS TUBERCULOUS MENINGITIS FUNFAL MENINGITIS

APPEARANCE Clear/Colourless Turbid Clear Fibrin Web Fibrin Web

PRESSURE
<180 Elevated Normal Variable Variable

(mmH2O)

WBC COUNT
0 - 5 >1000 10 - 100 10 - 100 10 - 100

(mm3)

DIFFERENTIAL COUNT
- PMNs Lymphocytes Lymphocytes Lymphocytes

(Predominance)

PROTEIN
15 - 50 Mild/Markedly Elevated Normal/Elevated Markedly Elevated Elevated

(mg/dl)

GLUCOSE
45 - 100 Mild-Markedly Low Normal Low Low

(mg/dl)

GRAM STAIN - Positive Negative Negative Negative
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Cerebrospinal Fluid: Subarachnoid Haemorrhage

• CT head is >95% sensitive for Subarachnoid Haemorrhage

• If CT head normal, CSF analysis allows Subarachnoid Haemorrhage to be completely excluded

• Most common reason for presence of RBCs in CSF is a “traumatic tap

• Serial CSF samples are analysed

RBC count decreases on serial samples if presence is due to traumatic tap

• In Subarachnoid Haemorrhage, RBCs enter CSF

• RBCs break down in CSF

• haem is metabolized to produce bilirubin (a yellow pigment), methaemoglobin &
oxyhaemoglobin

• bilirubin can sometimes be seen on direct visual inspection

• spectrophotometry detects presence of these breakdown products

Cerebrospinal Fluid: Subarachnoid Haemorrhage



Lumbar Puncture

Cerebrospinal Fluid

Bacterial Meningitis

Bacterial MeningitisXanthochromicNormal
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