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ABSTRACT

Diagnostic Lumbar Puncture is one of the most commonly 
performed invasive tests in clinical medicine. Evaluation 
of an acute headache and investigation of inflammatory or 
infectious disease of the nervous system are the most common 
indications.  Serious complications are rare, and correct 
technique will minimise diagnostic error and maximise 
patient comfort. We review the technique of diagnostic 
Lumbar Puncture including anatomy, needle selection, needle 
insertion, measurement of opening pressure, Cerebrospinal 
Fluid (CSF) specimen handling and after care.  We also make 
some quality improvement suggestions for those designing 
services incorporating diagnostic Lumbar Puncture.

INTRODUCTION

HISTORY

The first reported Lumbar Punctures were performed in the 
late 19th Century by Heinrich Iraneus Quincke1 - whose 
patient with meningitis survived 3 procedures, and around 
the same time Walter Essex Wynter reported four patients 
undergoing Lumbar Puncture all of whom died.1  No imaging 
techniques were available and these procedures were 
associated with high mortality, which may have led to an 
unjustified poor reputation of the procedure.  

The advent of computed tomographic imaging allowed 
identification of brain lesions that would place a patient at 
risk of tentorial herniation.  Prospective2 and retrospective3 
studies have identified clinical features that are associated 
with low risks of complication.  These include absence 
of focal neurological deficits, no history of seizure in the 
previous week, and immunocompetence.2 In trained hands, 
Lumbar Puncture is a straightforward procedure with few 
complications.  According to The Health and Social Care 
Information Centre for England, there were 55,427 episodes 
of hospital care that included a diagnostic Lumbar Puncture 
in 2011-12, 0.53% of all hospital consultant episodes, which 
in Northern Ireland’s health system, with 600,000 admissions 
annually, would equate to about 8 diagnostic Lumbar 
Punctures per day.4

INDICATIONS

There are many indications for Lumbar Puncture (Table 1), 
but obtaining CSF may be the only way of confirming or 
refuting subarachnoid haemorrhage, meningitis and neuro-
inflammatory diseases.  Lumbar Puncture is still required 

Table 1: 

Indications for Lumbar Puncture

To exclude subarachnoid haemorrhage in acute severe 
headache

To investigate or exclude meningitis

• Bacterial
• Viral 
• Tuberculous
• Cryptococcal
• Chemical
• Carcinomatous

To investigate neurological disorders

• Multiple Sclerosis
• Sarcoidosis
• Guillian Barre, Chronic Inflammatory Demyelinating 

Polyneuropathy
• Mitochondrial Disorders
• Leukencephalopathies
• Paraneoplastic Syndromes

To demonstrate and manage disorders of Intracranial 
Pressure

• Idiopathic Intracranial Hypertension
• Spontaneous Intracranial Hypotension

To administer therapeutic or diagnostic agents*

• Spinal anaesthesia
• Intrathecal chemotherapy
• Intrathecal antibiotics
• Intrathecal baclofen
• Contrast media in myelography or cisternography

*The National Patient Safety Agency recommends 
formal training for those who undertake intrathecal 
injection6.
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to obtain indirect measurements of intracranial pressure, 
although non-invasive methods of intracranial pressure 
estimation are undergoing validation.5

CONSENT AND DOCUMENTATION

Consent should include the risk of Post-Lumbar Puncture 
Headache (PLPH), which has a published incidence of 32%.7 
Other risks to discuss include failure to obtain CSF, localised 
bruising, bleeding and local discomfort at the injection site.  
Iatrogenic meningitis and nerve root injury are exceptionally 
rare.8

The procedure should be documented in the patient’s notes.  
The position and vertebral space selected, local anaesthesic 
(type, strength and volume), needle type, opening pressure, 
CSF appearance (clear, cloudy, blood-stained or pigmented) 
and number of samples collected should be documented, 
allowing another physician to retrospectively interpret the 
investigative findings accurately.  A proforma (Figure 1) can 
serve as both aide memoire and audit tool.  It is also advisable 
to document that post Lumbar Puncture advice has been 
given, and a patient information leaflet is one way to provide 
this information. 

ANATOMY

Knowledge of the anatomy of the lumbar spine9 is essential 
for anyone performing Lumbar Puncture. The Lumbar 

Puncture needle pierces in order: skin, subcutaneous tissue, 
supraspinous ligament, interspinous ligament, ligamentum 
flavum, epidural space containing the internal vertebral 
venous plexus, dura, arachnoid, and finally the subarachnoid 
space. (Figure 2).

If you are able to visualise the anatomy it will allow 
re-positioning of the needle, should the initial pass be 
unsuccessful - Figure 3 demonstrates the relationship between 
bony structures and the centre of the spinal canal.

The most important bony landmark is the L4 spinous process, 
which is located at the intersection of the ‘intercristal’ or 
‘Tuffier’s’ line (the line between the top of the iliac crests) 
and the lumbar spine midline (Figure 4).  Radiological studies 
have shown that this clinical landmark is accurate in over 
95% of the population,10 although in females or obese people 
Tuffier’s Line tends to be found at a higher level than L4.11

The approximate distance from the skin to the epidural space 
is 45 - 55mm and the dura mater may be up to 7mm beyond 
that depth.12 Typically, a standard 90mm Whitacre needle 
(Vygon UK) will need to be inserted to two thirds of its length 
before it reaches the ligamentum flavum, with CSF obtained 
at about 10mm beyond that (Figure 5).

CSF SPECIMEN HANDLING

Prior to performing the Lumbar Puncture the practitioner 

Table 2: 

Tests frequently performed on CSF

Test Utility Volume Form Additional

Microbiology Cell count, culture and sensitivity 20 drops Microbiology

Biochemistry Protein and glucose 20 drops Biochemistry Paired serum protein 
and glucose samples

Xanthochromia Spetrophotometry 20 drops 
in each of 
3 serially 
numbered 
bottles

Biochemistry Transport in opaque 
envelope or wrap 
sample container in 
foil.

Oligoclonal bands Investigation of CNS inflammation 20 drops Immunology Paired serology serum 
sample

Cytology Investigation of malignant meningitis 50 drops Neuropathology Swift transport to 
laboratory

Cytospin Investigation of CNS lymphoma 20 drops Haematology Prior arrangement 
and swift transport to 
laboratory

Viral PCR PCR for viral DNA 20 drops Virology

ACE Investigation of neurosarcoidosis 20 drops Biochemistry Paired serum ACE 
sample

Lactate Investigation of neurodegenerative 
disorders

20 drops Biochemistry Paired serum lactate 
sample
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Fig 1.  The lumbar puncture proforma currently in use in Craigavon Area Hospital

Affix Patient Label
Consultant ………………………………

Ward …………………………..
Indication for LP Thunderclap headache             Yes  □           No  □

Headache with fever (suspected meningitis) Yes  □           No  □
Other Acute Headache (CT normal) Yes  □           No  □
Acute confusion Yes  □           No  □
Inflammatory/neoplastic CNS disease Yes  □           No  □
Guillain Barre Syndrome (discuss with Neurology) Yes  □           No  □
Other (specify) Yes  □           No  □

CT Brain Performed Yes  □       No  □     Reason if not performed……………………………………   

Consent form Yes  □       No  □     Not competent  □   (Discuss with relative if unable to consent)

Information Leaflet Yes  □           No  □       

Skin Preparation Chlorhexidine  □      Betadine  □      Other (specify)   

Local Anaesthetic 1% Lidocaine   □   2% Lidocaine   □      Amount used ……… mL
(NB:  Maximum dose in adult is c. 2mg/kg) Was sedation required   Yes  □           No  □

Gauge of LP needle 
(Atraumatic 22G recommended) ……G                                Atraumatic needle      Yes  □           No  □    

Procedure Details: Body Position:
Left lateral   □      Right lateral    □       Sitting    □
Level of LP   (L3/4 is recommended)
L2/3    □        L3/4    □      L4/5      □
Did patient report nerve root pain shooting into foot or calf? 
Yes   □           No   □            If Yes – which leg         Right   □       Left   □
Attempts to pass needle before CSF obtained/procedure abandoned ……
Stylet re-inserted prior to needle withdrawal          Yes  □           No  □    

CSF characteristics Opening pressure    (to be recorded in ALL cases of acute headache)    ……cm
CSF characteristics
Clear  □     Cloudy  □     Blood-stained  □     Frank blood  □     Straw-coloured    □

CSF samples *
Label in order of collection – 1, 2, 3 etc
This is the required samples for acute 
headache – only one biochemistry required 
for other indications

1    2mls Microbiology    □                                      
2    2mls Biochemistry – numbered in order of collection   □        
3    2mls Biochemistry – numbered in order of collection   □       
4    2mls Biochemistry – numbered in order of collection   □        
5    2mls Immunology – if indicated   □            
6    4mls Cytology – if indicated       □         

Blood samples Yellow top clotted – Biochemistry □
Grey top clotted – Biochemistry    □
Red top plain – Immunology (if indicated) □

After Care Dressing to skin       Elastoplast   €      Other dressing    €
Advice to keep hydrated (2-3 litres of fluid orally in next 24 hours)
Lie down if post-LP headache occurs
Contact GP if persistent post-LP headache

Doctor Performing LP Signed:                                                   Block Capitals: 

LP performed Date:                                                      Time:
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should know which tests are required so that appropriate 
CSF samples are collected and where necessary paired 
serum (Table 2).  Some samples require larger volumes 
(e.g. Cytology), and others require rapid transport to the 
laboratory (Cytospin testing for lymphoproliferative cells).  
Testing for CSF Xanthochromia (to detect bilirubin from 
blood breakdown) requires rapid transit of a light protected 
CSF sample to the laboratory.  To protect from light the CSF 
bottle should be wrapped in foil or placed in an envelope.  
Samples should be correctly labelled with patient identifiers, 
time and date.  Immediate transport by hand to the laboratory 
by an emergency porter is preferred to the use of vacuum tube 
delivery systems, as excessive movement of blood specimens 
has caused increased rates of haemolysis,32 which could lead 
to in vitro CSF oxyhaemoglobin synthesis which would affect 
interpretation of spectrophotometry analysis.33

Isotope dilution studies show that an average adult makes 
about 500 ml of CSF every 24 hours, and that CSF is replaced 
about 4 times daily i.e. there is approximately 20 ml of CSF 
manufactured each hour.8 About 30 ml of CSF resides in the 

Lumbar Cistern, so taking about 10 ml of CSF to facilitate 
diagnostic testing is not likely to endanger the patient.  The 
patient is more likely to come to harm from inadequate CSF 
samples.

ASEPTIC TECHNIQUE

Diagnostic Lumbar Puncture is an aseptic procedure, but as 
there is no direct injection into the spinal canal, the procedure 
can be done in the ward setting and does not need to be 
done in an operating theatre.  It should be noted that The 
Association of Anaesthetists of Great Britain and Ireland 
recommends that injections into the spinal canal, such as 
epidural blood patching, should only be performed using 
aseptic techniques in a theatre environment.22 In a diagnostic 
Lumbar Puncture, standard bedside aseptic procedures 
apply with no-touch technique, sterile drapes and use of 
chlorhexidine or an equivalent antiseptic.

There has been wide variation in what clinicians, particularly 
anaesthetists, feel constitute aseptic technique for spinal 
procedures.  Clinicians’ views regarding hand-washing 
technique, donning of gowns or masks, and wearing of 
jewelry when placing an epidural catheter have been shown 
to vary.23 Wearing of masks may be associated with reduced 
bacterial transfer.  A cluster of four cases of streptococcal 
meningitis was caused by a physician who had chronic 
tonsillitis.24

Bacteria in the orifices of sebaceous glands and hair follicles 

Fig 2: Cadaveric sagittal section through lumbar spine showing 
proper needle trajectory (from Boon et al.9)

Sagittal section of lumbar vertebrae illustrating the course of the 
lumbar puncture needle through skin (1), subcutaneous tissue (2), 
supraspinous ligament (3), interspinous ligament (5) between the 

spinous processes (4), ligamentum flavum (6), dura mater (8), into 
the subarachnoid space and between the nerve roots of the cauda 
equina (7). Lumbar vertebral bodies (9), intervertebral disc (10), 

and lumbar puncture needle (11).

Fig 3. Correct position of tip of Lumbar Puncture needle in centre 
of Lumbar Spinal Canal at L3/4 level.
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are protected by the stratum corneum from disinfectants.25 
The overlying skin should therefore be cleaned with a solution 
that breaches this layer such as povidone-iodine or 0.5% 
chlorhexidine and 70% alcohol.  Traditionally, chlorhexidine 
had not been recommended for procedures with meningeal 
exposure due to a possible association with arachnoiditis, 
but chlorhexidine does not seem to be associated with an 
increased incidence of neurological complications in spinal 
anaesthesia,26 and has been recommended for anaesthetic 
practice.24 We routinely use chlorhexidine to prepare the 
skin for the less hazardous procedure of diagnostic Lumbar 
Puncture. The Anaesthetic Literature supports use of 0.5% 
chlorhexidine with 70% alcohol as a suitable antiseptic.26

NEEDLE SELECTION

We suggest that the evidence for reduced frequency of PLPH 
from use of atraumatic needles mandates a change in practice, 
and physicians in training should no longer be taught to use 
classic needles routinely.  A classic ‘Quincke’ needle has a 
cutting, bevelled tip, but an atraumatic needle has a pencil 
point tip with a side aperture (Figure 6).  The recommended 
needle is a 22 gauge atraumatic needle. In our own practice 
we use a 22 gauge Whitacre needle, which is now the standard 
stock Lumbar Puncture needle in our institution.  The biggest 
adjustment for people changing from traumatic to atraumatic 
needle is that the skin must be punctured first prior to insertion 
of the Lumbar Puncture needle, as an atraumatic needle 
will not pierce  the epidermis.  Options include using the 
introducer needle provided to pierce the skin, or using the 
puncture site made by the green 19G local anaesthetic needle 
as the needle entry point.  

Passage of atraumatic needle is a completely different 
sensation to a classic needle, as the practitioner experiences 
greater resistance when traversing the tissue planes to the 
CSF.  A good analogy is the difference in sensation felt 
when cutting through a banana (analogous to the standard 
needle) and a potato (analogous to an atraumatic needle).13  In 
2005, The American Academy of Neurology recommended 
atraumatic needles as means of reducing the risk of PLPH7 but 
this practice has to date been poorly adopted.  However, with 
appropriate training and support, medical staff will adopt use 
of atraumatic needles and reproduce the benefits demonstrated 
in clinical trials in clinical practice.14-16 

Atraumatic needles have even been shown to be more cost-
effective than classic cutting needles.15 Patients with PLPH 
can require in-patient care, which makes atraumatic needles 
both effective and cost-effective options for diagnostic 
Lumbar Puncture.17

Needles of smaller diameter have been demonstrated to be 
associated with a reduction of risk of PLPH from 24.4% 
to 12.2%.7 The smallest diameter needle with which the 
practitioner can confidently perform the procedure avoiding 
an increased number of attempts should be chosen,18 and it 
is known that larger bore atraumatic needles allow adequate 
pressure measurement and collection of sufficient CSF.19

Fig 4: Surface Markings for Lumbar Puncture from Training 
Mannequin

Blue dots - Iliac crests, and the line connecting them is the 
Intercristal Line (eponymously Tuffier’s Line). Red Dots are 
either side of the palpated L4 spinous process, the right hand 

one is in the L4/5 interspinal space and the left hand one in the 
L3/4 interspinal space.  A diagnostic Lumbar Puncture should be 

performed at the L3/4 interspinal space, marked ‘x’.

Fig 5. The distance from surface to Ligamentum Flavum is 
approximately 55mm. 

Fig 6. Classic (Quincke, or Bevelled-tip) and Whitacre Atraumatic 
Lumbar Puncture Needle
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PATIENT POSITIONING

A right-handed practitioner should position the patient in the 
left lateral decubitus position, with the vertebrae in line in 
the horizontal plane and the head in a neutral position and 
the knees flexed.  Opening Pressure at Lumbar Puncture is a 
surrogate measurement of Intracranial Pressure.  An accurate 
Opening Pressure requires the needle entry point to be on 
the same level as the midline of the spine (Figure 4), which 
should also be at the same level as the patient’s head.  A few 
centimetres of ‘head up’ bed tilt or more than one pillow could 
artificially increase the Opening Pressure measurement. 

Always ensure that the patient is comfortable, and that the 
bed height is appropriate for the operator, as the practitioner 
risks compromising aseptic technique if the patient has to be 
re-positioned mid-procedure.

Lumbar Puncture can also be performed in the seated position, 
providing pressure measurement is not required.  There are 
occasions when pressure measurement is sacrificed in order 
to obtain a CSF sample, for example in elective Lumbar 
Puncture for neuro-inflammatory disease.   If the procedure is 
to be performed in the upright position, seated with the chin 
down and the feet supported, a table and pillow will improve 
comfort and optimise positioning.  This position widens the 
interspinous distance.20  Remember that an elevated Opening 
Pressure may be the only sign of Cerebral Venous Sinus 
Thrombosis,21 or Idiopathic Intracranial Hypertension, so in 
acute headache a Lumbar Puncture should be performed in 
the lateral decubitus position, whenever possible, to allow a 
pressure measurement.

HOW TO GET CSF AND MEASURE OPENING 
PRESSURE

The best location to perform a Lumbar Puncture will depend 
on local facilities, but a treatment room, or somewhere 
calm and quiet is preferred to a ward bay.  The attitude of 
operator and assistant should be one of calm confidence and 
reassurance.  An experienced operator will have the patient 
consented, positioned and comfortable, and from the moment 
of washing hands until the first CSF sample appears should 
be about 8 to 10 minutes (personal observation).   

Aseptic technique is required, and a pre-prepared epidural 
pack contains all the equipment needed other than your 
needle, lidocaine and manometer (Figure 7).  The manometer 
(Figure 8) should be prepared prior to commencing the spinal 
injection, by connecting the two tubes and loosening the tap 
(which is always slightly stiff and is difficult to open if you do 
not loosen it prior to connecting it to the manometer). 

Once skin is sterile, local anaesthetic can be administered.  
Our practice is to raise a small intradermal bleb of lidocaine, 
which produces almost immediate cutaneous anaesthesia 
(Figure 9).  A small amount of lidocaine can be infiltrated 
into deeper tissues, but care must be taken not to distort local 
anatomy by administering too much local anaesthetic.  If 
you anaesthetise the skin and have a correct trajectory, there 

is little benefit to infiltrating large volumes of anaesthetic.

The aperture through which the needle must pass to reach 
the lumbar cistern is diamond shaped and surrounded by 
bony structures.  The Lumbar Puncture needle should be 
inserted at an angle that will allow it to pass between the 
spinous processes (Figure 10).  The most common problem 
encountered by operators is their needle impacting on a 
bony structure - either the superior surface of the L4 spinous 
process, or the inferior surface of the L3 spinous process.  If 
the needle tip is advanced beyond 50mm and the needle hits 
bone, then you have probably impacted on bone around the 
intervertebral space.  Consider the anatomy and needle angle, 
and thus which bone is likely to have been reached.  Withdraw 
the needle and adjust the trajectory, gradually proceeding until 
a “give” is felt on passing through the ligamentum flavum 
(Figure 2), remembering that the distance to ligamentum 

Fig 7. Equipment needed for Lumbar Puncture

1-5 CSF Specimen Bottles
6-7 Serum Specimen Bottles, 8 Serum glucose bottle (fluoride 

oxalate)
9 Syringe for local anaesthetic

10 Introducer for spinal needle (not always required)
11-12 19G and 25G hypodermic needles to draw up and inject 

anaesthetic
13 Whitacre 22G spinal needle (atraumatic needle)

14 Quincke 20G spinal needle (no longer recommended)
15 Manometer with 3-way tap
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flavum is approximately 2/3rds of the length of a standard 
needle in a non-obese patient.  Whichever needle type has 
been selected, the stylet should be in place when the needle 
insertion commences, as there have been case reports of 
implantation of epidermal plugs resulting in the growth of 
spinal epidermoid tumours.27 

Once the needle is sufficiently advanced, withdraw the stylet 
slowly and wait about 5 seconds to see if CSF emerges.  If it 
does not, replace the stylet and advance the needle another 
2 or 3 mm and check again for CSF.  Once CSF is obtained, 
connect the manometer and measure Opening Pressure (unless 
the Lumbar Puncture is performed in a seated position).  It 
will take approximately one minute for CSF pressure to be 
measured and it is normal to observe the meniscus of CSF at 
the top of the manometer oscillate with respiration.  Like all 
fluid measurements the pressure is the height of the lowest 
part of the meniscus at the top of the fluid column (Figure 11).  
Distracting the patient with conversation or other relaxation 
techniques may be used to ameliorate anxiety and allow 
a falsely elevated opening pressure to fall.  CSF pressure 
measurements, from large series of adults indicate that 
CSF pressures between 60mm and 200mm are regarded as 
normal,8 although in overweight individuals pressures as high 
as 250mm can be asymptomatic.28  Patient anxiety, incorrect 
head position and excessive flexion of the patient’s legs 
against the abdomen can all artificially elevate CSF pressure.

Samples should ideally be taken either using sterile bottles 
by the individual performing the procedure, or by an assistant 
holding an open specimen container underneath the flow 
of CSF from the end of the spinal needle.   Twenty drops 
per bottle is sufficient for most commonly performed tests 
(which provides about 2ml of CSF). A minimum volume of 
5ml of CSF is required for cytopathological examination for 
example in suspected malignant meningitis.  Replacement 
of the stylet is associated with a reduced incidence of post 
Lumbar Puncture headache,29 and failure to replace the stylet 
has been associated with nerve root herniation. 30  After the 
needle has been removed, a sterile dressing should be placed 
over the puncture site.

IF YOU ARE UNABLE TO GET CSF…

If you are unable to obtain CSF, having optimised position and 
needle trajectory, consider whether there is another suitably 
qualified physician available to attempt the procedure.  Low 
CSF pressure, or viscous CSF in cases of malignant or 
tuberculous meningitis may mean that CSF will not appear 
despite perfect positioning and technique.  Aspiration of 
CSF is not recommended, as it may cause spinal cord injury.  
Image guided procedures are often required in overweight 
people suspected of Idiopathic Intracranial Hypertension. 
Ultrasound identification of the interspinous space should 
become routine practice, now that evidence shows a reduced 
risk of complications and a higher success rate in obtaining 
CSF with ultrasonic identification of the inter-spinal space.31

AFTER CARE

A small sterile dressing is placed on the site: a pressure 
dressing is not required.  The patient can mobilise as soon 
as it is comfortable to do so.  Written information should be 
provided on what to do if a PLPH occurs, and recommended 
doses of regular analgesics such as paracetamol or NSAIDs 
are reasonable.  Bed rest is more comfortable than being 
ambulant, but prolonged bed rest does not reduce the 
incidence of PLPH.39

Fig 8. Three way tap attached to end of Manometer

Fig 9. An intradermal bleb of 0.5ml of 1% lidocaine will produce 
almost immediate cutaneous anaesthesia
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COMPLICATIONS

The most common complication is  Post Lumbar Puncture 
Headache (PLPH).  In one meta-analysis, the frequency of 
PLPH was 32%.7  An important feature in the diagnosis of 
PLPH is the postural component; the patient will report a 
background headache which worsens within a few minutes of 
adopting upright posture and improves within a few minutes 
of lying flat.34  Risk factors include: younger age, female 
gender, and headache before or at the time of the procedure. 
The volume of fluid removed is not a risk factor, and the 
pathophysiology of PLPH is more plausibly explained as a 
loss of compliance of the spinal compartment, rather than due 
to loss of CSF volume from a continous CSF leak.35 Relief of 
PLPH by adopting a supine posture means that the brain and 
its supporting dura are not mechanically stretched by the loss 
of spinal compliance.

The symptoms of PLPH usually develop within 24 hours of 
Lumbar Puncture, and the natural history is for symptoms 
to resolve by about 10 days.  The pain is usually diffuse, 
global or bitemporal headache, which can be accompanied 
by nausea, altered hearing, tinnitus, photophobia or neck 
stiffness.  Low pressure may produce diplopia due to traction 
on the fourth or sixth cranial nerve.36  

There is robust evidence that the most important factor in 
reducing the risk of PLPH is needle selection, and a 22G 
atraumatic needle is now recommended for diagnostic 
Lumbar Puncture.7   In our own practice we reduced the 
risk of PLPH from 50% to 10% with the introduction of a 
guideline that required initial attempts with an atraumatic 
needle.37  This observation is consistent with the experience 
from other Neurology Centres.14

There is anecdotal evidence that a straightforward procedure 
may increase the risk of PLPH due to the low levels of trauma 
and therefore clotting factors that might promote closure 
of the defect thus preventing CSF leakage.38 Directing the 
needle with the bevel parallel to the dural fibres (which 
run craniocaudally) has been shown to be associated with 
a reduction in PLPH.7  This advice only applies to classic 
‘traumatic’ needles so is irrelevant when practitioners 
transition to using atraumatic needles due to the pencil point 
shape of the tip (Figure 5).  Replacing the stylet has been 
shown to reduce the risk of PLPH, theoretically because a 
strand of arachnoid may splint the dural defect open if the 
needle is withdrawn without the stylet.29 A Cochrane Review 
has suggested that there is no benefit to routine bed rest 
or intravenous fluids in prevention of PLPH after Lumbar 
Puncture.39

Maintaining a supine posture, oral or intravenous fluids and 
symptomatic management with analgesia and antiemetics 
are logical first steps to conservative management of PLPH.  
There is some evidence for the use of intravenous caffeine 
or intravenous theophylline,40 but the definitive treatment if 
conservative management fails is epidural blood patching.  
The optimum timing of blood patching remains one of clinical 

judgement.  The natural history is for resolution of PLPH by 
10-14 days, and unless symptoms are completely disabling, 
it may be prudent to delay epidural blood patching for this 
length of time.  However, epidural blood patching has been 
demonstrated to be effective41 and the prospect of near-
immediate relief may be difficult to deny a patient in distress.  
An epidural blood patch is commonly viewed as causing a 
tamponade which seals the CSF leak; although it may be more 
correct to state that epidural blood injection increases spinal 
compartment compliance.35 Epidural Blood Patch should 
be performed under strict asepsis in an operating theatre 
environment.22  Prophylactic epidural blood patching is not 
currently recommended,41 as it is not proven to be effective 
and would require all diagnostic Lumbar Punctures to take 
place in operating theatre conditions.

Cortical vein thrombosis,42 and reversible cerebral 
vasoconstriction syndrome43 have been reported as very rare 
complications of low CSF pressure states. These may present 
with  worsening headache following Lumbar Puncture, and 
require additional neuro-imaging to confirm their presence.    

Imaging studies cannot completely exclude raised intracranial 
pressure, but they will exclude mass lesions which pose a risk 
of Tentorial Herniation.  Tentorial Herniation is preceded by 
lateral brainstem shift,44 so a unilateral mass lesion poses 
most risk prior to Lumbar Puncture.  Observational studies 
of patients with suspected meningitis indicate that Lumbar 
Puncture without prior brain imaging is safe in people with 
normal conscious level, no focal neurological signs and no 
prior history of immunosuppression.2 

Severe thrombocytopenia, bleeding diathesis or anticoagulant 
therapy are contraindications to Lumbar Puncture, although 
it can be performed safely at platelet counts of 50 x 109/l 
or above.45 A survey showed that 45% of physicians and 
paediatricians perform coagulation studies and platelet 
counts prior to Lumbar Puncture.46 Aspirin therapy is not 
associated with a high risk of bleeding in spinal anaesthetic 
interventions47, but data on clopidogrel and other GP IIa/

Fig 10. Insertion of needle at an angle to allow passage between 
spinous processes of L3 and L4 - note anatomical landmarks.
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IIIb receptor antagonists are lacking. Guidance on spinal 
anaesthetic procedures suggest that procedures should be 
avoided until platelet function has recovered.48 Warfarin 
should be stopped 5-7 days in advance of procedures and the 
INR should be less than 1.2. Low molecular weight heparin 
can be used in the interim but treatment dose heparin should 
be stopped for twenty-four hours prior to spinal procedures. 
Prophylactic doses should be avoided within twelve hours.48

FUTURE DEVELOPMENTS

Diagnostic Lumbar Puncture is an essential skill for 
emergency medicine and neurology services.  Historically, 
specialists used to be critical of the unthinking use of Lumbar 
Puncture,49 but more recently specialists have been critical of 
underuse, especially in suspected meningitis.3  It is important 
that Lumbar Puncture is performed by practitioners who do 
them frequently enough to maintain their skills.  Lumbar 
Puncture mannequins (as seen in Figure 4) have been shown 
to useful for skill development in trainee doctors,50 and could 
be used for maintaining or revalidating skills. 

Fluoroscopically-guided Lumbar Puncture is an option if a 
standard Lumbar Puncture has been unsuccessful, but due to 
x-ray exposure they are not suitable for pregnant women or 
for repeated procedures.  A recent systematic review of the 
use of ultrasound guidance for both Lumbar Puncture and 
epidural anaesthesia concluded that compared with standard 
palpation methods, ultrasound imaging reduced the number 

of insertion attempts, of needle redirections, and failed or 
traumatic procedures.31  Pre-procedural scanning is used to 
identify vertebral levels, the midline, and the depth to the 
spinal canal.  Dynamic or real time scanning can be used to 
visualise the progression of the needle.  In modern medical 
practice there is a growing trend toward ultrasound guidance 
for invasive procedures such as chest drain insertion50 and 
vascular procedures.52 

It is likely that ultrasound guidance will become a routine 
part of Lumbar Puncture practice in future, particularly in 
the context of increasing rates of obesity.  However, this 
will probably require the procedure to be concentrated into 
the hands of people who are both competent in ultrasound 
localisation and spinal puncture.  
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