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Abstract Cerebrospinal fluid is vital for normal brain

function. Changes to the composition, flow, or pressure can

cause a variety of neurological symptoms and signs.

Equally, disorders of nervous tissue may alter cerebrospi-

nal fluid characteristics. Analysis of cerebrospinal fluid can

provide information on diagnosis, may be therapeutic in

certain conditions, and allows a research opportunity into

neurological disease. However, inappropriate sampling,

inaccurate technique, and incomplete analysis can con-

tribute to significant patient morbidity, and reduce the

amount of accurate information obtained. In this article, we

will review how cerebrospinal fluid is produced, circulated,

and resorbed. We will also review lumbar puncture tech-

nique, equipment, and cerebrospinal fluid analysis. We also

discuss how to minimize the risks and address the com-

plications associated with lumbar puncture.
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Introduction

Cerebrospinal fluid (CSF) has an essential role in normal brain

function, and variation in its constituents, flow, and pressure

can negatively impact normal brain function. Equally,

abnormal brain function can affect the CSF, so collection and

analysis of CSF can therefore provide important information

to aid neurological diagnosis. In this paper, we will discuss

CSF production, circulation, drainage, and pressure. We will

also discuss how CSF should be sampled, explain the potential

risks, and ways to minimize or manage these risks.

Intracranial pressure

Intracranial pressure (ICP) is dependent on CSF dynamics

and cerebral blood circulating pressure. ICP in turn influ-

ences the cerebral perfusion pressure (CPP) as shown by

the equation:

CPP ¼ mean arterial blood pressure� ICP

CPP controls cerebral blood flow [1], a vital determinant

of viable brain tissue. As fragile brain tissue is enclosed in

a rigid cranium, relatively small changes in either CSF

pressure or cerebral blood volume can significantly alter

the ICP. In turn, fluctuations in ICP can have dramatic

effects on cerebral blood volume through compression of

the venous sinuses and reduction in venous blood flow.

Significantly impaired venous blood flow may contribute to

venous infarction and loss of brain function. Numerous

pathological and physiological processes, e.g., space-

occupying lesions, obstructed CSF flow, and jugular vein

compression, can impair ICP homeostasis and result in

either locally or globally impaired cerebral blood flow with

potential implications for brain function.

CSF dynamics

CSF dynamics are dependent on the balance between CSF

production and drainage. CSF occupies the ventricular
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system along with the cranial and spinal subarachnoid

spaces that lie between the arachnoid and pia mater. CSF

has two main functions:

1. The fluid submerges the brain, reducing the effective

weight of the brain from 1,500 to around 50 g, acting

as a ‘shock absorber’ to prevent the brain from being

damaged by mechanical injury.

2. To provide a medium for the transfer of nutrients and

waste products to and from the brain tissue.

In normal adults, the volume of CSF is between 125 and

150 ml, of which approximately 20% is contained within

the ventricles. Eighty percent of the CSF is produced in the

lateral, third, and fourth ventricles by the choroid plexus

(CP) [2] with a smaller volume being produced by the

ventricular ependyma, arachnoidal membrane, and brain

tissue itself [3, 4].

The dynamic circulation of CSF is driven by the

secretion of CSF from the CP at the rate of approximately

25 ml/h [5]. This constant flow of CSF displaces the old

fluid, thus ensuring a stable environment within the brain

and assisting in the removal of waste products. The CP is

one of the most efficient secretory tissues in the body [6].

Macroscopically, the CP is a branched structure of

microvilli. Each villus is composed of a core of connective

tissue and fenestrated capillaries surrounded by an epithe-

lial monolayer. The epithelial cells are joined by tight

junctions at their apical surface; this arrangement forms the

blood–CSF barrier (Fig. 1).

CSF secretion

The initial step in CSF secretion is likely to be passive due

to ultrafiltration of plasma from the leaky, fenestrated

capillary network into the connective tissue stroma of the

CP. Thereafter, CSF secretion is thought to be predomi-

nantly an active process, involving multiple ion channels

on both the basal and apical surfaces of the CP epithelium.

Sodium ions are transported from the CP connective tissue

across the CP epithelial cell and into the ventricular space

Fig. 1 Hematoxylin and eosin (H&E) staining. The choroid plexus

(CP) composed of a single layer of epithelial cells surrounding an

abundant capillary network and stromal cells. The villus projects into

the cerebrospinal fluid-filled ventricle (a and b). The arachnoid

granulation (AG) composed of the epithelial cap cells covering the

core of connective tissue which forms channels for CSF flow (c and d)
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containing CSF. This creates an osmotic gradient, which

pulls water into the ventricles. This process is analogous to

fluid secretion in other epithelia, e.g., saliva and sweat

secretion [6]. Central to this process is the Na? K? ATPase

transporter, located exclusively on the apical surface of the

CP epithelial cell [7]. The importance of this transporter is

highlighted by the finding that ventricular application of a

Na? K? ATPase inhibitor (oubaine) completely abolishes

sodium influx and CSF secretion [2, 8, 9]. There is con-

siderable interplay between numerous other ion transport-

ers in the CP epithelial cells. The effects of these other ion

transporters on CSF secretion are illustrated by the ability

of inhibitors to reduce CSF secretion. CSF secretion is

impaired by bumetanide, via its actions on the Na? K?

2Cl- co transporter [10], furosemide, due to inhibition of

the K? Cl- co transporter [11] and amiloride, due to

inhibition of the basal Na?/H? exchanger [12], which is

thought to control sodium entry into the epithelial cell. In

addition, chloride secretion is blocked by 4,40-diisothio-

cyanatostilbene-2,20-disulphonic acid at the Cl-/HCO3-

transporter in the CP [13].

Aquaporins, small hydrophobic integral membrane

proteins with the primary function of facilitating water

transport, are also thought to have a role in CSF secretion

[6]. Within the CP, aquaporin 1 and 4 have been identi-

fied in rat models [14, 15], although the contribution of

aquaporin channels to CSF production has not been

studied.

Carbonic anhydrase, an enzyme that catalyses the

reversible hydration of carbon dioxide, also has a role in

CSF secretion. Twelve isoforms of carbonic anhydrase

have been identified, with both carbonic anhydrase II and

III being identified in the CP [16–19]. Acetazolamide, a

carbonic anhydrase inhibitor, reduces CSF secretion in rats

by 50% [20], supporting the importance of this enzyme in

CSF secretion. Acetazolamide does not inhibit carbonic

anhydrase III, potentially explaining why it is only partially

effective in inhibiting CSF secretion.

CSF circulation

CSF produced in the lateral ventricles flows through the

intraventricular foramina (foramina of Monro) into the

third ventricle and then to the fourth ventricle via the

cerebral aqueduct. CSF drains from the fourth ventricle via

the foramina of Luschka and the foramen of Magendie into

the subarachnoid space. The foramina of Luschka (lateral

apertures) are located in each of the lateral recesses of the

fourth ventricle and the foramen of Magendie (median

aperture) is located medially to the fourth, both of these

apertures permit the drainage of CSF from the fourth

ventricle into the subarachnoid space near the pontine

cistern (Fig. 2).

CSF drainage

CSF drains predominantly via the arachnoid granulation

tissue (AGT) into the venous circulation. Each arachnoid

villus permits the unidirectional flow of CSF into the

systemic blood by acting as a one-way valve. There is

evidence that CSF drainage can occur via sites other than

the AGT. In 1869, it was suggested that CSF could drain

via lymphatic channels [21] and this has since been

demonstrated in a number of animal studies [3]. More

recently, post-mortem subarachnoid injection of MICRO-

FIL has demonstrated the drainage of CSF via nasal

lymphatics in large mammals, and also in one human [22].

The precise pathway by which CSF enters the nasal

lymphatics is unclear. In addition, the extent to which

extra-arachnoid CSF drainage takes place needs to be

established.

After exiting the ventricular system, CSF flows into the

subarachnoid cisterns at the base of the brain. Some of the

CSF flows into the spinal subarachnoid space. The spinal

cord terminates at the level of the first or second lumbar

vertebrae, but the subarachnoid space extends rostrally

towards the second sacral vertebra. The CSF that occupies

Fig. 2 Schematic diagram of CSF flow. 1 CSF produced by the CP

(red). 2 CSF moves from lateral ventricle to the 3rd ventricle via the

interventricular foramen. 3 CSF moves from 3rd ventricle to 4th

ventricle via the cerebral aqueduct. 4 From the 4th ventricle CSF can

either: a continue within the ventricular system and flow through the

spinal canal or, b flows into the subarachnoid space via the foramen of

Magendie (located medially) or via the foramina of Luschka (located
laterally). 5 The CSF that flows into the subarachnoid space (cranial

and spinal) is reabsorbed into the systemic circulation via the

arachnoid villi into the dural-venous sinuses
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this space, known as the lumbar cistern, can be sampled

during a lumbar puncture (LP).

Lumbar puncture

A lumbar puncture (LP) is an invasive technique that

accesses the restricted compartment of the subarachnoid

space in order to sample CSF. This procedure involves

introducing a needle below the termination of the spinal

cord, passing through the dura mater of the spinal cord, and

permitting access to the subarachnoid space.

LP indications

Quincke described an LP in 1891, being used therapeuti-

cally to relieve increased intracranial pressure in children

with meningitis. Today, the most common indication for

LP is its use as a diagnostic procedure, by obtaining CSF

samples for further analysis. The other main indication is

therapeutic, either by CSF removal to lower intracranial

pressure, or by means of access to the central nervous

system (CNS) compartment for drug delivery. Another

common reason is for research purposes in studies with

appropriate ethical approval.

LP contraindications

LP is contraindicated if the risk of the procedure outweighs

the potential benefit. Therefore, this issue arises in cases of

diagnostic rather than therapeutic LPs. Specific contrain-

dications are discussed below (summarized in Table 1).

Local infection at site of LP

Needle puncture through infected tissue prior to entry into

the arachnoid space could allow infective organisms a

direct route of entry into an otherwise sterile compartment.

This increases the risk of CNS infection and reduces the

diagnostic validity in cases of suspected CNS infection, as

positive culture results may represent local tissue infection

rather than true CNS infection. Skin lesions at the site of

LP, such as psoriatic plaques, increases infection risk.

Uncorrected bleeding diathesis

Thrombocytopenia or an elevated international normalized

ratio (INR) increases the risk of hemorrhage and spinal

hematoma formation. However, hemorrhage can also occur

in the setting of a normal platelet count and INR [23]. To

minimize the risk of spinal hematoma, it is recommended

that prior to LP the platelet count be above 40 9 109/l,

provided that the platelet count is stable, and in the absence

of other increased bleeding risks, e.g., coagulopathies,

antiplatelet, or anticoagulant medications. To the authors’

knowledge, no ‘safe’ INR has been determined to perform

an LP. Locally, an INR of 1.5 or below is deemed

acceptable, although this should be reviewed on an indi-

vidual case basis to determine whether a perceived

increased risk of hematoma formation outweighs benefit of

the LP procedure. Where possible, drugs that affect coag-

ulation should be discontinued to allow the coagulation

profile to normalize to minimize hemorrhagic risks,

although the risk of discontinuation and consequent risk of

thrombosis needs to be considered [24].

There is no clear evidence that low-dose aspirin given

alone increases hemorrhagic risk following LP [25]. It is

recommended that thienopyridine derivatives, e.g., clopi-

dogrel and ticlopidine, should be discontinued for 7 and

14 days, respectively [26], although this recommendation

is primarily aimed at neuro-radiologists, who may be

involved in more invasive spinal procedures, where the risk

of hemorrhage may be higher. Discontinuing platelet gly-

coprotein IIb/IIIa inhibitors for 8 h prior to LP, e.g., tir-

ofiban, has also been suggested [26]. Unfractionated

heparin is routinely discontinued for 2–4 h prior to LP.

Low-molecular-weight heparin at prophylactic dose is

discontinued for 12 h and at therapeutic dose for 24 h to

allow normalization of coagulation [26, 27]. Post LP,

unfractionated heparin should be delayed by at least 1 h to

minimize hematoma risk [28]. We are unaware of any

evidence to guide how long after thrombolysis a LP could

be conducted. Monitoring fibrinogen levels in this situation

may be helpful, but is unproven.

Table 1

Lumbar puncture red flags

Platelet count \40 9 109/l

International normalized ratio (INR) [1.5

Local skin infection

Local developmental abnormality, e.g., myelomeningocele

Raised intracranial pressure (with a pressure gradient across the

CNS compartments)

CT head recommended

Suspicion of raised intracranial pressure

Age[ 60 years

Immunocompromised patient

Previous CNS disease

Recent seizure

Reduced consciousness

Papilloedema

Abnormal neurological examination

CNS central nervous system
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Risk of CNS herniation

CNS herniation occurs if there is a change in the pressure

gradient within the CNS compartment sufficient to cause

movement of CNS tissue out of its normal position. This

can involve brain, spinal cord, and nerve root tissue, often

with devastating and fatal consequences [29, 30]. In these

cases, an abnormal pressure gradient already exists, and it

is the further transient lowering of pressure, as a result of

CSF withdrawal from an LP, which allows the raised

pressure compartment above the LP to move along the

pressure gradient and consequently move CNS tissue. This

is in contrast to states of uniformly raised intracranial

pressure within the whole CNS compartment, e.g., idio-

pathic intracranial hypertension (IIH), where no internal

pressure gradient has developed so is it is safe to perform

an LP. Studies have been performed to identify features

that may indicate states where a pressure gradient has

developed, and therefore guard against performing LP, e.g.,

an age over 60 years, an immunocompromised patient,

previous CNS disease, any recent seizures, reduced con-

sciousness, papilloedema, or an abnormal neurological

examination [31, 32]. In these cases, imaging is essential

prior to LP. However, in many centers, it is routine practice

to perform brain imaging prior to all LPs, even if warning

clinical features are not present, particularly as the avail-

ability of imaging out of normal working hours has

increased. CT imaging is typically utilized, as it is more

available than MRI, although it involves radiation expo-

sure. The imaging is obtained to evaluate for features of

raised ICP as might occur from mass lesions causing fea-

tures such as midline shift or effacement of the basal cis-

terns. It should be emphasized that radiographic

appearances should always be put in context of the indi-

vidual case, and if there is a clinical concern of an internal

CSF pressure gradient, then it is important not to be falsely

reassured by otherwise normal imaging as imaging findings

may be subtle in early stages of disease.

Congenital abnormalities

Developmental abnormalities at the site of LP, e.g., mye-

lomeningocele, may have associated abnormalities of tis-

sue locally, e.g., tethered spinal cord, and therefore this

tissue could be traumatized by needle placement as nervous

tissue is no longer free to be displaced by needle entry.

LP practicalities

A number of steps should occur to facilitate a successful

LP procedure, which are detailed below and summarized in

Fig. 3.

Consent

The clinician should obtain consent from the patient and

should explain the procedure outlining potential common

complications that may arise. These include local dis-

comfort, radicular pain, hemorrhage, infection, and post-

LP headache that occasionally necessitates an epidural

blood patch if conservative measures fail. While verbal

consent is sufficient, it is normal practice to obtain written

consent prior to invasive procedures, such as a LP [33]. We

typically advise the patient that the needle will be placed

below the level of the spinal cord and will not enter the

cord. Pain experienced by the patient may be due to the

needle coming into contact with exiting spinal nerve roots

or bone. We warn the patient that local discomfort, similar

to a bruised feeling, at the site of LP site is common after

the procedure. We then discuss the risk of complications

listed in Table 2.

Equipment

The equipment needed to perform an LP is summarized in

Table 3 and shown in Fig. 4a and b. A suitable trolley is

cleaned prior to placement of any materials on it. Care

should be taken not to contaminate the equipment as the

items are opened and placed on a sterile field on the trolley.

Fig. 3 LP technique summary
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The three-way tap on the pressure manometer must be

opened to allow CSF to flow up the manometer as shown in

Fig. 4c.

Patient positioning

There are two positions that the patient can adopt while

having an LP:

1. The left lateral recumbent position; (Fig. 4d) where the

patient lies on their left-hand side with the neck, knees,

and hips flexed as much as possible (may ask patient to

clasp their hands around their knees).

2. The sitting position; where the patient sits on the edge

of a bed and arches their back (may ask patient to put

head between knees or lean over a cushion). This

position is not suitable for measuring pressure.

As measuring pressure is part of the routine CSF

examination for neurology patients, the left lateral position

is preferred, although the sitting position may be used if

pressure measurement is not required.

Landmarks

The supracristal line (indicated in Fig. 4d) joins the supe-

rior border of the iliac crests. With the patient lying in the

lateral recumbent position, this vertical line intersects the

spinous process of the L4 vertebra. If a horizontal line is

drawn along the tips of the spinous processes of each

vertebra, where these lines cross indicates the L4 spinous

process. Cranially to this is the L3/L4 interspace, and

caudally the L4/L5 interspace, both suitable sites for LP.

Other interspaces may also be palpated if necessary by

moving along this horizontal line, recognizing that

attempts should be made below the termination of the

spinal column the vast majority of which end at L1, and

others typically by L2-3 if no other spinal malformation is

present. A midline approach along this horizontal line will

minimize the risk of trauma to the spinal vascular supply.

We use a skin marking pen or indentation to mark the

position of the interspace.

Preparation

The clinician should wash their hands, put on sterile

gloves, and then unwrap and ensure that all equipment is

correct. The overlying skin should be cleaned with disin-

fectant, typically applied in widening concentric circles,

and sterile drapes should be applied to the site. An assistant

is often helpful in handling non-sterile containers.

Local anesthesia

Draw up 5–10 ml of local anesthetic (lidocaine) in a 10-ml

syringe and then discard the needle. With a small needle

(orange, 25G or blue, 23G) administer the local anesthetic

under the skin to raise a small wheal and wait for the

anesthesia to take effect. Topical anesthesia may be applied

prior to anesthetic injection if necessary. Confirm that the

skin surface has been anesthetized and then replace the

needle of the syringe containing the local anesthetic agent

with a longer needle (green, 21G) and insert needle through

the wheal, and infiltrate approximately 1–2 ml of local

Table 2 Complications and

associated risks of routine

lumbar puncture

Complication Risk

Infection \0.01% [85, 86]

Bleeding \0.01% (estimate due to rarity and consequent

lack of epidemiology data) [87, 88]

Post-LP headache Traumatic needle Atraumatic needle

Mean: 26%

(wide range of figures: 9% [89], 14% [87],

24% [90], 32% [91], 32% [92], 36% [93],

36% [94])

Mean: 9%

(wide range of figures: 3% [93],

3% [89], 6% [92], 12% [90],

19% [91])

Table 3 Equipment required for LP

Equipment

Sterile gloves

Sterile drape

Antiseptic solution, e.g., chlorhexidine

Sterile gauze dressings

5–10 ml 1–2% lidocaine

10-ml syringe

Needles—19 orange (25G) and 29 green (21G)

Lumbar puncture (spinal) needle—length measuring 1.5 in for

infants; 2.5 in for children; and 3.5 in for adults

Lumbar puncture manometer (9 2 if elevated pressure suspected)

Three-way tap

3–4 sterile collection tubes

Biochemistry tubes for glucose, and other sample tubes as tests

require

Wound dressing or plaster
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anesthetic, withdrawing the plunger prior to infiltration to

ensure no blood vessel is being injected directly. Repeat at

1 to 2-cm intervals as the needle is positioned into deeper

tissue layers. Depth of anesthetic infiltration will depend on

body habitus. Once completed, withdraw the needle com-

pletely and allow time for the anesthetic to take effect,

usually 1–2 min.

LP technique

To reduce the risk of headache after an LP, an atraumatic

needle is preferred, or, if not available, then a Quincke

needle with a small diameter, such as 22G, should be used.

If using a Quincke needle, insert with stylet in place, at the

superior aspect of the inferior spinous process angling the

needle towards the umbilicus. Gently advance the needle

through the ligaments. If the needle is positioned in the

midline, it should pass through the skin, subcutaneous

tissue, supraspinous ligament, interspinous ligament, liga-

mentum flavum, epidural space, dura, and arachnoid mater

into the subarachnoid space. Resistance will be felt as the

needle passes through the spinal ligaments and dura, a

‘give’, will be felt as the needle enters the subarachnoid

space. If using an atraumatic needle, the technique is the

same, but an introducer is inserted first, with the smaller

atraumatic needle then inserted through this (Fig. 5). For

either needle type, once in the subarachnoid space, with-

draw the stylet within the needle and assess CSF flow. If

the attempt is unsuccessful, or the needle strikes bone,

withdraw the needle slightly and re-angle the needle and

advance in a stepwise fashion until a gap is found. If the

patient experiences shooting leg pain, this suggests that the

Fig. 4 a A cleaned clinical

trolley set out for a LP

procedure. b The manometer is

assembled while operating in a

sterile field. c Close-up

photograph of the correct

position of the three-way tap so

the manometer is set to be used

to obtain a CSF pressure reading

(thin end to be placed onto

spinal needle once CSF access

obtained). d Patient lying in left

lateral position with spinal

processes marked by horizontal
dashed line and supracristal line

(L4) marked by vertical dashed
line. The caudal disc space is

that of L3/L4, a suitable site for

lumbar puncture
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needle placement is too lateral, and is touching a lateral

nerve root. Repositioning the needle and/or the patient is

indicated. Try to avoid multiple attempts at different sites

during the procedure, as this may cause local swelling and/

or bruising and sometimes muscle spasms. This will

obscure surface anatomical landmarks, making future

attempts technically more difficult. In such cases, prior to

further attempts, use of muscle relaxants such as a low-

dose benzodiazepine may be helpful.

Longer spinal needles are available to use in very obese

patients, although in our experience this can often make the

procedure more difficult, as longer spinal needles will

typically be more flexible and consequently often divert off

course during the procedure. We would therefore recom-

mend using the standard needles where possible and just

advancing the needle further into the subcutaneous tissue

as required. In a series of 25 obese patients undergoing

repeated LPs (body mass index ranging from 27 to 50 kg/

m2), a longer spinal needed was never required [34]. If the

LP attempt is completely unsuccessful, despite due care

and advice from a colleague experienced in LP technique,

ultrasound and X-ray imaging can be used by those expe-

rienced in their use to identify appropriate landmarks to

facilitate a successful attempt [35].

Throughout the procedure, it is essential to maintain a

dialog with the patient, explaining what you are doing at

each step. Explanation and compassion will help establish

trust between the clinician and the patient to reduce the

patient’s anxiety.

CSF pressure measurement

Pressure readings are made with the manometer placed

over the end of the spinal needle once the stylet has been

removed, prior to CSF collection. Manometer readings

should be performed with the patient lying in the lateral

position. If the dura can only be punctured in the seated

position, extreme care is advised in moving the patient to a

lateral position, to ensure that the needle is neither dis-

placed nor broken during movement. Pressure recordings

in a seated position in an otherwise intracranial hypoten-

sive or normotensive patient are artificially elevated, as the

level within the manometer indicates the height of the

patient’s head from the site of the spinal needle, rather than

true ICP. Depending on the caliber of the spinal needle,

CSF flow through this and up the manometer may take

several minutes to settle. If the level rises above the height

of the manometer, additional manometer tubes can be

connected until the elevation terminates. To ensure peak

pressure has been reached, the patient is asked to inspire

and expire several times and the CSF level should oscillate

slightly within the manometer, but not increase further, this

may take a few minutes. Accurate pressure recordings

should be taken when the patient is breathing quietly in a

calm state, as Valsalva maneuvers from shouting, crying,

or coughing can cause a transient rise in CSF pressure,

presumably due to a transient increase in cerebral venous

blood pressure [36, 37]. During the pressure reading, the

patient’s legs should also be straightened slightly at the

hips to avoid compression of the intra-abdominal cavity,

which could artificially elevate CSF pressure through

transmission of raised pressure within the intra-thoracic

cavity and consequently increase cerebral venous blood

pressure and elevate CSF pressure.

Normal CSF pressure and effects of obesity

Pressure is normally between 10 and 20 cm in adults and

the elderly, with levels above 25 cm regarded as being

pathological [38–40]. However, in children, the normal

range of CSF pressure may be elevated to 28 cm [41].

Obesity is positively associated with intracranial hyper-

tension and weight loss is of proven therapeutic benefit in

these patients [34]. However, obesity is thought to only

have a modest effect on increasing CSF pressure in normal

patients, if at all [38, 39, 42]. Whitley published the largest

Fig. 5 Photograph (a) and schematic representative of lateral (b) and

superior (c) aspects of tips of commonly used spinal needles: i yellow

Quincke 20G, ii black Quincke 22G, iii atraumatic 25G. The Quincke

needle tips have a sharp cutting bevel, compared to the relatively

blunt pencil point of the atraumatic needle, which contains a side port
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study to measure both body mass index (BMI) and CSF

opening pressure, examining 242 adult patients undergoing

their first lumbar puncture within the same neurological

unit for conditions unrelated to CSF pressure disorders

[39]. The majority of patients in their sample population

were slightly overweight, median BMI 26 kg/m2. A sig-

nificant correlation was found between BMI and CSF

opening pressure. Patients with normal BMI (18.5–24.9 kg/

m2) had a median CSF opening pressure of 15 cm. In the

obese (BMI [30 kg/m2), median CSF opening pressure

was 20 cm. However, as the confidence limits of these

median values overlapped considerably, the true figure may

not be as great as this, and the authors concluded that the

difference was not clinically significant [39].

Alternative techniques to measure CSF pressure

If more continuous pressure recordings are necessary, for

example in assessing whether a headache syndrome is

associated with a change in intracranial pressure, direct

monitoring may be achieved by elective insertion of a

pressure bolt. This enters the cranium to enter the epider-

mal, subarachnoid, or ventricular space and sequential

recordings can then be made in the recumbent and supine

positions while correlating with patients’ symptoms. This is

an invasive procedure with associated risks of general

anesthesia, hemorrhage, and infection. Depending on the

system used, a ventricular site may block the production of

an inaccurate record, and alternative non-ventricular sites

may be unduly influenced by local tissue irregularities,

which also produce inaccurate recordings. In more contin-

uous monitoring, typically used in patients who have had

traumatic brain injury, certain types of pressure variations

termed, ‘waves’, have been identified. ‘A’ waves rise

steeply from normal ICP to 50 mmHg or more for 5–20 min

before falling again to the same or lower level, indicating

reduced CNS pressure compliance. ‘B’ waves are rhythmic

oscillations sharply peaked and occurring once every

1–2 min, where the ICP rises 20–30 mmHg above baseline

then falling abruptly, and may be indicative of reduced CNS

pressure compliance. ‘C’ waves are rhythmic oscillations

up to 20 mmHg with a frequency of 4–8/min, synchronous

with Traube–Hering–Mayer blood pressure variations. For

a detailed review of these areas, see Dunn L. T. 2002 [43].

Other techniques to measure pressure include CSF

infusion studies where two spinal needles are placed, or

one needle if a pressure bolt is sited [44, 45]. Fluid may

then be inserted through one site and a pressure recording

made at the other to assess resistance to CSF absorption by

the arachnoid villi. This procedure may be useful in the

diagnosis of normal-pressure hydrocephalus.

Non-invasive measures of CSF pressure have never been

sufficiently accurate to warrant their use in the clinical or

research environment (e.g., ophthalmodynamometers) [46].

However, ultrasonographic measurement of optic nerve

sheath diameter has been shown to be useful as a surrogate

measure of raised ICP. As the optic nerve sheath contains

the optic nerve, which is surrounded by CSF, as CSF

pressure rises, the sheath dilates. Ultrasound measures of

the distended of the optic nerve sheath have been used as a

quantitative measure of papilloedema in idiopathic intra-

cranial hypertension studies [34].

CSF pressure variability

As previously discussed, transient elevation in CSF pres-

sure may be seen during Valsalva maneuver, shouting,

crying, and potentially resulting from abdominal com-

pression from an extreme flexed leg position during LP.

CSF pressure is also known to vary with posture, being

highest when lying, falling quickly on sitting and then

rising slowly if remaining in that position, although not to

the extent noted when lying [47]. Diurnal fluctuation in

intracranial pressures is also noted with the highest pres-

sure recordings being observed at night [48]. The time of

day and position of the patient must therefore be taken into

account when evaluating the intracranial pressure in order

for the pressure reading to be reliable (Table 4).

CSF collection

CSF will flow as soon as the stylet has been withdrawn and

if the needle has entered the subarachnoid space. If a

manometer is in place, the manometer 3 way-tap should be

moved so the off position is pointing up the manometer

tube to allow free drainage for further sample collection. If

the LP is traumatic, the CSF samples will be tinged with

blood, which should disappear with serial collections. CSF

will drip into the collecting tubes and should not be aspi-

rated, as slight negative pressure may increase the risk of

herniation. There is no standard amount of CSF that should

be removed during an LP. The minimal amount of CSF

required for an investigation should be collected. However,

there is much variation depending on the purpose of the

LP, ranging from as little as 0.5 ml for analysis of glucose,

proteins, and antigen, 0.1 ml for oligoclonal bands, and up

to 20 ml for mycobacterial or fungal culture. It is good

practice to fill 3–4 collecting tubes with at least 5 ml of

CSF each. The amount of CSF removed is unlikely to

impact the rate of post-dural puncture headache, as CSF is

produced at a rate of 25 ml/h and so the collected sample is

rapidly replaced. Caution is, however, advised in elderly

patients with very atrophic brains, as subdural bleeds can

result if excessive amounts of CSF are removed, due to

slumping of the brain towards the foramen magnum as the
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CSF is removed with consequent traction and damage to

small supporting subdural blood vessels.

CSF analysis

Subarachnoid hemorrhage

The first and third bottles are typically sent for microscopy

to assist in the identification of subarachnoid hemorrhage

as the number of red blood cells will not reduce between

the samples in the case of subarachnoid hemorrhage but

will if they have resulted from a traumatic, ‘bloody’, tap.

Definitive testing for subarachnoid blood is performed by

assessing for the presence of xanthochromia, an orange–

yellow pigment formed by the combination of oxyhemo-

globin and bilirubin. Oxyhemoglobin is formed from the

breakdown of red blood cells but levels can be overrepre-

sented due to a traumatic CSF tap. Additionally, agitation,

as might occur during handling and transport, will also

facilitate the breakdown of red blood cells and may falsely

elevate oxyhemoglobin levels. The haem component of the

red blood cell is converted to bilirubin, approximately

9–15 h later. Bilirubin levels but may be degraded if the

sample is exposed to ultraviolet light, but can also be fal-

sely elevate in cases of raised serum bilirubin [49]. Red

blood cell metabolites are eventually broken down, but

may be identified in the CSF up to 14 days after the pre-

sumed hemorrhage [50]. Correct CSF analysis for xan-

thochromia is therefore enhanced by:

• Normal serum bilirubin levels.

• Delaying CSF sampling until the red cells have broken

down to bilirubin (12-h post-event is recommended).

• Using the least blood-stained CSF sample, usually the

last CSF sample collected.

• Transporting the CSF sample in the dark with minimal

agitation.

• Analyzing the sample with spectrophotometry rather

than visual inspection.

Microscopy, biochemistry, and virology

Microscopy calculates the number of white cells in the CSF

sample. Excessive numbers of red blood cells, as might

arise from a traumatic tap, can artificially elevate the white

cell level, and it is regarded that for every 1,000 red blood

cells, the white cell count is elevated by 1. Therefore, a

calculation should be performed to account for this when

necessary. If viral meningitis is suspected, viral polymerase

chain reaction (PCR) assessment for herpes 1 and 2, Var-

icella zoster, and enterovirsuses is also completed. Other

Table 4 Differential diagnosis

of neurological disease

according to intracranial

pressure

CNS indicates central nervous

system
a may also be normal pressure
b may have indirect effect

through weight loss

Hypotension Normotension Hypertension

Primary CSF leak Normal pressure

hydrocephalus

Idiopathic intracranial hypertension

Atraumatic/

spontaneous

CNS demyelination Intracranial hypertension without

papilloedema (IWOP)

Beçhet’s syndrome

CNS vasculitis

Neuropathy

Secondary CSF leak Encephalitis Intracranial space-occupying lesiona

Post LP Choroid plexus papilloma

Post surgical Arachnoid granulation agenesis

Trauma Hydrocephalus (communicating and non-

communicating)

Post-coital Infective meningitis

Drugs Acute bacterial

Acetazolamide Cryptococcal

Bendroflumethiazide Tuberculosis

Furosemide Virala

Indometacin Fungala

Topiramateb Cerebral venous sinus thrombosis

Acute hemorrhagic leucoencephalitis

Neurosarcoidosisa

Guillian-Barré syndromea

Malignant meningitisa
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investigations for infectious organisms can be performed if

indicated, e.g., fungal infections such as Cryptococcus and

Histoplasma as well as other pathogens such as Lyme

disease, Whipple’s disease, syphilis, measles, and the John

Cunningham virus (JCV). In cases of suspected tubercu-

losis (TB), several tests may be performed. Smear for

presence of acid-fast bacilli has a low sensitivity and is

non-specific. PCR for TB is more specific but also has a

low sensitivity. Specific successful culture for Mycobac-

terium tuberculosis can take 4–12 weeks. In cases where a

wide differential diagnosis exists, an extra CSF sample

may be usefully collected and stored in case further CSF

tests are later required, e.g., in proven cases of CSF lym-

phocytosis in patients with suspected viral encephalitis

additional virology polymerase chain analysis can then be

requested.

The second collection bottle is tested by the biochem-

istry department for protein and an additional fluoride

sample bottle is tested for glucose. Here it is important to

send a paired serum glucose sample to enable comparison

of serum and CSF glucose (e.g., pathologically low glucose

exists if the CSF level is less than half the serum glucose

level). In pediatrics, a low CSF glucose without other CSF

abnormality should prompt consideration of glucose

transporter-1 deficiency, a genetic condition that causes a

syndrome of epilepsy, movement disorders, and develop-

mental delay. The interpretation of the routine microbiol-

ogy and biochemistry results are summarized in Table 5.

Lactate

In pediatrics where diseases arising from inborn errors of

metabolism are suspected, CSF lactate and/or glycine are

calculated, although abnormal levels may not be specific

for these conditions [51, 52]. CSF lactate may also be

used to investigate mitochondrial CNS disease [53]. There

is an expanding phenotype of pediatric disorders resulting

from impaired CNS neurotransmitter metabolism, and

diagnosis of these requires careful collection and analysis

of these and their breakdown products for accurate diag-

nosis [54].

CSF immunology

CSF may be sent to the immunology department for oli-

goclonal band analysis. These are proteins, principally

gamma immunoglobulin, thought to represent a local B cell

immune response, but may represent systemic infection or

systemic immunoglobulin production, e.g., myeloma.

Therefore, a paired serum sample needs to be sent with the

CSF sample to identify cases where bands are identified

within the CSF only, and may then indicate an abnormal

B-cell CNS immune response [55]. Therefore, while typi-

cally used to assist in the identification of immune-medi-

ated CNS disorders, principally multiple sclerosis [56],

isolated CSF bands may also be present in paraneoplastic

disorders [57], systemic lupus erythematosus [58], neuro-

sarcoidosis [59], cerebral angiitis [60], and CNS infections

[55], but is usually absent in neuro-Behçet’s [61].

CSF antibodies may also be helpful in diagnosing

autoimmune conditions, e.g., aquaporin-4/anti-neuromye-

litis optica antibody for Devic’s disease, anti-glutamic acid

decarboxylaseantibodies for stiff person syndrome, or anti-

N-methyl D-aspartate (NMDA) antibody for anti-NMDA-

mediated encephalitis. As the knowledge about autoim-

mune CNS conditions grows, it is inevitable that the

number of different immune complexes that can be tested

will increase. CSF cytokine composition can also some-

times be useful to monitor response to treatment, e.g.,

interleukin-6 in neurosarcoidosis in response to infliximab,

but this is not routine practice.

CSF histology

In cases where CNS malignancy is considered (e.g., car-

cinomatous meningitis and lymphoma), a sample should be

sent to histology for analysis. Ideally, the sample needs to

be prepared on a histology slide within 2 h of being col-

lected, as cells within the CSF will lyse very rapidly,

Table 5 Routine CSF constituents in different CNS disorders

Normal Viral

infection

Bacterial

infection

Fungal

infection

TB

infection

GBS and

spinal shock

Multiple

sclerosis

Appearance Clear Clear/

opaque

Turbid Clear Clear/opaque Clear Clear

White cells

(per mm3)

0–5 10–2,000 100–60,000 20–500 50–5,000 Normal [15 atypical

([50 very rare)

Protein (g/l) \0.5a 0.5–0.9 [0.9 (1.0–5.0) [0.5 (0.5–5.0) [1.0 (1–5) [1.0 Normal

Glucose

(% serum glucose)

[60–75%

(2.2–4.4 mmol/l)

Normal \40% \80% \50% Normal Normal

a Reference range can vary between laboratories. Adapted from Clarke et al. [95]
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reducing the utility of the examination. The sensitivity is

increased by sending a number (e.g., three) of large volume

(5–10 ml) samples from sequential lumbar punctures [62].

The specimen will be centrifuged in the laboratory and

after preparing on a slide, the cell morphology will be

reviewed. A predominantly monoclonal expansion of large

lymphocytes would suggest a primary B cell lymphoma. A

heterologous population, composed of mostly T cells and a

few B cells, is more likely to reflect reactive changes

within the CSF. Immunocytochemistry may also be con-

ducted to further evaluate for specific cell surface markers.

Other

CSF protein 14-3-3 is used as a biomarker of rapid neu-

rodegeneration typically seen in classic Creutzfeldt-Jakob

disease, and together with S-100b as a marker of gliosis, are

used alongside other investigations to increase the sensitivity

of this diagnosis. Low CSF hypocretin is associated with

narcolepsy. The utility of CSF angiotensin-converting

enzyme (ACE) levels, as a test for neurosarcoidosis, has lost

favor, being neither sensitive nor specific, although serum

ACE levels might be of value [63]. CSF leaks giving rise to

CSF rhinorrhoea or otorrhoea may also be differentiated

from other types of fluid, by opportunistic collection and

subsequent analysis for tau protein [64].

Future CSF tests

In the future, other CSF tests currently being developed in a

research capacity are likely to become more routine in clinical

practice as either an additional diagnostic test or as biomarkers

in chronic neurological conditions, e.g., CSF tau and Ab42 in

Alzheimer’s disease and metabolomic profiles [65].

Complications

Local discomfort and radicular pain

Discomfort at the site of needle entry is common post-pro-

cedure, and minimized by using small bore or atraumatic

needles with a single successful attempt. Pain or backache

should settle promptly, with more severe or persistent pain

necessitating further investigation for possibility of hema-

toma formation (see below). Radicular pain during the pro-

cedure suggests that the needle is too lateral, and

repositioning is required. Persistent radicular pain is rare.

Spinal hematoma

Spinal hematoma can cause spinal cord or cauda equina

compression, and 37% of cases will remain permanent

paraplegic [23, 28]. A spinal hematoma may not be clini-

cally obvious. The clinician should be alerted to this pos-

sibility if the patient develops post-LP severe, persistent

back pain, or radicular pain (58% of cases), new sensory or

motor symptoms, sphincter disturbance, or meningism

[23]. Hematomas will typically present in the first 6 h

following the LP (58% of cases), although 22% will

present greater than 24 h after the procedure [23]. Prompt

magnetic resonance scanning should be performed if sus-

picion of hematoma arises, as a delay in diagnosis has been

associated with a poor prognosis [66]. Management of

spinal hematomas should be in liaison with neurosurgical

colleagues. Conservative management may be possible,

particularly if symptoms are mild and there are early signs

of neurological recovery [23]. In these cases, prolonged

monitoring is necessary, as patients may have a delayed

deterioration. Dexamethasone may also be useful, 4 mg

four times per day for 48 h, although there is no evidence

to support this. In more severe cases, or where the patient is

deteriorating, surgical evacuation of the hematoma may be

required.

Meningitis

Meningitis is a rare complication of LP. Patients may

present as is seen in other causes of meningitis, headache,

meningism, photophobia, neck stiffness, and be pyrexic.

These typical features may be masked in immunocom-

promised patients. Appropriate antimicrobial therapy will

depend on local hospital guidelines and should be dis-

cussed with the microbiologists, but typically involve a

third-generation cephalosporin.

Post-LP headache

Headache following an LP is common (see Table 2). The

headache syndrome is caused by a low-pressure (intracra-

nial hypotension) phenomenon, resulting in postural,

orthostatic, worsening within 15 min of elevation of the

head into either a sitting or standing position, and improves

within 15 min of lying down. The headache is also asso-

ciated with at least one of the following: neck stiffness,

tinnitus, hyperacusis, photophobia, or nausea. In addition,

the headache will characteristically occur within 5 days of

dural puncture and typically resolves within 1 week of

conservative management, or within 48 h of definitive

treatment, usually an epidural blood patch [67]. The

headache syndrome itself varies in location, but is typically

occipital or holocranial, dull in character, and worsens with

Valsalva maneuvers.

Most low-pressure headaches will resolve rapidly as

CSF is produced at a rate of approximately 25 ml/h.

Patients have traditionally been asked to lie flat following
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an LP to mitigate the chance of developing a low-pressure

headache. However, there is no evidence to suggest a

benefit of this approach [68–71]. Our practice following an

LP is to advise the patient to lie flat until they feel well, as

some patients may experience syncopal symptoms if they

mobilize too rapidly, and then to mobilize as they feel able.

Rarely, post-LP headache can be caused by intracranial

subdural hematoma [72]. Symptoms suggestive of this

include prolonged, prominent headache without postural

features, reduced consciousness, and focal neurological

signs. Contributing factors include pregnancy, multiple

punctures, use of anticoagulants, intracranial vascular

abnormalities, and brain atrophy [73].

The more common reason to produce intracranial

hypotension post LP is that the dural puncture site has not

sealed on withdrawal of the needle. To prevent this,

atraumatic needles, which have a pencil point tip rather

than a cutting edge, are advocated (Fig. 5). Atraumatic

needles are more expensive (£8.98) compared to Quincke

22G (£3.72) and Quincke 20G (£1.23). However, they are

associated with a reduced risk of post-LP headache (for

review see Arendt K et al. [74]), and therefore minimize

the risk of delayed hospital discharge and/or readmission.

Rates of post-LP headache are further reduced when using

the atraumatic needle, if the needle stylet is reintroduced

prior to withdrawal of the needle [75].

Persistent CSF leak following LP

In patients who do not have intracranial hypertension, a

persistent leak at a rate that is the same or more than the

rate of CSF production will produce intracranial hypoten-

sion, and persistence of the low-pressure headache beyond

the first hour. Symptoms are alleviated by bed rest, but

simple analgesics may be used when the patient needs to

mobilize. There is no role for fluid supplementation [76].

However, caffeinated drinks, or caffeine orally as 300 mg

[77], or occasionally intravenously (500 mg in 500 ml

normal saline over 2 h with cardiac monitoring is advised,

due to potential development of cardiac arrhythmias), is

thought to be beneficial through its effect of cerebral

vasoconstriction. The patient should be nursed lying flat or

with a slight downward head-tilt if tolerated. Conservative

measures are successful in the majority of patients but may

require 7–10 days to be effective.

Epidural blood patch

An evidence base to determine the most appropriate timing

for an epidural blood patch is lacking; however, we suggest

that this procedure should be conducted when conservative

measures fail, or if symptoms are very disabling. In this

procedure, the patient is prepared in the same way as a LP

[78]. An anesthetist skilled in epidural needle placement

will typically conduct the procedure, which involves

injecting 15 ml of the patient’s own blood into the epidural

space at the level of the original LP. Advancing the needle

though the dura should be avoided, as this additional dural

puncture may prolong the intracranial hypotension syn-

drome. Patients are asked to lie with a slight downward

head-tilt to assist tracking of the blood within the epidural

space to tamponade the CSF leak. Symptoms typically

improve dramatically within just a few hours. The blood

patch may be effective due to simply sealing the dural

puncture site, however, the blood patch may also cause a

local increase in pressure within the epidural space, which

is then transmitted through the dura to elevating ICP. It is

recommended that patients lie recumbent for at least 2 h

before mobilizing, presumably to avoid movement of the

epidural blood [79]. If symptoms do not improve within

2 days, it is likely that the procedure has failed, either from

using the wrong location, incomplete tracking of the blood

within the epidural space to the puncture site, or from

creation of a further dural puncture. In such cases, MRI

imaging of the spine is advised to ensure that the correct

CSF leak site has been identified, although blood product

within the epidural space may potentially confound whe-

ther there is a CSF collection outside the dural cavity. If

further conservative measures including caffeine are

unsuccessful then further epidural blood patches may be

necessary. Epidural blood patches have a high success rate

of over 90%, falling to 61–75% if the initial puncture

involved a large bore spinal needle. For a detailed review,

see Duffy and Crosby [80]. If a second epidural patch is

required, the success rate remains high ([90%) [81].

Therapeutic CSF drainage

Idiopathic intracranial hypertension

A minor CSF leak can be of modest therapeutic benefit in

patients with an initial raised CSF pressure (intracranial

hypertension) headache syndrome such as IIH as the leak

may promote temporary intracranial normotension. In

keeping with this, most patients with IIH will experience

a temporary remission of their headaches and visual

obscurations following an LP. This is a useful diagnostic

clue and is worth enquiring about in patients in whom this

diagnosis is considered. Serial LPs were used in the past to

treat IIH. This is no longer appropriate due to the risks of

the procedure and lack of long-term efficacy. Treatment

should instead focus on weight loss, a strategy with proven

therapeutic efficacy [34]. LP in IIH can, however, be useful

to temporarily preserve vision in cases where vision is
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rapidly deteriorating, prior to completion of a definitive

procedure such as CSF shunting.

Normal-pressure hydrocephalus

CSF drainage can also be useful in diagnosing normal-

pressure hydrocephalus (NPH), a syndrome of dementia,

urinary incontinence, and gait disturbance characterized

normal CSF pressure [82, 83]. Imaging studies demonstrate

ventricular enlargement out of proportion to the degree of

cerebral atrophy. In cases where the diagnosis is not clear,

cognitive tests and distance covered in a timed walk, may

be objectively measured before and after LP, where

20–30 ml of CSF have been withdrawn, to look for an

improvement which might indicate the therapeutic value of

a permanent CSF shunt [84].

Conclusions

Normal CSF constituents and pressure are essential for

normal CNS function, continually being replaced in order

to achieve optimum conditions for the brain and spinal

cord. CNS disorders influence CSF characteristics and

consequently analysis of both the CSF pressure and con-

stituents can be highly informative in the diagnostic pro-

cess. LP can be a daunting prospect for patients, and can

have potentially devastating complications. Therefore, a

thorough understanding of the technique, together with

technical expertise, will ensure that patient discomfort and

anxiety are reduced and the potential for complications

minimized. All efforts should be made to try to ensure that

repeated LPs are not required. A full understanding of why

the LP is required will enable, though pre-procedure

planning, to ensure that sufficient volumes of CSF are

collected with relevant paired serum samples, in the correct

containers, with appropriate transport conditions, and that

laboratory colleagues are on standby to process urgent

samples. LP remains a common diagnostic test, which if

performed proficiently, has a low complication rate, a high

diagnostic yield, and is usually more tolerable than patients

expect.
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