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Emanuel Swedenborg
1688-1772
”spiritous lymph”

Thomas Willis
1621-75
”fluid altered in endemic fever”



P. Born, 2018

Heinrich Irenaeus Quincke (1842 –1922)
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CSF volumes

• Adult static volume of 65-150ml –from 5y!

• Adult production ca 500ml daily -0,5ml/min

• Neonate 25ml/day production, static spinal 
volme ~2ml/kg, total ~4ml/kg (<15kg)

• CSF ultrafiltrate of plasma

• CNS capillaries lack fenestration and 
transport vehicles.

• 99% water + electrolytes, glucose, proteins, 
enzymes, antibacterial factors etc.
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CSF dynamics

• Produced in choroid plexus of ventricles

• Ventricles→ foramen Monroe 
→aquaeductus cerebri →for. Luschka and 
Magendii →subarachnoidal space

• Pulsatile flow

• Only 20% enters spinal subarachnoidal
space- lumbar cistern 20ml

• CSF transit time appr 1 hour, replaced
every 6 hours
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CSF composition

Bonadio 2013
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Emergency Medicine Procedures. New 

York:

McGraw-Hill; 2004:873.
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Bonadio 2014
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Schulga 2015
Tuffier’s line
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Doherty 2014
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Needle type

• PDPH 36% for traumatic 22G Quinck
needle

• PDPH 9% for atraumatic 24G needle

Ravn et al 2018
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Choice of needle

Strupp et al 2001
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Emergency Medicine Procedures. New York:
McGraw-Hill; 2004:873.
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LP –practical aspects

• depth of LP=0,77cm +(2,56xBSA[m2])

• Ultrasound guidance possible

• Withdrawl of stilet after perforating 
dermis may reduce traumatic LP

• Re-insert stilet prior to cannula withdrawl
(Strupp 1979)

• Do not aspirate CSF!
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Post-dural puncture headache

13-36% after LP. Risc factors:

• Young age

• Female gender

• Previous PDPH

• Staff experience

• Needle type (size and shape)
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Post-dural puncture headache
treatment

• Flat bed rest (little evidence)

• Fluids (little evidence)

• Pharmacological: analgesics, gabapentin, 
coffeine, aminophylline, steroid

• Epidural blood patch after 2-3 d: 70-98% 
success rate
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Post-dural puncture headache
in children

• Evidence for reduced incidence
depending on needle type less clear –no 
difference between traumatic 22 and 25G 
needles –Crock 2014

• ? Longer procedure time for smaller 
needles (22 vs 25G)
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Sedation



P. Born, 2018

Nusinersen
1 year LP experience in Copenhagen

• 7 subject with SMA 1-2, age 0-5 year

• 37 lumbar punctures, 22G Quincke needle

• Two operators - 33 in 1. attempt, 4 in 2.or 
3. attempt

• One patient admitted for back pain, no 
postdural headache

General anæstesia 4

Nitrous oxide 12

Dexmedetomidine 11

Local only 10
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Contraindications
NICE bacterial meningitis guidelines
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Contraindications
• Signs of raised ICP
• Thrombocytopenia < 40*109/l (relative) or < 20*109/l 

(absolute)  or other coagulation disorders
• Anticoagulation (Vit K antagonists, therapeutic

heparin, ADP receptor inhibitors)
• Ongoing seizures/coma/deep sedation
• Cardiovascular instability
• Spinal malformations
• Infection at puncture site



P. Born, 2018

Intrathecal drug admistriation
• Chemotherapy (methotrexate, steroids, cytarabine..)
• Antibiotics (vancomycin)
• Baclofen
• Analgesia –morphine, spinal anaesthesia
• Antisense oligonuceotides for RNA based therapy e.g. 

nusinersen for SMA 
• Gene therapy with viral vectors –SMA, CMT, tumors, 

neurodegenerative conditions
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LP -indications

1. Meningitis/encephalitis

2. Neuroinflammation

3. Neoplasia

4. Metabolic and neurodegenerative
conditions

5. Neurosurgery

6. Intrathecal drug administration



P. Born, 2018

Meningitis -Encephalitis

• Assessment of WBC, protein, glucose: 
WBC and Protein increased in first two
months of life

• Culture and resistance testing

• IgG ratio

• Antibody titres-ratio to plasma
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Meningitis-Encephalitis

Biofire™ -multiplex PCR

BUT: several 100 pathogens can cause 
infection!
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Traumatic LP

• Incidence appr. 20% for all children, up to 
one third in neonates

• Decreased by use of local anaestetic
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Correction for traumatic LP

• Not reliably established, BUT

• Appr. 1 WBC/mm3 for every 1000 RC

• Pred WBC= 𝐶𝑆𝐹 𝑅𝐵𝐶
𝐶𝐵𝐶 𝑊𝐵𝐶

𝐶𝐵𝐶 𝑅𝐵𝐶

• In adults, 90% of pt. with bacterial
meningitis had a ratio of > 10 
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑊𝐵𝐶

𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑊𝐵𝐶
but considerable overlap

• Glucose usually unaffected, but protein 
increased
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Autoimmune encephalitis

Only NMDAR and GAD65 have been diagnosed in 
Denmark (Boesen et al ..)

• GAD65 AB in serum –intrathecal synthesis can
be analysed

• NMDA receptor AB (Wang 2015, 43 pt): 

62.8% with + CSF had +serum

100% patients with +serum had +CSF samples.

 CSF WBC increased in 58%
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Demyelination

• Acute demyelination: 63% pleocytosis, 
52% pos. oligoclonal bands. OCB only
predictive of MS in children older than 12 
years (Boesen et al, poster)

• IgG index increased in 80-90% of MS 
patients, but also in many other
conditions –very low specificity
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CSV opening pressure in 
children

• upper limit 28 cm H2O (mean 19,8 ± 6,8)

Avery 2010
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CSV opening pressure in 
children

• Factors influencing opening pressure:

Age?

BMI?

Sedation?

Position?

Avery 2010
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• Opening pressure vs age

Opening pressure vs BMI -3cm per 10-unit

Avery 2010
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CSV opening pressure in 
children

• Sedation: depth AND agent

• Children sedated had 3.5cm H2O higher
values

• Possible effect of pCO2

Avery 2010
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CSV opening pressure in 
children

No effect of leg position stretched/flexed

Conclusion: 

• CSF opening pressure has to be
interpreted in a clincal context

• values below 28 cm H2O do not support 
markedly increased pressure.
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CSF pressure

• 90. centile of CSF in 500 children: 28 cm 
H2O
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CSF analysis in neurometabolic
conditions

• Glucose, lactate

• Amino acids, pipecolic acid

• Dopamin metabolites: HVA, MHPG, VMA

• Serotonin metabolites: 5-MTHF

• Pterins: Biopterin, Neopterin



P. Born, 2018

Neurometabolic conditions

• Mitochondrial disease

• Monoaminergic neurotransmitter 
disorders

• Disorders of amino acid neurotransmitter 
metabolism: GABA, glycine, serine

• Disorders of pyridoxine, glucose and 
folate metabolism
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Ng, 2014
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Rodan 2015, adapted from 
Hoffman, 2014
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154 patiens from Hospital
for Sick Children, Toronto

-epilepsy and movement disorder

6 patients with inherited neurotranmitter disorders
14 patients with non-neurotransmitter disorders
130 patients without diagnosis
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When to do LP for neurometabolic disease?

• Haliloglu 2012: 62 pt,  positive yield
16/62 (25,8%). 

• Significant: diurnal variation, oculogyric
crisis and consanguinity



P. Born, 2018

Oculogyric crisis

Solberg 2017
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When to do LP for neurometabolic disease?

• Infantile (epileptic) encephalopathy

• Microcephaly?

• Unexplained movement disorders: 
parkinsonism, dystonia and ataxia, hypotonia, 
hypertonia, hypokinesia especially with fluctuating
symptoms

• Dysautonomia, sleep disturbance

• Ptosis, eye movement disorders

• Progressive motor or cognitive symptoms
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2y 1m old boy
• First child of consanguineous parents

originally from Pakistan

• Developmental arrest since 8 months, 
seizures since 6 months, intitially rare. 
Hypotonia, failure to thrive

• Daily seizures with: downward eye
deviation, stiffness of one or both sides, 
oral dyskinesia, lasting hours
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(cont.)

• CSF analysis 2 y 5 m old: ↓↓↓ HVA, 
normal 5 HIAA

• Homozygeous for mutation in exon 9 
tyroxin hydroxylase (TH) gene

• Diagnosis: TH-Deficient Infantile 
Parkinsonism with Motor Delay

• Treatment with levodopa and later
seligiline (MAO B inhibitor)
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CSF sampling for metabolic disease:

• 4 hours glucose fasting

• Know your normal values: craniocaudal
gradient of neurotransmitters

• Glucose, lactate, aminoacids, 
neurotransmitters

• Spin immediately if blood contaminated
(lab technician present!) 

• Snap freeze in liquid nitrogen 
immediately after


