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Abstract 
Post dural puncture headache (PDPH) is a common complication of interventional neuraxial 

procedures. It carries a considerable morbidity with symptoms lasting for several days, sometimes severe 

enough to immobilise the patient. If left untreated it can result in serious complication which may be fatal. It is 

therefore important that the doctors should aware of the methods available for reducing the incidence of PDPH. 

This article reviews the scientific literature involved in the management of PDPH including the epidural blood 

patch. 
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1.Introduction
Headache is a complication of lumbar 

puncture that has been known for well over a century. 

The syndrome of post dural puncture headache was 

described by Dr August Beir[1]. Lumbar puncture is 

also known as spinal puncture, involving passing a 

needle through the wall of the dural sac into the 

subarachnoid space which contains cerebrospinal 

fluid in the lumbar region[2]. 

Post dural puncture headache can occur as a 

result of diagnostic lumbar puncture, spinal 

anaesthesia and unintentional dural puncture while 

performing epidural anaesthesia
3
. Headache is a 

common sequale of this procedure irrespective of the 

indication.  PDPH is an important cause of iatrogenic 

morbidity following a lumbar puncture. 

2. History

Spinal anaesthesia was developed in the late 

1800s. In 1891 Wynter Quincke[4], aspirated CSF 

from the subarachnoid space for the treatment of 

raised intracranial hypertension associated with 

tuberculous meningitis. 

In august 1898, Wulf HF[5], a German 

surgeon injected cocaine 10-15mg into the 

subarachnoid space of seven patients, himself and his 

assistant Hildebrandt Bier. Hildebrandt & four of the 

subjects all described the symptoms associated with 

post dural puncture headache. Bier attributed this 

headache to loss of CSF. 

In early 1900s there were numerous reports 

in the medical literature of the application of spinal 

anaesthesia using large spinal needles[6], headache 

was reported to be a complication in 50% of subjects. 

In 1951 Whitacre and Hart[7] developed the 

pencil point needle. Developments of needle design 

since that time have led to a significant reduction in 

the incidence of post dural puncture headache. 

However PDPH remains a disabling complication of 

needle insertion into the subarachnoid space. 

3. Definition

According to the headache classification 

committee of the international headache society, 

headache after lumbar puncture is defined as bilateral 

headache that develops within 7 days after a lumbar 

puncture and disappears within 14 days. The 

headache worsens within 15 min of resuming the 

upright position, disappears or improves within 30 

min of resuming the recumbent position.[8] 
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4. Incidence

Risk of developing PDPH depends on a 

number of factors and the incidence varies with the 

population studies needles & techniques have been 

used[9][10]. The gauge of the lumbar puncture 

needle[11], size of the needle used & shape of the tip 

of the needle appear to be the most important 

individual factors which determines on the 

incidence[12]-[16]. 

5. Factors
Factors which contribute to the development 

of headache after lumbar puncture are: 
5.1 Age 

The incidence of spinal headache is 

inversely proportional to the age of the patient after 

the age of 20.[17]-[19] It is interesting that patients 

less than 20 years of age have been found to have a 

lower relative risk of PDPH[17][18]. 

5.2 Sex 

Studies have shown that incidence is more 

among females than males and in young women there 

is a disproportionately high risk of PDPH which 

decreases gradually until menopause. Obstetric 

patient contributes to the large majority of PDPH 

patients.[18][20] 

5.3 Needle Size 

Incidence of PDPH depends on volume of 

CSF lost through the dural tear created by lumbar 

puncture which in turn depends on needle size. 

Incidence of headache is 70% if the needle size is 

between 16 & 19G. 40% if the needle size is between 

20 & 22G and 12% if the needle size is between 24 & 

27 G[21]. Smaller needles are satisfactory for spinal 

& epidural anaesthesia. But for diagnostic lumbar 

puncture 22G needle is the smallest size that should 

be used[22]. 

5.4 Direction of Bevel 

As the collagen fibres in the human dura run 

in a longitudinal direction parallel to the long axis of 

the spine. The incidence of headache after lumbar 

puncture is less if the needle is inserted with the 

bevel parallel to the dural fibres rather than 

perpendicular[23]. This separates the fibres rather 

than cutting them. This facilitates the closure of the 

hole on needle withdrawal.  

If the needle is at right angle to the collagen 

fibers, the cut in the dural fibres previously under 

tension would then tend to retract resulting in a 

bigger dural tear, thus increasing the likeliness of 

CSF leakage & incidence of headache after lumbar 

puncture. 

5.5 Needle Design 

There are three basic needle points 

available. The Quincke point is a simple cutting 

needle & most commonly used lumbar puncture 

needle. The theoretical advantage of the whitacre is 

the tapered pencil point tip with lateral displacement 

of the distal orifice. This causes an atraumatic 

splitting of the dural fibres rather than the cutting 

action of the quincke. Sprotte needle has blunted tip 

causes atraumatic splitting of dural fibres[24][25]. 

As these needles cause temporary separation 

rather than cutting the elastic fibres which then recoil 

after removal of the needle. This considerably 

reduces the incidence of headache & need for 

medical intervention. Three randomised double blind 

controlled studies concluded that atraumatic needles 

considerably reduce the incidence of headache after 

diagnostic lumbar puncture[26]-[28]. 

To conclude needle size is more important 

in preventing PDPH, but given two needles of 

identical size a Whitacre point will produce fewer 

cases of PDPH than quincke needle. A sprotte needle 

may result in a significantly lower risk of PDPH than 

a whitacre or quincke needle but more clinical trials 

are needed[29]. 

Number of lumbar puncture attempts- as the 

number of dural puncture directly relates to the size 

of the dural damage making fewer attempts at dural 

puncture could be associated with lesser incidence of 

headache after lumbar puncture.   

6. Pathophysiology

The exact pathophysiology of headache after 

lumbar puncture is unclear. However proposed 

mechanism is hole which is left in the dura after the 

lumbar puncture[30], resulting in persistent leakage 

of CSF from the subarachnoid  space , this leakage 

results in a fall in intracranial CSF volume & CSF 

pressure[31]. These causes gravitational traction on 

the pain sensitive structures (meningeal membrane, 

blood vessels and nerves) & deplete the cushion of 

fluid supporting the brain causing classical headache 

which worsen when the patient is upright and is 

relieved on lying down[32].  

According to the Monro-Kellie-Burrows 

doctrine (the sum of the volumes of the CSF, the 

blood & the brain tissue in the skull remains 

constant) loss of CSF may result in compensatory 

intracranial vasodilatation.  Relative cerebrospinal 

fluid hypovolaemia[33] which results in painful 

possibly adenosine receptor mediated[34] cerebral 

vasodilatation. It is then responsible for the headache. 

Studies have shown that a low level of 

substance p, a neuropeptide associated with 

neurogenic inflammation resulted in a three times 

higher risk of developing headache after lumbar 

puncture[35]. 
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6.1 Clinical Symptoms 

6.1.1 Headache 

Headache is the predominant symptoms 

after accidental dural puncture[36]. 90% of headache 

will occur within 3 days of the procedure[40] & 66% 

start within the first 48 hour[41]. It can be delayed for 

upto 12days. Headache may present immediately 

after dural puncture[42]. However it is rare and looks 

for alternative causes such as rise in intracranial 

pressure with associated displacement of intracranial 

structure. 

Symptoms of PDPH are very characteristic 

and usually self limiting. Headache is described as 

severe dull aching or throbbing in nature, distributed 

over the frontal & occipital areas[37] radiating to the 

neck & shoulders which can later become 

generalised, could be associated with neck stiffness. 

The headache exacerbated when the patient is upright 

and decreases when the patient is lying down. Head 

movements exacerbate the pain. Any manoeuvres 

that increase intracranial pressure such as coughing, 

sneezing, straining or ocular compression may 

worsen the symptoms. 

6.1.2 Other associated symptoms 

Other associated symptoms include Lower 

backache, Nausea, vomiting, Vertigo, tinnitus, 

Parasthesia of the scalp, upper& lower limb pain[38], 

Visual disturbances[39] such as diplopia or cortical 

blindness also has been reported,  Photophobia. 

Headache disappears spontaneously within a week or 

within 48hours after the CSF leak has been 

effectively treated. 

6.2 Diagnosis 

This is mainly a clinical diagnosis, history 

of accidental or deliberate lumbar puncture, followed 

by characteristic headache with neck stiffness and 

other associated symptoms usually confirms the 

diagnosis[43]. 

If a diagnostic lumbar puncture is 

performed. It may demonstrate a low CSF opening 

pressure, a slightly raised CSF protein, and a rise in 

CSF lymphocyte count[42]. 

Magnetic resonance imaging of the brain 

may show diffuse dural enhancement due to contrast 

medium with evidence of a sagging of brain. Descent 

of brain and brainstem, optic chiasma through 

foramen magnum, obliteration of basal cisterns and 

enhancement of the pituitary gland[43]. 

When there is doubt, CT myelography, 

cisternography or spinal MRI with thin sections can 

be used to locate the spinal source of the CSF leak. 

6.3 Differential Diagnosis 

The diagnosis of PDPH is frequently 

confirmed from the history of lumbar puncture and 

presence of a characteristic severe postdural puncture 

headache. However it is important to exclude or 

consider other alternative conditions such as, 

intracranial tumours[45][46], intracranial 

heamatoma[47][48], pituitary apoplexy[50], 

migraine, viral or bacterial or chemical 

meningities[51], cerebral venous thrombosis[50], 

other nonspecific headache, intracerebral 

haemorrhage and preeclampsia[52] in obstetric 

patient. It has been estimated that 39% of parturients 

report symptoms of a headache unrelated to dural 

puncture following delivery. 

6.4 Treatment 

As headache after lumbar puncture is 

relatively common and is a significant cause of 

morbidity and has a self limiting course, it should 

always be discussed when a patient gives consent to 

undergo lumbar puncture, especially those who are in 

a high risk category, such as young women with low 

body mass index, and during pregnancy[53]. As the 

headache usually occurs after 24hours and it can be 

delayed for few days, in case if the patient is 

discharged earlier then patient should e warned about 

it. 

If the patient develops headache, they 

should be encouraged to lie in a comfortable position, 

which is mostly in the supine position but not 

necessarily and advised to avoid upright position. As 

it has got self limiting course initially conservative 

approach should be considered, which includes bed 

rest, good rehydration and treatment of symptoms 

with simple analgesics, opoids, and antiemetics. 

Abdominal binders are no longer recommended. 

Generally >85% of headaches after lumbar puncture 

resolve within 6 weeks without any specific 

treatment[54]. 

However if conservative measures fail to 

resolve headache then specific treatment should be 

considered 72hour after onset of pain, it would avoid 

the catastrophic complications of subdural 

haematoma and seizure that could be fatal[55]. 

The aim of specific treatment of post dural 

puncture headache is to replace the lost CSF, seal the 

puncture site and t control the cerebral vasodilatation. 

6.4.1 Caffeine 

It is the first treatment and studies have 

shown that symptom relief and decrease in duration 

of headache when caffeine is used. As PDPH is 

partly result of dilatation of the intracranial veins and 

caffeine is a methylxanthine produces 

vasoconstriction which is specific to the cerebral 

vasculature by blocking adenosine receptors, which 

has a role in the pathogenesis of headache after 

lumbar puncture. As a therapeutic option Caffeine 



Shaikh & Nagamani/ Perioperative Management of post dural puncture headache                81 

IJBAR (2015) 6 (02)  

available in oral and intravenous form.  Randomised 

controlled studies have been conducted to prove the 

effectiveness of caffeine. Published information on 

this treatment comes mainly from reviews that one 

study in 1979[56]. This study was carried out in 41 

patients in whom IV administration of 500mg of 

caffeine sodium benzoate relieved headache in 75% 

of the patients with further improvement observed 

with a second dose. IV caffeine sodium benzoate is 

less expensive and easily administered than an 

epidural blood patch. 

There are some studies concluded that IV 

caffeine is an effective therapy for post dural 

puncture headache but still a well designed clinical 

study is needed to demonstrate the efficacy of oral 

route. Recommended dose is 300-500mg of oral or 

caffeine once or twice a daily[57]. However 

therapeutic doses of caffeine have been associated 

with CNS toxicity & atrial fibrillation and need to be 

used cautiously in high risk patients. 

6.4.2 Epidural blood patch 

This therapy is justified for patients with 

moderate to severe PDPH, which is not responding to 

conservative measure & caffeine.  Concept of 

epidural blood patch was made after observing 

patient who had bloody tap in whom incidence of 

PDPH is low. Blood proves to coagulate on contact 

with CSF and the reason for applying an epidural 

blood patch is that the blood will seal the dural hole 

created by the puncture needle & prevent further CSF 

leakage and space which eliminates relative CSF 

deficiency.  The high success rate and low incidence 

of complications have established the epidural blood 

patch as the standard against which to evaluate 

alternative methods to treat PDPH. 

Patient is put in lateral position with head 

flexed and hips and knees are flexed. Under aseptic 

precaution epidural tuohy needle is introduced slowly 

into the epidural space. It is not necessary to 

introduce it into the exact site at which the dural 

puncture was performed. 20-30 ml of blood is drawn 

from the cubital vein by other person and 

immediately introduced slowly into the epidural 

space through epidural needle. The blood will 

distribute into the epidural space through few spinal 

segments superiorly and inferiorly. After the 

procedure, patient should remain lying down for 1-2 

hour. This procedure has a success rate of 70-

98%[54] and can be repeated if it fails to resolve the 

symptoms at the first attempt. However presence of 

persistent severe headache, an alternative cause 

should be considered. It has been found that success 

rate is low if it is administered prophylactically and 

within 24hours of lumbar puncture[58]. 

Complications rarely occur with epidural blood 

patch, arachnoiditis, subdural haematoma, meningitis 

have been reported. 

6.4.3 Epidural saline 

This concept was brought with possible 

compression of the epidural space with presumed 

increase in subarachnoid pressure owing to the 

volume of blood injected. The same effect was 

expected on using saline which is relatively inert and 

sterile and epidural saline bolus and infusion regimen 

with variable results[54]. 

6.4.4 Fibrin Glue 

Alternative agents to blood such as fibrinous 

glue have been used to seal dural perforation[59]. 

The fibrin glue may be injected blindly or CT guided 

percutaneous injection into the epidural space if an 

epidural blood patch fails[60]. 

6.4.5 Surgery 

PDPH; which is unresponsive to other 

therapies, being treated successfully by surgical 

closure of the dural perforation[61]. 

7. Conclusion

Lumbar puncture is an important cause of 

iatrogenic morbidity in the form of post dural 

puncture headache. In majority of cases, the problem 

will resolve spontaneously. The incidence of 

headache can be reduced by using higher gauge 

needle. Epidural blood patch is reasonably efficient 

in treating headache when it is not responding to 

conservative measure. Surgical closure of dural tear 

is an option of last resort. 

References 

[1] Calverley RK: Anesthesia as a specialty: past,

present, and future. In Barash PG, Cullen BF,

Stoelting RK (eds): Clinical Anesthesia,

Lippincott, Philadelphia, 1989: 12.12.

[2] Strupp M, Schueler O, Straube A et al.

«Atraumatic» Sprotte needle reduces the

incidence of post lumbar puncture headaches.

Neurology 2001; 57: 2310 – 2312.

[3] Gaiser R. Postdural puncture headache. Curr

Opin Anaesthesiol 2006; 19: 249–253.

[4] Pearce JM. Walter Essex Wynter, Quincke, and

lumbar puncture. J Neurol Neurosurg Psychiatry

1994; 57: 179.

[5] Wulf HF. The centennial of spinal anesthesia.

Anesthesiology 1998; 89: 500-506.

[6] Lee JA. Arthur Edward James Barker

1850±1916. British pioneer of regional

analgesia. Anaesthesia 1979; 34: 885-891.



Shaikh & Nagamani/ Perioperative Management of post dural puncture headache                82 

IJBAR (2015) 6 (02)  

[7] Hart JR, Whitacre RG. Pencil point needle in the

prevention of post-spinal headache. JAMA 1951;

147: 657-658.

[8] Olsen J, Bousser M-G, Diener H-C, et al. The

International Classification of Headache

Disorders: 2
nd

 edition. Cephalalgia 2004;

24:159-160.

[9] Evans RW, Armon C, Frohman EM et al.

Assessment: prevention of post-lumbar puncture

headaches: report of the therapeutics and

technology assessment subcommittee of the

american academy of neurology. Neurology

2000; 55: 909 – 914.

[10] Bezov D, Lipton RB, Ashina S. Post-dural

puncture headache: part I diagnosis,

epidemiology, etiology, and pathophysiology.

Headache 2010; 50: 1144 -1152.

[11] Paech MJ, Doherty DA, Christmas T et al. The

volume of blood for epidural blood patch in

obstetrics: a randomized, blinded clinical trial.

Anesth Analg 2011; 113: 126 -133.

[12] Poll JS. The story of the gauge. Anaesthesia

1999; 54: 575 -581.

[13] Armon C, Evans RW. Addendum to assessment:

Prevention of post-lumbar puncture headaches:

report of the Therapeutics and Technology

Assessment Subcommittee of the American

Academy of Neurology. Neurology 2005; 65:510

– 512.

[14] Lavi R, Yarnitsky D, Rowe JM et al. Standard vs

atraumatic Whitacre needle for diagnostic

lumbar puncture: a randomized trial. Neurology

2006; 67: 1492 – 1494.

[15] Lavi R, Rowe JM, Avivi I. Lumbar puncture: it

is time to change the needle. Eur Neurol 2010;

64: 108 – 113.

[16] Arendt K, Demaerschalk BM, Wingerchuk DM

et al. Atraumatic lumbar puncture needles: after

all these years, are we still missing the point?

Neurologist 2009; 15: 17 - 20.

[17] Vandam LD, Dripps RD: Long-term follow-up

of patients who received 10,098 spinal

anesthetics. Syndrome of decreased intracranial

pressure (headache and ocular and auditory

difficulties). JAMA 1956; 161: 586-591.

[18] Lybecker H, Moller JT, May 0 et al: Incidence

and prediction of postdural puncture headache. A

prospective study of 1021 spinal anesthesias.

Anesth Analg 1990; 70: 389-394.

[19] Flaatten H, Rodt S, Rosland J et al:

Postoperative headache in young patients after

spinal anaesthesia. Anlaesthesia 1987: 42: 202-

205.

[20] Rasmussen BS, Blom L, Hansen P et al:

Postspinal headache in young and elderly

patients. Two randomized, double-blind studies

that compare 20- and 25-gauge needles.

Anaesthesia 1989; 44: 571-573.

[21] Dieterich M, Perkin GD. Post lumbar puncture

headache syndrome. In: Brandt T, Caplan LR,

Dichland J, et al, eds. Neurologic disorders:

course and treatment. San Diego, CA: Academic

Press, 1996; 59–63).

[22] Carson D, Serpell M. Choosing the best needle

for diagnostic lumbar puncture. Neurology 1996;

47:33–37.

[23] Lybecker H, Moller JT, May O, et al. Incidence

and prediction of postdural puncture headache. A

prospective study of 1021 spinal anaesthesias.

Anesth Analg 1990; 70:389–394.

[24] Cruickshank RH, Hopkinson JM: Fluid flow

through dural puncture sites. An in vitro

comparison of needle point types. Anaesthesia

1989; 44: 415-418.

[25] Ready LB, Cuplin S, Haschke RH et al: Spinal

needle determinants of rate of transdural fluid

leak. Anesth Analg 1989; 69: 457-460.

[26] Thomas S-R, Jamieson D-R, Muir K-W.

Randomised controlled trial of atraumatic versus

standard needles for diagnostic lumbar puncture.

BMJ (Clin res ed) 2000; 3210:986–990.

[27] Strupp M, Schueler O, Straube A, et al.

Atraumatic Sprotte needle reduces the incidence

of post-lumbar puncture headaches. Neurology

2001; 57:2310–12.

[28] Kleyweg R-P, Hertzberger L-I, Carbaat P-A.

Significant reduction in postlumbar puncture

headache using an atraumatic needle.

Cephalalgia 1998; 18:635–637.

[29] Cesarini M, Torrielli R, Lahaye F et al: Sprotte

needle for intrathecal anaesthesia for caesarean

section: incidence of postdural puncture

headache. Anaesthesia 1990; 45: 656-658.

[30] Serpell MG, Rawal N. Headache after

diagnostic dural punctures (editorial).BMJ 2000;

321:973–4.

[31] Grant R, Condon B, Hart I, et al. Changes in

intracranial CSF volume after lumbar puncture

and their relationship to post-LP headache. J

Neurol Neurosurg Psychiatry 1991; 54:440–442.

[32] Hatfalvi BI. Postulated mechanisms for postdural

puncture headache and a review of laboratory

models. Reg Anaesth 1995; 20:329–36.

[33] Miyazawa K, Shiga Y, Hasegawa T et al. CSF

hypovolemia vs intracranial hypotension in

«spontaneous intracranial hypotension

syndrome». Neurology 2003; 60: 941-947.



Shaikh & Nagamani/ Perioperative Management of post dural puncture headache                83 

IJBAR (2015) 6 (02)  

[34] Camann WR, Murray RS, Mushlin PS et al.

Effects of oral caffeine on postdural puncture

headache. A double-blind, placebo-controlled

trial. Anesth Analg 1990; 70: 181-184.

[35] P concentration and history of headache in

relation to postlumbar puncture headache:

towards prevention. J Neurol Neurosurg

Psychiatry 1996; 60: 681-683.

[36] Carson D, Serpell M. Choosing the best needle

for diagnostic lumbar puncture. Neurology 1996;

47: 33-37.

[37] Turnbull DK, Shepherd DB. Post-dural puncture

headache: pathogenesis, prevention and

treatment. Br J Anaesth 2003; 91:718–29.

[38] Schabel JE, Wang ED, Glass PS. Arm pain as an

unusual presentation of postdural puncture

intracranial hypotension. Anesth Analg 2000; 91:

910-912.

[39] Vandam LD, Dripps RD. Long-term follow up

of patients who received 10 098 spinal

anesthetics. JAMA 1956; 161: 586-591.

[40] Reynolds F. Dural puncture and headache. Br

Med J 1993; 306: 874-876.

[41] Leibold RA, Yealy DM, Coppola M, Cantees

KK. Post-dural puncture headache:

characteristics, management, and prevention.

Ann Emerg Med 1993; 22: 1863-1870.

[42] Weir EC. The sharp end of the dural puncture.

Br Med J 2000; 320: 127-128.

[43] Mokri B, Parisi JE, Scheithaner BW, et al.

Meningeal biopsy in intracranial hypotension.

Neurology 1995; 45:1801–1807.

[44] Vakharia SB, Thomas PS, Rosenbaum AE,

Wasenko JJ, Fellows DG. Magnetic resonance

imaging of cerebrospinal ¯uid leak and

tamponade effect of blood patch in postdural

puncture headache. Anesth Analg 1997; 84: 585-

590.

[45] Alfery DD, Marsh ML, Shapiro HM. Post-spinal

headache or intracranial tumor after obstetric

anesthesia. Anesthesiology 1979; 51: 92-94.

[46] Dutton DA. A postspinal headache' associated

with incidental intracranial pathology.

Anaesthesia 1991; 46: 1044-1046.

[47] Diemunsch P, Balabaud VP, Petiau C, et al.

Bilateral subdural hematoma following epidural

anesthesia. Can J Anaesth 1998; 45: 328-331.

[48] Eggert SM, Eggers KA. Subarachnoid

haemorrhage following spinal anaesthesia in an

obstetric patient. Br J Anaesth 2001; 86:442±4.

[49] Lennon M, Seigne P, Cunningham AJ. Pituitary

apoplexy after spinal anaesthesia. Br J Anaesth

1998; 81: 616-618.

[50] Stocks GM, Wooller DJ, Young JM, Fernando

R. Postpartum headache after epidural blood

patch: investigation and diagnosis. Br J Anaesth

2000; 84: 407±10.

[51] Roberts SP, Petts HV. Meningitis after obsetric

spinal anaesthesia. Anaesthesia 1990; 45: 376-

377.

[52] Kanazi G, Abdallah F, Dabbous A et al.

Headache and nuchal rigidity and photophobia

after an epidural blood patch: diagnosis by

exclusion of persistent post-dural puncture

headache mimicking meningitis. Br J Anaesth

2010; 105: 871 –873.

[53] Reid JA, Thorburn J. Headache after spinal

anaesthesia. Br J Anaesth 1991; 67:674–7.

[54] Turnbull DK, Shepherd DB. Post-dural puncture

headache: pathogenesis, prevention and

treatment. Br J Anaesth 2003; 91:718–29.

[55] Newrick P, Read D. Subdural haematoma as a

complication of spinal anaesthetic. BMJ 1982;

285:341–2.

[56] Sechzer PH, Abel L. Post-spinal anaesthesia

headache treated with caffeine. Part II. Curr

Ther Res 1979; 26:440–448.

[57] Camann WR, Murray RS, Mushlin PS, Lambert

DH. Effects of oral caffeine on postdural

puncture headache. A double-blind, placebo-

controlled trial. Anesth Analg 1990; 70: 181-184.

[58] Berrettini WH, Nurnberger JI. Epidural blood

patch does not prevent headache after lumbar

puncture. Lancet 1987; 329:856–857.

[59] Gil F, Garcia-Aguado R, Barcia JA, et al. The

effect of ®brin glue patch in an in vitro model of

postdural puncture leakage. Anesth Analg 1998;

87: 1125-1128.

[60] Gladstone JP, Nelson K, Patel N et al.

Spontaneous CSF leak treated with percutaneous

CT guided fibrin glue. Neurology 2005; 64: 1818

–181 9.

[61] Harrington H, Tyler HR, Welch K. Surgical

treatment of post lumbar puncture dural CSF

leak causing chronic headache. Case report. J

Neurosurg 1982; 57: 703-707.


