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ABSTRACT: Headache is a frequent complication of dural puncture, particularly with a large-bore
needle. Clinical and laboratory research over the last 30 years has shown that use of small-gauge
needles, particularly of the pencil-point design, is associated with a lower risk of PDPH Epidural
blood patching is a well-accepted therapeutic modality for dural puncture headache; it seemed
reasonable that the sooner done, the shooter would be the duration of the headache. We had noticed
an unusually high failure rate of epidural blood patching done shortly after dural puncture.
KEYWORDS: Post dural puncture headache, Cerebrospinal fluid, large gauge needle, Epidural blood
patch.

INTRODUCTION: A dural puncture with an epidural needle is a stressful event of the anesthesiologist
and the patient, especially when it occurs in the parturient. Typical concerns are raised: Will the
patient develop a headache? Is there anything that can be done to prevent it? How should a post-
dural puncture headache (PDPHA) be treated? If she gets a headache it will become my headache?
Headache remains a major problem to the obstetric anesthesiologist.

HISTORY: The history of spinal anesthesia can be traced back to the late 1800s when Wynter and
Quincke aspirated cerebrospinal from patients with tuberculous meningitis in an attempt to lower
intracranial pressure.lll Shortly thereafter, John Corning attempted to use spinal cocaine injection for
the treatment of habitual masturbation. Whether it cured the ailment it was intended for being
unknown. August Bier performed spinals on himself and eight other subjects using 10-15mg of
cocaine. Four of the nine people, including Professor Bier, developed PDPH.[2]

PATHOPHYSIOLOGY OF DURAL PUNCTURE:
Anatomy of the spinal Dura Mater: The spinal dura mater is a tube extending from the foramen
magnum to the second segment of the sacrum. It contains the spinal cord and nerve roots that pierce
it. The dura mater is dense, connective tissue layer made up of collagen and elastic fibers. The
classical description of the spinal dura mater is of collagen fibers running in a longitudinal
direction.B3

Clinical teaching based upon this view of the dura recommends that a cutting spinal needle
be oriented parallel rather than at right angles to these longitudinal dural fibers.[*5] Orientating the
needle at right angles to the parallel fibers, it was said would cut more fibers. The cut dural fibres,
previously under tension, would then tend to retract and increase the longitudinal dimensions of the
dural perforation, increasing the likelihood of a post spinal headache.

Clinical studies had confirmed that post dural puncture headache was more likely when the
cutting spinal needle was oriented perpendicular to the direction of the dural fibres. However, recent
light and electron microscopic studies of a human dura mater have contested this classical
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description of the anatomy of the dura mater. These studies describe the dura mater as consisting of
collagen fibers arranged in several layers parallel to the surface.

Each layer or lamellae consist of both collagen and elastic fibres that do not demonstrate
specific orientation.lé] The outer or epidural surface may indeed have dural fibres arranged in a
longitudinal direction, but this pattern is not repeated through successive dural layers.

Recent measurements of dural thickness have also demonstrated that the posterior dura
varies in thickness, and that the thickness of the dura at a particular spinal level is not predictable
within an individual or between individuals. Dural perforation in a thick area of dura may be less
likely to lead to a CSF leak than a perforation in a thin area, and may explain the unpredictable
consequences of a dural perforation.

Cerebrospinal Fluid: CSF production occurs mainly in the choroid plexus, but there is some
evidence of extrachoroidal production. About 500 ml of CSF is produced daily (0.35 ml/min).l”] The
CSF volume in the adult is approximately 150 ml, of which half is within the cranial cavity. The CSF
pressure in the lumbar region in the horizontal position is between 5 and 15 cm H:0. The pressure of
the CSF in children rises with age, and may be little more than a few cm HO in early life.

Duramater and Response to Trauma: The consequences of perforation of the spinal or cranial dura
are that there will be leakage of CSF. Neurosurgical experience of dural perforation is that even minor
perforations need to be closed, either directly or through the application of synthetic or biological
dural graft material. Failure to close the dural perforation may lead to adhesions, continuing CSF leak,
and the risk of infection.

Experimental studies show that deliberate dural defects in the cranial dura of dogs took
approximately one week to close. The closure was facilitated through fibroblastic proliferation from
surrounding tissue and blood clot.

It is therefore possible that a spinal needle carefully placed in the subarachnoid space does
not promote dural healing, as trauma to adjacent tissue is minimal. Indeed, the observation that
blood promotes dural healing agrees with Gormley’s original observation that bloody taps were less
likely to lead to a post - dural puncture headache as a consequence of a persistent CSF leak.

Needle tip deformation and Dural Perforation: It has been proposed that contact with bone during
insertion may lead to spinal needle tip deformation. Damaged needle tips could lead to an increase in
the size of the subsequent dural perforation. Recent in vivo studies have demonstrated that the
cutting type spinal needle is more likely to be deformed after bony contact than comparable sized
pencil - point needles.

Consequences of Dural Puncture: Puncture of the dura has the potential to allow the development
of excessive leakage of CSF. There will be negative pressure in the epidural space and hence CSF leaks
from a higher pressure area to a space with lower pressure, Excess loss of CSF leads to a
demonstrable reduction in CSF Volume. After the development of post dural puncture headache, the
presence of a CSF leak has been confirmed with radionuclide cisternography, radionuclide
myelograph, manometric studies, epiduroscopy.
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The adult subarachnoid pressure of 5-15 cm H;0 is reduced to 4.0 cm H0 or less. The rate of
CSF loss through the dural perforation is generally greater than the rate of CSF production
(0.35ml/min), Particularly with needle sizes larger than 25G. Although the loss of CSF and lowering
of CSF pressure is not disputed, the actual mechanism producing the headache is unclear. There are
two possible explanations. First, the lowering of CSF pressure causes traction on the intracranial
structures in the upright position.

These structures are pain sensitive, leading to the characteristic headache.8l Secondly, the
loss of CSF produces a compensatory venodilatation (Monro - Kellie doctrine). The Monro - Kellie
doctrine, or hypothesis, states that the sum of volumes of the brain, CSF, and intracranial blood is
constant. The consequence a decrease in CSF volume is a compensatory increase in blood volume.
The venodilation is then responsible for the headache.(®

Needle Quality: Reducing the size of the spinal needle has made a significant impact on the incidence
of post - spinal headache. The incidence is - 40% with a 22G needle; 25% with a 25G needle; 2%-
12% with a 26G Quincke needle; and <2% with a 29G needle. However, technical difficulties leading
to failure of the spinal anesthetic are common with needles of 29G or smaller. Needle modifications
since that time, such as the Sprotte and Atraucan needles, promise further reductions in post spinal
headache.

Needle Size: Large spinal needles will clearly produce large dural perforations where the likelihood
of a dural puncture headache is high. Conversely, the smaller needles produce small dural
perforations with a lower incidence of headache. Fine gauge spinal needles, 29G or smaller, are
technically more difficult to use, and for spinal anesthesia at least, are associated with a high failure
rate. A balance has to be struck between the risks of dural puncture headache and technical failure.
25G, 26G and 27G needles probably represent the optimum needle size for spinal anesthesia.

Needle Orientation: There are many clinical, and laboratory, studies that lend credence to the
hypothesis that the perpendicular orientation of the bevel of a spinal or epidural needle leads to a
reduction in the incidence of post - dural puncture headache.

Operator skill level and Fatigue: It has been suggested that the incidence of inadvertent dural
puncture during epidural anesthesia is inversely related to operator experience. However, sleep
deprivation, operation fatigue and the effect of night work may be a confounding variable producing
the higher incidence of inadvertent dural puncture in junior personnel performing epidural analgesia.

Obstetrics: The parturient is at particular risk of dural puncture and the subsequent headache
because of their sex,(19 young age, and the widespread application of epidural anesthesia. In
parturients receiving epidural anesthesia the incidence of dural puncture is between 0 and 2.6%. The
incidence is inversely related to the experience of the anesthesiologist, and is said to be reduced by
orientation of the needle bevel parallel to the dural fibre.(11)

Loss of resistance to air confers a higher risk of dural puncture than loss of resistance to fluid.
After a dural puncture with a 16G Tuohy needle, up to 70% of subjects will report symptoms related
to low CSF pressure. Despite the high incidence of headache consequent upon dural puncture with a

] of Evolution of Med and Dent Sci/ eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 3/ Issue 36 /Aug 18,2014 Page 9428



DOI: 10.14260/jemds/2014/3216

REVIEW ARTICLE

Tuohy needle, the anesthesiologist needs to consider a differential diagnosis, as intracranial
hematoma, or tumor presenting with similar symptoms to, or in association with, a post - dural
puncture headache has been described.

Children: Post dural puncture headache is reported as uncommon in children.(1213)

Symptoms: The International Headache Society has defined a PDPH as a bilateral headache that
develops within 7 days after lumbar puncture and disappears within 14 days after the lumbar
puncture. The headache worsens within 15 minutes of assuming the upright position and disappears
or improves within 30 minutes of resuming the recumbent position.(!) These symptoms are helpful
in distinguishing from migraine headaches.

It usually occurs in the frontal, occipital, or both areas, but also may involve the neck and
upper shoulders. Although it generally occurs within 48 hours of the dural puncture, it can occur later
than 3 days in 25% of the cases.(15)

Other symptoms accompanying PDPH include nausea, vomiting, visual disturbances, and
hearing alteration. Visual disturbances are due to dysfunction of the extraocular muscles from
transient paralysis of the motor nerves of the eyes (CN III, IV and IV).(t6) CN IV is the most frequently
affected because of its long intracranial course and can be corrected with epidural blood patch.(”)

Diagnosis: The history of accidental or deliberate dural puncture and symptoms of a postural
headache, neck ache and the presence of neurological signs, usually guide the diagnosis. A diagnostic
lumbar puncture may demonstrate a low CSF opening pressure or a ‘dry tap’, a slightly raised CSF
protein, and a rise in CSF lymphocyte count. An MRI may demonstrate: diffuse dural enhancement,
with evidence of a sagging brain; descent of the brain, optic chiasm, and brain stem; obliteration of
the basilar cisterns; and enlargement of the pituitary gland. CT myelography, retrograde radionuclide
myelography, cisternography, or thin section MRI can be used to locate the spinal sources of the CSF
leak.

Differential Diagnosis: The diagnosis of post - dural puncture headache is frequently clear from the
history of dural puncture and the presence of a severe postural headache. However, it is important to
consider alternative diagnosis as serious intracranial pathology may masquerade as a post dural
puncture headache.

Diagnoses that may masquerade as post dural puncture headache include intracranial
tumors, intracranial hematoma, pituitary apoplexy, cerebral venous thrombosis, migraine, chemical
or infective meningitis, and nonspecific headache (18, 19, 20). It has been estimated that 39% of
parturients report symptoms of a headache unrelated to dural puncture following delivery. The
largest follow up of post dural puncture headache is still that of Vandam and Dripps in 1956. They
reported that 72% of headaches resolved within 7 days, and 87% had resolved in 6 months.

Prevention: Several maneuvers have been advocated to prevent a PDPH. Many recommend bed rest
to prevent a PDPH. The first systematic examination of recumbency following dural puncture with a
22-gauge Quincke needle showed no difference if the patient rested 4 hours (11.6%) and 24 hours
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(11.9%).21) Another study using 25-and 26-gauge Quincke needles found a higher incidence (55% Vs.
25%) if the patient rested for 24 hours.(22

TREATMENT:

Over View: Studies observing the effects of treatments in post dural puncture headache often fail to
recognize that, with no treatment, over 85% of postdural puncture headaches will resolve within 6
weeks.

Psychological: It is important to give the patient a through explanation of the reason for the
headache, the expected time course, and the therapeutic options available.

Simple: Bed rest has been shown to be of no benefit. Supportive therapy such as rehydration,
acetaminophen, non-steroidal anti - inflammatory drugs, opioids, and anti-emetics may control the
symptoms and so reduce the need for more aggressive therapy, but do not provide complete relief.

Posture: If a patient develops a headache, they should be encouraged to lie in a comfortable position.
The prone position raises the intra-abdominal pressure, which is transmitted to the epidural space
and may alleviate the headache.

Abdominal binder: A tight abdominal binder raises the intra-abdominal pressure and it is
transmitted to the epidural space and may relieve the headache. Unfortunately, tight binders are
uncomfortable and are seldom used in current practice.

Caffeine: Caffeine is a central nervous system stimulant that amongst other properties produces
cerebral vasoconstriction. It is a available in an oral and i.v. form. The most frequently quoted work
on the treatment of post dural puncture headache with caffeine is that of Sechzer. He evaluated the
effects of one or two 0.5 g doses of i.v. Caffeine on subjects with established post dural puncture
headache. There are some statistical and methodological flaws in this study, but it was concluded that
i.v. Caffeine is an effective therapy for post dural puncture headache.

Dose: The dose now recommended for the treatment of post dural puncture headache is 300 - 500
mg of oral or i.v. Caffeine once or twice daily (23).

Mode of Action: it is assumed that caffeine acts through vasoconstriction of dilated cerebral vessels.
If cerebral vasodilatation were the source of the pain, cerebral vasoconstriction might limit the pain
experienced.

Sumatriptan: The treatment for migraine headaches has focused on modification of cerebral
vascular tone. Sumtriptan is a 5 - HT1p receptor agonist that promotes cerebral vasoconstriction, in a
similar way to caffeine. Sumatriptan (24 is advocated for the management of migraine and recently for
post dural puncture headache.
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EPIDURAL BLOOD PATCH (EBP):

History: After the observation that bloody taps were associated with a reduced headache rate, the
concept of the epidural blood patch has developed. The theory is that the blood, once introduced into
the epidural space, will clot and occlude the perforation, preventing further CSF leaks. The high
success rate and lower incidence of complications have established the epidural blood patch as the
standard against which to evaluate alternative methods to treat post dural puncture headache.

Technique: With the patient in the lateral position, the epidural space is located with a Tuohy needle
at the level of the supposed dural puncture or an intervertebral space lower. The operator should be
prepared for the presence of CSF within the epidural space. Up to 30 ml of blood is then taken from
the patient’'s arm and injecting slowly through the Tuohy needle. Should the patient describe
lancinating pain of dermatomal origin the procedure must be stopped.

There is no consensus as to the precise volume of blood required. Most practitioners now
recognize that the 2 to 3 ml of blood originally described by Gormley. (25 s inadequate, and that 20-
30 ml of blood is more likely to guarantee success. Larger volumes, upto 60ml, have been used
successfully in cases of spontaneous intracranial hypotension. At the conclusion of the procedure, the
patient is asked to lie still for one or, preferably, 2 h, and is then allowed to walk.

Contraindications include those that normally apply to epidurals, but include a raised white
cell count, pyrexia and technical difficulties. Limited experience with HIV - positive patients suggest
that it is acceptable providing no other bacterial or viral illnesses are active.

The postulated mechanism for its effectiveness is compression of the thecal space and
elevating the subarachnoid pressure. Maintenance of the therapeutic effect is attributed to clot
preventing further CSF leaks.(?¢) Blood in the epidural space will spread between 7 and 14 spinal
segments. The mean spread of blood is six segments upward and three segments downward.2?)

The timing of the EBP is debated. Loeser noted a 71% failure rate if the epidural blood patch
was done within 24 hours of dural puncture as compared to a 4% failure rate if done greater than 24
hours. Subsequent studies have also noted this finding.(28)

Outcome: The technique has a success rate of 70-98% if carried out more than 24 h after the dural
puncture.29 If an epidural blood patch fails to resolve the headache, repeating the blood patch has a
similar success rate. Failure of the second patch and repeating the patch for a third or fourth time has
been reported. However, in the presence of persistent severe headache, an alternative cause should
be considered.(1819.20)

Complications: Immediate exacerbation of symptoms and radicular pain have been described. These
symptoms do not persist and resolve with the administration of simple painkillers. Long term
complications of epidural blood patch are rare. A single case report of an inadvertent subdural
epidural blood patch described non - postural, persistent headache and lower extremity discomfort.

Epidural saline: Concerns have been expressed about the potential danger of an autologous epidural
blood patch for the treatment of post — dural puncture headache. The immediate resolution of the
headache with a blood patch is attributable to thecal compression raising the CSF pressure. An
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epidural injection of saline(®% would, in theory, produce the same mass effect, and restore normal CSF
dynamics.

As saline is a relatively inert and sterile solution, epidural saline bolus or infusion appears to
be an attractive alternative. Regimens that have been advocated include: (i) 1.0-1.5 litre of epidural
Hartmann’s solution over 24h, starting on the first day after dural puncture; (ii) up to 35 ml / hr of
epidural saline or Hartmann's solution for 24-48h, or after development of the headache; (iii) a single
30 ml bolus of epidural saline after development of headache and (iv) 10-120 ml of saline injected as
a bolus via the caudal epidural space.

Epidural, intrathecal and parenteral opiodis: A number of authors have advocated the use of
epidural,®1) intrathecal®? or parenteral morphine;33) the majority of these reports are either case
reports or inadequately controlled trials. Some of the studies used epidural morphine after the onset
of headache; others used epidural or intrathecal morphine as prophylaxis or in combination with an
intrathecal catheter. A controlled trial of intrathecal fentanyl as prophylaxis found no evidence of a
reduction in the incidence of post - spinal headache after dural puncture with a 25- gauge spinal
needle.

Intrathecal Catheters: After accidental dural perforation with a Tuohy needle, it has been suggested
that the placement of a spinal catheter through the perforation may provoke an inflammatory
reaction that will seal the hole. This data supports the placement of a subarachnoid catheter after the
occurrence of a wet tap and leaving it in for 24 hours. Extreme care should be used when a
subarachnoid catheter is left in place for 24 hours. A case report discussed a patient who had the
catheter adapter dislodge, resulting in a CSF leak while another presented a patient who developed
meningitis. (3435

CONCLUSION: PDPHA continues to be a problem following neuraxial anesthesia. It is due to a
decrease in CSF volume intracranially. It is not easily prevented, with an intrathecal catheter holding
the most promise. It is easily treated with an EBP. An EBP performed within the first 24 hours of
dural puncture may decrease its effectiveness. After 24 hours, an EBP should be done in the
symptomatic patient.
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