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ABSTRACT
The 2009–12 MBRRACE-UK report highlighted the deaths of two women in whom dural puncture had occurred during insertion
of a labour epidural catheter. Despite suffering long-term headaches, neither woman was adequately followed-up after discharge
from hospital. Death resulted from a cerebral vein thrombosis in one case and a subdural haematoma in the other. Due to signif-
icant variation in the treatment of obstetric post-dural puncture headache, an Obstetric Anaesthetists’ Association working group
was set up to produce evidence-based guidelines to guide clinicians. These guidelines have been condensed into two review articles.
In this second review, the role of an epidural blood patch is discussed using a question and answer format.
� 2019 Elsevier Ltd. All rights reserved.
The guidelines on the treatment obstetric post-dural
puncture headache (PDPH) have been produced by an
Obstetric Anaesthetists’ Association (OAA) working
group and approved by the OAA Executive Committee.
Recommendations have been made to assist clinicians
and patients in making decisions about appropriate
treatment for obstetric PDPH. The recommendations
are not intended to dictate an exclusive course of treat-
ment; rather they should be used to guide management
to meet individual patient needs.

Introduction

Treatment of post-dural puncture headache (PDPH)
with an epidural blood patch (EBP) was first described
by Gormley in 1960.1 Using a spinal needle, he injected
saline 15 mL into the cerebrospinal fluid (CSF) and
withdrew the spinal needle until CSF ceased to flow,
at which point he injected 2–3 mL of blood. Since this
initial description, the EBP technique has changed sig-
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nificantly. Initial reports claimed very high success rates
for an EBP2–4 but more recent data have been less opti-
mistic.5 In 2001, the first Cochrane review of the topic
suggested that evidence for the efficacy of EBP was so
weak it should only be performed in the setting of ran-
domised controlled trials (RCTs).6 This recommenda-
tion did not achieve widespread acceptance but
challenged previous beliefs. Many factors can affect
the outcome of an EBP and consequently many aspects
of its performance need to be considered.

The methodology of this narrative review is described
in the review of conservative and pharmacological treat-
ment of obstetric PDPH;7 use of a prophylactic EBP to
prevent PDPH is not included. As with the other review,
interpretation of many studies was limited by small sam-
ple size, limited details on methodology, variation in
outcome measures, heterogeneity in patient populations
and variation in the indications for an EBP. Recommen-
dations for each treatment are based on the strength of
supporting evidence and were agreed by members of the
working group. Where evidence was lacking, the work-
ing group produced good practice points based on
consensus. Opinions were sought from various groups
which included representatives from obstetrics,
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midwifery, neurology, neuroradiology, general practice
and the lay public.

What is the role of an epidural blood patch in the
management of obstetric post-dural puncture
headache?
Postnatal headaches are common and PDPH is one of
many potential causes. If PDPH is suspected, review
by the anaesthetic team should take place within
24 hours. A medical history should be taken and physi-
cal examination carried out. Other causes of headache
must be considered and excluded before the diagnosis
of obstetric PDPH is made. Features of the headache
should be consistent with the IHS definition of PDPH,8

which states ‘‘Headache occurring within 5 days of a
lumbar puncture, caused by cerebrospinal fluid (CSF)
leakage through the dural puncture. It is usually accom-
panied by neck stiffness and/or subjective hearing symp-
toms. It remits spontaneously within 2 weeks, or after
sealing of the leak with autologous epidural lumbar
patch.” A postural component may not be present in
up to 5% of cases of PDPH.9 Furthermore, in one-
third of cases, dural puncture may not have been recog-
nised.10,11 When PDPH is diagnosed, women should
receive information on options for management which
should include details about efficacy and side effects of
various treatments including an EBP.7

The intensity of maternal symptoms may dictate the
need for an EBP. When PDPH is less severe, which
may reflect a smaller dural tear with less CSF leak, con-
servative therapy may be preferred in the hope that
headache resolves without the need for an EBP. If head-
ache is more significant, leading to difficulty with per-
forming activities of daily life and caring for the baby,
an EBP is usually considered.

An EBP should not be performed where there is a
contraindication to a neuraxial block. Contraindications
may include maternal systemic infection or coagulopa-
thy (see below). In particular, as postnatal thrombopro-
phylaxis is common, adequate time must elapse between
the last dose of anticoagulant and performance of an
EBP.12

When conservative therapy is ineffective in the manage-

ment of obstetric PDPH and the woman experiences dif-
ficulty performing activities of daily life and caring for her

baby, treatment with an EBP should be considered.

How effective is an epidural blood patch in obstetric
post-dural puncture headache?
Establishing the efficacy of an EBP in the obstetric pop-
ulation is difficult. Success rates of >90% reported in the
1970s and 1980s2–4 have not been reproduced in more
recent prospective studies. Interpretation of evidence is
problematic since variables are not standardised in
many studies and the definition of ‘success’ varies.
Patient populations show marked heterogeneity (most
notably, inclusion of both epidural and spinal dural
punctures), with other variables such as timing, tech-
nique and follow-up differing between reports. The
majority of studies reporting the success of EBPs in
obstetrics have relied on retrospective case note review
rather than prospective data collection.

Banks et al. reported the findings of a prospective
assessment of dural puncture with an epidural needle
in 100 obstetric patients of whom 58 received an
EBP.13 Complete initial relief of headache with an
EBP was seen in 67% with a further 28% obtaining par-
tial relief. Of the women who had complete or partial
relief, severe headache returned between 12 and
96 hours in a third and the majority of these women
received a second EBP. Overall, only 50% of those
receiving one or more EBPs achieved complete relief,
38% gained partial relief and 12% had no relief. The
lower success rate compared to previous studies was
attributed in part to longer follow-up, but the authors
also highlighted factors such as the definition of success,
timing of the EBP, volume of blood injected and post-
EBP management.

Paech et al. randomised 121 women with PDPH fol-
lowing labour epidural catheter placement to receive 15,
20 or 30 mL of blood.5 Complete relief after a single
EBP ranged from 10% to 32%, while complete and par-
tial relief combined was seen in 61–73%. Success rates
were lower when 15 mL of blood was used and when
the EBP was performed within 48 hours of dural punc-
ture. The former achieved statistical significance but
the latter did not, although the study was not powered
to do so.

In a large single-centre North American retrospective
study, 394 women received an EBP for PDPH that
developed after spinal or epidural blocks.14 The EBP
was repeated in 16.8% of women, but headache severity
following the EBP was not reported. In a retrospective
Scandinavian study of 129 women who received an
EBP (volume 4–23 mL) following spinal or epidural
anaesthesia, complete relief of PDPH was observed in
74%, partial relief in 15% and failure in 11%.15 Again,
success was greater with a longer interval between dural
puncture and EBP.

In a United Kingdom (UK) single-centre retrospec-
tive study of 41 women who received a therapeutic
EBP following dural puncture with a 16-gauge epidural
needle, 14 (34%) were effective, 22 (54%) partially effec-
tive and 3 (7%) ineffective (5% unknown).16 The
partially-effective group included women in whom
symptom severity reduced and those who initially had
a good result, only for headache to return. Eleven
women received a second EBP, of which six were effec-
tive, four partially effective and one ineffective. Injected
volumes of blood ranged from 12 to 26 mL. In another
UK single-centre retrospective study of 105 women who
received an EBP after either epidural or spinal block, 74
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(61%) were reported as successful, and 13 (12%) were
repeated, of which 5 (38%) were successful.11

A randomised study of 33 Taiwanese women con-
ducted over seven years reported greater efficacy.17

Chen et al. compared 7.5 mL with 15 mL of blood for
an EBP performed 48 hours after the onset of PDPH.17

All headaches followed dural puncture with a 16-gauge
Tuohy needle. Blood was injected via an epidural cathe-
ter rather than directly through the epidural needle.
Symptoms improved in all women: 24 hours after the
EBP, 71% and 69% reported no headache and by
72 hours, 88% and 81% were symptom-free in the
7.5 mL and 15 mL groups, respectively.

Studies have shown conflicting findings, reflecting the
different methodologies and variables that may affect
the success of an EBP. It is difficult to predict accurately
the likelihood of relief of headache with an EBP. Most
recent prospective studies suggest complete and perma-
nent relief of headache after one EBP in up to one third
of women with PDPH following dural puncture with an
epidural needle, but up to 50–80% if partial relief is
included.5,13 Up to 20% of women receive little or no
relief from an EBP, even if repeated.

Multiple factors are likely to affect the success of an

EBP. Although success rates of over 90% have been

reported in older observational studies, more recent evi-

dence suggests that complete and permanent relief of

symptoms following a single EBP is only likely to occur

in up to one third of cases where headache follows dural

puncture with an epidural needle. Complete or partial
relief may be seen in 50–80%. In cases of partial or no

relief, a second EBP may be performed after considera-

tion of other causes of headache.

What is the optimum time to perform an epidural
blood patch?
A number of retrospective studies have found greater
efficacy when an EBP is delayed by more than 48 hours
after dural puncture,13–15,18–20 but there are no ran-
domised studies comparing the efficacy of early or late
EBPs in obstetric PDPH. The prospective study by
Paech et al. investigating blood volumes for EBP looked
at timing as a secondary outcome.5 The risk of failure
was greater when an EBP was performed within
48 hours of dural puncture. This did not reach statistical
significance, although the study was not powered to do
so.

Studies in vitro have shown both lidocaine and CSF
have a detrimental effect on coagulation.21,22 Increasing
concentrations of lidocaine cause hypocoagulability and
fibrinolysis,21 whilst CSF has both procoagulant and
clot destabilising effects.22 These effects are likely to be
of less importance than the size of dural puncture and
the volume of CSF leak. A large dural tear with signif-
icant loss of CSF suggests that severe symptoms are
more likely at an earlier stage. Earlier intervention
may be considered, and the dural tear itself may be less
amenable to treatment with a single EBP, although this
explanation requires confirmation in clinical studies.

Delay in performing an EBP has disadvantages.
Vilming et al. demonstrated greater patient suffering
when blood patching was delayed.23 Large CSF leaks
have occasionally been associated with significant mor-
bidity such as cranial nerve palsies, seizures and intrac-
erebral bleeding (see below). It is unknown whether an
EBP reduces the risk of these complications.

In a 2003 UK survey of practice, 125 (71%) of 176
maternity units used conservative measures before pro-
ceeding to an EBP.24 The survey did not state the dura-
tion of conservative therapy, although this is likely to
have been dictated by its efficacy. A UK survey in
2017 reported that 52 (49%) of 105 units would perform
an EBP for treatment of PDPH within 48 hours of a
dural puncture, while 53 units (51%) performed EBP
after 48 hours.25 The latter practice is perhaps related
to the belief that delaying an EBP improves its efficacy,
but high-quality evidence supporting a delay is lacking.

Current evidence is not sufficient to recommend
delaying an EBP simply on the grounds that it will
improve efficacy. However, an EBP is not without risk,
and it would appear reasonable to offer a trial of conser-
vative management, since some headaches may resolve
before an EBP is deemed necessary, especially if result-
ing from dural puncture with a spinal needle.

Women should be informed that performing an EBP

within 48 hours of dural puncture is associated with a
reduction in its efficacy and a greater requirement for a

repeat EBP. However, in severe obstetric PDPH, an

EBP within 48 hours of dural puncture may be considered

for symptom control, although it may need to be repeated.

What investigations should be performed to aid
diagnosis before performing an epidural blood patch?
Post-dural puncture headache has traditionally been a
clinical diagnosis. Of note, the postural element consid-
ered to be pathognomonic of PDPH has been removed
from the IHS definition.8 Atypical headaches are
increasingly recognised as a feature of PDPH,9 making
diagnosis more difficult.

Magnetic resonance imaging (MRI) of the brain and
spine may reveal typical features of intracranial
hypotension and CSF leak; these may include subdural
fluid collections, dural-arachnoid enhancement,
engorgement of venous structures, pituitary hyperaemia,
sagging of the brain, periradicular leak and epidural
fluid collections.26–28 However, MRI findings can be
normal in the presence of known CSF leak29 and not
all patients with evidence of a CSF leak develop head-
ache. Studies looking for a correlation between CSF
leakage and the risk of PDPH have shown mixed
results.30 The optimal investigation appears to be whole
spine heavily T2-weighted magnetic resonance myelog-



R. Russell et al. 107
raphy, which is a non-invasive, radiation-free imaging
technique that can detect the site and amount of CSF
leak.

Transcranial Doppler readings in patients with and
without PDPH have been compared in one small study
of obstetric patients.31 Differences were observed
between the two populations. This may be valuable
in monitoring response to treatment, but is unlikely
to aid diagnosis, as no pre-dural puncture readings
are measured in those who subsequently develop
headache.

Placing patients with headaches in the Trendelenburg
position to screen for low CSF pressure was used in a
small observational study in non-obstetric patients.32

If headache improved in the Trendelenburg position,
CSF hypovolaemia was presumed. A much larger study
is required to validate this test in the diagnosis of obstet-
ric PDPH.

When the diagnosis of PDPH is not thought to be in
doubt, imaging is rarely performed and is not recom-
mended. However, a change in the nature of headache,
development of focal neurological signs, reduced level
of consciousness and/or atypical headaches should
prompt further investigation to exclude other causes of
headache. Discussion with a senior radiologist and/or
neurologist should be considered. Imaging should also
be considered in headache unresponsive to treatment,
such as after two unsuccessful EBPs.

If the diagnosis of obstetric PDPH is strongly sus-

pected, there is no evidence that imaging is needed before
performing an EBP. If the headache changes in nature,

neurological signs develop, conscious level reduces, head-

ache is atypical in nature or when two EBPs have been

unsuccessful, urgent consideration should be given to fur-

ther investigation and imaging.

What practical steps should be completed before an
epidural blood patch is performed?
Before performing an EBP, written information, such as
the OAA leaflet ‘‘Headache after an epidural or spinal
injection”33 should be offered to women to aid the con-
sent process. An EBP is a therapeutic intervention
rather than an anaesthetic procedure to facilitate
another treatment, and written consent is recom-
mended.34 The consent process for an EBP should fol-
low the principles of consent for any form of
anaesthetic intervention as recommended by the Associ-
ation of Anaesthetists.34 Information about the proce-
dure including risks, benefits and alternative
treatments must be discussed and documented.

In women receiving anticoagulants, an EBP should
be scheduled at an appropriate time after the last dose
of anticoagulant.12 A medical history should be taken
and physical examination performed, particularly not-
ing signs of maternal systemic infection and ‘red-flag’
symptoms that may suggest a different diagnosis, such
as change in the nature of headache, development of
focal neurological signs, reduced level of consciousness
and atypical headache.

It has been suggested that women should lie flat for
two hours before a blood patch is performed,35 in order
to reduce headache and minimise the volume of CSF in
the epidural space that may dilute injected blood. Fer-
rante et al. reported a 90% success rate following a single
EBP in a cohort study of 106 patients with headache
from spontaneous intracranial hypotension.36 They
attributed their success in part to placing patients in a
30� Trendelenburg position for one hour before the pro-
cedure. There are no randomised studies investigating
the optimum position for patients before an EBP is per-
formed. Of note, a 2017 survey of UK practice found
that 42% of responders performed an EBP with women
in the sitting position.25

Before performing an EBP, written information should

be offered to women to aid the consent process. An EBP is

a therapeutic intervention and written consent is recom-

mended. An appropriate time should elapse before an
EBP is performed in women receiving anticoagulants.

Maternal systemic infection and ‘red-flag’ symptoms sug-

gesting an alternative diagnosis should be excluded.
What are the risks of an epidural blood patch?

Repeat dural puncture

The incidence of dural puncture during insertion of an
obstetric epidural catheter in the UK is approximately
1%.11,16,37 It is usual to quote a similar incidence when
discussing the risks of an EBP. There are, however,
few reports of repeat dural puncture during an EBP,
with only three cases identified.3,11,15 Although most
authors have not commented on the incidence of repeat
dural puncture, it cannot be assumed that it did not
occur.

Not all dural punctures are identified at the time of
identification of the epidural space and the presence of
CSF in the epidural space makes diagnosis more diffi-
cult. The incidence of dural puncture during an EBP
may be <1% as the operator is usually more experi-
enced, the woman is not in labour and the procedure
is carried out in a more controlled environment, but
the incidence is unknown.

If dural puncture occurs during an EBP, there may be
an increased risk of intrathecal blood injection. Contin-
uing with the procedure after repeat dural puncture is at
the discretion of the operator. Spinal imaging should be
considered when repeat dural puncture occurs during an
EBP.

There is a risk of further inadvertent dural puncture

during an EBP and this should form part of the consent

process.
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Back pain

Back pain may occur both during and after an EBP.
Reporting of back pain in studies is variable, but is gen-
erally better in prospective work. In a study investigat-
ing the blood volume injected for an EBP, the
incidence of back pain was 37% with 15 mL, 49% with
20 mL and 54% with 30 mL.5 Median pain scores (max-
imum 10) ranged from 0–1 with an interquartile range of
0–6. The increase in pain with larger volumes of EBP
was not statistically significant, although the study was
not powered to detect a difference. Safa-Tisseront
et al. reported outcomes of 504 EBPs in both obstetric
and non-obstetric populations.20 Discomfort was expe-
rienced by 78% of patients after injection of 19 ± 5 mL
(mean ± standard deviation [SD]), and pain, which
was always preceded by discomfort, occurred in 54%
after 21 ± 5 mL. Pain was more common in patients
aged less than 35 years-of-age, but pain was not related
to overall success of the EBP. The pain is thought to be
a consequence of increased pressure within the spinal
canal resulting from the injection of blood.38

Back pain after an EBP was reported by over 80% of
patients in Paech et al.’s study, regardless of the volume
of blood injected.5 Mean onset time was 27 hours and in
a quarter of patients it was moderate or severe for up to
five days. This pain is thought to originate from direct
nerve root irritation or the presence of blood in the sub-
cutaneous tissues.

Back pain lasting longer than one week has been
reported after an EBP. Unfortunately many studies per-
form follow-up for only a few days, making it difficult to
estimate the duration and severity of post-EBP back
pain. In 19 non-obstetric patients with PDPH who
received an EBP of 15–20 mL, back pain at seven days
was described as mild in 11% and moderate in 16%.39

Another study of 81 non-obstetric patients who received
an EBP with 10–15 mL blood reported that all back
pain had resolved four weeks after injection.40

Chronic back pain following an EBP has been inves-
tigated in two studies.41,42 Webb et al. reported chronic
symptoms lasting up to two years in 40 women who sus-
tained a dural puncture with a 17-gauge epidural needle
and 40 matched controls who did not experience dural
puncture.41 In the dural puncture group 33 women
developed PDPH and of these 24 received an EBP.
Although women in the dural puncture group were sig-
nificantly more likely to develop chronic back pain than
controls (43% versus 15%), treatment with an EBP was
not a risk factor for chronic back pain (EBP 32% versus
no EBP 60%). The study was not adequately powered to
detect a significant difference in outcome for the effect
of an EBP. Ranganathan et al. reported chronic postna-
tal symptoms in 162 women who experienced dural
puncture in labour with a 17-gauge needle.42 Compared
with controls who did not experience dural puncture, the
incidence of chronic back pain lasting longer than six
weeks was significantly increased (58% versus 4%). The
incidence of chronic back pain in women who received
an EBP was 12.5%.

Back pain during an EBP may occur in 50% of women,

and 24 hours after an EBP more than 80% of women may

experience back pain. This may continue for several days
but severity usually decreases over a few days, with reso-

lution for most women by four weeks. There is no evidence

to suggest increased rates of chronic back pain after an

EBP. As back pain both during and after an EBP is com-

mon, and in some cases severe, it should be discussed as

part of the consent process.
Neurological complications

Arachnoiditis

Injection of blood adjacent to nerve tissue is considered
to be a risk factor for developing arachnoiditis, yet
despite injecting relatively large volumes of blood during
an EBP, reports of arachnoiditis are rare. It is unclear
whether reports of persistent severe back pain following
an EBP represent cases of arachnoiditis.

Four cases of arachnoiditis following an EBP in
obstetric patients have been reported.43–46 All had unu-
sual features. Carlsward et al. described a patient who,
having received two EBPs (25 and 30 mL within
48 hours), developed protracted back and leg pain,
and reduced mobility which was still present two years
later.43 Arachnoiditis was confirmed on MRI. Riley
and Spiegel reported the use of three EBPs (35 mL,
60 mL and 70 mL) in a woman with PDPH.44 Ten weeks
later the patient reported burning pain in her buttocks
and left thigh; MRI suggested a diagnosis of arachnoidi-
tis and symptoms had not resolved six months later.
Aldrete and Brown performed a prophylactic EBP with
19 mL of blood through a catheter that may have been
in the subdural space.45 Five days later the patient
reported back pain radiating to her legs which was still
present 18 months later. Subdural and epidural blood
collections and signs of arachnoiditis were noted on
MRI. Roy-Gash et al. reported intense lower back pain
after an EBP of 30 mL.46 Arachnoiditis secondary to an
intrathecal haematoma was diagnosed on MRI. Symp-
toms resolved after three weeks. Repeated large-
volume EBPs were used in two of the four cases of
arachnoiditis, but causation is not proven. Since EBP
blood volumes greater than 20 mL have not been shown
to produce additional benefit, repeated large volumes of
blood should be avoided. Specific recommendations are
not feasible based on these four cases, but the possibility
of neurological complications should form part of the
consent process for an EBP.

Spinal haematoma

Space-occupying lesions in the spinal canal have the
potential to produce both ischaemic and inflammatory
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damage to nerve tissue. A number of obstetric cases of
spinal-subdural haematoma43,47,48 and intrathecal
haematoma45,46,49,50 associated with the performance
of an EBP have been reported, and non-obstetric cases
have been described.51–57

In addition to arachnoiditis, Riley and Speigel
reported a spinal-subdural haematoma following a
58 mL EBP.44 One week after the procedure, the patient
complained of back and leg pain with leg weakness. The
diagnosis was confirmed with MRI and symptoms
resolved within two weeks. Verduzco et al. described a
case of spinal-subdural haematoma following a 20 mL
EBP.47 The patient subsequently reported back pain
radiating to her legs, with resolution of symptoms over
two weeks. Devroe et al. reported a similar case, also
following a 20 mL EBP, with symptomatic improvement
over two weeks.48

Intrathecal haematoma may be associated with
arachnoiditis and prolonged neurological symptoms.45

Kalina et al. described the case of an obstetric patient
who presented with increasingly severe back and leg
pain after a 27 mL EBP.49 MRI demonstrated a large
intrathecal haematoma, and symptoms improved over
several months. In another report, intrathecal haema-
toma was diagnosed on MRI after a second EBP,50

and symptoms resolved within two weeks.
Based on these cases, spinal-subdural and intrathe-

cal haematoma may be possible complications of an
EBP. In some cases large EBP volumes were used,
but in others they were not, so the potential to produce
complications when smaller volumes are used still
exists. Risk quantification is not possible from these
isolated reports.

Other neurological complications

A variety of neurological complications have been
reported after an EBP, but it is unclear whether they
were the direct result of the EBP, the dural puncture
and CSF loss, or were unrelated. None are common
and the issue of reporting bias must be considered.

Seizures have been reported in association with an
EBP.58–62 In five case reports (four in obstetric patients)
seizures were not thought to result from the EBP despite
a temporal relationship. The four obstetric cases had all
received caffeine or caffeinated beverages, and seizures
were thought to be eclampsia or due to CSF loss and
associated subdural haematoma. Based on these cases,
it cannot be excluded that seizures are a complication
of EBP.

Cerebral venous sinus thrombosis (CVST) after EBP
has been reported in five obstetric cases.63–67 An EBP
leads to increased fibroblast activity and collagen forma-
tion,68 but does not explain an increased risk of CVST,
the incidence of which increases in pregnancy. A direct
link between EBP and CVST is unproven.
Five cases of facial nerve palsy following EBP have
been reported3,69–72 and would appear to be a rare
complication that is arguably more likely due to
CSF loss.

Bradycardia following an EBP has been described in
two case reports.73,74 It is most likely due to an increase
in intracranial pressure (ICP) and supports the need for
cardiovascular monitoring and vascular access during
and after an EBP.

Infection, either localised to the lower back75 or
meningitis,76–79 has been reported after an EBP and
highlights the need for a meticulous aseptic technique
when performing an EBP.

Other complications following an EBP described in
case reports include intracerebral haemorrhage,80–82

visual disturbance,83,84 incontinence,85,86 neck and
shoulder pain,87 chronic back pain from calcification
of injected blood,88 monoplegia,89 cerebral ischaemia90

and Horner’s syndrome.91

Neurological symptoms may occasionally develop after

an EBP, but their incidence is unknown and the relation-

ship between an EBP and neurological symptoms may not
be causative. Given the severity of some neurological

symptoms, their development should be discussed as part

of the consent process for an EBP.
Are there risks to not performing an epidural blood
patch?
A number of complications have been reported when a
continued CSF leak is not treated with an EBP.

Chronic headache

In a survey sent to all woman who delivered in a UK
maternity unit between 13 months and nine years after
childbirth (response rate 38%), 74 women sustained a
dural puncture with an epidural needle. Seventeen
(23%) of these women had headaches lasting longer than
six weeks.92 No details of the severity of headache or the
effect of an EBP were included.

A prospective case-control study looked at chronic
headaches in 40 women who suffered a dural puncture
with a 17-gauge epidural needle in labour and compared
them to a group of 40 women who received uncompli-
cated neuraxial anaesthesia.41 Eighteen months after
delivery, significantly more women in the dural puncture
group (28%) reported headaches compared with con-
trols (5%). In the dural puncture group, the headache
rate in those women who received an EBP was 20%
compared with 40% in those who did not; this difference
was not statistically significant although numbers were
small. Using a validated questionnaire, disability result-
ing from headaches was reported by 8% of women who
received an EBP compared with 33% in those who did
not; the difference was not statistically significant.
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Chronic back pain

Back pain can occur either during or in the first few days
after an EBP. The development of chronic back pain fol-
lowing dural puncture or an EBP has not been exten-
sively investigated, but currently there is no evidence
to suggest that its incidence is reduced when an EBP is
performed.41,42

Cranial subdural haematoma

Cranial subdural haematoma is a rare complication of
dural puncture.93,94 A CSF leak causes caudad shift of
the brain which may lead to rupture of the fragile subdu-
ral bridging veins and bleeding into the subdural space.
Cuypers et al. identified 56 published cases in obstetric
patients,95 of whom 19 received an EBP for the treat-
ment of PDPH, 17 before the diagnosis of cranial sub-
dural haematoma was made. The authors speculated
that minimising CSF leak with an EBP may reduce the
incidence of cranial subdural haematoma, but no ran-
domised studies exist, and performing an EBP in a
patient with raised ICP is not recommended. Cranial-
subdural haematoma should be included in the differen-
tial diagnosis of postpartum headache after dural
puncture.

Cerebral venous sinus thrombosis

Cerebral venous sinus thrombosis produces a headache
which may be difficult to differentiate from PDPH.93,96

Hypercoagulability in pregnancy increases the risk of
thrombotic complications. Dural puncture may further
increase the risk of CVST due to both damage to the
cerebral venous endothelium caused by a negative
spinal-cranial pressure gradient and stasis from cerebral
vasodilation. Wilder-Smith et al. reviewed 66 cases of
CVST and found dural puncture was the fourth com-
monest risk factor.97 The effects of an EBP on the devel-
opment of CVST were not assessed. Kueper et al.
reviewed five cases of CVST following EBP for the treat-
ment of presumed PDPH.67 Blood patches were
repeated in three of the five cases, with the diagnosis
of PDPH being questioned. The authors were unable
to comment on whether an EBP was a risk factor for
CVST. The possibility of CVST should be included in
the differential diagnosis of persistent headache after
dural puncture.

Cranial nerve palsy

In a recent review of 43 cases of cranial nerve palsy fol-
lowing central neuraxial blockade, intracranial hypoten-
sion was the most frequent cause, with cranial nerves VI
and VII most frequently affected.98 The authors sug-
gested that if other causes of cranial nerve palsy (such
as haemorrhage and thrombosis) were excluded, an
EBP may be performed. The response to this treatment
was mixed, with fewer than half of those experiencing
resolution of symptoms within a week. Bechard et al.
reviewed 12 cases of VI nerve palsy and found no
improvement in symptoms after an EBP if this was per-
formed more than 24 hours after the development of
symptoms.99 Improvement was seen in only two cases
when an early EBP was performed. Some authors have
advocated performing an EBP after four days if conser-
vative therapy for PDPH is unsuccessful on the basis
that this might reduce the number of cranial nerve
palsies.100 Given the small number of cases it is difficult
to support this recommendation.101

Seizures

Postnatal seizures may result from hypertensive disease,
epilepsy, haemorrhage, thrombosis, infection and space
occupying lesions, but have also been reported after
dural puncture in association with PDPH;102 and after
some modes of treatment, notably caffeine,58,103–105

Synacthen,106 sumatriptan106 and EBPs.59 The nature
of these relationships is uncertain. No studies have
examined if an EBP reduces the incidence of seizures
in those with PDPH.

There is currently insufficient evidence to suggest that

an EBP reduces the risk of chronic headache, chronic

back pain, cranial subdural haematoma, CVST or

improves outcome in those with cranial nerve palsy in
women with obstetric PDPH.

At which level should an epidural blood patch be
performed?
Using technetium-labelled red blood cells (range 12–
18 mL) Szeinfeld et al. performed EBPs in the lateral
position with a 17-gauge Tuohy needle on 10 patients
with PDPH.107 The range of spread was 7–14 spinal
segments with mean volume per segment of 1.6 mL.
Mean spread of blood was six spinal segments cepha-
lad and three caudad. All EBPs successfully relieved
the PDPH.

Beards et al. used MRI to study the spread of blood
after an EBP in five patients with PDPH.38 Procedures
were carried out with the patient sitting; 18–20 mL of
blood was injected through a 16-gauge Tuohy needle.
The range of spread was 9–10 spinal segments, the
majority in a cephalad direction. The initial mass effect
of the clot, however, was restricted to 3–5 segments
around the site of injection. Vakharia et al. used MRI
to investigate the spread of a 20 mL EBP performed in
the lateral position.26 Mean (±SD) spread was 4.6
± 0.9 spinal segments, with most of the blood spreading
in a cephalad direction.

The reason for greater cephalad spread of blood,
observed with a lumbar EBP performed in both sitting
and lateral positions, may be related to the negative
pressure gradient within the epidural space, as lower
pressure is observed at higher spinal levels.108 It may
also reflect the design of the Tuohy needle with its
Huber point directing blood flow in a cranial direction.
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The major effect of an EBP appears to be within a few

segments of the site of injection. Blood injected during an

EBP spreads predominantly cranially. It is therefore rec-

ommended that an EBP is performed at the same level or

one space lower than that at which the original dural punc-

ture occurred.

Is ultrasound or radiological guidance of benefit
when performing an epidural blood patch?
Ultrasound is increasingly used to aid neuraxial block-
ade and may help identify the lumbar interspace, predict
the depth of the epidural space, reduce the number of
needle passes and increase the efficacy of blocks.109

There are no randomised studies comparing the efficacy
of EBPs performed with or without ultrasound guid-
ance. Evidence is restricted to case reports that have
demonstrated mixed results.110 Ultrasound can be used
to identify the epidural space and confirm placement
of blood but there is no evidence that this is superior
to a conventional landmark-based loss-of-resistance
technique.

Fluoroscopic-guided EBP has been successfully used
in a small number of PDPH cases, the majority in the
non-obstetric population.111 There are no studies com-
paring this approach to a landmark-based loss-of-
resistance technique. For treatment of spontaneous
intracranial hypotension, CT-guided EBPs have been
reported to be successful,112 but no randomised compar-
isons with conventional techniques exist.

At present, there is no evidence to suggest that ultra-
sound and radiological guidance is of benefit when per-
forming an EBP. As identification of the epidural space
using ultrasound becomes more popular, its use may
supersede landmark techniques. In the rare case in
which confirmed PDPH does not respond to an EBP
using a conventional landmark-based loss-of-resistance
technique, radiological-guided EBP to locate the source
of the leak may be of benefit.

There is currently insufficient evidence to recommend
the routine use of ultrasound or radiological guidance

when performing an EBP.

How much blood should be injected?
In Gormley’s original report 2–3 mL of blood was
injected.1 Subsequently, larger volumes of blood were
used (usually 5–10 mL), although supporting evidence
was only from observational studies.3,4,113 Crawford
reported a 70% success rate using 6–15 mL of blood
compared to 96% when 20 mL were used.2 Larger
volumes of blood, greater than 20 mL, have been used
but appear to offer no additional benefit and may
increase the risk of side effects.

The two accepted mechanisms by which an EBP
relieves PDPH, namely increasing CSF pressure and
sealing the dural puncture with blood clot, rely on both
the volume of blood injected and the pressure this
generates within the spinal canal. Patients frequently
report pressure and pain as blood is being injected, the
incidence increasing with larger volumes of blood.5,20

This is thought to be a mass effect, with pressure exerted
on neurological tissue. The lack of correlation between
volume injected, epidural pressure and the success of
an EBP is likely to be caused by variability in epidural
space anatomy and compliance, and individual pain
tolerance.114

In the prospective study by Paech et al. 121 obstetric
patients were randomised to receive 15, 20 or 30 mL of
blood.5 Only 46% of those in the 30 mL group received
the assigned volume due to pain during injection. Over
the 48 hours after the EBP, headache scores were highest
in those receiving 15 mL, but 30 mL appeared to confer
no additional benefit when compared to 20 mL. The
authors suggested their findings supported the use of
20 mL blood when performing an EBP.

Chen et al. compared an EBP with either 7.5 or
15 mL in 33 Taiwanese women.17 No difference in the
incidence of headache was observed between groups at
either 24 hours (success 71% vs. 69%) or three days (suc-
cess 88% vs 81%) after the procedure.

The retrospective study by Booth et al. reported the
outcome of 466 EBPs performed on 394 obstetric
patients.14 The unit policy was to inject up to 30 mL
of blood, although 91% did not receive the full amount.
The mean (±SD) volume injected was 20.5 ± 5.4 mL.
Increasing the volume of blood injected did not reduce
the need for a repeat EBP.

A volume of blood of 20 mL is recommended when per-

forming an EBP. Injection should stop before 20 mL is

injected if not tolerated by the patient.

Should blood cultures be sent when performing an
epidural blood patch?
Transient bacteraemia is not uncommon at the time of
delivery. Blood taken within 30 minutes of delivery
may yield positive blood cultures in 1% of women.2

Fever usually, but not invariably, accompanies bacter-
aemia and when present represents a contraindication
to an EBP. As fever is not invariably present in a patient
with sepsis, it has been suggested that blood cultures
should be taken at the time of an EBP.2,115,116 However,
practice surveys reveal that blood cultures are sent in
fewer than 50% of cases,24 and their value has been
questioned.76,117 Fortunately, infectious complications
of an EBP are rare, although both localised infection75

and meningitis76–79 have been reported. There are no
studies looking at the effect of antibiotic administration
on infectious complications of an EBP. The decision on
whether to do so should remain with the individual
clinician.

There is currently insufficient evidence to recommend

that blood cultures should be sent routinely when perform-
ing an EBP. There is insufficient evidence to recommend
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the administration of antibiotics when performing an

EBP. An EBP should not be performed in the presence

of maternal systemic infection.
How should a patient be managed immediately after
an epidural blood patch?
There is no evidence to guide management of obstetric
patients immediately following an EBP. Maintaining
the supine position for a period of time is common prac-
tice but there is little evidence regarding the duration.
Most authors report lying patients supine for 1–2 hours.

Martin et al. randomised 30 male and female patients
to lie supine for 30, 60 or 120 minutes after an EBP for
PDPH.118 Headache was more severe on first standing
and at 24 hours in the 30 minute group compared to
the 120 minute group. The authors concluded that
patients should remain supine for at least 60 minutes
and preferably 120 minutes after an EBP.

There are no current evidence-based guidelines on
what observations should be made following an EBP,
although regular observations of maternal pulse, blood
pressure and temperature should be made following
the procedure. The frequency and duration of these
observations should be decided by individual units and
must take into account maternal health.

Women who have received an EBP are often told to
avoid straining for several days after the procedure as
it is thought that this reduces the risk of dislodgement
of the blood clot covering the dural tear.24 Laxatives
may be prescribed to avoid constipation especially when
opioids have been used in headache management.24 In
addition, women may be told to avoid twisting and
bending and to keep their backs straight as these mea-
sures are thought to reduce the risk of headache recur-
rence.35 This advice has not been assessed in clinical
trials.

There is currently insufficient evidence to guide the

duration of bed rest following an EBP or the position that

should be adopted. It is recommended that regular obser-
vations of maternal pulse, blood pressure and temperature

are recorded following an EBP.

What are the indications to perform a repeat
epidural blood patch?
An EBP is frequently ineffective in providing complete
and permanent cure of PDPH. In some cases complete
relief of PDPH is followed by return of symptoms days
later, while in others EBPs provide only partial relief of
symptoms. Many authors have reported the use of two
or more EBPs to treat PDPH but most have not stated
whether a second EBP was performed due to return of
headache or due to only partial initial relief.13,14,119

When a second EBP is performed, there is no evidence
on the optimum time interval between the first and sec-
ond EBP.
In a retrospective case series of 129 obstetric patients
with PDPH following epidural and spinal blocks, Kokki
et al. reported an initial EBP success rate of 89%
although headaches returned in 15%.15 Complete and
permanent relief of symptoms was reported by all
women after a second EBP. Median times from dural
puncture to the first and second EBP were 72 and
96 hours, respectively. In the prospective audit by Banks
et al. 55 of 58 EBPs produced complete or partial suc-
cess.13 Seventeen women experienced recurrence of
moderate or severe PDPH, of whom 11 received a repeat
EBP. This produced complete relief of symptoms in
seven (64%) women. Timing of the second EBP was
not stated. Safa-Tisseront et al. included both obstetric
and non-obstetric patients in a prospective observa-
tional study, reporting a 7% failure with an EBP.20 Of
these patients 56% had a second EBP, with 53% and
37% obtaining complete or partial relief of headache,
respectively. The second EBP was performed a median
of five days after the first procedure.

Performance of a third EBP is less frequently
reported. Booth et al. described six women (1.5%) in a
cohort of 394 who received a third EBP. although no
further details were provided.14 Chan et al. reported five
women (2%) of 240 in whom a third EBP was per-
formed.119 Banks et al. provided more details on four
women (7%) of 58 who received a third EBP.13 In two
cases, a prophylactic EBP did not prevent headache
and therapeutic EBP provided complete relief only for
the headache to return. A third EBP successfully
relieved the headache. The third case achieved relief of
symptoms after both a first and second EBP, only for
the headache to return; the woman requested a third
EBP, which provided only partial relief of symptoms.
The fourth case achieved complete relief of headache
only after the third EBP. The authors recommended
that after a failed EBP, alternative causes of headache
should be considered.

Stocks et al. reported the case of a woman who devel-
oped a headache after dural puncture with an epidural
needle in labour.120 Two EBPs were performed, both
of which provided only temporary relief of symptoms.
A change in the nature of headache following the second
EBP prompted referral to a neurologist and cortical vein
thrombosis was subsequently diagnosed on MRI. This
case highlights the need to reconsider the aetiology of
headache, especially when its nature changes, and the
value of seeking advice from other specialties.

A second EBP may be performed once other causes of

headache have been excluded. Where the diagnosis of

obstetric PDPH is likely and an EBP has produced reso-

lution of symptoms but headache subsequently returns, a

second EBP may be offered as it is likely to be of benefit.

If an EBP has produced some improvement in symptoms
but the headache persists, a second EBP can be considered

as it may be of benefit. In cases where an EBP has no
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effect on headache, or if the diagnosis of obstetric PDPH

is less certain, or the nature of headache has changed, dis-

cussion with other specialties including obstetrics, neurol-

ogy and neuroradiology should take place before a second

EBP is performed. If two EBPs have failed to relieve

symptoms, other causes of headache must be considered
and involvement of other specialties is recommended

before performing a third EBP. There is insufficient evi-

dence to state the optimum timing for efficacy and safety

of a repeat EBP.

Does an epidural blood patch affect the success of a
subsequent neuraxial technique?
Performing an EBP has potential implications for the
efficacy of a subsequent neuraxial block. This may be
relevant in the days following a blood patch or, more
likely, in a future pregnancy. Concerns have been raised
about the efficacy of neuraxial blocks and the possibility
of side effects. There are several case reports where a
neuraxial block has been successful in the first week
after an EBP;121–125 reporting bias cannot be excluded.

Ong et al. published a retrospective analysis of labour
epidural analgesia in 46 women who had suffered dural
puncture with an epidural needle in a previous labour,
of whom 29 had received an EBP.126 Success rates for
subsequent epidurals were 59% in those who received
an EBP and 65% in those who did not. This compared
to a 90% success rate in those in whom dural puncture
had not previously occurred. Several case reports have
highlighted failure of epidural analgesia in women who
have previously undergone an EBP.127–129

In a retrospective study, Hebl et al. looked at out-
comes for neuraxial blocks in obstetric and non-
obstetric patients who had previously undergone an
EBP for PDPH.130 Each EBP patient was matched with
two controls who had previously experienced dural
puncture without an EBP and two who had experienced
uneventful neuraxial blockade. There was no significant
difference in success rates for neuraxial blocks between
groups.

Beards et al. reported MRI findings at 30 minutes
and 3, 7, 9 and 18 hours after an EBP.38 Spread from
the injection site was predominantly cephalad. A mass
effect was observed for three hours. At seven hours a
thick layer of clot was observed over the posterior sur-
face of the dura and by 18 hours only small clots on
the posterior dura were demonstrated. Studies on goats
have shown that 24 hours after an EBP, the blood clot
still contained considerable numbers of intact red and
white blood cells with no fibrous reaction.66 At four
days clot organisation with immature fibroblasts was
observed and by the second week the blood had disap-
peared to be replaced by mature fibroblasts with colla-
gen deposition. The thickness of the scar was greatest
at three weeks but shrank to normal size at three
months. It is unclear when small clots fully resolve but
it may be assumed that this occurs at a similar rate to
an epidural haematoma, with the process complete in
four to six weeks.131

There is a recognised failure rate of epidural analgesia
in those who have not previously undergone an EBP.
The evidence to support an increased failure rate of
epidural analgesia after an EBP is weak and studies
refuting a negative effect are not of high quality. Radi-
ological studies, albeit on relatively few patients, do
not indicate prolonged effects of injecting blood into
the epidural space.

Evidence of the effect of an EBP on the success of subse-

quent neuraxial blockade is equivocal. All studies that have

assessed the effect have methodological flaws. Current evi-
dence is insufficient to comment on whether an EBP affects

the outcome of subsequent neuraxial blockade.

How should patients who have undergone an epidural
blood patch be followed-up?
In keeping with the principles of Duty of Candour,
when dural puncture occurs during epidural catheter
insertion or PDPH develops, women should be provided
with a full account of events and an apology for any dis-
tress caused by anaesthetic interventions.132 In addition,
women should receive an explanation of the mechanism
of PDPH and its treatment options. Any questions
about aspects of PDPH and its management should be
answered.

Following discharge from hospital, all women who
experience a recognised dural puncture with an epidural
needle or have a PDPH diagnosed require follow-up,
regardless of whether an EBP is performed. Following
an EBP, headache may or may not be relieved, or it
may temporarily improve only to return when the
woman has returned home.133 Complications of an
EBP, although infrequent, may arise immediately or in
the days following the procedure when the woman
may no longer be in hospital.

In whatever circumstances an EBP is performed,
women require appropriate follow-up to ensure treat-
ment has been effective and that side effects are assessed
and managed.134 Women who receive an EBP should be
reviewed by an anaesthetist within four hours of the pro-
cedure. The effect on headache and presence of side
effects should be documented. After the initial review,
women may mobilise and, where appropriate, they
may be discharged home. Those women who remain
in hospital should be reviewed daily until discharge or
until symptoms resolve. Information from each consul-
tation should be documented.

Before discharge, women should be given verbal and
written advice on when and how to contact the hospital
should headache return or other symptoms develop.
This should contain information regarding symptoms
that should be reported including: recurrent headaches;
back pain; nerve root pain; leg numbness or weakness;
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difficulty passing urine or opening bowels; fevers; and
visual or hearing disturbance.33

Women who are discharged home on the day of an
EBP should be contacted the following day. If
symptom-free, further follow-up should be discussed
and agreed between the woman and the anaesthetist.
Consideration should be given to offering women who
have suffered from PDPH or who have undergone an
EBP a follow-up appointment to see the anaesthetist,
one to two months after delivery.

The significance of PDPH and side effects of an EBP
may not be recognised by general practitioners and com-
munity midwives.135 It is therefore important that the
woman’s general practitioner and community midwife
are informed whenever PDPH is diagnosed or an EBP
is performed.93 Maternal mortality following hospital
discharge after dural puncture was reported in the
2009–12 MBRRACE-UK report.93 Two women died,
one from cerebral vein thrombosis and one from subdu-
ral haematoma. Failure of hospital follow-up or referral
to the general practitioner in women with persistent
postnatal headache was highlighted. Routine follow-up
should therefore be arranged. Clear instructions should
be given to the general practitioner and community mid-
wife, with a copy to the woman describing who to con-
tact in the event of further headaches or the
development of red-flag symptoms.

Women who receive an EBP should be reviewed by an

anaesthetist within four hours of the procedure. Women

who are discharged home on the day of an EBP should
be contacted the following day. Women who remain in

hospital should be reviewed daily until discharge or until

symptoms resolve. Before discharge, women should be

given verbal and written advice on when to contact the

hospital should their headache return or other symptoms

develop. Information on obstetric PDPH and EBP should

also be given to the woman’s general practitioner and

community midwife.

Summary

Although viewed by many as the gold standard for the
treatment of obstetric PDPH, high-quality evidence on
the management of an EBP is limited. Large randomised
studies are required to investigate various aspects of the
procedure, most notably its efficacy, optimum timing
and the duration of supine positioning following an
EBP. The balance of the risks of an EBP versus the
potential consequences of non-interventional manage-
ment is not fully understood. At present, there is no evi-
dence to suggest an EBP mitigates against the potential
complications of low-pressure headache such as subdu-
ral haematoma or permanent cranial nerve palsy. Ran-
domised studies to evaluate rare complications would
be difficult to perform. Few studies have compared the
incidence of chronic headache or back pain in obstetric
PDPH patients managed with or without an EBP. In
addition, the effect of an EBP on the success of subse-
quent neuraxial blockade is unclear. Further research
may help guide informed consent. Guidance on the
management of an EBP based on the currently available
evidence can be found in the Appendix.

Acknowledgements

The authors would like to express their thanks to the
Obstetric Anaesthetists’ Association for their support
of the project.

The guidelines were peer-reviewed by: Dominic Hea-
ney, Department of Neurology, University College Lon-
don Hospitals NHS Foundation Trust, London; Alex
Mortimer, Department of Radiology, North Bristol
NHS Trust, Bristol; Sara Paterson-Brown, Department
of Obstetrics, Queen Charlotte’s and Chelsea Hospital,
London; Karl Stainer, GP Principal, Fallodon Way
Medical Centre, Bristol; Jane Martin, Oxford (lay repre-
sentative); Rebecca Morgan, Department of Midwifery,
St Michael’s Hospital, University Hospitals Bristol NHS
Foundation Trust, Bristol.

Declarations of interests

This project received no funding. The authors have no
conflicts of interest to declare.

A complete version of these guidelines is available on
the OAA website.

References

1. Gormley JB. Treatment of postspinal headache. Anesthesiology
1960;21:565–6.

2. Crawford JS. Experiences with epidural blood patch. Anaesthesia
1980;35:513–5.

3. Abouleish E, de la Vega S, Blendinger I, Tio TO. Long-term
follow-up of epidural blood patch. Anesth Analg 1975;54:459–63.

4. Ostheimer GW, Palahniuk RJ, Shnider SM. Epidural blood
patch for post-lumbar puncture headache. Anesthesiology

1974;41:307–8.
5. Paech MJ, Doherty DA, Christmas T, Wong CA. The volume of

blood for epidural blood patch in obstetrics: a randomized
blinded clinical trial. Anesth Analg 2011;113:126–33.

6. Boonmak P, Boonmak S. Epidural blood patching for preventing
and treating post-dural puncture headache [withdrawn].
Cochrane Database Syst Rev 2001(11):CD001791.

7. Russell R, Laxton C, Lucas N, et al. Treatment of obstetric post-
dural puncture headache. Conservative and pharmacological
management. Int J Obstet Anesth 2019;38:93–103.

8. International Headache Society. IHS Classification ICHD-3 Beta.
Available at: https://www.ichd-3.org/. Accessed August 20, 2018.

9. Loures V, Savoldelli G, Kern K, Haller G. Atypical headache
following dural puncture in obstetrics. Int J Obstet Anesth

2014;23:246–52.
10. Okell RW, Sprigge JS. Unintentional dural puncture. A survey of

recognition and management. Anaesthesia 1987;42:1110–3.
11. Sprigge JS, Harper SJ. Accidental dural puncture and post dural

puncture headache in obstetric anaesthesia: a 23-year survey in a
district general hospital. Anaesthesia 2008;63:36–43.

http://refhub.elsevier.com/S0959-289X(18)30385-6/h0005
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0005
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0010
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0010
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0015
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0015
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0020
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0020
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0020
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0025
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0025
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0025
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0030
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0030
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0030
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0035
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0035
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0035
https://www.ichd-3.org/
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0045
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0045
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0045
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0050
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0050
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0055
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0055
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0055


R. Russell et al. 115
12. Association of Anaesthetists of Great Britain and Ireland,
Obstetric Anaesthetists’ Association, Regional Anaesthesia UK.
Regional anaesthesia and patients with abnormalities of coagu-
lation. Anaesthesia 2013;68:966–72.

13. Banks S, Paech M, Gurrin L. As audit of epidural blood patch
after accidental dural puncture with a Tuohy needle in obstetric
patients. Int J Obstet Anesth 2001;10:172–6.

14. Booth JL, Pan PH, Thomas JA, Harris LC, D’Angelo R. A
retrospective review of an epidural blood patch database:
incidence of epidural blood patch associated with obstetric
neuraxial techniques and the effect of blood volume on efficacy.
Int J Obstet Anesth 2017;29:10–7.

15. Kokki M, Sjovall S, Keinanen M, Kokki H. The influence of
timing on the effectiveness of epidural blood patches in parturi-
ents. Int J Obstet Anesth 2013;22:303–9.

16. Williams EJ, Beaulieu P, Fawcett WJ, Jenkins JG. Efficacy of
epidural blood patch in the obstetric population. Int J Obstet

Anesth 1999;8:105–9.
17. Chen LK, Hunag CH, Jean WH, et al. Effective epidural blood

patch volumes for postdural puncture headache in Taiwanese
women. J Formos Med Assoc 2007;106:134–40.

18. Loeser EA, Hill GE, Bennett GM, Sederberg JH. Time vs.
success rate for epidural blood patch. Anesthesiology

1978;40:147–8.
19. Rutter SV, Shields F, Broadbent CR, Popat M, Russell R.

Management of accidental dural puncture in labour with
intrathecal catheters: an analysis of 10 years’ experience. Int J

Obstet Anesth 2001;10:177–81.
20. Safa-Tisseront V, Thormann F, Malassine P, et al. Effectiveness

of epidural blood patch in the management of post-dural
puncture headache. Anesthesiology 2001;95:334–9.

21. Tobias MD, Pilla MA, Rogers C, Jobes DR. Lidocaine inhibits
blood coagulation: implications for epidural blood patch. Anesth
Analg 1996;82:766–9.

22. Armstrong S, Fernando R, Tamilselvan P, Stewart A, Columb
M. The effect of serial in vitro haemodilution with maternal
cerebrospinal fluid and crystalloid on thromboelastographic
(TEG�) blood coagulation and the implications for epidural
blood patching. Anaesthesia 2015;70:135–41.

23. Vilming ST, Kloster R, Sandvik L. When should an epidural
blood patch be performed in postlumbar puncture headache? A
theoretical approach based on a cohort of 79 patients. Cepha-
lalgia 2005;25:523–7.

24. Baraz R, Collis RE. The management of accidental dural
puncture during labour epidural analgesia: a survey of UK
practice. Anaesthesia 2005;60:673–9.

25. Pai S, Marathe S, Stocks G. Management of accidental dural
puncture during labour: a survey of UK practice. Int J Obstet

Anesth 2018;35:S22.
26. Vakharia SB, Thomas PS, Rosembaum AE, Wasenko JJ, Fellows

DG. Magnetic resonance imaging of cerebrospinal fluid leak and
tamponade effect of blood in postdural puncture headache.
Anesth Analg 1997;84:585–90.

27. Wang YF, Fuh JL, Lirng JF, et al. Cerebrospinal fluid leakage
and headache after lumbar puncture: a prospective non-invasive
imaging study. Brain 2015;138:1492–8.

28. Iqbal J, Davis LE, Orrison Jr WW. An MRI study of lumbar
puncture headaches. Headache 1995;35:420–2.

29. Chee J, Lau TP. Severe postpartum headache. BMJ

2017;357:1856.
30. Sakurai K, Matsukawa N, Okita K, et al. Lumbar puncture-

related cerebrospinal fluid leakage on magnetic resonance myel-
ography; is it a clinically significant finding? BMC Anesthesiol

2013;13:35.
31. Vadhera RB, Babazade R, Suresh MS, Alvarado MC, Cruz AL,

Belfort MA. Role of transcranial Doppler measurements in
postpartum patients with post-dural puncture headache: a pilot
study. Int J Obstet Anesth 2017;29:90–1.
32. Rozen T, Swidan S, Hamel R, Saper J. Trendelenburg position: a
tool to screen for the presence of a low CSF pressure syndrome in
daily headache patients. Headache 2008;48:1366–71.

33. Obstetric Anaesthetists’ Association. Headache after epidural or
spinal injection? What you need to know 2016. Available at:
http://www.labourpains.com/assets/_managed/cms/files/Head-
ache_after_epidural.pdf. Accessed August 20, 2018.

34. Association of Anaesthetists of Great Britain and Ireland.
AAGBI: Consent for anaesthesia 2017. Available at: https://
www.aagbi.org/sites/default/files/AAGBI_Consent_for_anaes-
thesia_2017_0.pdf. Accessed August 20, 2018.

35. Reynolds F. They think it’s all over. In: Russell R, Scrutton M,
Reynolds Porter J, F,, editors. Pain relief in labour. London: BMJ
Publishing; 1997:220–41.

36. Ferrante E, Rubino F, Mongelli M, Arpino I. Subarachnoideal
blood spread following epidural blood patch given to treat
spontaneous intracranial hypotension: can it cause neurological
complications? Clin Neurol Neurosurg 2016;140:43–6.

37. Obstetric Anaesthetists’ Association. National Obstetric Anaes-
thesia Data for 2012. Available at: http://www.oaa-anaes.ac.uk/
assets/_managed/cms/files/NOAD%20REPORTS/National%
20Obstetric%20Anaesthesia%20Data%20for%202012%20final.
pdf. Accessed August 20, 2018.

38. Beards SC, Jackson A, Griffiths AG, Horsman EL. Magnetic
resonance imaging of extradural blood patches: appearances
from 30 min to 18 h. Br J Anaesth 1993;71:182–8.

39. van Kooten F, Oedit R, Bakker SL, Dippel DW. Epidural blood
patch in post dural puncture headache: a randomised observer-
blind controlled clinical trial. J Neurol Neurosurg Psychiatry

2008;79:553–8.
40. Taivainen T, Pitkanen M, Tuominen M, Rosenberg PH. Efficacy

of epidural blood patch for postdural puncture headache. Acta
Anaesthesiol Scand 1993;37:702–5.

41. Webb CA, Weyker PD, Zhang L, et al. Unintentional dural
puncture with a Tuohy needle increases risk of chronic headache.
Anesth Analg 2012;115:124–32.

42. Ranganathan P, Golfeiz C, Phelps AL, et al. Chronic headache
and backache are long term sequelae of unintentional dural
puncture in the obstetric population. J Clin Anesth

2015;27:201–6.
43. Carlsward C, Darvish B, Tunelli J, Irestedt L. Chronic adhesive

arachnoiditis after repeat epidural blood patch. Int J Obstet

Anesth 2015;24:280–3.
44. Riley CA, Spiegel JE. Complications following large-volume

epidural blood patches for postdural puncture headache. Lumbar
subdural hematoma and arachnoiditis. J Clin Anesth

2009;21:355–9.
45. Aldrete JA, Brown TL. Intrathecal hematoma and arachnoiditis

after prophylactic blood patch through a catheter. Anesth Analg

1997;84:233–4.
46. Roy Gash F, Engrand N, Lecarpentier E, Bonnet MP. Intrathe-

cal haematoma and arachnoiditis mimicking bacterial meningitis
after an attempted epidural blood patch. Int J Obstet Anesth

2017;32:77–81.
47. Verduzco LA, Atlas SW, Riley ET. Subdural hematoma after an

epidural blood patch. Int J Obstet Anesth 2012;21:189–92.
48. Devroe S, Van de Velde M, Demaerel P, Van Calsteren K. Spinal

subdural haematoma after an epidural blood patch. Int J Obstet

Anesth 2015;24:288–9.
49. Kalina P, Craigo P, Weingarten T. Intrathecal injection of

epidural blood patch: a case report and review of the literature.
Emerg Radiol 2004;11:56–9.

50. Hudman L, Rappai G, Bryden F. Intrathecal haematoma: a rare
cause of back pain following epidural blood patch. Int J Obstet

Anesth 2015;24:200.
51. Wilkinson HA. Lumbosacral meningismus complicating subdu-

ral injection of ‘‘blood patch”: case report. J Neurosurg

1980;52:849–51.

http://refhub.elsevier.com/S0959-289X(18)30385-6/h0060
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0060
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0060
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0060
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0065
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0065
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0065
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0070
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0070
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0070
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0070
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0070
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0075
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0075
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0075
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0080
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0080
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0080
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0085
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0085
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0085
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0090
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0090
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0090
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0095
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0095
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0095
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0095
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0100
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0100
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0100
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0105
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0105
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0105
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0110
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0110
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0110
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0110
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0110
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0110
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0115
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0115
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0115
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0115
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0120
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0120
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0120
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0125
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0125
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0125
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0130
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0130
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0130
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0130
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0135
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0135
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0135
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0140
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0140
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0145
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0145
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0150
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0150
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0150
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0150
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0155
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0155
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0155
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0155
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0160
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0160
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0160
http://www.labourpains.com/assets/_managed/cms/files/Headache_after_epidural.pdf
http://www.labourpains.com/assets/_managed/cms/files/Headache_after_epidural.pdf
https://www.aagbi.org/sites/default/files/AAGBI_Consent_for_anaesthesia_2017_0.pdf
https://www.aagbi.org/sites/default/files/AAGBI_Consent_for_anaesthesia_2017_0.pdf
https://www.aagbi.org/sites/default/files/AAGBI_Consent_for_anaesthesia_2017_0.pdf
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0175
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0175
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0175
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0180
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0180
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0180
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0180
http://www.oaa-anaes.ac.uk/assets/_managed/cms/files/NOAD%20REPORTS/National%20Obstetric%20Anaesthesia%20Data%20for%202012%20final.pdf
http://www.oaa-anaes.ac.uk/assets/_managed/cms/files/NOAD%20REPORTS/National%20Obstetric%20Anaesthesia%20Data%20for%202012%20final.pdf
http://www.oaa-anaes.ac.uk/assets/_managed/cms/files/NOAD%20REPORTS/National%20Obstetric%20Anaesthesia%20Data%20for%202012%20final.pdf
http://www.oaa-anaes.ac.uk/assets/_managed/cms/files/NOAD%20REPORTS/National%20Obstetric%20Anaesthesia%20Data%20for%202012%20final.pdf
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0190
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0190
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0190
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0190
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0190
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0195
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0195
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0195
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0195
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0200
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0200
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0200
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0205
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0205
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0205
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0210
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0210
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0210
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0210
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0215
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0215
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0215
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0220
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0220
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0220
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0220
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0225
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0225
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0225
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0230
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0230
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0230
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0230
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0235
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0235
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0240
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0240
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0240
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0245
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0245
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0245
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0250
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0250
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0250
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0255
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0255
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0255
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0255


116 Epidural blood patch for obstetric PDPH
52. Reynolds AF, Hameroff SR, Blitt CD, Roberts WL. Spinal
subdural epiarachnoid hematoma: a complication of a novel
epidural blood patch technique. Anesth Analg 1980;59:702–3.

53. Tekkok IH, Carter DA, Brinker R. Spinal subdural haematoma
as a complication of immediate epidural blood patch. Can J

Anaesth 1996;43:306–9.
54. Diaz JH. Permanent paraparesis and cauda equina syndrome

after epidural blood patch for postdural puncture headache.
Anesthesiology 2002;96:1515–7.

55. Jo D, Kim ED, Oh HJ, Oh JY. Radicular pain followed by
epidural blood patch. Pain Med 2014;15:1642–3.

56. Hustak EC, Engle MP, Viswanathan A, Koyyalagunta D.
Lumbar subarachnoid hematoma following an epidural blood
patch for meningeal puncture headache related to the implanta-
tion of an intrathecal drug delivery system. Pain Physician

2014;17:E405–11.
57. Mehta SP, Keogh BP, Lam AM. An epidural blood path causing

acute neurologic dysfunction necessitating decompressive
laminectomy. Reg Anesth Pain Med 2014;39:78–80.

58. Bolton VE, Leicht CH, Scanlon TS. Postpartum seizure after
epidural blood patch and intravenous caffeine sodium benzoate.
Anesthesiology 1989;70:146–9.

59. Marfurt D, Lyrer P, Ruttimann U, Strebel S, Schneider MC.
Recurrent post-partum seizures after epidural blood patch. Br J
Anaesth 2002;90:247–50.

60. Christensen K. General seizures in connection with an epidural
blood patch. Ugeskr Laeger 1989;151:3405–6.

61. Kardash K, Morrow F, Beique F. Seizures after epidural blood
patch with undiagnosed subdural hematoma. Reg Anesth Pain

Med 2002;27:433.
62. Ng DM, Manikappa S. Postpartum seizure and ischaemic stroke

following dural puncture and epidural blood patch. Anaesth

Intensive Care 2012;40:347–51.
63. Younker D, Jones MM, Adenwala J, Citrin A, Joyce 3rd TH.

Maternal cortical vein thrombosis and the obstetric anesthesiol-
ogist. Anesth Analg 1986;65:1007–12.

64. Ravindran RS, Zandstra GC, Viegas OJ. Postpartum headache
following regional analgesia; a symptom of cerebral venous
thrombosis. Can J Anaesth 1989;36:705–7.

65. Borum SE, Naul LG, McLeskey CH. Postpartum dural venous
sinus thrombosis after postdural puncture headache and epidural
blood patch. Anesthesiology 1997;86:487–90.

66. Ghatge S, Uppugonduri S, Kamarzaman Z. Cerebral venous
sinus thrombosis following accidental dural puncture and epidu-
ral blood patch. Int J Obstet Anesth 2008;17:267–70.

67. Kueper M, Goericke SL, Kastrup O. Cerebral venous thrombosis
after epidural blood patch: coincidence or causal relation? A case
report and review of the literature. Cephalalgia 2008;28:769–73.

68. DiGiovanni AJ, Galbert MW, Wahle WM. Epidural injection of
autologous blood for postlumbar-puncture headache. Anesth

Analg 1972;51:226–32.
69. Lowe DM, McCullough AM. 7th nerve palsy after extradural

blood patch. Br J Anaesth 1990;65:721–2.
70. Perez M, Olmos M, Garrido FJ. Facial nerve paralysis after

epidural blood patch. Reg Anesth 1993;18:196–8.
71. Sanders JJ, Moore SJ. Facial nerve paralysis after successive

epidural blood patches. Int J Obstet Anesth 2001;10:146.
72. Shahien R, Bowirrat A. Facial nerve paralysis and partial

brachial plexopathy after epidural blood patch: a case report
and review of the literature. J Pain Res 2011;4:39–45.

73. Ackerman 3rd WE, Juneja M, Andrews PJ, Cases-Cristobal V,
Gomez AM. Epidural blood patch does cause a decrease in heart
rate. Anesth Analg 1992;74:619.

74. Andrews PJ, Ackerman WE, Juneja M, Cases-Cristobal V, Rigor
BM. Transient bradycardia associated with extradural blood
patch after inadvertent dural puncture in parturients. Br J

Anaesth 1992;69:401–3.
75. Collis RE, Harries SE. A subdural abscess and infected blood
patch complicating regional analgesia for labour. Int J Obstet

Anesth 2005;14:246–51.
76. Beilin Y, Spitzer Y. Presumed Group B Streptococcal meningitis

after epidural blood patch. AA Case Rep 2015;4:163–5.
77. Berga S, Trierweiler MW. Bacterial meningitis following epidural

anesthesia for vaginal delivery: a case report. Obstet Gynecol

1989;74:437–9.
78. Oh J, Camann W. Severe, acute meningeal irritative reaction

after epidural blood patch. Anesth Analg 1998;87:1139–40.
79. Harding SA, Collis RE, Morgan BM. Meningitis after combined

spinal-extradural anaesthesia in obstetrics. Br J Anaesth

1994;73:545–7.
80. Benzon HT. Intracranial haemorrhage after dural puncture and

epidural blood patch: nonpostural and noncontinuous headache.
Anesthesiology 1984;60:258–9.

81. Hasiloglu ZI, Albayram S, Ozer H, Olgun DC, Selcuk H, Kaynar
MY. Cranial subarachnoid hemorrhage as an unusual complica-
tion of epidural blood patch. Clin Neurol Neurosurg

2011;113:689–92.
82. Sorour M, Krisht KM, Couldwell WT. Intravascular hemor-

rhage after epidural blood patching: an unusual complication.
Case Rep Neurol Med 2014;2014:406289.

83. Yeon H, Shin YO, Lee OY, Kwon E, Jeong EH. Temporary
homonymous hemianopsia after epidural blood patch. Obstet

Gynecol Sci 2013;56:130–3.
84. Pagani-Estevez GL, Chen JJ, Watson JC, Leavitt JA. Acute

vision loss secondary to epidural blood patch: Terson syndrome.
Reg Anesth Pain Med 2016;41:164–8.

85. Han IB, Ropper AE, Teng YD, Ryoo YH, Kim O. Bladder and
bowel dysfunction following small volume epidural blood patch
for spontaneous intracranial hypotension. J Clin Neurosci

2013;20:325–8.
86. Palmero-Rodriguez MA, Palacio-Abinzada FJ, Campollo SC,

Laporta-Baez Y, Medez Cendon JC, Lopez-Garcia A. Transient
bladder and fecal incontinence following epidural blood patch.
Saudi J Anaesth 2015;9:467–9.

87. Woodward W, Levy DM, Dixon AM. Exacerbation of post-
dural puncture headache after epidural blood patch. Can J

Anaesth 1994;41:628–31.
88. Willner D, Weissman C, Shamir MY. Chronic back pain

secondary to a calcified epidural blood patch. Anesthesiology

2008;108:535–7.
89. Cheung AH, Li LF, So VC, Leung MK, Lui WM. Transient

monoplegia and paraesthesia after an epidural blood patch for a
spinal cerebrospinal fluid leak. J Clin Neurosci 2015;22:1493–5.

90. Mercieri M, Mercieri A, Paolini S, et al. Postpartum cerebral
ischaemia after accidental dural puncture and epidural blood
patch. Br J Anaesth 2003;90:98–100.

91. Snidvongs S, Shah S. Horner’s syndrome following an epidural
blood patch. JRSM Short Rep 2012;3:68.

92. MacArthur C, Lewis M, Knox EG. Accidental dural puncture in
obstetric patients and long term symptoms. BMJ 1993;306:883–5.

93. Knight M, Kenyon S, Brocklehurst P, Neilson J, Shakespeare J,
Kurinczuk JJ (eds.) on behalf of MBRRACE-UK. Saving Lives,
Improving Mothers’ Care – Lessons learned to inform future
maternity care from the UK and Ireland Confidential Enquiries
into Maternal Deaths and Morbidity 2009–12. Oxford National
Perinatal Epidemiology Unit. University of Oxford 2014.

94. Zeidan A, Farhat O, Maaliki H, Baraka A. Does postdural
puncture headache left untreated lead to subdural hematoma?
Case report and review of the literature. Int J Obstet Anesth

2006;15:50–8.
95. Cupyers V, Van de Velde M, Devroe S. Intracranial subdural

haematoma following neuraxial anaesthesia in the obstetric
population: a literature review with analysis of 56 reported cases.
Int J Obstet Anesth 2016;25:58–65.

http://refhub.elsevier.com/S0959-289X(18)30385-6/h0260
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0260
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0260
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0265
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0265
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0265
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0270
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0270
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0270
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0275
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0275
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0280
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0280
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0280
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0280
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0280
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0285
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0285
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0285
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0290
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0290
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0290
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0295
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0295
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0295
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0300
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0300
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0305
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0305
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0305
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0310
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0310
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0310
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0315
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0315
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0315
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0320
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0320
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0320
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0325
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0325
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0325
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0330
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0330
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0330
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0335
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0335
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0335
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0340
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0340
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0340
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0345
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0345
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0345
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0350
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0350
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0355
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0355
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0360
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0360
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0360
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0365
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0365
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0365
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0370
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0370
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0370
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0370
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0375
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0375
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0375
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0380
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0380
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0385
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0385
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0385
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0390
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0390
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0395
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0395
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0395
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0400
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0400
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0400
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0405
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0405
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0405
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0405
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0410
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0410
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0410
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0415
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0415
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0415
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0420
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0420
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0420
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0425
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0425
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0425
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0425
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0430
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0430
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0430
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0430
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0435
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0435
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0435
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0440
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0440
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0440
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0445
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0445
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0445
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0450
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0450
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0450
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0455
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0455
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0460
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0460
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0470
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0470
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0470
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0470
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0475
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0475
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0475
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0475


R. Russell et al. 117
96. Lockhart EM, Baysinger CL. Intracranial venous thrombosis in
a parturient. Anesthesiology 2007;107:652–8.

97. Wilder-Smith E, Kothbauer-Margreiter I, Lammle B, Sturzeneg-
ger M, Ozdoba C, Hauser SP. Dural puncture and activated
protein C resistance: risk factors for cerebral venous sinus
thrombosis. J Neurol Neurosurg Psychiatry 1997;63:351–6.

98. Chambers DJ, Bhatia K. Cranial nerve palsy following central
neuraxial block in obstetrics – a review of the literature and
analysis of 43 case reports. Int J Obstet Anesth 2017;31:13–26.

99. Bechard P, Perron G, Larochelle D, Lacroix M, Labourdette A,
Dolbec P. Epidural blood patch in the treatment of abducens
palsy after a dural puncture. Can J Anaesth 2007;54:146–50.

100. Dunbar SA, Katz NP. Failure of delayed epidural blood patching
to correct persistent cranial nerve palsies. Anesth Analg

1994;79:806–7.
101. Hofer JE, Scavone BM. Cranial nerve VI palsy after dural-

arachnoid puncture. Anesth Analg 2015;120:644–6.
102. Shearer VE, Jhaveri HS, Cunningham FG. Puerperal seizures

after post-dural puncture headache. Obstet Gynecol

1995;85:255–60.
103. Paech M. Unexpected postpartum seizures associated with post-

dural puncture headache treated with caffeine. Int J Obstet

Anesth 1996;5:43–6.
104. Van de Velde M, Corneille M, Vanacker B, et al. Treatment for

postdural puncture headache associated with late postpartum
eclampsia. Acta Anaesthesiol Belg 1999;50:99–102.

105. Cohen SM, Laurito CE, Curran MJ. Grand mal seizure in a
postpartum patient following intravenous infusion of caffeine
sodium benzoate to treat persistent headache. J Clin Anesth

1992;4:48–51.
106. Oliver CD, White SA. Unexplained fitting in three parturients

suffering from postdural puncture headache. Br J Anaesth

2002;89:782–5.
107. Szeinfeld M, Ihmeidan IH, Moser MM, Machado R, Klose KJ,

Serafini AN. Epidural blood patch: evaluation of the volume and
spread of blood injected into the epidural space. Anesthesiology
1986;64:820–2.

108. Visser WA, Gielen MJ, Giele JL, Schffer GJ. A comparison of
epidural pressures and incidence of true subatmospheric epidural
pressure between the mid-thoracic and low-thoracic epidural
space. Anesth Analg 2006;103:1318–21.

109. Lucas DN, Elton CD. Through a glass darkly – ultrasound
imaging in obstetric anaesthesia. Anaesthesia 2016;71:617–22.

110. Mihlon F, Kranz PG, Gafton AR, Gray L. Computed tomog-
raphy-guided epidural patching of postoperative cerebrospinal
fluid leaks. J Neurosurg Spine 2014;21:805–10.

111. Kawaguchi M, Hashizume K, Watanabe K, Inoue S, Furuya H.
Fluoroscopically guided epidural blood patch in patients with
postdural puncture headache after spinal and epidural anesthesia.
J Anesth 2011;25:450–3.

112. Amrhein TJ, Parivash SN, Gray L, Kranz PG. Incidence of
inadvertent dural puncture during CT fluoroscopic-guided inter-
laminar epidural corticosteroid injections in the cervical spine: an
analysis of 974 cases. AJR Am J Roentgenol 2017;209:656–61.

113. DiGiovanni AJ, Dunbar BS. Epidural injections of autologous
blood for postlumbar-puncture headache. Anesth Analg

1970;49:268–71.
114. Pratt SD, Kaczka DW, Hess PE. Observational study of changes

in epidural pressure and elastance during epidural blood patch in
obstetric patients. Int J Obstet Anesth 2014;23:144–50.

115. Turnbull DK, Shepherd DB. Post-dural puncture headache: patho-
genesis, prevention and treatment. Br J Anaesth 2003;91:718–29.
116. Anwari JS. Blood culture in apyrexial patient having epidural
blood patch. Anaesthesia 1999;54:816–7.

117. Duffy PJ, Crosby ET. Epidural blood patch (EBP) and septic
complication. Can J Anaesth 2000;47:289–90.

118. Martin R, Jourdain S, Clairoux M, Tetrault JP. Duration of
decubitus position after epidural blood patch. Can J Anaesth

1994;41:23–5.
119. Chan TM, Ahmed E, Yentis SM, Holdcroft A. Postpartum

headaches: summary report of the National Obstetric Anaes-
thetic Database (NOAD) 1999. Int J Obstet Anesth

2003;12:107–12.
120. Stocks GM, Wooller DJ, Young JM, Fernando R. Postpartum

headache after epidural blood patch: investigation and diagnosis.
Br J Anaesth 2000;84:407–10.

121. Waters J, Sabharwal V, Grass JA. Prophylactic blood patch
performed prior to continuous epidural analgesia. J Clin Anesth

2000;12:558–60.
122. Whitwell TA, Li D, Le V, Gonzalez-Fiol AJ. Successful neuraxial

analgesia after recent epidural blood patch. AA Case Rep

2015;5:51–3.
123. Jafarian N, Neumann M, Applegate RL, Ayer R. Successful

labor epidural analgesia 10 days after an epidural blood patch.
Int J Obstet Anesth 2011;20:194–5.

124. Loughrey JP, Eappen S, Tsen LC. Spinal anesthesia for cesarean
delivery shortly after an epidural blood patch. Anesth Analg

2003;96:545–7.
125. Naulty JS, Herold R. Successful epidural anesthesia following

epidural blood patch. Anesth Analg 1978;57:272–3.
126. Ong BY, Graham CR, Ringaert KR, Cohen MM, Palahniuk

RJ. Impaired epidural analgesia after dural puncture with
and without subsequent blood patch. Anesth Analg

1990;70:76–9.
127. Crawford JS. Epidural blood patch. Anaesth Intensive Care

1983;11:384.
128. Rainbird A, Pfitzner J. Restricted spread of analgesia following

epidural blood patch. Anaesthesia 1983;38:481–4.
129. Collier CB. Blood patches may cause scarring in the epidural

space; two case reports. Int J Obstet Anesth 2011;20:347–51.
130. Hebl JR, Horlocker TT, Chantigian RC, Schroeder DR. Epidu-

ral anesthesia and analgesia are not impaired after dural puncture
with or without epidural blood patch. Anesth Analg

1999;89:390–4.
131. Shaparin N, Gritsenko K, Shapiro D, Kosharskyy B, Kaye AD,

Smith HS. Timing of neuraxial pain interventions following
blood patch for post dural puncture headache. Pain Physician

2014;17:119–25.
132. Care Quality Commission. Regulation 20: Duty of candour.

2018. Available at: http://www.cqc.org.uk/guidance-providers/
regulations-enforcement/regulation-20-duty-candour#full-regu-
lation. Accessed August 20, 2018.

133. Eustace N, Hennessey A, Gardiner J. The management of dural
puncture in obstetrics and the efficacy of epidural blood patches.
Ir Med J 2004;97:298–300.

134. Obstetric Anaesthetists’ Association/Association of Anaesthetists
of Great Britain and Ireland. OAA/AAGBI Guidelines for
Obstetric Anaesthetic Services 2013. Available at: http://www.
oaa-anaes.ac.uk/assets/_managed/editor/File/Guidelines/obstet-
ric_anaesthetic_services_2013.pdf. Accessed August 20, 2018.

135. Conforth BM, Dalgleish DJ, Bromilow J, Wee M. Use of an
information leaflet to improve general practitioners’ knowledge
of post dural puncture headache. Int J Obstet Anesth

2005;15:28–32.

http://refhub.elsevier.com/S0959-289X(18)30385-6/h0480
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0480
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0485
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0485
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0485
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0485
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0490
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0490
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0490
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0495
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0495
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0495
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0500
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0500
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0500
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0505
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0505
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0510
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0510
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0510
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0515
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0515
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0515
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0520
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0520
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0520
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0525
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0525
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0525
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0525
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0530
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0530
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0530
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0535
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0535
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0535
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0535
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0540
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0540
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0540
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0540
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0545
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0545
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0550
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0550
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0550
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0555
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0555
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0555
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0555
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0560
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0560
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0560
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0560
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0565
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0565
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0565
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0570
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0570
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0570
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0575
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0575
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0580
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0580
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0585
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0585
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0590
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0590
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0590
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0595
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0595
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0595
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0595
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0600
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0600
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0600
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0605
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0605
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0605
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0610
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0610
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0610
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0615
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0615
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0615
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0620
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0620
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0620
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0625
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0625
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0630
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0630
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0630
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0630
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0635
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0635
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0640
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0640
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0645
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0645
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0650
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0650
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0650
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0650
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0655
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0655
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0655
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0655
http://www.cqc.org.uk/guidance-providers/regulations-enforcement/regulation-20-duty-candour#full-regulation
http://www.cqc.org.uk/guidance-providers/regulations-enforcement/regulation-20-duty-candour#full-regulation
http://www.cqc.org.uk/guidance-providers/regulations-enforcement/regulation-20-duty-candour#full-regulation
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0665
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0665
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0665
http://www.oaa-anaes.ac.uk/assets/_managed/editor/File/Guidelines/obstetric_anaesthetic_services_2013.pdf
http://www.oaa-anaes.ac.uk/assets/_managed/editor/File/Guidelines/obstetric_anaesthetic_services_2013.pdf
http://www.oaa-anaes.ac.uk/assets/_managed/editor/File/Guidelines/obstetric_anaesthetic_services_2013.pdf
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0675
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0675
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0675
http://refhub.elsevier.com/S0959-289X(18)30385-6/h0675


118 Epidural blood patch for obstetric PDPH
Appendix. Guidelines on management of an
epidural blood patch

Pre-epidural blood patch (EBP) procedure checklist

� Give patient written information to aid consent pro-
cess (e.g. OAA headache after an epidural leaflet
http://www.labourpains.com/assets/_managed/
cms/files/Headache_after_epidural.pdf).

� Check when the last dose of anticoagulant was given.
� Check for evidence of maternal systemic infection.
� Check for the absence of ‘red-flag’ symptoms suggest-
ing a different diagnosis e.g. change in the nature of
headache, development of focal neurological signs,
reduced conscious level and atypical headaches.

Consent

We recommend that written consent should be obtained
and the following may be discussed:

Benefits of EBP

� Efficacy: complete relief of symptoms following a sin-
gle epidural blood patch is likely to occur in up to one
third of cases. Complete or partial relief may be seen
in 50–80%. In cases of partial or no relief, a second
epidural blood patch may be performed after consid-
eration of other causes of headache.

Risks and side effects of EBP

� Repeat dural puncture.
� Back pain during and for several days after EBP is
common and can be significant.

� Rare complications include nerve damage, bleeding
and infection.

EBP procedure

� The procedure requires two clinicians. A consultant
obstetric anaesthetist or experienced senior trainee
should perform the epidural injection and a second
clinician take blood.

� Cardiovascular monitoring and intravenous access
may be considered to detect and treat bradycardia
during the procedure.
� The patient may be placed in the lateral or sitting
position, considering the comfort of the patient in
relation to her symptoms and the preference of the
anaesthetist.

� The epidural injection should be performed at the
same space or one space lower than the level at which
the original dural puncture occurred.

� A full aseptic technique should be employed for both
the epidural component and venesection.

� The epidural space should be located before venesec-
tion is performed.

� After venesection blood should be injected immedi-
ately into the epidural space through the epidural
needle. Volumes of up to 20 mL are recommended
if tolerated by the patient.

� There is insufficient evidence to recommend the rou-
tine collection of blood for culture. The decision on
whether to do so should remain with the individual
clinician.

Post-EBP procedure management

Guidance on the management of obstetric patients
immediately following an EBP is lacking. The following
is suggested:

� Keep patients in the supine position for 1–2 hours.
� Regular observations of maternal pulse, blood pres-
sure and temperature may be made following the pro-
cedure. The frequency and duration of these
observations should be decided by individual units
and must take into account maternal health.

� Consider prescribing laxatives to avoid constipation
and advising patients to avoid twisting, bending and
straining.

� Women should be reviewed by an anaesthetist within
four hours of the procedure. The effect on headache
and presence of side effects should be documented.
After the initial review, women may mobilise and,
where appropriate, they may be discharged home.
Those women who remain in hospital should be
reviewed daily until discharge or until symptoms
resolve.

� For further review and follow-up procedures see the
Appendix to part 1.

http://www.labourpains.com/assets/_managed/cms/files/Headache_after_epidural.pdf
http://www.labourpains.com/assets/_managed/cms/files/Headache_after_epidural.pdf
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