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Meningeal (Postdural) Puncture Headache, Unintentional
Dural Puncture, and the Epidural Blood Patch

A National Survey of United States Practice

Brian E. Harrington, MD* and Andrew M. Schmitt, MDÞ

Background: Meningeal (postdural) puncture headache (MPH) is a
familiar iatrogenic complication. The optimal means of prevention,
management, and treatment of this disorder are uncertain. The purpose
of this study was to determine current practice among United States
(USA) anesthesiologists regarding MPH as well as the related issues of
unintentional dural puncture (UDP), the epidural blood patch (EBP), and
proposed alternatives to the EBP.
Methods: A survey form was sent as a single mailing to each practicing
USA member of the American Society of Regional Anesthesia and Pain
Medicine in June 2006.
Results: Data were analyzed from 1024 returned survey forms (29.4%
response rate). Major findings were as follows: Written institutional
protocols for managing UDP and MPH are uncommon. The preferred
method of immediately dealing with an UDP when providing analgesia
for labor is to reattempt the epidural at another level (73.4%). When
intrathecal catheters are used for labor analgesia, they are most often
removed immediately after delivery (56.5%). After UDP in the obstetric
setting, aggressive hydration and encouraging bed rest are the most fre-
quently used prophylactic measures against the development of MPH.
Frequently used treatment options for MPH include aggressive
hydration, the EBP, oral caffeine, oral nonopioid analgesics, and bed
rest. With the exception of a uniform blood volume (16Y20 mL),
procedural details of the EBP vary considerably among practitioners.
The use of materials other than blood for epidural patch is uncommon.
Conclusions: Various measures, many poorly supported by the
literature, are used prophylactically after UDP and in the treatment of
MPH. Despite being nearly universally used as treatment of MPH, the
EBP procedure itself remains largely nonstandardized.

(Reg Anesth Pain Med 2009;34: 430Y437)

For more than a century, the terminology regarding postural
symptoms after meningeal puncture has been the subject of

evolving debate. Postdural puncture headache is currently the

most common descriptor of this clinical syndrome and, as such,
was used in this survey. However, the term meningeal puncture
headache (MPH) seems to be more accurate and descriptive1

and is used in the remainder of this article.
MPH may occur after a number of diagnostic interventions

(such as myelography or lumbar puncture), neuraxial anesthetic
techniques, or therapeutic procedures (eg, intrathecal chemo-
therapy). Regardless of etiology, this common and significant
iatrogenic complication is frequently managed by anes-
thesiologists. There are no accepted guidelines for the optimal
prevention, management, or treatment of MPH.

Unintentional dural puncture (UDP) during the course of
labor epidural analgesia is of particular concern because this will
result in MPH in more than 50% of cases.2 Although several
measures have been proposed to minimize the high risk of MPH
after UDP, published data are inconclusive and there are no
established recommendations for managing this occurrence.

The epidural blood patch (EBP) has emerged as the defini-
tive treatment of MPH.3 Despite the widespread use of the EBP,
the mechanism of action of the procedure remains poorly un-
derstood, and the literature surrounding its use is generally
insufficient to encourage uniform practice.4 Furthermore, con-
troversies surrounding the EBP have led to proposals of using
alternative materials to blood as an epidural patch in the treat-
ment of MPH.

The purpose of this study was to determine the current
practice among United States (USA) anesthesiologists regarding
MPH, UDP, the EBP, and several closely related issues.

METHODS
This study was approved by the institutional review board

of Billings, Montana.
A current list of names and mailing addresses for all prac-

ticing members of the American Society of Regional Anesthe-
sia and Pain Medicine (ASRA) in the United States was
obtained in April 2006. Resident/fellow ASRA members were
excluded. Survey forms were prepared as front and back on a
single page. The survey package contained a stamped addressed
return envelope. Survey packages were sent as a single first-
class mailing through the USA Postal Service in June 2006.
Participation in the survey was voluntary and anonymous. No
effort was made to track individual survey forms.

The survey (see Appendix, Supplemental Digital Content
1, http://links.lww.com/AAP/A12) consisted of 4 sections. The
first section concerned the demographic characteristics of
respondents. The second section contained questions regarding
UDP encountered during epidural needle placement for obstetric
analgesia. The third section contained questions regarding the
management of MPH, regardless of etiology. The fourth section
contained questions concerning the EBP as well as experience
with some nonblood materials that have been proposed as
alternatives for epidural patch.
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Margin of error was calculated as shown in Table 1. Where
appropriate, comparisons were made using W

2 analysis or Fisher
exact test, with P G 0.05 considered to be statistically significant.

RESULTS

Demographics
Of 3500 survey forms sent, 12 were returned by ASRA

members who indicated that they were still in training. Of the
3448 remaining eligible survey forms, 1024 were returned for
analysis (29.4% response rate). With a 95% confidence interval,
the margin of error for this survey was T2.79%. The design
of the study was such that most returned survey forms would
have unanswered items that were coded as missing data.
Returned survey forms that were blank were excluded from
analysis (n = 3).

When the year of entering active practice was converted to
decades, 29.6% of respondents had been in practice for 0 to 10
years, 40.9% had been in practice for 11 to 20 years, and 29.5%
had been in practice for more than 20 years. Primary practice
locations, with descriptions adopted from the American Society
of Anesthesiologists membership database, were most often
community hospitals with fewer than 4 residency programs in
the facility (39.1%) and academic/teaching medical centers
(32.6%). The remainder of practice locations consisted of city/
county hospital (14.2%), office-based practice (7.5%), ambula-
tory surgery center (5.6%), and Veteran’s Administration med-
ical center (1.1%). Geographic response was analyzed with the
United States arbitrarily divided into 7 regions (Table 2). Per-
centages of survey forms sent to and received from each region,
respectively, were as follows: New England, 9.0% and 11.3%;
mid Atlantic, 14.3% and 15.8%; North Central, 31.1% and
29.1%; South Central, 11.6% and 11.3%; South East, 15.3%
and 14.4%; Mountain, 5.5% and 7.2%; and Pacific, 13.0% and
10.8%. W2 analysis of the geographic response demonstrated that
the regional distribution of survey forms returned was repre-
sentative of the survey forms that were sent (P G 0.008).

Unintentional Dural Puncture During Epidural
Needle Placement for Obstetric Analgesia

In the second section of the survey, 713 (70.0%) of 1019
respondents indicated that they currently provided analgesia for
labor. Further analysis of data regarding UDP during epidural
needle placement for obstetric analgesia was based on these 713
respondents. Of these, 15.2% indicated that their institutions had
(13.6%) or were in the process of developing (1.6%) written
protocols for the management of UDP in obstetric patients.
Those who had or were developing written protocols for

managing UDP in obstetric patients were more likely to be in
academic/teaching medical centers (26.2%) than community
hospitals (8.6%; P G 0.0005, Fisher exact test).

When performing an epidural for labor analgesia, a sig-
nificant majority (71.3%) indicated a preference for inserting the
epidural needle with the bevel perpendicular to the long axis of
the spine (consistent with the intended direction of catheter
travel), whereas a minority (15.3%) routinely inserted the needle
with the bevel parallel to the long axis of the spine, with the
remainder (13.4%) using either bevel orientation depending on
clinical circumstances. Preferred methods for immediately deal-
ing with UDP were to reattempt the epidural at another level
(73.6%), convert to a continuous spinal technique by placing a
subarachnoid catheter (hereafter referred to as an intrathecal
catheter [ITC]; 18.5%), abandon and use another method of
analgesia (0.41%), or Bother[ (0.7%). Nearly half of respon-
dents (48.1%) indicated that they never use ITCs for labor
analgesia. Intrathecal catheters were more frequently used by
anesthesiologists who had been in practice for 10 years or less
(57.3%) than those in practice for more than 10 years (49.8%),
but this difference was not statistically significant (P G 0.072,
Fisher exact test). Those who used ITCs tended to remove these
catheters either immediately after (56.5%) or within 12 hrs
(14.2%) of delivery, with 25.9% waiting between 12 and 24 hrs
after delivery for removal (3.4% stated Bvarious[ or Bno preferred[
timing for catheter removal).

The frequency of use of proposed prophylactic measures
after UDP during labor epidural analgesia is shown graphically
in Figure 1. The methylxanthines (eg, caffeine) were volunteered
most often as an Bother[ prophylactic measure and were used
Bfrequently[ by 5.5% and Boccasionally[ by 3.9%.

Management of MPH
In the third section of the survey, 95.0% of respondents

(965/1016) indicated that they were currently involved in the
management or treatment of MPH. Of these, 12.8% indicated
that their institutions had (10.8%) or were in the process of de-
veloping (2.0%) a written protocol for the management of MPH,
with 83.5% stating that their institution had no such protocol
(3.7% were uncertain). Those who had or were developing written
protocols were more likely to be in academic/teaching medical
centers (21.5%) than community hospitals (7.3%; P G 0.0005,
Fisher exact test). The frequency of use of various proposed
treatment measures for MPH is shown graphically in Figure 2. Of
several Bother[ treatment measures volunteered, oral theophylline
was most commonly mentioned (n = 10).

TABLE 1. Margin of Error Calculation Assuming a 95%
Confidence Interval

Where: p indicates percent of responses; n, total number of responses.

TABLE 2. Geographic Regions

New England (Connecticut, Massachusetts, Maine, New Hampshire,
Rhode Island, Vermont)

Mid Atlantic (District of Columbia, Delaware, Maryland, New Jersey,
New York, Pennsylvania)

North Central (Iowa, Illinois, Indiana, Kansas, Michigan, Minnesota,
Missouri,Nebraska,NorthDakota,Ohio,Oklahoma, SouthDakota,
Wisconsin)

South Central (Alabama, Arkansas, Kentucky, Louisiana,Mississippi,
Tennessee, Texas)

South East (Florida, Georgia, North Carolina, South Carolina,
Virginia, West Virginia)

Mountain (Arizona, Colorado, Idaho, Montana, New Mexico,
Nevada, Utah, Wyoming)

Pacific (Alaska, California, Hawaii, Oregon, Washington)
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Conduct of the EBP
When a diagnosis of MPH has been established, 13.1%

of practitioners would perform an EBP without delay or within
2 hrs. Of the majority who would delay performing an EBP,
27.7% would usually wait 2 to 24 hrs, 44.3% would usually wait
24 to 48 hrs, 11.4% would usually wait 48 to 72 hrs, and 3.5%
would usually wait for more than 72 hrs from the onset of
symptoms. When presented with a scenario of recurrent MPH
symptoms 12 hrs after an apparently successful EBP, 27.1%
indicated that they would perform a second EBP immediately or
within 24 hrs of the first EBP. Of the majority who would delay
performing a second EBP, 51.9% would wait at least 24 hrs and
18.5% would wait at least 48 hrs after the first EBP. The re-
maining 2.5% stated various preferences, which included wait-
ing for at least 72 hrs (n = 5), waiting for at least 1 week (n = 5),
requiring further formal diagnostic evaluation (eg, neurology
consultation; n = 7), and never repeating an EBP (n = 7).

The volume of blood most commonly used for a lumbar
EBP was 16 to 20 mL (66.8%), with fewer practitioners using 10
to 15 mL (23.5%), 21 to 25 mL (6.7%), greater than 25 mL
(1.5%), or less than 10 mL (1.4%). Immediately after performing
an EBP, practitioners usually maintained patients in a recumbent
position for a period before allowing them to ambulate (28.6%
for e30 minutes, 46.1% for 30Y60 minutes, 16.7% between 1
and 2 hrs, and 8.6% for Q2 hrs).

Use of Materials Other Than Blood for
Epidural Patch

Finally, 52 (5.1%) of 1021 respondents stated that they had
used a material other than blood or saline to perform an epidural
patch for treatment ofMPH.Of these, 6 reported having usedmore
than 1 alternative material. Primary reasons for using materials
other than blood were as follows: concerns of infectious com-
plications with blood (34.0%), patients’ preference (eg, religious
reasons; 28.3%), more effective than blood (15.1%), various
problems with the EBP (13.2%), concerns of arachnoiditis with
blood (3.8%), and others (5.7%; with cancer, thrombocytopenia,
and availability of alternative cited). Materials used were dextran-
40 (n = 22), hetastarch (n = 18), fibrin glue (n = 15), gelatin (n = 1),
cryoprecipitate (n = 1), and unspecified (n = 3). Given their
experience, most still considered the most commonly reported
materials to be reasonable alternatives to blood in the treatment of
MPH (hetastarch, 72.2%; dextran-40, 63.6%; fibrin glue, 60.0%).

DISCUSSION

Demographics
Although a number of surveys regarding various aspects

of MPH have been published, this study reflects a unique de-
mographic profile. Most importantly, this is one of few surveys
to determine the practice of individual anesthesiologists rather

FIGURE 1. Use of prophylactic measures after UDP in labor epidural analgesia. Those used ’’frequently’’ are black, ’’occasionally’’ are
hatched, and ’’never’’ are white. Percentages were rounded to nearest whole numbers.
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FIGURE 2. Use of proposed treatment options for MPH. Those used ’’frequently’’ are black, ’’occasionally’’ are hatched, and ’’never’’ are
white. Percentages were rounded to nearest whole numbers.
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than that of anesthesia departments. Although they would only
represent a minority of anesthesia practitioners, previous surveys
have also usually been specifically directed toward academic
departments. Additionally, other surveys have concentrated on
MPH after UDP in the obstetric anesthesia setting, although
many, if not most, instances of MPH are subsequent to non-
obstetric interventions. The present survey pointedly asked
about MPH management regardless of etiology. Finally, despite
advances in care and apparent geographic differences in
practice, there has not been a published survey of USA practice
for a decade.

This survey has several limitations. Our response rate of
29.4%, although considered good for a single mailing postal
questionnaire, leaves a nonresponse rate of 70.6%. In this regard,
specific strategies used to maximize the response rate included: a
short questionnaire (pilot tested at G5 minutes), interested par-
ticipants, first-class postage, and a stamped return envelope.5

Consequently, the number of respondents to this survey is much
larger than reported in all other similar surveys and yielded
sufficiently precise observations within generally accepted con-
fidence levels. However, we still cannot ignore the possibility
of significant nonresponder bias. We sought to reasonably re-
duce the possibility of nonresponder bias primarily through
selecting a relatively homogeneous sampling frame. The bal-
anced demographics of responders would argue against signif-
icant responder bias and is reassuring regarding the potential
impact of nonresponder bias. Finally, restricting this survey
to members of ASRA may limit the ability to apply these
findings to all USA anesthesiologists. However, this sampling
frame was purposely chosen because this population was
expected to include a significant percentage of members
whose practice would include, but was not limited to, obstetric
anesthesia. Furthermore, ASRA was expected to include a
greater proportion of experienced members whose interests and
practice would include the management of MPH than broader
pools of USA anesthesiologists. Both of these presumptions
seem to be confirmed by the large percentage of respondents
whose practice included obstetric analgesia (70.0%) and man-
agement of MPH (95.0%).

Unintentional Dural Puncture During Epidural
Needle Placement for Obstetric Analgesia

This survey found that written institutional protocols for
dealing with UDP have become more common in the United
States than the 8% reported6 in North America in 1997, es-
pecially in academic/teaching medical centers. However, the
15.2% total found in our survey remains in stark contrast to
the United Kingdom, where such protocols were recently re-
ported to be in place in 85% of academic obstetric anesthesia
departments.7

Despite an apparent reduction in the incidence of MPH
when UDP occurs with the needle bevel directed parallel to the
long axis of the spine,8 a convincing majority of USA anes-
thesiologists preferred a perpendicular bevel orientation for
labor epidural placement. This would seem to reflect the low
incidence of UDP among experienced anesthesiologists and
indicate a lesser concern for UDP than other factors in epidu-
ral needle placement. These other factors may include lateral
needle deviation,9 difficulties with catheter insertion,10 and per-
ceived hazards of rotating the needle11 with a parallel insertion
approach.

Surveys performed in the 1990s showed routine practice
after UDP to be reinserting the epidural at another level in 99%
of UK12 and 90% of North American6 obstetric centers. This
can be directly compared with surveys performed 1 decade later,

which found up to 72% of UK maternity units7 and 73.4% of
respondents in our USA survey preferring to similarly reinsert
the epidural. This change in the immediate management of UDP
can be attributed entirely to the more common use of ITCs.
Intrathecal catheters after UDP have the advantages of being
able to rapidly establish analgesia as well as avoid the risk of
another UDP under challenging clinical circumstances. Further-
more, the use of ITCs has also been promoted as a possible
means of decreasing the high incidence of MPH after UDP.13 We
found that after UDP, 18.5% of USA respondents preferred to
convert a planned epidural to an ITC technique, which can be
compared with similar recent preferences among 28% of UK
maternity units,7 35% of Australian obstetric anesthetists,14 and
36% of a small sampling of attendants at a Turkish anesthesi-
ology meeting.15 Unlike a recent Australian survey that noted a
higher ITC insertion rate among obstetric anesthetists who had
10 or fewer years of experience,14 our study failed to dem-
onstrate this observation to be statistically significant. Our find-
ing that 48.1% of USA respondents never use ITCs for labor
analgesia probably reflects concerns about safety similar to those
found among Australian obstetric anesthetists (ie, misuse, high
block, and infection).14

Data regarding a possible role of ITCs in reducing the
incidence of MPH after UDP have been conflicting and may be
strongly influenced by the duration of maintaining catheters in
situ. Although leaving catheters in place for 24 hrs after delivery
may reduce the incidence of MPH,13 56.5% of respondents in
our study typically removed catheters immediately after delivery
and only 25.9% maintained catheters for up to 24 hrs. This is
essentially the opposite of recent findings from Australia, where
only 28% of obstetric anesthetists removed catheters immedi-
ately after delivery and 61% would wait at least 24 hrs.14

Numerous other measures have been proposed as prophy-
laxis against MPH after UDP, and although their use cannot be
entirely discounted, none are convincingly supported in the
literature. Continued use of these measures may, at least in part,
reflect known deficiencies in study design and methodology in
research regarding MPH, particularly in parturients.16,17 Ag-
gressive hydration (both oral and intravenous) has been
consistently shown to be among the most commonly used
prophylactic measures after UDP. Our results in this regard
were consistent with all comparable surveys from the United
Kingdom,7,12 United States/Canada,6 France,18 and Turkey.15

Yet, despite this popularity, there is little evidence to support a
prophylactic role of aggressive fluids.19 Bed rest was also com-
monly encouraged by USA anesthesiologists despite the possi-
bility that the odds of MPH may actually be decreased by early
mobilization.19 Our results are in contrast to recent data from
UK maternity units, where 75% of patients were mobilized as
early as possible after UDP.7 Prophylactic administration of the
EBP has declined in North America since the last survey, when
it was reported to be routinely recommended by 25% of ob-
stetrical centers after UDP.6 Our survey found the prophylactic
EBP to be frequently used by only 10% of respondents, re-
flecting the limited demonstrated utility of this measure in the
prevention of MPH.4,20 Similarly, doubts have been expressed
regarding the efficacy of epidural administration of saline (either
by bolus or by continuous infusion) in the prevention of MPH,21

an option we found to be frequently exercised by only 12% of
respondents (it was, however, still considered to be a prophy-
lactic option by 37%). Although there may be an association
between the cumulative duration of bearing down during the
second stage of labor and the incidence of MPH after UDP,22

only 2.2% of USA respondents Bfrequently[ avoided or limited
pushing. This is in contrast to a recent survey of UK maternity
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units, where recommended prophylactic measures after UDP
often included limiting the duration of the second stage of labor
(usually 30Y60 minutes; 18%) and avoiding pushing (11%).7

The use of methylxanthines to prevent MPH after UDP con-
tinues to a limited extent despite a lack of supporting data for
this purpose.23 Finally, despite a recent nonrandomized, open-
label study suggesting that frovatriptan may have some efficacy
in the prevention of MPH,24 serotonin agonists were volunteered
as prophylactic options by only 3 respondents to our survey.

Special mention should be made regarding 2 proposed
prophylactic options. First, reinserting the stylet after cerebro-
spinal fluid (CSF) return, hypothesized to prevent a wicking
strand of arachnoid mater from extending across the dura, has
been shown to reduce the incidence of MPH after lumbar
puncture using a Sprotte needle.25 Although this maneuver was
Bnever[ performed by most respondents to our survey, it was
frequently performed by 23% despite the absence of any pub-
lished reports of efficacy in the setting of UDP. Second, the
subarachnoid injection of saline after UDP has been reported to
prevent MPH.26 Maintaining CSF pressures, through the
reinjection of CSF and subarachnoid injection of saline, has
been speculated to be important in the prevention of MPH.27

Although seldom Bfrequently[ practiced, we found the subarach-
noid injection of saline to be performed at least Boccasionally[ by
18% of USA anesthesiologists. These 2 relatively safe and sim-
ple maneuvers, found to be used to a significant extent despite
scant supportive evidence, clearly warrant further study.

Management of MPH
Written institutional guidelines for the management of

MPH are more common in academic/teaching medical centers
than community hospitals. However, despite admonitions that
such protocols are important,28 they are uncommon in the
United States.

The various measures used in the treatment of established
MPH can be broadly categorized as: (a) those used for symp-
tomatic relief, (b) pharmacologic treatments, (c) epidural treat-
ments, and (d ) miscellaneous.

Although not expected to alter the natural history of the
disorder, bed rest and analgesics (nonopioid and opioid) are
commonly used in the symptomatic treatment of MPH. It was
not surprising that, of the various possible routes of medication
administration, the least invasive were preferred.

Numerous pharmacologic agents have been advocated in
the treatment of MPH. Caffeine in particular has seen
widespread use during the past 3 decades, yet the role of this
and other methylxanthines remains uncertain. Our finding that
71% Bfrequently[ used oral caffeine is much higher than
recently reported in the United Kingdom, where only 32% of
maternity units routinely used oral caffeine.7 Although caffeine
may result in some temporary symptomatic improvement, its
use as a therapeutic agent for MPH does not seem to be sup-
ported by a critical appraisal of the existing literature.23 We
found other pharmacologic agents such as serotonin agonists
(eg, sumatriptan) and corticotropin (and synthetic analogs) to
be infrequently used in the treatment of MPH. In this regard,
although these agents may be appropriate for treating head-
aches of mild to moderate intensity, both sumatriptan29 and a
synthetic corticotropin analog30 were ineffective in the treat-
ment of severe MPH.

Epidural treatments for MPH include the administration of
saline, colloids, fibrin glue, and blood. Epidural saline (admin-
istered either as a bolus and/or as continuous infusion) has been
proposed to prevent further loss of CSF by producing epidural
splinting pressures or reapproximation of a dural (Btin-lid[)

flap.3 Although generally safe and avoiding many concerns
surrounding the EBP, epidural saline is plagued by the frequent
recurrence of headache symptoms and does not seem to be jus-
tified as a treatment of MPH by the existing literature.21 We
found epidural saline to be infrequently used by USA practi-
tioners but is still considered to be an option in the treatment
of MPH by 32% of respondents. The use of epidural colloids
and fibrin glue was uncommon and is discussed later. Con-
sistent with its role as the sole definitive treatment of MPH,
we found the EBP to be almost universally used (only 4 re-
spondents stated that they Bnever[ use the EBP). In response to
concerns regarding the quality of the literature surrounding
the EBP,4 more robust supportive evidence has recently been
published.31,32 However, details regarding the performance of
this procedure were noted to vary considerably among practi-
tioners as discussed later.

Miscellaneous measures used in the treatment of MPH
include aggressive hydration and the abdominal binder. Despite
a lack of evidence to support such measures but in agreement
with findings from other comparable surveys,7,18 we found ag-
gressive oral and intravenous fluid administration to be common
in the treatment of MPH. Abdominal binders increase intra-
abdominal pressures and may improve the symptoms of MPH
but are poorly tolerated and unlikely to influence the natural
history of the disorder. We found the abdominal binder to be
infrequently used by USA practitioners but is still considered to
be an option in the treatment of MPH by 29%.

Conduct of the EBP
The optimal timing of the EBP has long been a matter of

debate. Many practitioners prefer to delay the EBP, as illustrated
by a report that in 1999 only 42% of EBP in the United Kingdom
were performed within 2 days of delivery33 and, more recently,
by 71% of UK maternity units performing the EBP only Bafter
the failure of conservative measures.[7 A 1996 survey of UK
neurological departments found that only 8% would consider the
EBP before 72 hrs had passed after lumbar puncture.34 Safa-
Tisseront et al,35 in a prospective, uncontrolled, observational
study, found a delay of less than 4 days from dural puncture
before performing an EBP to be an independent risk factor for
failure of the procedure. Yet, Safa-Tisseront et al were careful to
state that failure of the EBP may be primarily related to the
severity of the CSF leak and that their study should not be
grounds for delaying the EBP. In our survey, although practice
was noted to vary widely, most respondents usually waited
at least 24 hrs from the onset of symptoms before performing
the EBP. Similarly, we observed that in the event of a failed
EBP, an even greater majority would wait at least 24 hrs before
performing a second EBP. This practice is in general agree-
ment with Sandesc et al32 who concluded in a recent pros-
pective, randomized, double-blind study that there was no
reason to delay the EBP for more than 24 hrs after diagnosis
of severe MPH.

Conceptually, the volume of blood used for the EBP should
be sufficient to form an organized clot over the meningeal defect
as well as produce some degree of epidural tamponade.3 When
performing the EBP, anesthesiologists commonly inject as much
blood as was drawn (usually around 20 mL) or until the patient
complains of discomfort or fullness in the back. In their large
study of the EBP, Safa-Tisseront et al35 used a mean blood vol-
ume of 23 T 5 mL. Yet studies designed to determine the ideal
volume of blood have generally failed to find better results with
volumes greater than 10 mL.36,37 Despite these uncertainties, we
found the volume of blood used by USA anesthesiologist to be
relatively uniform (16Y20 mL).
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To allow for clot organization and regeneration of CSF
(approximately 0.35 mL/min), it is common practice to have
patients remain recumbent after the EBP. However, the optimal
duration of bed rest after an EBP is unknown. Although
maintaining patients in the decubitus position for 2 hrs has been
reported to result in a more complete resolution of MPH
symptoms,38 this was the practice for only 8.6% of respondents
to our survey (with 28.6% keeping patients recumbent for only
e30 minutes).

Use of Materials Other Than Blood for
Epidural Patch

Various concerns regarding the EBP have led to the use of
materials other than blood for epidural patch. Although pub-
lished experience is limited to case reports and small series,
several reports have suggested that use of these materials may be
gaining wider acceptance. A 1997 French postal survey found
11.2% of maternity units reporting routine use of epidural
colloid (usually modified fluid gelatin),18 and more recently,
anesthesiologists at the Hospital Clinic in Barcelona, Spain,
reported epidural dextran-40 to be their primary treatment of
MPH.39 Our survey indicates that use of materials other than
blood as treatment of MPH is uncommon in the United States,
with the clinician’s experience with these materials being
generally, but not overwhelmingly, favorable.

CONCLUSIONS
Clinical practice varies widely after UDP. Our survey

clearly indicates an increase in the use of ITCs in the United
States. Further research is needed to help determine the relative
values of the many measures currently used to prevent MPH
after UDP.

Numerous measures are used to various degrees by USA
anesthesiologists in the treatment of MPH. Some treatment
options (eg, aggressive hydration) are frequently used in the
management of MPH despite being judged to be ineffective by
a consensus of the existing literature. Further study is necessary
to guide clinical practice regarding the optimal management
of MPH.

The EBP remains the cornerstone of treatment of MPH.
Other than the relatively uniform volume of 16 to 20 mL, clinical
practice surrounding this procedure varies. Pending further study,
issues such as the optimal timing and duration of postprocedure
recumbency remain unresolved.

Although perhaps not without merit, the injection of ma-
terials other than blood into the epidural space as treatment of
MPH is uncommon in the United States.
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