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Neuraxial anesthesia is a term that denotes all forms of central blocks, involving the spinal, epidural, and caudal spaces. Epidural
anesthesia is a versatile technique widely used in anesthetic practice. Its potential to decrease postoperative morbidity and mortality
has been demonstrated by numerous studies. To maximize its perioperative benefits while minimizing potential adverse outcomes,
the knowledge of factors aﬀecting successful block placement is essential. This paper will provide an overview of the pertinent
anatomical, pharmacological, immunological, and technical aspects of epidural anesthesia in both adult and pediatric populations
and will discuss the recent advances, the related rare but potentially devastating complications, and the current recommendations
for the use of anticoagulants in the setting of neuraxial block placement.

1. Introduction
Neuraxial anesthesia is the term for central blocks involving
the spinal, epidural, and caudal spaces. While it is now
an invaluable adjunct and even occasionally an alternative
to general anesthesia, its use is not a new phenomenon.
Physicians such as Corning published studies documenting
success with neuraxial blocks as early as 1885 [1]. Even more
ambitious physician-scientists such as Bier became knowledgeable about spinal anesthesia, in particular, through selfinvestigation [2]. It unfortunately was also through this type
of dedication that he became all too familiar with postdural
puncture headaches. Despite its early use, though, much
of the gains we have with neuraxial blocks did not occur
until the early 1900’s. Limitations in this particular area of
anesthesia were limited to lack of drug diversity and a lack of
adequate equipment. Prior to 1904, the only drug available
for neuraxial use was cocaine, and development of epidural
technology was still a ways oﬀ. With a larger drug base and
equipment advancements came an expansion of the role of
neuraxial anesthesia in anesthesia practice.
Excluding the obvious fact that surgical conditions
primarily dictate the type of anesthesia performed, most
operations below the neck can be performed under neuraxial
anesthesia. Various studies have shown a decrease in postoperative morbidity and even mortality when used either

with general anesthesia or alone. Neuraxial blocks have even
been shown to reduce the incidence of venous thrombosis
and pulmonary embolism while also minimizing transfusion requirements and respiratory compromise following
thoracic and upper abdominal surgery. A decreased stress
response has also been noted which may have positive cardiac
benefits such as reduced perioperative and postoperative
ischemia. Despite these proposed advantages of neuraxial
blocks, adverse reactions and complications can occur. These
can range from self-limited back soreness to permanent
neurologic deficits and even death. Because an expansive
review of neuraxial blocks is beyond the scope of this review,
we have chosen to focus our discussion to epidural and
caudal anesthesia. In doing so, we will review pertinent
epidural knowledge, and present cutting edge advances
specific to epidural and caudal anesthesia.

2. Anatomy for Epidural Placement
The anatomy for the placement of an epidural goes beyond
the epidural space itself. It is for this reason that this section
will not only cover anatomy of this space, but also important
surrounding anatomy.
The epidural space extends from the base of the skull
to the sacral hiatus. Its lateral boundaries are the vertebral
pedicles, while the anterior and posterior boundaries are
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the dura mater and ligamentum flavum, respectively. The
contents of the space include fat, lymphatics, and veins with
nerve roots that cross it. Determinants of epidural fat include
age and body habitus with obese patients having the greatest
amount of epidural fat [2]. The amount of epidural fat within
the space is just one of the factors that determine volume
necessary for adequate anesthesia or analgesia.
Veins within the epidural space form a plexus called
Batson’s venous plexus. These veins connect with the iliac
and azygos veins and are significant because of a lack of valves
commonly found in veins. It is the lack of these valves in
conjunction with a compressed inferior vena cava from a
gravid uterus, which results in the venous engorgement of
epidural veins found in parturients.
Traditional thought on epidural anatomy was that it is
one continuous space. A more recent thought is the concept
of it being a potential space with septations or crevices
formed by layering of epidural contents (fat). The anatomic
layering and texture of epidural contents create inconsistent
paths that ultimately make flow through it less uniform [3].
The idea of these septations or crevices forming variable
paths for the flow of a solution is the rationale given for
unilateral or partial epidural blockade [4].
Vertebral spinous processes help define the midline. In
the cervical and lumbar areas they are horizontal, while
in the thoracic vertebrae (specifically T4 through T9) they
are caudally angulated. The space between these caudally
angulated spinous processes are often diﬃcult to access
leading some to favor a paramedian approach to thoracic
epidural placement as opposed to the traditional midline
approach. While the surgical site dictates the level of the
epidural placement, the safest location is one whereby
inadvertent spinal cord damage can be avoided. In adults,
the spinal cord typically ends at the lower border of the L1
vertebra while in children it is at the level of the lower border
of L3. By the age of 8 years, one can safely target the same
lumbar levels for safe epidural placement as in the adult,
while under the age of 7 years, a caudal approach to the
epidural space is safest. One generally accepted landmark for
assessing lumbar level for epidural placement is the superior
aspect of the iliac crest. A horizontal line drawn between the
superior borders of either iliac crest corresponds to the L4
vertebral body or the L4-5 interspace. For thoracic epidural
placement, the inferior border of the scapula is the usual site
of the T7 vertebral body/spinous process, and is typically
used to approximate thoracic level of epidural placement
for thoracic or intraabdominal surgical procedures. The
approximate distance from the skin to the epidural space in
80% of individuals is 4–6 cm with the caveat that thin and
obese patients may vary outside of this range [5].

3. Choices for Epidural Infusions
Local anesthetics are the mainstay of therapy for obtaining
analgesia or anesthesia with an epidural. Understanding the
pharmacology of local anesthetics is therefore paramount.
Specifically, factors such as surgical location and duration,
desire to have a sensory and/or motor block, or the expected
potency and duration of a specific local anesthetic agent
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should be considered prior to placing an epidural block.
The choice of which local anesthetic agent to use can be
categorized based on desired length of action. Regardless
of the class of local anesthetic, these drugs can be divided
into ones that are short, intermediate, or long acting. The
shortest-acting local anesthetic agent is chloroprocaine. Its
short length provides ample anesthesia for short surgical
procedures, and its quick elimination obviates the need for
prolonged recovery room discharges.
Lidocaine has traditionally been the agent of choice
for slightly longer surgical procedures that require an
intermediate-acting local anesthetic. In place of lidocaine,
some centers have also adopted the use of mepivacaine for its
longer length of action with a similar onset profile. The intermediate length of action of either agent can be prolonged by
the addition of epinephrine. Of note is the potential for an
increased incidence of hypotension due to venous pooling
from the beta eﬀects of epinephrine containing solutions.
This phenomenon seems to be especially true of patients
receiving lumbar epidural analgesia.
Longer-acting local anesthetics used for epidural blockade typically consist of either bupivacaine or ropivacaine in
varying concentrations. Greater concentrations of either will
produce a greater motor block in addition to the sensory
block that is typically desired. Ropivacaine, an analog of
mepivacaine, has a lesser intense and shorter duration of
motor block in addition to a lower toxicity profile than
an equipotent dose of bupivacaine [6]. The cardiac toxicity
profile of bupivacaine is the highest among all the choices of
local anesthetics. It is due to a high degree of protein binding
and a greater blocking eﬀect on cardiac sodium channels.
Multiple attempts have been made to find various additives to improve the onset and duration of an epidural block.
Alkalinization with sodium bicarbonate has proven eﬀective
in a dose of 1 mEq/10 mL local anesthetic for chloroprocaine,
lidocaine, or mepivacaine. A lower concentration of sodium
bicarbonate (0.1 mEq/10 mL of local anesthetic) is necessary
for bupivacaine and ropivacaine due to the potential of
precipitation with higher concentrations. The addition of
epinephrine to a local anesthetic increases the duration of
action by decreasing the vascular absorption. While this
phenomenon has been shown to be true with the shortand intermediate-acting local anesthetic agents, it appears
to be less eﬀective with longer-acting agents. With the
low doses typically used in the epidural space, the overall
cardiovascular response seems to be vasodilation (causing a
decrease in mean arterial pressure), in addition to an increase
in heart rate and contractility. These eﬀects ultimately result
in maintenance of cardiac output. Phenylephrine has also
been used to prolong the eﬀects of neuraxial local anesthetics.
In contrast to the use of epinephrine in the epidural
space, it causes an increase in peripheral vascular resistance
without the added benefits of an increase in chronotropy
or contractility. The resulting drop in cardiac output is the
reason most anesthesiologists avoid phenylephrine in the
epidural space.
Opioids remain the analgesic adjuvant of choice for augmenting the eﬀects of local anesthetics in the epidural space.
Epidural administration of fentanyl intraoperatively has been
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shown to significantly reduce volatile agent requirements by
more than twofold in some instances [7]. Despite the benefits
of neuraxial opioids, side eﬀects do occur. Some of the more
common side eﬀects are pruritus (specifically in the midfacial area), nausea, and urinary retention. Hypotension can
also occur which is attributed to the reduction of sympathetic
outflow via opioid receptors in the sympathetic ganglia.
Another class of analgesic adjuvants includes alphaadrenergic agonists. Clonidine is the main drug used in
this class due to its production as a preservative-free preparation. The eﬀects of epidurally administered clonidine
are seen as early as 20 minutes after injection, with peak
eﬀects occurring in 1 hour. The analgesic potency has been
described as being comparable to epidurally administered
morphine [8]. Adding clonidine to opioids in the epidural
space has an additive eﬀect, which results in a lower dose
of narcotic necessary for optimal pain control. This as a
consequence diminishes the incidence of respiratory depression that potentially occurs with neuraxial opioids. Clonidine is lipophilic, and as a result is quickly redistributed
systemically despite neuraxial injection. It therefore has both
central and peripheral eﬀects. At lower doses, the central
eﬀects cause sympatholysis leading to hypotension, while
the peripheral eﬀects at higher doses cause vasoconstriction.
Clonidine administered in the low thoracic or lumbar region
typically produces blood pressure eﬀects similar to that
seen with intravenous administration [9]. When given in
the mid or upper thoracic regions, epidurally administered
clonidine causes an even greater decrease in blood pressure
[10]. This more substantial drop in blood pressure is
attributed to blocking thoracic dermatomes that contribute
to sympathetic fibers innervating the heart. In addition
to the hypotensive potential of clonidine, bradycardia, and
nausea with or without vomiting are also potential side
eﬀects. The cause of bradycardia is twofold. Clonidine has
vagomimetic eﬀects in addition to inhibiting norepinephrine
release. Additional side eﬀects such as sedation and dry
mouth are possible, but seem to be dose related. Even
more esoteric compounds such as neostigmine, ketamine,
ketorolac, midazolam, and dexamethasone are being studied
with hopes to develop additional tools to supplement or
even replace the neuraxial analgesia and anesthesia of local
anesthetics. While this discussion focuses on epidural use
of these agents, their clinical use may have far greater
application. Current studies are not only investigating these
agents in the acute pain setting, but are also for use in various
chronic pain disorders.

4. The Effect of Anesthetic Technique on
Immune Function
Surgery is associated with a wide range of metabolic, endocrine, hematological, and inflammatory/immunological
responses, known collectively as surgical stress response.
Surgical stress response has been identified as a major
factor accounting for perioperative immune suppression
[11]. The extent to which this adaptive response can be
modified appears to be dependent on the anesthetic and
analgesic technique used, and with regards to postoperative
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outcomes, has been extensively studied [12, 13]. There
is evidence that regional anesthesia, particularly epidural
blockade, attenuates or inhibits surgical stress by blocking
aﬀerent neural stimuli from reaching the central nervous
system, as well as by blocking the eﬀerent activation of the
sympathetic nervous system [14, 15]. The nervous system
accounts for the main common pathway mediating the
surgical stress response [16]. Immune response is subject
to neuroendocrine regulation and elicits neuroendocrine
changes [17], augmenting or blunting the neuroendocrine
response. It therefore aﬀects postoperative immune function,
and ultimately long-term outcomes [18, 19].

5. Perioperative Immunosuppression and
the Impact of Anesthetic Technique on
Postoperative Outcomes
Impaired perioperative immunity is related to the neuroendocrine stress response. Evidence suggests that the factors
that are associated with immunosuppression during surgery
are surgical stress response, general anesthesia, and opioid
analgesia.
Surgical trauma in itself induces the release of catecholamines, adrenocorticotropic hormone, and cortisol,
depresses cell-mediated immune responses including natural
killer cell and cytotoxic T-cell function [13, 19–21], and
promotes tumor vascularization [22, 23]. Additionally, risk
factors, such as pain [24], blood transfusion [25], hypothermia [26], and hyperglycemia [27], further impair immunity.
Pain activates the HPA axis, and may induce accelerated
lymphocyte apoptosis [28]. Hypothermia impairs neutrophil
oxidative killing by causing thermoregulatory vasoconstriction and thus decreasing oxygen supply [29]. Perioperative
hyperglycemia impairs phagocytic activity and oxidative
burst, as there is less NADPH available due to the activation
of the NADPH consuming polyol pathway [30–32]. Earlier
studies suggested that cell-mediated immune function [33,
34] is reduced by allogenic blood transfusion. Transfusion
has more recently been suggested to facilitate host Th 2 cells
to produce immunosuppressive IL-4 and IL-10; however, the
exact mechanism of causality is yet unclear [25].
General anesthesia is also considered to be immunosuppressive, either by directly aﬀecting immune mechanisms,
or by activating the hypothalamic-pituitary-adrenal (HPA)
axis and the sympathetic nervous system [12, 29]. Volatile
anesthetics, by mechanisms that are only partially elucidated,
impair NK cell, T cell, dendritic cell, neutrophil, and
macrophage functions. Furthermore, opioid analgesics were
found to inhibit both cellular and humoral immune function
in humans [35, 36]. Melamed and colleagues showed that
ketamine, thiopental, and halothane, but not propofol, had
inhibitory eﬀects on NK cell activity and increased metastatic
burden in rats [37].
Opioids suppress the innate and adaptive immune
responses [38, 39]. While neural and neuroendocrine
responses are also involved [40], the presence of opioidrelated receptors on the surface of immune cells increases
the likelihood of a direct immune-modulating eﬀect [41]. De

4
Waal and colleagues found diﬀerent opioids to have diﬀering
immunosuppressive eﬀects [42]. Synthetic opioids, however,
do not appear to attenuate immune response [43, 44].
These immunosuppressive factors occur simultaneously
during surgery and in the immediate postoperative period.
The perioperative period is therefore a decisive period
during which interventions that promote host defense may
especially benefit the patient [11]. This may be of particular
interest in patients undergoing tumor resection. While
surgery is essential to reduce tumor burden, and among
various treatment options, it is considered to be the most
eﬀective treatment for solid tumors; a rapid spread and
growth of malignant tissue is often observed after tumor
resection [45]. Cancer surgery, even with the best technique,
is usually associated with dissemination of malignant cells
through the lymphatics and the systemic circulation, and, at
the time of surgery, many patients have already established
micrometastases [46]. The clinical manifestation of this
minimal residual disease is a function of both the host
immune competence (particularly NK cell function) and the
tumor’s proliferative and angiogenic abilities [22, 23, 45, 47].
Regional anesthesia reduces the amount of intraoperative
general anesthetics required, has opioid sparing eﬀects, and
markedly attenuates the neuroendocrine stress response to
surgery as well as preserving NK cell function and Th 1 cell
activity better than general anesthesia [48]. It is hypothesized
that regional anesthesia and analgesia help preserve control
of tumor progression. Modification to anesthetic management might thus reduce the risk of recurrence [18].

6. Imaging Techniques during
Epidural Catheterization
Identifying the epidural space and correct needle positioning
is often challenging for the novice anesthesiologist. Epidural
catheter placement is thought to be among the most diﬃcult
techniques to acquire [49], with a success rate of as low as
60% at the first attempt [50], and an overall success rate
of nearly 90% [51]. Factors contributing to the success or
failure of catheter placement can be surgery related, as the
type of surgery determines the specific region of the vertebral
column for block placement [52]; patient dependent, such as
body habitus, presence or absence of identifiable anatomical
landmarks, or spinal anatomy; or operator dependent, such
as the degree of personal experience, patient positioning,
needle size, or the use of conventional “blind” versus
imaging-guided techniques [53]. Previous reports suggest
that the conventional “loss of resistance” technique used in
the thoracic and lumbar region may have a false-positive
success rate of as high as 30%, and, although generally
considered reliable for epidural anesthesia, when used as
a sole tool, this clinical sign may not oﬀer the same
potential to accurately identify the epidural space, as when
complemented with an imaging tool [54, 55]. Visualization
of the interlaminar space, accurate estimation of the depth to
the epidural space, and optimal needle insertion angle are
known to facilitate epidural block placement [50, 56, 57].
With the rapidly evolving imaging technology, there has
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been an increasing interest in the use of various imaging
tools, to improve success rates of neuraxial blocks. Several
studies have shown the usefulness of both ultrasound guided
and fluoroscopically guided catheter insertion techniques
[49, 58, 59].
6.1. Ultrasound Guided Epidural Catheter Placement. Ultrasound is a radiation-free imaging tool that is now widely
used in clinical practice. The first successful sonographic
measurement of the epidural space dates back to the
1980s, when Cork and colleagues [60], and Currie [61]
were able to localize and estimate the distance from the
skin to the epidural space. More recently, Bonazzi and de
Gracia identified the ligamentum flavum in the lumbar
vertebral region [62]. Technical improvement in sonographic
visualization, such as the ability to digitally depict anatomical
structures at high resolution, has much increased the clinical
feasibility of ultrasound in epidural catheter insertion and
visualization [57, 58]. The increasing popularity of this
technique over the past three decades has been attributed
to a more accurate estimation of epidural space depth, a
more optimal determination of the needle insertion point,
and insertion angle particularly in cases of diﬃcult anatomy
(such as obesity, especially during obstetric anesthesia, or
scoliosis), or the presence of implanted hardware [63], and
reduced failure rate [56]. While the use of ultrasound oﬀers
a greater likelihood of successful catheter placement in the
obese patient, morbid obesity may pose technical diﬃculties
to the visualization of the vertebral anatomy and the epidural
space.
Besides the obvious benefits of this radiation-free technique compared to the conventional “blind” method, there
are disadvantages of ultrasound use in the setting of
epidural block placement. Technically, it can be diﬃcult to
simultaneously stabilize and advance the Tuohy needle, and
maintain the acoustic window, holding the ultrasound probe
in the optimal position. Also, it can be diﬃcult to maintain
continuous visualization of the Tuohy needle tip during
advancement. The use of ultrasound in adults is helpful
for anatomical identification, but there is limited published
evidence available for the same degree of usefulness of real
time needle insertion, compared to the pediatric population.
A recent study by Belavy and colleagues, evaluating the
feasibility of real-time 4D ultrasound for epidural catheter
placement in cadavers, found that 4D ultrasound potentially
improves operator orientation of the vertebral column at
the cost of needle visibility and resolution [64–67]. Slight
discrepancy between the sonographically and clinically measured epidural space depth should be anticipated, likely due
to factors such as tissue deformation during needle passage,
deviation from the midline, and deviation from the 90 degree
insertion angle that has been found to most precisely correlate with the sonographically measured skin-epidural space
distance. When compared to the fluoroscopic visualization,
ultrasound guidance does not oﬀer the advantage of placing
the epidural catheter exactly at the desired vertebral level;
also, the depth of the inserted needle may not always be
adequately assessed.

Anesthesiology Research and Practice
6.2. Fluoroscopically Guided Epidural Catheter Placement.
The usefulness of fluoroscopic guidance in epidural block
placement in various regions of the vertebral column has
been established [49, 55, 61]. Previous studies have shown
that more than 50% of lumbar epidurals, in the absence
of appropriate imaging tools, were actually performed at a
level other than the one predicted [68]. A study by Renfrew
and colleagues found that caudal blocks without the use of
fluoroscopy resulted in a 52% incidence of erroneous needle
placement [69], likely due to the subfascial compartment that
provides low resistance to injection. Fluoroscopic guidance
oﬀers the advantages of precise needle angulation and
localization of the catheter at the targeted vertebral level even
in the presence of diﬃcult or unreliable surface anatomy, as
well as accurate identification of the epidural space, or the
assessment of injectate dispersal, with the use of contrast dye
to confirm the epidural placement. These factors may also
obviate complications [59]. Fluoroscopy therefore improves
the success rate of epidural block and provides a reliable
delivery of therapeutic substances into the epidural space;
however, both the patient and the operator are exposed to
radiation. Furthermore, this method may only be safe in
patients without contraindication to the use of contrast dye
or radiation itself.
While the use of imaging tools for epidural catheter
placement is gaining increasing popularity for their potential
to increase success rate and reduce complications, the
potential risks and benefits of these methods should be
thoroughly assessed, and the choice of imaging technique
should be determined on an individual basis. It should
be remembered that the use of ultrasound guidance does
not eliminate the need for using the conventional “loss of
resistance” technique, and it is as important as when using
the blind insertion technique.

7. Considerations in the Pediatric Population
With the development of advanced skills with ultrasound,
guided techniques has attracted an increased interest in its
use for neuraxial blocks. The benefits of identifying anatomy
and directly visualizing needles and catheters, as found with
peripheral blocks, can be of great value for improved success
and confirmation of neuraxial blocks. Because of the large
variation of each patient’s body habitus due to age, it can
be diﬃcult to predict the puncture depth to reach either the
epidural or intrathecal spaces [70].
In pediatric population, checking the anatomy with the
ultrasound before and during performing the procedure
gains and assures a lot of success. Visualization is clearer
than in the adult population due to less ossification of
the vertebral column and easiness to predict the epidural
and/or the intrathecal spaces. Loss-of-resistance technique
to identify the epidural space can be very challenging in
neonates due to presence of less fibrous tissue limiting the
tactile feedback [71].
Visibility of the spread of fluid is a promising technique
during injection through the needle and catheter, which
could confirm the position. Using an epidural electrical
stimulation test is another method but the clinical value of
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electrical stimulation in caudal needle placement has not
been extensively studied [72].
7.1. Caudal Needle and Catheter Placement under Ultrasound.
Caudal anesthesia is one of the most popular regional
blocks in the pediatric population to provide perioperative
analgesia. Placement of a single shot caudal block or a
lumbar/thoracic epidural catheter achieved through the
caudal epidural space is an advanced skill. This technique
becomes even more complex when considering variation
in patient age, weight, and varying levels of bone ossification. Ultrasound guidance for this procedure is helpful
in identifying the underlying anatomic structures. The
ones most commonly of interest include the sacral hiatus,
sacral cornua, coccyx, and sacrococcygeal ligament. While
probe orientation can be done using either a transverse or
longitudinal view of the midline, it is typically best to orient
and assess landmarks prior to performing the procedure
(Figures 1, 2, 3, 4, and 5).
When introducing a catheter into the caudal space to
reach the lumbar or thoracic spine, a technique similar
to the above is used for cannula placement. The catheter
can then be directly visualized during advancement with
the ultrasound at each level of the spine above the sacrum
(Figures 2(a), 2(b), and 3).
As is the case during the assessment, either the longitudinal or transverse axes can be used to visualize the underlying
structures and catheter position.
Confirmation of catheter placement can be performed
through visualization of local anesthetic spread as well
as through direct visualization of the catheter within the
epidural space. Catheter tip visibility may be improved with
the injection of a bubble-based fluid or local anesthetic
spread and a swoosh test (using a stethoscope to listen to fluid
movement).
7.2. Tunneling of Caudal Epidural Catheter. Bacterial colonization is regarded as a causative factor for infectious
complications of caudal catheters in children [73]. In addition to the routine measures of wearing personal protective
equipment (hats, masks, and gloves), prepping the area with
an alcohol-based solution, and maintaining a sterile field,
another option is to tunnel the catheter after placement. A
small subcutaneous placement of the proximal portion of the
catheter not only decreases the length of tubing potentially
exposed to contamination, but it also helps in gaining a more
secure catheter placement. Both of these features become
especially advantageous in prolonged epidural catheter use.

8. Complications of Epidural Anesthesia
Epidural anesthesia and analgesia are generally considered
to be safe with regards to adverse post procedural events, as
their complications, resulting in permanent deficits, are rare.
Besides their indications and obvious benefits, knowledge of
adverse outcomes should also comprise an essential part of
clinical decision making.
Complications of central neuraxial blockade, much
depending on the experience in patient management, as well
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Figure 1: Placing the probe transverse plane at the coccyx, the
sacral cornua (represented in white arrows heading down) are
viewed laterally as humps. Sacral hiatus is located between an upper
hyperechoic line, representing the sacrococcygeal membrane or
ligament and an inferior hyperechoic line representing the dorsum
of the pelvic surface of the sacrum (bidirectional sided arrow).
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Figure 3: Caudal epidural catheter passing through Angiocatheter
in the epidural space.
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Figure 4: Longitudinal view at the thoracic spine level, viewing
the advancement of the caudal epidural catheter. Curved lines
show spinous processes. Arrows show epidural catheter in between
spinous processes.
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Figure 2: (a) Placing the probe longitudinally between the sacral
cornua will capture the dorsal surface of the sacrum, the dorsal
aspect of the pelvic surface of the sacrum, and the sacrococcygeal
ligament. Angiocatheter penetrated the sacrococcygeal ligament
and lies in the epidural space. (b) Local Anesthetic spread through
Caudal Angiocatheter in caudal epidural space.

as materials, equipment, and the presence of risk factors,
have been reported to occur at various frequencies [74, 75].
An epidemiologic study conducted in Sweden over a period
of 10 years revealed an increasing trend (1 in 10,000 neuraxial
anesthetics) of severe complications after central neuraxial
blockade [74]. Relatively recent literature suggests that most

of these occur with the perioperative use of epidural block
[74, 76]. The incidence of major complications (permanent
harm including death) of epidural and combined spinalepidural anesthesia were at least twice as high as those of
spinal and caudal blocks, as reported by Cook and colleagues.
This study also found that the incidence of epidural catheterrelated serious morbidity and mortality was higher when
blocks were placed in the perioperative setting, as opposed
to catheter placement in obstetric and pediatric populations,
when inserted for chronic pain management, or when placed
by non-anesthetists [77]. While prognosis is infrequently
reported, retrospective reviews report full recovery in 61–
75% of patients, epidural hematoma accounting for twothirds of residual neurological deficits [77, 78]. Serious
complications, if not recognized and treated at an early
stage, may thus result in permanent loss of function [74,
79]. With regards to the timing of catheter placement,
there is still substantial controversy: while many anesthesia
providers believe that epidural catheters should be placed
in awake or mildly sedated patients capable of providing
feedback [80], Horlocker’s retrospective review found no
evidence of an increased risk for neural injury in anesthetized patients receiving epidural anesthetic [81]. Thoracic
epidural placement, however, should never be attempted
on an anesthetized patient. Having increasingly become
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Figure 5: Longitudinal view at the lumbar spine. Visualization of
the local anesthetic spread confirmed the position.

the focus of attention, and as a result of both meticulous
adherence to sterile, atraumatic catheter insertion technique
and management, as well as careful risk-benefit assessment,
major complications of epidural anesthesia are now rare,
particularly those not involving infection or bleeding, and
many resolving within 6 months [74]. The estimation of
the incidence of all adverse outcomes, however, is often
inaccurate.
Complications may occur early if related to traumatic
catheter insertion, or later in the operative-postoperative
course if caused by catheter-related spinal space-occupying
lesions such as epidural hematoma or abscess formation,
and are infrequent among the general population. Although
its incidence is lower than when associated with spinal
anesthesia [80], transient neurological injury has been found
to account for the majority of short-term epidural catheter
related complications (1 in 6,700) in a meta-analysis by
Ruppen and colleagues, followed by deep epidural infections
(1 in 145,000), epidural hematoma (1 in 150,000–168,000),
and persistent neurological injury (1 in 257,000) in women
receiving epidural catheter for childbirth [82, 83]. Spinal
epidural hematoma, however, has been recently suggested
to occur in a rate as high as 1 in 3,600 in female patients
undergoing knee arthroplasty [74, 84, 85]. These findings
were consistent with those previously reported in the ASA
Closed Claims Project database analysis by Lee et al; however,
limitations of that study design and database do not allow
risk quantification specific to regional anesthetic techniques
or populations [86].
Adverse events may result from direct mechanical injury
or adverse physiological responses. Neurological complications resulting from accidental penetration of the dura are
similar to those that occur with spinal anesthesia. Inadvertent dural puncture and postdural puncture headache,
direct neural injury, total spinal anesthesia, and subdural
block have been commonly reported. The incidence of
inadvertent dural puncture ranges between 0.19–0.5% of
epidural catheter placements. Postdural puncture headache
(PDPH), described as a positional, bilateral frontal-occipital,
nonthrobbing pain, may develop in as much as 75% of
patients [87–89]. PDPH is thought to develop as a result
of persistent transdural leakage of cerebrospinal fluid (CSF)
at a rate that is faster than that of CSF production. The
subsequently decreasing CSF volume and pressure causes
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traction on the meninges and intracranial vessels, which
refer pain to the frontal-occipital region, often extending to
the neck and shoulders, more pronounced in the upright
position. Available measures of prevention besides conservative measures are immediate intrathecal catheter placement,
prophylactic epidural blood patch, epidural or intrathecal
administration of saline, and epidural administration of
morphine [90]. Direct neural injury has a reported incidence
of 0.006% [82], and has been associated with paresthesias
during needle placement and pain on injection [80]. Total
spinal anesthesia may occur if the solution used for epidural
anesthesia is inadvertently administered into the intrathecal
space in large volumes. Symptoms are of a rapidly arising
subarachnoid block, potentially resulting in cardiovascular
collapse and apnea requiring prompt resuscitation. Provided
that immediate, skilled resuscitative eﬀorts are made, complete recovery should be expected [91]. While clinically not
always distinguishable from epidural blocks, the incidence
of clinically recognized subdural block was found to be
0.024% in a prospective study [92]. A subdural block may
present as high sensory block, often with sparing of motor
and sympathetic fibers, is slow in onset, and the blockade
is disproportionately extensive for the volume of anesthetic
injected. Clinical signs and symptoms may be mistaken
for accidental intrathecal injection, migration of epidural
catheter, or an asymmetrical, patchy or inadequate epidural
block. Subdural placement is thought to occur independently
of the operator’s expertise. Although there are no established
risk factors, recent lumbar puncture and rotation of the
needle may predispose to subdural injection [93].
Hemorrhagic complications are serious adverse outcomes that may arise from neuraxial anesthesia. Epidural
hematoma is a rare, but potentially devastating, complication
that requires emergency decompression in case of clinical
deterioration. It is rarely attributed to an arterial source,
and can develop spontaneously [94, 95]. While paralysis may
occur even after hematoma evacuation, it is still not precisely
understood why several of the spinal epidural hematomas
associated with concurrent anticoagulant use involving less
blood than the volume injected when performing a therapeutic blood patch [85]. Clinically significant bleeding is more
likely with congenital or acquired coagulation abnormalities,
thrombocytopenia, vascular anomalies or anatomical abnormalities, advanced age and female gender, repetitive attempts
at catheter insertion, and traumatic block placement [74, 96–
98]. The risk is reported to increase 15-fold when there
is a concomitant use of anticoagulants, and appropriate
precautions are not taken [85]. Appropriate timing of
anticoagulant administration is important in decreasing the
risk of bleeding [99]. The commonest presenting symptoms
of spinal epidural hematoma are new back pain, radicular
pain, and progressive lower extremity weakness. Symptoms
rarely present immediately after surgery, but may develop
while the catheter is still in place. These symptoms can
occur 15 hours to 3 days after catheter insertion [78, 98].
The diagnostic investigation of choice is MRI. A delay in
diagnostic imaging may lead to devastating outcomes, and
is a common error, as manifesting neurological symptoms
and back pain may be attributed to the use of epidural
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infusion and a prolonged eﬀect of local anesthetic, and to
musculoskeletal origin [78, 100]. Cauda equina syndrome
due to hematoma formation, a rare complication with a
reported incidence of 2.7/100,000 epidural blocks, was found
to result in permanent deficit in more than two-third of the
cases [74]. Classic manifestation is low back pain, altered
proprioception and decreased sensation to pinprick and
temperature in the lumbar and sacral nerve distribution,
voiding and defecation disturbances, and progressive loss of
muscle strength. Outcomes are primarily function of interval
to hematoma evacuation and the severity of the neurological
deficit, and are favorable if decompression is performed
within 8 hours of the development of symptoms [98].
Epidural catheter related infections are rare complications both in adult and in pediatric patients. A retrospective database analysis by Sethna et al. found an
expected incidence ranging between 3–13/10,000 catheters
in children [101]. Epidural abscess and meningitis has
been reported to occur in 1 : 1000 and 1 : 50,000 catheter
placements, respectively [74]. Although epidural catheters
are placed under aseptic conditions, needle or catheter
contamination does occur even during aseptic puncture and
sterile handling of devices [102]. Of patient risk factors, skin
colonization at the puncture site and bacterial migration
along the catheter is proposed to be the most likely route of
infection; however, immunosuppression [74, 103], diabetes
mellitus [104], chronic renal failure, steroid administration,
cancer, herpes zoster, rheumatoid arthritis [105], systemic
or local sepsis, and prolonged infusion duration are also
identifiable risk factors. The rate of skin colonization at
puncture sites is reported to be higher in children than
in adults, with an overall incidence as high as 35% [101].
The incidence of infection increases after three days [106].
The classic presentation signs and symptoms are severe
midline back pain, fever, and leukocytosis, with or without
neurological symptoms (worsening lower limb weakness and
paraplegia, incontinence, irradiating pain, nuchal rigidity,
and headache). Symptoms commonly appear after removal
of the epidural catheter [78]. Neurological deficits have
been found to be persistent in more than 50% of patients
developing epidural abscess [105]. Barrier precautions, skin
disinfection [107], as well as the use of closed epidural
system, and patient-controlled epidural analgesia [101] have
been suggested as ways to decrease the incidence of epidural
catheter-associated infections. Frequent syringe changes, on
the other hand, may be associated with a higher rate of
epidural infections [108]. Frequently implicated infecting
organisms are Methicillin-resistant Staphylococcus aureus
(MRSA), Staphylococcus aureus, and Coagulase-negative
Staphylococcus [101, 109]. Outcomes are favorable when
diagnosed and treated promptly. Adhesive arachnoiditis, presenting in various forms, is a sterile inflammatory response
to accidental subarachnoid injection of local anesthetics,
preservatives, detergents, or antiseptics [110–112], and has
also resulted from traumatic puncture or epidural abscess.
Medical literature suggests an extremely low incidence [113,
114].
Complications of epidural anesthesia are rare events
that may result in detrimental sequelae. Strict adherence
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to prophylactic measures and treatment without delay is
essential to further lower the incidence of adverse outcomes.

9. Epidural Anesthesia and
Thromboprophylaxis
Some controversy exists with regards to reduced coagulation
and neuraxial anesthesia and challenges are emerging as
new agents are introduced into clinical practice. Spinal
epidural hematoma, although still considered to be a rare
complication occurring at a previously reported rate of less
than 1 in 150,000 epidural and less than 1 in 220,000 spinal
anesthetics in patients with normal coagulation status, is
now suggested to occur in a rate as high as 1 in 3,000
in some patient populations [84, 85]. Patients receiving
antithrombotic or antiplatelet therapies are more at risk for
this potentially dramatic adverse event, in particular after
invasive procedures [98]. In the United States, the estimated
incidence of spinal epidural hematoma with concurrent
administration of antithrombotic drugs (low molecular
weight heparins) is 1 : 40,800 for spinal anesthesia, 1 : 6,600
for single-shot epidural anesthesia, and 1 : 3,100 for continuous epidural anesthesia [85]. Risk factors for epidural bleeding were established as coagulation disorders, antithrombotic
or fibrinolytic therapy, or the use of any agents interfering
with coagulation, female gender, age, diﬃcult vertebral or
spinal cord anatomy, diﬃcult or traumatic catheter insertion,
and lack of guidelines [96, 98, 115, 116]. Catheter removal
carries nearly the same risk as insertion [98]. Appropriate
time intervals between the administration of anticoagulants,
neuraxial block placement, and catheter removal are crucial
in the prevention of hematoma formation [117, 118].
The American Society of Regional Anesthesia and Pain
Medicine (ASRA), and more recently, the European Society
of Anaesthesiology (ESA) published their consensus statements on neuraxial anesthesia and the use of antithrombotic
and thrombolytic agents [99, 119]. While providing guidelines in clinical decision making, and having the aim of minimizing hemorrhagic complications, these recommendations
do not guarantee a specific outcome, and allow of variations
based on the judgment of the anesthesiologist. The guidelines
of the American Society of Regional Anesthesia and Pain
Medicine and the European Society of Anaesthesiology are
based on previously published national recommendations,
hematology, pharmacology, and risk factors for surgical
bleeding, and incorporate updated information since the
time of their publication.
With regards to epidural catheter placement, the ASRA
recommends that patients receiving thrombolytic therapy
be queried and their medical records reviewed for a recent
history of lumbar puncture or neuraxial analgesia. Neuraxial
anesthesia should be avoided, or, if received concurrently
with the fibrinolytic/thrombolytic therapy, close neurological monitoring should be continued along with the
administration of neuraxial solutions that minimize sensory
and motor block. There is no definitive recommendation for
epidural catheter removal in patients receiving fibrinolytic
and thrombolytic therapy. Thrombolytics, if scheduled,
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should be avoided for 10 days after puncture of noncompressible vessels [99].
Patients receiving unfractionated heparin (UFH) thrice a
day, if recommended by recent thromboprophylaxis guidelines, may be at an increased risk of surgical-related bleeding. The ASRA recommends that the patient’s—potentially
simultaneous—anticoagulant and antiplatelet medication be
daily reviewed. There is no contraindication to epidural
blockade in patients receiving subcutaneous UFH prophylaxis at daily doses of 2 × 5000 U. The risk of bleeding
may be increased in debilitated patients receiving prolonged
therapy, and may be decreased by delaying the heparin
injection until after neuraxial block placement. The safety of
central neural block in patients receiving subcutaneous UFH
in a dosing regimen of more than 10,000 U daily has not
been established, and an increased risk of a spinal epidural
hematoma has also not been elucidated. Patients receiving
heparin for greater than 4 days should be assessed for
heparin-induced thrombocytopenia (HIT). In patients with
known coagulopathies, combining neuraxial techniques with
intraoperative heparinization should be avoided however,
this technique is acceptable in patients with no other
coagulation disorders, if
(1) heparin administration is delayed for 1 hour after
puncture,
(2) epidural catheters are removed 2 to 4 hours after the
last heparin dose and the patient’s coagulation status
is assessed. the next heparin dose may be administered 1 hour after catheter removal,
(3) patient is closely monitored for early signs of neurologic dysfunction while receiving neuraxial solutions
that minimize sensory and motor block postoperatively.
Per the ASRA guidelines, in contrast with the ESA
recommendations that suggest considering postponement of
the procedure, diﬃcult or traumatic block placement should
not necessarily prompt postponing surgery; however, the
potential benefits should be carefully weighed against all
potentially detrimental outcomes in each individual. With
regards to the full anticoagulation of patients undergoing
cardiac surgery, the ASRA finds insuﬃcient evidence available to determine an increased risk of neuraxial hematoma.
Close postoperative monitoring of neurologic function, as
well as administration of neuraxial solutions that minimize
sensory and motor block to facilitate detection of signs
and symptoms of cord compression, is however suggested
[99, 119].
Patients on low molecular weight heparin (LMWH)
anticoagulation have not been found to be at an increased
risk of bleeding in high-risk groups, contrasting with
patients receiving UFH-thromboprophylaxis. Also, compared to UFH, LMWH-therapy has been associated with
a significant decrease in the risk of HIT, as demonstrated
by Warkentin and colleagues [120]; nonetheless, LMWHs
are contraindicated in such condition due to the high level
of cross-reactivity. To avoid an elevated risk of bleeding
complications, an interval of 10 to 12 hours between
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preoperative LMWH administration at prophylactic doses
and needle placement or catheter removal is recommended.
Administration of LMWH the night before surgery does
not thus interfere with epidural block placement on the
day of surgery. In patients on therapeutic doses of LMWH,
catheter placement should be delayed for a minimum of
24 hours after the last dose. Patients undergoing general
surgery and receiving LMWH 2 hours prior to surgery are
not ideal candidates for a neuraxial blockade, and are thus
recommended against neuraxial techniques. Patients receiving postoperative LMWH thromboprophylaxis may safely
be administered both single-dose and continuous catheter
techniques. With regards to management, timing of the first
postoperative dose, dosing schedule, and total daily dose
are authoritative. Concerning the management of patients
receiving LMWH, the ASRA recommends against the routine
monitoring of anti-Xa level and concurrent administration
of medication aﬀecting hemostasis, regardless of LMWH
dosing regimen [99, 119].
The management of patients receiving perioperative
oral anticoagulants is still controversial. In the United
States, much like in Europe, therapeutic oral anticoagulation
is considered as a contraindication to central neuraxial
blockade. As opposed to Europe, however, perioperative
thromboprophylaxis is still possible in the United States.
According to the recommendation of the American Society
of Regional Anesthesia and Pain Medicine, warfarin therapy
must be stopped ideally 4-5 days before the scheduled
procedure, and the INR checked before neuraxial block
placement. In patients receiving an initial preoperative
dose of warfarin, INR should be measured before needle
puncture if the administration of the first dose exceeded 24
hours, or if a second dose of such anticoagulant has been
administered. In patients at risk for an enhanced response
to oral anticoagulants, a reduced dose of drug should be
administered. In patients receiving low-dose warfarin during
epidural analgesia, INR should be monitored daily. Epidural
catheters should be removed when the INR is less than 1.5.
If the INR is greater than 1.5 but less than 3, indwelling
epidural catheters should be done with caution. The ASRA
recommends against concurrent use of agents, such as UFH,
LMWH, or platelet aggregation inhibitors, that influence
other components of the clotting system, as these, without
aﬀecting the INR, may increase the risk of bleeding. Medical
records should be reviewed for such agents. Neurologic
testing of sensory and motor function should be performed
routinely during epidural analgesia for patients on oral
anticoagulants, and should be continued for at least 24
hours after catheter removal, until the INR returns to the
desired prophylactic range. In patients with INR greater than
3, the American Society of Regional Anesthesia and Pain
Medicine recommends that the warfarin be held or reduced,
without making a definitive recommendation regarding the
management to facilitate catheter removal in these patients
[99, 119].
Platelet aggregation inhibitors, such as acetylsalicylic
acid, thienopyridines (clopidogrel, ticlopidine, and prasugrel), glycoprotein (GP) IIb/IIIa antagonists (eptifibatide,
tirofiban, and abciximab), the novel ADP P2Y12 receptor
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antagonist ticagrelor, and the selective phosphodiesterase
IIIA inhibitor cilostazol, have diverse eﬀects on platelet
function. No wholly accepted test exists to guide antiplatelet
therapy. It is therefore critical to perform a careful preoperative risk assessment to identify factors that might
potentially contribute to bleeding. Although administration
of nonsteroidal anti-inflammatory drugs (including aspirin)
does not appear to significantly increase the incidence of
hematoma formation, concurrent administration of LMWH,
UFH, or oral anticoagulants resulted in a higher rate of
complications in both surgical and medical patients, their
use along with NSAIDs, including aspirin, is therefore not
recommended. Cyclooxygenase-2 inhibitors have minimal
inhibitory eﬀect on platelet aggregation, and should be
considered in patients requiring anti-inflammatory therapy
in the presence of anticoagulation. The actual incidence of
spinal epidural hematoma related to thienopyridines and
GP IIb/IIIa inhibitors is not known. Management should
be based on labeling precautions and the experience of
professionals involved in the clinical care of the patient.
However, as it has been suggested by recent guidelines,
ticlopidine and clopidogrel therapy should be discontinued
14 and 7days prior to neuraxial block, respectively. If
needle puncture is indicated between 5 and 7 days of
discontinuation of clopidogrel, normalization of platelet
function should be documented. GP IIb/IIIa antagonists
exert a dose-dependent eﬀect on platelet aggregation. After
the last administered dose, the time to normal aggregation
is 4 to 8 hours for eptifibatide and tirofiban, and 24 to 48
hours for abciximab. Neuraxial blockade should be avoided
until normal platelet function is achieved. Should a patient,
despite the contraindication, be administered GP IIb/IIIa
inhibitors within 4 weeks of surgery, careful neurological
monitoring should be performed [99, 119].
Both the ASRA and the ESA guidelines recommend
against the mandatory discontinuation of herbal agents
(most commonly: garlic, Echinacea, Gingko biloba, ginseng,
aloe vera, and ephedra of dwarf palm), neither should
neuraxial techniques be avoided, as there is insuﬃcient
evidence that these, by themselves, significantly increase the
risk for spinal hematoma formation. There is insuﬃcient
evidence to conclude that thrombin inhibitors, such as
lepirudin, desirudin, bivalirudin, or argatroban, are safer
to use in patients receiving spinal or epidural anesthesia;
performance of these techniques in the presence of these
agents is thus not recommended. Until suﬃcient evidence
is available, neuraxial techniques in patients receiving fondaparinux should only be performed if single needle pass,
atraumatic block placement, and avoidance of indwelling
catheters are feasible, or a diﬀerent method of prophylaxis
should be considered [99, 119].

10. Summary
Epidural and caudal anesthesia is a versatile neuraxial
anesthetic technique with an expanding area of indication. It
can be used in the perioperative setting as the sole anesthetic,
or in combination with general or spinal anesthesia. Its
potential to decrease postoperative complication rate by its
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beneficial physiological eﬀects has been clearly demonstrated
in several studies. The absolute contraindications to its use
have traditionally been well defined. Despite its rare, but
potentially devastating complications, neuraxial anesthesia
is considered to be safe. Performing such procedures in the
presence of anticoagulants is however controversial. With
patients presenting with medical conditions that predispose
to clinically significant bleeding and an increased number
of patients taking various anticoagulants, there is greater
concern for an increased incidence of epidural hematomas.
The key to maximizing the advantages while minimizing
the disadvantages of epidural and caudal anesthesia is to
become familiar with the anatomical, physiological, pharmacological, and technical aspects of block placement. The
review and advances discussed here allow both adult and
pediatric populations a form of care that is often considered
indispensable.

Conflict of Interests
The authors declare no conflict of interest.

References
[1] J. Corning, “Spinal anesthesia and local medications of the
cord,” New York Journal of Medicine, vol. 42, pp. 483–485,
1885.
[2] D. Brown, “Spinal, epidural, and caudal anesthesia,” in
Miller’s Anesthesia, R. D. Miller, Ed., pp. 1653–1683, Elsevier,
Philadelphia, Pa, USA, 6th edition, 2005.
[3] Q. H. Hogan, “Lumbar epidural anatomy. A new look by
cryomicrotome section,” Anesthesiology, vol. 75, no. 5, pp.
767–775, 1991.
[4] Q. Hogan, “Distribution of solution in the epidural space:
examination by cryomicrotome section,” Regional Anesthesia
and Pain Medicine, vol. 27, no. 2, pp. 150–156, 2002.
[5] B Deschner, M. Allen, and O. de Leon, “Epidural blockade,”
in Textbook of Regional Anesthesia and Acute Pain Management, A. Hadzic, Ed., pp. 237–269, McGraw–Hill, New York,
NY, USA, 1st edition, 2006.
[6] J. H. McClure, “Ropivacaine,” British Journal of Anaesthesia,
vol. 76, no. 2, pp. 300–307, 1996.
[7] I. Harukuni, H. Yamaguchi, S. Sato, and H. Naito, “The
comparison of epidural fentanyl, epidural lidocaine, and
intravenous fentanyl in patients undergoing gastrectomy,”
Anesthesia and Analgesia, vol. 81, no. 6, pp. 1169–1174, 1995.
[8] A. Tamsen and T. Gordh, “Epidural clonidine produces
analgesia,” The Lancet, vol. 2, no. 8396, pp. 231–232, 1984.
[9] M. De Kock, B. Crochet, C. Morimont, and J. L. Scholtes,
“Intravenous or epidural clonidine for intra- and postoperative analgesia,” Anesthesiology, vol. 79, no. 3, pp. 525–531,
1993.
[10] M. De Kock, “Site of hemodynamic eﬀects of alpha sub 2
-adrenergic agonists,” Anesthesiology, vol. 75, pp. 715–716,
1991.
[11] B. Biki, E. Mascha, D. C. Moriarty, J. M. Fitzpatrick, D. I.
Sessler, and D. J. Buggy, “Anesthetic technique for radical
prostatectomy surgery aﬀects cancer recurrence: a retrospective analysis,” Anesthesiology, vol. 109, no. 2, pp. 180–187,
2008.

Anesthesiology Research and Practice
[12] J. P. Desborough, “The stress response to trauma and surgery,” British Journal of Anaesthesia, vol. 85, no. 1, pp. 109–
117, 2000.
[13] S. Ben-Eliyahu, G. G. Page, R. Yirmiya, and G. Shakhar,
“Evidence that stress and surgical interventions promote
tumor development by suppressing natural killer cell activity,” International Journal of Cancer, vol. 80, no. 6, pp. 880–
888, 1999.
[14] S. C. O’Riain, D. J. Buggy, M. J. Kerin, R. W. G. Watson, and
D. C. Moriarty, “Inhibition of the stress response to breast
cancer surgery by regional anesthesia and analgesia does not
aﬀect vascular endothelial growth factor and prostaglandin
E2,” Anesthesia and Analgesia, vol. 100, no. 1, pp. 244–249,
2005.
[15] H. Kehlet, “Modification of responses to surgery by neural blockade: clinical implications,” in Neural Blockade in
Clinical Anesthesia and Management of Pain, M. Cousins
and P. Bridenbaugh, Eds., pp. 129–178, J. B. Lippincott,
Philadelphia, Pa, USA, 1998.
[16] H. Kehlet, “Surgical stress: the role of pain and analgesia,”
British Journal of Anaesthesia, vol. 63, no. 2, pp. 189–195,
1989.
[17] H. O. Besedovsky, A. E. Del Rey, and E. Sorkin, “Immuneneuroendocrine interactions,” Journal of Immunology, vol.
135, no. 2, pp. 750–754, 1985.
[18] D. I. Sessler, “Long-term consequences of anesthetic management,” Anesthesiology, vol. 111, no. 1, pp. 1–4, 2009.
[19] S. Ben-Eliyahu, G. Shakhar, G. G. Page, V. Stefanski, and K.
Shakhar, “Suppression of NK cell activity and of resistance to
metastasis by stress: a role for adrenal catecholamines and βadrenoceptors,” NeuroImmunoModulation, vol. 8, no. 3, pp.
154–164, 2000.
[20] K. Buttenschoen, K. Fathimani, and D. C. Buttenschoen,
“Eﬀect of major abdominal surgery on the host immune
response to infection,” Current Opinion in Infectious Diseases,
vol. 23, no. 3, pp. 259–267, 2010.
[21] D. J. Buggy and G. Smith, “Epidural anaesthesia and analgesia: better outcome after major surgery?” British Medical
Journal, vol. 319, no. 7209, pp. 530–531, 1999.
[22] M. S. O’Reilly, T. Boehm, Y. Shing et al., “Endostatin: an
endogenous inhibitor of angiogenesis and tumor growth,”
Cell, vol. 88, no. 2, pp. 277–285, 1997.
[23] M. S. O’Reilly, L. Holmgren, Y. Shing et al., “Angiostatin: a
novel angiogenesis inhibitor that mediates the suppression of
metastases by a Lewis lung carcinoma,” Cell, vol. 79, no. 2,
pp. 315–328, 1994.
[24] M. Yokoyama, Y. Itano, S. Mizobuchi et al., “The eﬀects of
epidural block on the distribution of lymphocyte subsets and
natural-killer cell activity in patients with and without pain,”
Anesthesia and Analgesia, vol. 92, no. 2, pp. 463–469, 2001.
[25] S. A. Kirkley, “Proposed mechanisms of transfusion-induced
immunomodulation,” Clinical and Diagnostic Laboratory
Immunology, vol. 6, no. 5, pp. 652–657, 1999.
[26] L. Reynolds, J. Beckmann, and A. Kurz, “Perioperative
complications of hypothermia,” Best Practice and Research,
vol. 22, no. 4, pp. 645–657, 2008.
[27] M. Turina, D. E. Fry, and H. C. Polk, “Acute hyperglycemia
and the innate immune system: clinical, cellular, and molecular aspects,” Critical Care Medicine, vol. 33, no. 7, pp. 1624–
1633, 2005.
[28] G. Delogu, S. Moretti, G. Famularo et al., “Mitochondrial perturbations and oxidant stress in lymphocytes from
patients undergoing surgery and general anesthesia,” Archives
of Surgery, vol. 136, no. 10, pp. 1190–1196, 2001.

11
[29] G. P. Chrousos, F. Epstein, J. Flier, S. Reichlin, and S. Pavlou,
“The hypothalamic-pituitary-adrenal axis and immunemediated inflammation,” New England Journal of Medicine,
vol. 332, no. 20, pp. 1351–1362, 1995.
[30] A. J. Rassias, A. L. Givan, C. A. S. Marrin, K. Whalen, J.
Pahl, and M. P. Yeager, “Insulin increases neutrophil count
and phagocytic capacity after cardiac surgery,” Anesthesia and
Analgesia, vol. 94, no. 5, pp. 1113–1119, 2002.
[31] C. P. Nielson and D. A. Hindson, “Inhibition of polymorphonuclear leukocyte respiratory burst by elevated glucose
concentrations in vitro,” Diabetes, vol. 38, no. 8, pp. 1031–
1035, 1989.
[32] A. J. Rassias, C. A. S. Marrin, J. Arruda, P. K. Whalen,
M. Beach, and M. P. Yeager, “Insulin infusion improves
neutrophil function in diabetic cardiac surgery patients,”
Anesthesia and Analgesia, vol. 88, no. 5, pp. 1011–1016, 1999.
[33] I. Beck, J. S. Scott, M. Pepper, and E. H. Speck, “The
eﬀect of neonatal exchange and later blood transfusion
on lymphocyte cultures,” American Journal of Reproductive
Immunology, vol. 1, no. 5, pp. 224–225, 1981.
[34] P. I. Tartter, B. Steinberg, D. M. Barron, and G. Martinelli,
“Transfusion history, T cell subsets and natural killer cytotoxicity in patients with colorectal cancer,” Vox Sanguinis, vol.
56, no. 2, pp. 80–84, 1989.
[35] K. Yuki, N. S. Astrof, C. Bracken, G. S. Sulpicio, and M. Shimaoka, “Sevoflurane binds and allosterically blocks integrin
lymphocyte function-associated antigen-1,” Anesthesiology,
vol. 113, no. 3, pp. 600–609, 2010.
[36] P. Sacerdote, M. Bianchi, L. Gaspani et al., “The eﬀects of
tramadol and morphine on immune responses and pain after
surgery in cancer patients,” Anesthesia and Analgesia, vol. 90,
no. 6, pp. 1411–1414, 2000.
[37] R. Melamed, S. Bar-Yosef, G. Shakhar, K. Shakhar, and S.
Ben-Eliyahu, “Suppression of natural killer cell activity and
promotion of tumor metastasis by ketamine, thiopental, and
halothane, but not by propofol: mediating mechanisms and
prophylactic measures,” Anesthesia and Analgesia, vol. 97, no.
5, pp. 1331–1339, 2003.
[38] J. M. Risdahl, K. V. Khanna, P. K. Peterson, and T. W. Molitor,
“Opiates and infection,” Journal of Neuroimmunology, vol. 83,
no. 1-2, pp. 4–18, 1998.
[39] S. Roy and H. H. Loh, “Eﬀects of opioids on the immune
system,” Neurochemical Research, vol. 21, no. 11, pp. 1375–
1386, 1996.
[40] T. Hori, T. Katafuchi, S. Take, Y. Kaizuka, T. Ichijo, and
N. Shimizu, “The hypothalamo-sympathetic nervous system
modulates peripheral cellular immunity,” Neurobiology, vol.
3, no. 3-4, pp. 309–317, 1995.
[41] M. H. Makman, “Morphine receptors in immunocytes and
neurons,” Advances in Neuroimmunology, vol. 4, no. 2, pp.
69–82, 1994.
[42] E. J. De Waal, J. W. Van Der Laan, and H. Van Loveren,
“Eﬀects of prolonged exposure to morphine and methadone
on in vivo parameters of immune function in rats,” Toxicology, vol. 129, no. 2-3, pp. 201–210, 1998.
[43] K. Jaeger, D. Scheinichen, J. Heine et al., “Remifentanil,
fentanyl, and alfentanil have no influence on the respiratory
burst of human neutrophils in vitro,” Acta Anaesthesiologica
Scandinavica, vol. 42, no. 9, pp. 1110–1113, 1998.
[44] B. Larsen, G. Hoﬀ, W. Wilhelm, H. Buchinger, G. A.
Wanner, and M. Bauer, “Eﬀect of intravenous anesthetics on
spontaneous and endotoxin- stimulated cytokine response in
cultured human whole blood,” Anesthesiology, vol. 89, no. 5,
pp. 1218–1227, 1998.

12
[45] P. Buinauskas, G. McDonald, and W. Cole, “Role of operative
stress on the resistance of the experimental animal to
inoculated cancer cells,” Annals of Surgery, vol. 148, pp. 642–
648, 1958.
[46] M. G. Denis, C. Lipart, J. Leborgne et al., “Detection of
disseminated tumor cells in peripheral blood of colorectal
cancer patients,” International Journal of Cancer, vol. 74, no.
5, pp. 540–544, 1997.
[47] G. Shakhar and S. Ben-Eliyahu, “Potential prophylactic
measures against postoperative immunosuppression: could
they reduce recurrence rates in oncological patients?” Annals
of Surgical Oncology, vol. 10, no. 8, pp. 972–992, 2003.
[48] W. A. Koltun, M. M. Bloomer, A. F. Tilberg et al., “Awake
epidural anesthesia is associated with improved natural killer
cell cytotoxicity and a reduced stress response,” American
Journal of Surgery, vol. 171, no. 1, pp. 68–72, 1996.
[49] T. Nagaro, T. Yorozuya, M. Kamei, N. Kii, T. Arai, and S. Abe,
“Fluoroscopically guided epidural block in the thoracic and
lumbar regions,” Regional Anesthesia and Pain Medicine, vol.
31, no. 5, pp. 409–416, 2006.
[50] P. Marhofer, M. Greher, and S. Kapral, “Ultrasound guidance
in regional anaesthesia,” British Journal of Anaesthesia, vol.
94, no. 1, pp. 7–17, 2005.
[51] P. H. Pan, T. D. Bogard, and M. D. Owen, “Incidence and
characteristics of failures in obstetric neuraxial analgesia
and anesthesia: a retrospective analysis of 19,259 deliveries,”
International Journal of Obstetric Anesthesia, vol. 13, no. 4, pp.
227–233, 2004.
[52] P. Lirk, H. Messner, M. Deibl et al., “Accuracy in estimating
the correct intervertebral space level during lumbar, thoracic
and cervical epidural anaesthesia,” Acta Anaesthesiologica
Scandinavica, vol. 48, no. 3, pp. 347–349, 2004.
[53] H. Willschke, P. Marhofer, A. Bosenberg et al., “Epidural
catheter placement in children: comparing a novel approach
using ultrasound guidance and a standard loss-of-resistance
technique,” British Journal of Anaesthesia, vol. 97, no. 2, pp.
200–207, 2006.
[54] A. H. White, R. Derby, and G. Wynne, “Epidural injections
for the diagnosis and treatment of low-back pain,” Spine, vol.
5, no. 1, pp. 78–86, 1980.
[55] A. H. White, “Injection techniques for the diagnosis and
treatment of low back pain,” Orthopedic Clinics of North
America, vol. 14, no. 3, pp. 553–567, 1983.
[56] C. P. C. Chen, S. F. T. Tang, T. C. Hsu et al., “Ultrasound
guidance in caudal epidural needle placement,” Anesthesiology, vol. 101, no. 1, pp. 181–184, 2004.
[57] T. Grau, R. W. Leipold, R. Conradi, E. Martin, and J. Motsch,
“Ultrasound imaging facilitates localization of the epidural
space during combined spinal and epidural anesthesia,”
Regional Anesthesia and Pain Medicine, vol. 26, no. 1, pp. 64–
67, 2001.
[58] T. Grau, R. W. Leipold, R. Conradi, E. Martin, and J.
Motsch, “Eﬃcacy of ultrasound imaging in obstetric epidural
anesthesia,” Journal of Clinical Anesthesia, vol. 14, no. 3, pp.
169–175, 2002.
[59] B. A. Johnson, K. P. Schellhas, and S. R. Pollei, “Epidurography and therapeutic epidural injections: technical considerations and experience with 5334 cases,” American Journal of
Neuroradiology, vol. 20, no. 4, pp. 697–705, 1999.
[60] R. C. Cork, J. J. Kryc, and R. W. Vaughan, “Ultrasonic
localization of the lumbar epidural space,” Anesthesiology,
vol. 52, no. 6, pp. 513–516, 1980.

Anesthesiology Research and Practice
[61] J. M. Currie, “Measurement of the depth to the extradural
space using ultrasound,” British Journal of Anaesthesia, vol.
56, no. 4, pp. 345–347, 1984.
[62] M. Bonazzi and L. B. de Gracia, “Individuazione ecoguidata
dello spazio epidurale lombare,” Minerva Anesthesiol, vol. 61,
pp. 201–205, 1995.
[63] D. H. Wallace, J. M. Currie, L. C. Gilstrap, and R. Santos,
“Indirect sonographic guidance for epidural anesthesia in
obese pregnant patients,” Regional Anesthesia, vol. 17, no. 4,
pp. 233–236, 1992.
[64] H.-J. Rapp, A. Folger, and T. Grau, “Ultrasound-guided
epidural catheter insertion in children,” Anesthesia and
Analgesia, vol. 101, no. 2, pp. 333–339, 2005.
[65] D. Belavy, M. J. Ruitenberg, and R. B. Brijball, “Feasibility
study of real-time three-/four-dimensional ultrasound for
epidural catheter insertion,” British Journal of Anaesthesia,
vol. 107, no. 3, pp. 438–445, 2011.
[66] M. K. Karmakar, X. Li, A. M.-H. Ho, W. H. Kwok, and P.
T. Chui, “Real-time ultrasound-guided paramedian epidural
access: evaluation of a novel in-plane technique,” British
Journal of Anaesthesia, vol. 102, no. 6, pp. 845–854, 2009.
[67] H. Yamagami, Y. Yuda, M. Shiotani, K. Ooseto, Y. Naganuma,
and H. Karasawa, “The administration of continuous epidural block under proneposition with fluoroscopic guidance,”
Japanese Journal of Anesthesiology, vol. 38, no. 2, pp. 229–235,
1989.
[68] B. Fredman, M. B. Nun, E. Zohar et al., “Epidural steroids for
treating “failed back surgery syndrome”: is fluoroscopy really
necessary?” Anesthesia and Analgesia, vol. 88, no. 2, pp. 367–
372, 1999.
[69] D. L. Renfrew, T. E. Moore, M. H. Kathol, G. Y. El-Khoury, J.
H. Lemke, and C. W. Walker, “Correct placement of epidural steroid injections: fluoroscopic guidance and contrast
administration,” American Journal of Neuroradiology, vol. 12,
no. 5, pp. 1003–1007, 1991.
[70] O. J. Arthurs, M. Murray, M. Zubier, J. Tooley, and W. Kelsall,
“Ultrasonographic determination of neonatal spinal canal
depth,” Archives of Disease in Childhood, vol. 93, no. 6, pp.
f451–f454, 2008.
[71] J. G. McCormack and S. Malherbe, “Applications of ultrasound in paediatric anaesthesia,” Current Anaesthesia and
Critical Care, vol. 19, no. 5-6, pp. 302–308, 2008.
[72] B. C. H. Tsui, P. Tarkkila, S. Gupta, and R. Kearney, “Confirmation of caudal needle placement using nerve stimulation,”
Anesthesiology, vol. 91, no. 2, pp. 374–378, 1999.
[73] W. Fujinaka, N. Hinomoto, S. Saeki, A. Yoshida, and S.
Uemura, “Decreased risk of catheter infection in infants
and children using subcutaneous tunneling for continuous
caudal anesthesia,” Acta Medica Okayama, vol. 55, no. 5, pp.
283–287, 2001.
[74] V. Moen, N. Dahlgren, and L. Irestedt, “Severe neurological
complications after central neuraxial blockades in Sweden
1990–1999,” Anesthesiology, vol. 101, no. 4, pp. 950–959,
2004.
[75] N. Dahlgren and K. Tornebrandt, “Neurological complications after anaesthesia. A follow-up of 18,000 spinal and
epidural anaesthetics performed over three years,” Acta
Anaesthesiologica Scandinavica, vol. 39, no. 7, pp. 872–880,
1995.
[76] U. Aromaa, M. Lahdensuu, and D. A. Cozanitis, “Severe complications associated with epidural and spinal anaesthesias
in Finland 1987–1993. A study based on patient insurance

Anesthesiology Research and Practice

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

claims,” Acta Anaesthesiologica Scandinavica, vol. 41, no. 4,
pp. 445–452, 1997.
T. M. Cook, D. Counsell, and J. A. W. Wildsmith, “Major
complications of central neuraxial block: report on the Third
National Audit Project of the Royal College of Anaesthetists,”
British Journal of Anaesthesia, vol. 102, no. 2, pp. 179–190,
2009.
I. W. Christie and S. McCabe, “Major complications of
epidural analgesia after surgery: results of a six-year survey,”
Anaesthesia, vol. 62, no. 4, pp. 335–341, 2007.
A. A. N. M. Royakkers, H. Willigers, A. J. Van der Ven, J.
Wilmink, M. Durieux, and M. Van Kleef, “Catheter-related
epidural abscesses—Don’t wait for neurological deficits,”
Acta Anaesthesiologica Scandinavica, vol. 46, no. 5, pp. 611–
615, 2002.
Y. Auroy, P. Narchi, A. Messiah, L. Litt, B. Rouvier, and K.
Samii, “Serious complications related to regional anesthesia:
results of a prospective survey in France,” Anesthesiology, vol.
87, no. 3, pp. 479–486, 1997.
T. T. Horlocker, M. D. Abel, J. M. Messick, and D. R.
Schroeder, “Small risk of serious neurologic complications
related to lumbar epidural catheter placement in anesthetized
patients,” Anesthesia and Analgesia, vol. 96, no. 6, pp. 1547–
1552, 2003.
W. Ruppen, S. Derry, H. McQuay, and R. A. Moore,
“Incidence of epidural hematoma, infection, and neurologic injury in obstetric patients with epidural analgesia/anesthesia,” Anesthesiology, vol. 105, no. 2, pp. 394–399,
2006.
C. L. Wu, R. W. Hurley, G. F. Anderson, R. Herbert, A.
J. Rowlingson, and L. A. Fleisher, “Eﬀect of postoperative
epidural analgesia on morbidity and mortality following
surgery in medicare patients,” Regional Anesthesia and Pain
Medicine, vol. 29, no. 6, pp. 525–533, 2004.
A. Tyagi and A. Bhattacharya, “Central neuraxial blocks
and anticoagulation: a review of current trends,” European
Journal of Anaesthesiology, vol. 19, no. 5, pp. 317–329, 2002.
D. R. Schroeder, “Statistics: detecting a rare adverse drug
reaction using spontaneous reports,” Regional Anesthesia and
Pain Medicine, vol. 23, no. 6, pp. 183–189, 1998.
L. A. Lee, K. L. Posner, K. B. Domino, R. A. Caplan, and F.
W. Cheney, “Injuries associated with regional anesthesia in
the 1980s and 1990s: a closed claims analysis,” Anesthesiology,
vol. 101, no. 1, pp. 143–152, 2004.
C. M. Gleeson and F. Reynolds, “Accidental dural puncture
rates in UK obstetric practice,” International Journal of
Obstetric Anesthesia, vol. 7, no. 4, pp. 242–246, 1998.
B. Darvish, A. Gupta, S. Alahuhta et al., “Management of
accidental dural puncture and post-dural puncture headache
after labour: a Nordic survey,” Acta Anaesthesiologica Scandinavica, vol. 55, no. 1, pp. 46–53, 2011.
M. Van de Velde, R. Schepers, N. Berends, E. Vandermeersch,
and F. De Buck, “Ten years of experience with accidental
dural puncture and post-dural puncture headache in a tertiary obstetric anaesthesia department,” International Journal
of Obstetric Anesthesia, vol. 17, no. 4, pp. 329–335, 2008.
C. C. Apfel, A. Saxena, O. S. Cakmakkaya, R. Gaiser, E.
George, and O. Radke, “Prevention of postdural puncture
headache after accidental dural puncture: a quantitative
systematic review,” British Journal of Anaesthesia, vol. 105, no.
3, pp. 255–263, 2010.
K. Hara and T. Sata, “Unintentional total spinal anesthesia
during cervical epidural block with ropivacaine,” Japanese
Journal of Anesthesiology, vol. 55, no. 9, pp. 1168–1169, 2006.

13
[92] J. G. Jenkins, “Some immediate serious complications of
obstetric epidural analgesia and anaesthesia: a prospective
study of 145 550 epidurals,” International Journal of Obstetric
Anesthesia, vol. 14, no. 1, pp. 37–42, 2005.
[93] D. Agarwal, M. Mohta, A. Tyagi, and A. K. Sethi, “Subdural
block and the anaesthetist,” Anaesthesia and Intensive Care,
vol. 38, no. 1, pp. 20–25, 2010.
[94] S. M. Hussenbocus, M. J. Wilby, C. Cain, and D. Hall,
“Spontaneous spinal epidural hematoma: a case report and
literature review,” Journal of Emergency Medicine. In press.
[95] T. T. Horlocker, “What’s a nice patient like you doing with a
complication like this? Diagnosis, prognosis and prevention
of spinal hematoma,” Canadian Journal of Anesthesia, vol. 51,
no. 6, pp. 527–534, 2004.
[96] H. Wulf, “Epidural anaesthesia and spinal haematoma,”
Canadian Journal of Anaesthesia, vol. 43, no. 12, pp. 1260–
1271, 1996.
[97] H. Renck, “Neurological complications of central nerve
blocks,” Acta Anaesthesiologica Scandinavica, vol. 39, no. 7,
pp. 859–868, 1995.
[98] E. Vandermeulen, H. van Aken, and J. Vermylen, “Anticoagulants and spinal-epidural anaesthesia,” Anesthesia &
Analgesia, vol. 79, pp. 1165–1177, 1994.
[99] T. T. Horlocker, D. J. Wedel, J. C. Rowlingson et al.,
“Regional Anesthesia in the patient receiving antithrombotic
or thrombolytic therapy; American Society of Regional
Anesthesia and Pain Medicine evidence-based guidelines
(Third Edition),” Regional Anesthesia and Pain Medicine, vol.
35, no. 1, pp. 64–101, 2010.
[100] F. W. Cheney, K. B. Domino, R. A. Caplan, and K. L. Posner,
“Nerve injury associated with anesthesia: a closed claims
analysis,” Anesthesiology, vol. 90, no. 4, pp. 1062–1069, 1999.
[101] N. F. Sethna, D. Clendenin, U. Athiraman, J. Solodiuk, D.
P. Rodriguez, and D. Zurakowski, “Incidence of epidural
catheter-associated infections after continuous epidural analgesia in children,” Anesthesiology, vol. 113, no. 1, pp. 224–232,
2010.
[102] C. Raedler, C. Lass-Flörl, F. Pühringer, C. Kolbitsch, W.
Lingnau, and A. Benzer, “Bacterial contamination of needles
used for spinal and epidural anaesthesia,” British Journal of
Anaesthesia, vol. 83, no. 4, pp. 657–658, 1999.
[103] L. P. Wang, J. Hauerberg, and J. F. Schmidt, “Incidence of
spinal epidural abscess after epidural analgesia: a national 1year survey,” Anesthesiology, vol. 91, no. 6, pp. 1928–1936,
1999.
[104] A. S. Baker, R. G. Ojemann, M. N. Swartz, and E. P.
Richardson, “Spinal epidural abscess,” New England Journal
of Medicine, vol. 293, no. 10, pp. 463–468, 1975.
[105] W. D. Ngan Kee, M. R. Jones, P. Thomas, and R. J. Worth,
“Extradural abscess complicating extradural anaesthesia for
Caesarean section,” British Journal of Anaesthesia, vol. 69, no.
6, pp. 647–652, 1992.
[106] S. Grewal, G. Hocking, and J. A. W. Wildsmith, “Epidural
abscesses,” British Journal of Anaesthesia, vol. 96, no. 3, pp.
292–302, 2006.
[107] I. Haraga, S. Shono, S. Abe, and K. Higa, “Aseptic precautions
in epidural catheterization for surgery,” Japanese Journal of
Anesthesiology, vol. 59, no. 5, pp. 585–588, 2010.
[108] D. B. Scott and B. M. Hibbard, “Serious non-fatal complications associated with extradural block in obstetric practice,”
British Journal of Anaesthesia, vol. 64, no. 5, pp. 537–541,
1990.
[109] H. B. Yuan, Z. Zuo, K. W. Yu, W. M. Lin, H. C. Lee, and
K. H. Chan, “Bacterial colonization of epidural catheters

14

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

Anesthesiology Research and Practice
used for short-term postoperative analgesia: microbiological
examination and risk factor analysis,” Anesthesiology, vol.
108, no. 1, pp. 130–137, 2008.
K. Drasner, M. L. Rigler, D. I. Sessler, and M. L. Stoller,
“Cauda equina syndrome following intended epidural anesthesia,” Anesthesiology, vol. 77, no. 3, pp. 582–585, 1992.
A. Sghirlanzoni, R. Marazzi, D. Pareyson, A. Olivieri, and
M. Bracchi, “Epidural anaesthesia and spinal arachnoiditis,”
Anaesthesia, vol. 44, no. 4, pp. 317–321, 1989.
J. A. Aldrete, “Neurologic deficits and arachnoiditis following
neuroaxial anesthesia,” Acta Anaesthesiologica Scandinavica,
vol. 47, no. 1, pp. 3–12, 2003.
I. Rice, M. Y. K. Wee, and K. Thomson, “Obstetric epidurals
and chronic adhesive arachnoiditis,” British Journal of Anaesthesia, vol. 92, no. 1, pp. 109–120, 2004.
D. M. Long, “Chronic adhesive spinal arachnoiditis: pathogenesis, prognosis, and treatment,” Neurosurgery Quarterly,
vol. 2, no. 4, pp. 296–319, 1992.
D. K. Wysowski, L. Talarico, J. Bacsanyi, P. Botstein, P.
Chaikin, and J. Lim, “Spinal and epidural hematoma and
low-molecular-weight heparin,” New England Journal of
Medicine, vol. 338, no. 24, pp. 1774–1775, 1998.
W. H. Geerts, D. Bergqvist, G. F. Pineo et al., “Prevention
of venous thromboembolism: American College of Chest
Physicians evidence-based clinical practice guidelines (8th
edition),” Chest, vol. 133, no. 6, pp. 381S–453S, 2008.
M. Staﬀord-Smith, “Impaired haemostasis and regional
anaesthesia,” Canadian Journal of Anaesthesia, vol. 43, no. 5,
pp. R129–R141, 1996.
E. Vandermeulen, F. Singelyn, M. Vercauteren, J. F. Brichant,
B. E. Ickx, and P. Gautier, “Belgian guidelines concerning central neural blockade in patients with drug-induced
alteration of coagulation: an update,” Acta Anaesthesiologica
Belgica, vol. 56, no. 2, pp. 139–146, 2005.
W. Gogarten, E. Vandermeulen, H. Van Aken, S. Kozek,
J. V. Llau, and C. M. Samama, “Regional anaesthesia and
antithrombotic agents: Recommendations of the European
Society of Anaesthesiology,” European Journal of Anaesthesiology, vol. 27, no. 12, pp. 999–1015, 2010.
T. E. Warkentin, M. N. Levine, J. Hirsh et al., “Heparininduced thrombocytopenia in patients treated with lowmolecular- weight heparin or unfractionated heparin,” New
England Journal of Medicine, vol. 332, no. 20, pp. 1330–1335,
1995.

